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INFORMATION COLLECTION & EXCHANGE

Peace Corps' Information Collection & Exchange (ICE) was
established so that the strategies and technologies devel-
oped by Peace Corps Volunteers, their co~workers, and their
ocounterparts could be made available to the wide range of
developrent organizations and individual workers who might
find them useful. Training gquides, curricula, lesson plans,
project reports, manuals and other Peace Corps-generated
materials developed in the field are collected and reviewed.
Same are reprinted "as is"; others provide a source of field
based information for the production of manuals or for re-
search in particular program areas. Materials that you sub-
mit to the Information Collection & Exchange thus become
part of the Peace Corps' larger contribution to develomment.

Information about ICE publications and services is available
through: .

Peace Corps

Information Collection & Exchange
Office of Program Development
806 Oonrecticut Avenue, N.W.
Washington, D.C, 20526

&

)

Add your experience to the ICE Resource Center. Send ma-
terials that you've prepared so that we can share them
with others working in the dewelopment field. Your tech-
nical insights serve as the basis for the generation of
ICE manuals, reprints and resource packets, and also
ensure that ICE is providing the nmost updated, innovative
problem-solving techniques and information available to
you and your fellow development workers.

Peace Corps
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. About This Manual

‘The Trhditional Field Crops

manual is designed as a learning

tool and on-the-job reference for
Peace Corns Volunteers involved in
small farmer crop improvement pro—'
grams in maize, sorghum, millet. pea-
Although

written to be readily understood by

" nuts, beans and cowpeas.

non-specialists, the manual contzins
much information useful to trained
agriculturalists and to planners

and trainers.

Primarily designed to help
Volunteers.hevelop and strengthen
the agricultural skills they need
for successful work with the target
crops, this manuval focuses on the
foilowing areas:’

¢ Surveying and interpreting
the local agricultural envi-
renment and individual farm
unics

¢ Developing agricultﬁral exten-
sion techniques and practices

e Providing basic "hands-on"

Q

.t

and technical skills, for exten-

sion workers in operations

from farm land preparation

through harvest, including

some routine troubleshooting.

To do this, the manual pro-
vides a summary of current crop pro-
duction reocommendations under wvary-
ing conditions of climate, soils,
management abilitf, anﬁ available
capitaf; identifies useful field
references and other technical
resources, including infermation on
improvements in equipment for small
farmer row crop production; and
reviews recent research advances and
extension efforté in target crop
yield improvement with special empha-
sis on the role of intermational
crop institutes. Scientific names
are used along éith common names to
avoid confusion, as one common name
may refer to a number of different

=

species. . L
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1. Introduction

From 1961 to 1975, total food inequitably among countries,

. different income groups, and
even wizhin the family.

increased about 47 percent. This Since the quantity and quality-

of food intake is strongly

production in developing countries

seemingly impressive gain was f ) linked to income level,

reduced to only 10 percent in terms increases in per person food '

& production will have litrtle
effect on hunger and malnutri-

-because of rapid population growth ) tion without a largz rise in

. - ]
rates. In mdére than half of the ;:srincomes of the world's

of food production per person

developing nations, per person PostRarvest food losses of

cereal grain production was less in cereals and legumes (dry beans,
1979 than in 1970. Presently, some peanuts, etc.) during pProces=
sing and storage are conserva-
two-thirds of all people in the tively estimated to be 10 per-
: cent on a world basis, but
A losses of 20 percent are com-
undernourished.* : mon in developing countries.

Current world food supplies Looking to
%

-2

developing countries are considered

compared qith dietary requirements is litgle reason for optim

show only a minor déficithn paper, UN study pr:dicted that in the next

but the reality is far more serious, 30 yeuars, human population will

for two reasons: ' increase by 26 percent in the developing

¢ Food sgpﬁiies are distributed countries, 62 ﬁércent, and 119 percent

in the developing nations. The study

&

* Population andﬁsood data are concluded that if current food pro-
- based on figuﬂés from the- Food and
Agricultural.Organization (FAO) of
the United Nations (UN). ing countries, they will need to

duction trends continue in develop-

3 .t




increase thelr.grain %?ports five-
fold between 1970 and 1985. Aside
from the problem of financing such
imports, it is veryv questionable
whether the ma ‘or grain exporters
can meet these ueéds‘

It is not likely‘thgt develor-
ing countries can increase food pro-
“duction rapidly enqﬁgh during this
decade to achieve sélf—suffitiency.
'Hoqever,-the food deficiency can be
narrowed if Lhese countiies .
strengthen their recent interest iﬁ
crop improvement practices and intro-
duction of new techﬂques'to both-

small- ‘and large-scale farmers.

. The Small-._;cale

. Farmerand =
Agricultural -
Development

x

P
The éfeét majority of’ farmers '
in developlng countries operate on a
small scale. Despite much local and
regionzl diwegrsity, they sha;e a nuﬁ—

f
|

ber of important characteristics:

# Most small farmers opevate

as independent economic units,
either as independent propri-
etors or under a rental
arrangement allowing them to
make production decisions.

In some cases,. however,
individual decision-making
may be subject to tribal or
village controls, or

restrieted by insecure .tenancy.

Since they have a small amount
of land and capital, they
depend mainly on the family
labor supply.

The small-scale farmer is less
likely than large-scale far--
mers to use capital.for cem-

mercial inputs like fertiliz-

ers, pesticides, and equipment.

The small farmer tends to use

.credit for consumption needs

rather than for purchasing
farming inputs,

Compared to larger farmers,
small farmers have limited
access to important production
factors associated with agri-~
cultural development such as
agricultural credit and sup-
plies, adapted technology,
technical assistance, market ¥
intormation, roads, and trans~
POr™.

\l




Assisting Small
Farmers.

In the developing world, most
small-scale  farmers with whom the
extension worker 1s in contact are

fafmers in transition from tradi-

tional to improved production prac-
tices. They are aware of outs%de
inputs like fertilizers, insecti-
cles, and vaccines for livestock and
may actually be using one or more of
thésé, though often in a2 haphazard
manner.. Although their first pro-
duction priority 1is usually subsis-
Eencg; there 1s a strong motivation
to produce a2 marketable or exchange-
able surplus once the family food

"needs are met.

Much of the solution to hun-

ger and rural poverty in the develop- .

ing countfig; hinges on the small

farmer's ability to increase his or

her returns from traditional crops
m e e - e

by adopting appropriate improved pro-
duction practices. "Appropriafe“
means 1n harmony with the environ-
ment and the cultural and economic
situation of the farmer. “Improved"
refers to the use of non-traditional
inputs like fettilizers, agricul-
tural chemicals, new equipment
suited to small-scale farming, and
technical advisory services. "1t
does not imply the total abandonment
of traditional growing practices but
rather the iPcorporation of suitable
new elements.
: Most small-scale farmers will
benefit by participating in agricul-
tural development programs. . Since
nearly all of them want to increase
Epeir yields and incqmes, they will
adopt new techniques--if these
offer a reasonable assurance of a
meaningful return without excessive
risk and the necessary inputs are
available. o

Until fairly recently, yield-
improving technology was usually
developed with little regard to

the realities of the small farmer's

__sicuation.— It is not—surprising”

~ (




that these so-called "improved”
practices often encountered a cool
response.{ Crop production research
and extension are becoming more
attuned to the small farmer's needs,
and there afe numerous examples of
successful yileld-improving programs
involving small farmers throughout

the developing countries.

The Small Farm
AsaViable
Economic Unit

When yield-improving practices
are used in developing countries,
competitively low production costs
can be realized over a wide range
of farm sizes. Increasing the size
of the farm alone is usually not
the answer to production problems
for all small farms, although it can
be an important factor for some.

There are basically two types
of small farm. Oune is the family-
size farm, which can gainfully employ
the equivalent of two to four adults
andﬁm of oxen. This type of
fardlir'much smaller in size and cap-

ital than its equivalent in the devel-

oped countries, probably because land

and machinery are more expensive than

. labor in most developing countries.

The sub—-family farm is too

small to effectively employ the
equivalent of two adults.and a team
of oxen. Unfortunately, in countries
like Guatemala, Bl Salvador and Peru,
up to 80-90 percent of the total
farm units are classified as sub-
family. The sub-family farm is too
small to become eﬁonomically success-
ful no matter how much improved tech-
nology is used. In this case,
increased size is vital to produc-

tion.

14




The Availability
Of Improved
Production Practices

Since the 19605, there has
been a growing effort on the part of
national and international crop
research organizations to develop fea-
sible yield-improvidg practices for
the reference crops/included in this
manual. This is a iong, ongoing pro-
cess, but for many farming regions
in developing countries there is now
a group of improved praccices that
will provide significant increases
in both yields and returns over tra-
ditional methods. These develop-
ments are the small farmers' best
hope for increasing yields and
returns so that they can remain (or
become) competitive economically and
improve their standard of living.

The ideal conditions for pro-
moting improved crop production prac-

tices among small farmers would

ensure thaf:

¢ the new practice does not
increase farmer risks,
depart radically from current

erable retraining of the
Earmer.

¢ the potential gains exceed
the added costs by at least
two to one. (This is the cost/
benefit ratio.) '

¢ the commercial inputs and
associated aervices required
for the practice are readily
obtainable on reasonable
terms.

& The pay-.ff from the new prac-
tice occurs in the same crop
cycle in which it is applied.

¢ The costs of the new practice
are within the farmer's means.

This usually implies 4ccess

to credit.

All of these conditions are
seldom fully met in small farmer agri-
culture in a developing country.
Nonetheless, with a good extension
service and a well-developed "pack-
age of practices", agricultural exten-
sion workers can improve crop yvields

on small farms dramatically.

practices, or require consid-




The “Package”
Approach to
Improving Crop
Yields

In most cases, low crop
yields are caused by the simultane-
ous presence of several limiting fac-
tors, rather than one single obstacle,
When a specially developed and
adapted "package" of improved prac-
tices is applied to overcome these
multiple barriers, the results are
often much more impressive than
those obtained from a single facior
approach. A crop "packége" consists
of a combination of several locally
proven new practices, (Few packages
are readily transferable without
local testing and modification.)
Most include several of the follow-

ing: an improved variety, fertilizer,

a package approach. However, there

are possible disadvantages:

e If the package fails, farmers
may conclude that all of the
individual practices are
unproductive,

® More adaptive research and
extensive local testing are
required to develop a proven
package for an area.

# The package may favor the
larger farmers who have easier
access to credit for buying
the added inputs.

# Unavailability of a component
input or its faulty applica-
tion may make the entire pack-
age fail.

it should be stresaed that a

package does not always have to

‘}nvoiﬁe considerable use of commer-

W
cial inputs.

In Fact, an extension .
program can focus Initially on
improvement of baéic management prac-
tices that require'little or no

investment such as weeding, land pre-

paration, changes in plant popula-

tion and spacing, seed selectionm,

improved control of weeds, pests,

and diseases, improvements in land

preparation, water management, har-

vesting, and gtorage.
The likelihcod of a positive

and timeliness of crop operations.
This helps assure thét small Farmers
benefit as least as much as larger
ones, especially in those regions

where agricultural credit is poorly

Q 'lt;




The ROlQOf tl‘le ‘ and an abtlitll).r to adjust recommenda-
Extension Worker

tions for variations in local solls,
climate, management, and capital.

This manual provides most of
the information extension workers
need to work with the six reference

To work with small farmers to Erops. in promoting any crop lmprove-
improve—yields-of the six reference ment practice, however, it is gggz
crops (maize, sorghum, millet, pea- imgoftant to work with the local farm—
nuts, cowpeas, and beans), extension ers, extension service, universities,
workers need both agriculturél and and national and international agri-
extension skills. Thé general agri- cultural research institutions.
cultural skills required by exten- These individuals and organizations
slon workers who will be involved in are much more familiar with the pre-
crop improvement projects as integ- vailing local environmental,
mediaries with a limited advisory economic, social and cultural condi-
role include: tions and should be consulted first

¢ understanding the need for before attempting any crop lmprove-

crop lmprovemen rograms
P P ment prog " ment program.

interpreting the agricultural
environment

knowledge of the reference
crop characteristics

knowledge of crop improvement
practices '

understanding of reference
crop management principles.

Extension workers also will
néea to have an appropriate level
of "hands-on" and technical skills

relevant to the reference crops,

17




2. The
Agrlcultural
Environment

The purpose of this chaptler is
to identify how extension workers can
survey and interpret important fea-

tures of the local agricultural envi-

roneent and the individual farm
units which are a part of it. This
is vital to effective extension
since it enables workers to fully
comprehend the area’s farming sys-
tems and practices.

The local agricultural envi-
ronment 1s made of up those factors
which influence an area‘'s agricul-
ture. The most 1mportant of these
are the natural (physical) environ-

ment and the infrastructure.

The Natural
Environment

The natural environment con-

sists of the Elimate and weather, the
land and soils, and the ecology (the
interaction among crops, weeds,
insects, animals, diseases, and peo-
ple). ‘

| Weather refers to the daily
changes 1in teﬁperature, rainfall,
sunlight, humidity, wind and baromet-
ric pressure. Climate is the typi-
cal weather pattern for a given
locality over a period of many years.
To quote one definition, people '
build fireplaces because of the cli-

m;te, and tHey light fires 1in the

i — —— =

fireplaces because of the weather.

18




+he climate and weather factors that
have the greatest influence on crop

production are solar radiation (sun-

light and temperature), rainfall,
humidity, and wind.

Splar Hadiation

Solar radiation markedly influ-
ences crop growth 1n several ways:

e It provides the light energy
needed for photosynthesis,
the fundamental process by
which plants manufacture
sugars for use in growth and
food production. Sugars are
made by this process in the
green cells of plants when
carbon dioxide from the air
combines with water from the
soil using surlight and chlo- /
rophyll (the green pigment in’
plants) as catalysts.

The daily duration of sun-
light (daylength) and its
yearly variation greatly
affect time of flowering and
length of growing period in
some Crops.

Solar radiation 1s the pri-
mary determinant of outside
temperature, which strongly
influences crop Browth rate
and range of adaption.

13
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Regional and yearly variations in
solar radiation

Unlike the temperate zone lati-

R

.
\‘ .

tudes, the region between the Tropic
of Cancer'(23.5°N) and the Tropic of
Capricorn (23.5°S) has relatively
hlittlé.seasonal variation in 391ar
radiation, since the sun rematns
fairly high in the sky all year long.“
Measurements above cloud level show an
annual variation in solar radiation

of just 13'percent at the equator
versus 300 percent at a latitude of
40°,

tage of the tropics may in some

However, this supposed advan-~

cases be largely offset by cloudi-
ness, which can be excessive in’

the higher rainfall zones, particu-~- -
larly near the equator (cloudiness
can reduce solar radiation by 14-~80
percent depending on depth and
extent of the cloud cover). For
example; due to heavy gloud cover,
the equatorial Amazon Basin receilves
only about as much total yearly
solar energy at ground level as the

Great Lakes region of the U.S.




Daylength

The iength of time from plant

emergence to flowering as well as

the actual date of flowering can be

strongly affected by daylength in
the case of some crops. Among the
reference crops, soybeans and the
photosensitive varieties of millet
and sorghum are the most affected.

Maize is less influenced by
daylength unless a variety is moved
to a latitude where daylength is
markedl& different from that of its
point of origin (see Chapter 3}.
Daylength is usually not a critical
factor with peanuts, beans and cow-
peas.

As shown by the table below,
both latitude and season influence
daylength. Note that the annual
variation in daylength markedly
decreases as the equator is

approached.
*

Sep.

Table 1

Length of Day in Various
Northern Latitudes

20°

10:56
12:00
13:20
$12:1?

Month Equator

12:07
12:07
12:07
12:07

Dec.
Mar.
Jun.

Temperature

Temperature is the major fac-
tor contreolling a crop's growth
rate and range of adaption. Each
crop has its owm optimum tempera-
ture for growth, p}us a maximum
and minimum for normal development

and survival. Even varieties

within a croq differ somewhat in

their temperature tolerance.
sively high daytime -temperatures
can adversely affect growth and
yields by causing pollen sterility
In addition, the
hot nights common in the tropics

This is

and blossom drop.

can reduce crop vields.
because plants mgnufacturé sugars

for growth and food production by

Exces-

-

the daytime process of photosynthe-

sis, but "burn up" some of this at

night through the process of




respiration.

Since high nighttime

temperatures increase the respira™

tion rate, they can cut down on the

crop's

area's

net growth.
Several factors affect an
temperature’ pattern:;

Latitude--Seasonal temperature
variations are pronounced in
the temperate zone where solar
radiation and daylength fluc-
tuate considerably over the
year. In the troples, this
sezsonal temperature differ-
ence 1s much smaller. Night-
time lows are seldom below
10-30°C near sea level and are
usually above 18°C. Seasonal
variations become more pro-
nounced as the distance from
the equator increases. &

Elevation--Temperature drops
about 0.65°C for each 100- ° .
meter rise in elevation.

This greatly affects a crop's
length of growing period as
well as its adaptation to the
area. For example, at sea
level in Guatemala, malze
matures in three to four
months and the climate is too
hot for potatoes; however,
about 50 km away in the high~
lands (above 1500 m), maize
takes five to ten months to

_ mature and potatoes thrive.

\Topograghz, or the shape of

the~land surface, can cause
differences in local weather
and climate (micro-climates).
A work area.may have two or

more distinet micro-climates.

Cloud cover has a definite buf~

fering effecet on diurnal
(daily) temperature variatiém,
It will lower the daytime high
but raise the nighttime low.

¢ Humidity exerts an effect

similar to cloud cover on tem-
perature.. Humid ailr takes
longer to heat up and cool off
and therefore 1s subject to
considerably less daily tem-
perature variation than dry
alr. Maximum shade tempara-
ture rarely exceeds 38°C under
high humidicty, while maximums
of 54°C are possible under dry
conditions.

Rainfail

In dryland (non-irrigated)

areas of the troples with year-round

growing temperatures, rainfall is the

‘major enviroamental factor that deter=

mines which crops can be grown, when

they are planted, and what they will

yield.

Rainfall varies greatly from

place to place (often within surpris-s

ingly short distances), especially

around mountainous or hilly terrain.

The dryland farmer 1s keenly aware of

his area's seasonal rainfall distribu-

tion.

This includes deviations from

the normal cvele such as early or late

21




rains, or unseasonable droughts.
Too much rain, which can drowﬁ out
the croﬁ, delay harvest, and accel-
erate soll erosion, can be just as
serious as too little. It may be

too wet for plowing one day, yet

too dry the following week for good

seed germination.

When gathering rainfall data
for an area, one should keep in
mind that annual rainfall averages
have 1little meaning. Seasonal dis-
tribution and reliability are far
more important in terﬁé of crop pro~
duction,

For example, Ibadan, Nigeria,

is located in the transition zomne
between the humid and semi-humid
tropics and recelves about the same
annual rainfall (1140 mm) as Samary
Nigeria, which is located to the
Ibadan's

rainfall is spread out over nine

north in the savanna zone.

months from March to November in a
bi-modal pattern (i.e., two rainy
seasons with a drier period in
between). fhe first season is long
énough for a 120-day malze crop,
although theré is some periodic

The second season

moisture stress,

is shorter, and soil moisture 1S usu-
ally adequate for only an 80-90 day
crop. On the other hand, Samaru's
equal rainfall is spread out over
five months in a uni-modal pattern,
providing for a single malze crop not
subject to molsture stress.

From the example 1t 1s appar-
ent that annual rainfall averages
alone are not a dependable gauge of
the rainfall in an area., The same

goes for seagonal rainfall distribu-

tion. Although it gives a good gen-
eral indication of the amount of
moisture available for crop produc-
tion, 1t does not tell the whole
story. The amount of rainfall that
actually ends up stored in the soil
of a farmer's field for crop use
depends on other factors such as¢
water run-off and evaporation from
the soll surface, and the soil's
texture and depth.

When Interpreting the rain-
fall pattern of a work area, 1t is
good to remember that averages are
somewhat misleading. Variations to
the average can be expected even
though the general seasonal &istri-

bution curve usually maintains a




¥

consistent shape (Figure 1).

. Cropping eycles and how they relate

to the rainfall pattern:

Cropping cycles are deter-
miﬁed by using the cropping calendar
(plénting End harvest dates for crops
involved): and are closely tied to
the seasonal rainfall distribution.
This can be seen by comparing the
cropping calendar in the next column

with the rainfall chart in Figure 1,

Figure 1
Monthly Rainfall Pattern, Managua, Nicaraqua, 1958-67

T,

CrophCalendarl_Managua Area

of Nicaragua

Long season -

mnaizé W —
Short season

maize - 4 -4 ; :
Beans b 4
Improved .

Sorghum b B S |

Native photosen-
sitive sorghum F : 4

J TM AMJI JI A S ONDJ

-

A primary source of rainfall
inf&}mation in a glven area 1s the
" local farmer. AlthBugh offieial wea-
ther station rainfall data is handy

(500 mm) *
*(400 mm) !
’ *
*
‘300 mem) l o . *
(200 mm) 1 -
* ) +
(100 mm) + ~ - R (R
* nﬁ" tomd . *
~ o + T+
J F M A M J J A s O N D J

Wettest year, 1958 —v—cmeee—we Annual total: 1437 gn
Driest year, 1965 ..ceoevvanns Annual total: . 757 mm

Average, 1958-67

1909 mm

Annual average:

I
Highest monthly rainfall between 1958~1967 ***#ek*di%
Lowest monthly rainfall between 1958-1967 ++iit+t++dtdtd
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to have if it is reliable and repre-

seﬂtative. it 1is not.essential‘

Most of the information needed about

rainfall distribugion can be found

by talking to experienced locél'farm-

ers.
Humidity

Relative humidity affects
crop production in several ways:

¢ Dally temperature variation
1s greater under low humidity;
high humidity exerts a buffer-
ing effect on temperature.

e High humidity favors the
development and spread of a
number of fungal and bacter-
ial diseases (see’ the disease
section in Chapter 6).

¢ The rate at which crops use
water 1s highest under hot,
dry conditions, and }ow-
est when it is very humid.

»

Wind and Storm
Patterns

High winds asSseciated with

thunderstorms, hurricanes, and torna- |

dos can severely damage crops.

Among the reference crops, malze,

‘hills and valleys.

sorghum and millet are most prone to

damage from heavy rain, Hot, dry

“ winds can markedly increase the water

needs of crops. The frequency of high
winds 1s also a factor that warrants

investigation when surveying a work

- area's climate.

Topography

The shape of the land surface

" influences agriculture by causing

local modifications in climate and
weather and often is the major factor
that determines the suitability of
land for wvarious types of farming., A
vork area may include several topo-
graphic features such as moun.ains,

. Individual farms,
too, often have significant topo-
graphic variations that affect crop
production. Mountains and hills can
greatly alter rainfall, and it is
not uncommon to find a drier, irri-
éated-vélley on one side of a moun-
tain range and a wetter, rainfed

valley on the other side. Cﬁld alr
usualiy settles in valleys, making

them considerably cooler than the

™
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surrounding slopes. Steep slopes
drain rapidly, but are very suscep-

tible to erosipnnandldrought, while

flar or sunken areas often have /rain-

age problems. Slopes angled toward
the sun are warmer and drier than

those angled away from 1it.

Soils

After’climate and weather,
soll type 1s the most lmportant
local physical feature affecting
cropping potential and management
practices. Most solls have evolved
slowly over many centuries from
weathering (decomposition) of under-
lying rock material and plant mat-
ter. Some solls are formed from
. deposits laid down by ;1§ers and
geas (alluvial soils) or by wind
(loess soils). _

Solls have four basic compo-

nents: air, water, mineral particles

(sand, silt and clay), and humus
(decomposed organic matter). A typ-
ical sample of topsoil (rhe darker-
colored top layer) contains about

50 percent pore space filled with

16

varying proportions of air and water
depending on how wet or dry the soil
is. The other 50 percent of the

volume 1s made up of mineral parti-

¢les and humus. Most mineral solls

contaln about two to six percent humus by

weight in the topsoil. Organic soils
like peats are formed 1n marshes,
bogs and swamps, and contain 30-100
percent humus. -

Climate, Eype of parent rock,
topography, vegetation,'managemqpt
and time.all influénce soill formation
and interact in countless patterns tJ
prodﬁce a surprising vatiéty of zails,
gben with}n a small area. In fact,
it is,noé uncommon to find two or
three different soils on one small
farm thHat differ widely fn management
problems and yield potential.

Important Soll Characteristics

There are seven major charac-
teristics that determine a soil's
management requirements and produc-
tive potential: texture, tilth (phy-
sical conditien), water-holding capa-
city, drainage, depth, slope, and pH.

® Texture refers to the rela-
tive amounts of sand, silt
and clay in the soil.
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e Tilth refers to the soil's Ecology
physical condition and capa-
bilicy of being worked,

¢ Water-holding capacity refers For our purposes, ecology

to the ability of the soil to refers to the presence of, and inter-
retain water in its spdces. -

action among, the reference crops, 5
® Drainage refers to the soil's .

ability to get rid of excess weeds, insects, diseases, animals

. ik
water and affects the acces- . (humans, wildlife and livestock), -

sibility of oxygen to roots. and the en¥ironment in general.

e Depth is the depth of the ~ ' ) .
gsoll to bedrock and the effec- Agriculture is a perpetual contest

tive soil depth 1s the depth with nature and .farmers have devel-
« to which plant roots can,pene- )
trate.

® Slope 1is the inclination of measures, as well as special crop-
the land surface, usually meas- ping systems, to glve agriculture
,ured 1% percentage (i.e., Tum- j
ber of meters change in eleva-

tion per 100 m horizontal dis- Each area will *have its own coﬁbina-
tance). )

oped many preventative and control

the advantage over natural succession.

“tion of weeds, 1lnsects, diseases, and
¢ pH is a measure of the acidicy _
or alkalinity of the soil on wildlife (including rats and grain
a scale oF 0 to 14. . eating birds) that affect crop pro-

These characterigtics are dis- duction. 1dentifying these and.

cussed 1n detail in Soils, Crops and: learning how farﬁers cope with them -

Fertilizer Use U8, Peace Corps is crucial to understanding and deal-
Appropriate Technologfes for Develop— ~ ing with the agricultural environ-
. ment Manual-#& Parts 1 & II by D. ° ment. :

Leonard, 1969 ‘and Crop Production ] The effect of peodple and'agriculture
on_the overall environment

Handbook, U.S. Peace Corps Appropri-- -

ate Technologies for Development‘Han; ' Modern technology, land short-

ual #G,Iﬁnic i, 1969. . ages, and increasing populations have
increased agriculture s ability and

need fo "beat back" and manipulate

nature, Often little thought is °
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[ aal
' ’ given to the possible environmental Local Farmin
consequences of agriculiural develop- Practices and
Systems -

ment. Potefitial ecological impacts
. d
of agricultural projects include:* T~

® Deforestation
Farming practices include:

- , lation and spacing, choice of
Agrochemical poisoning of soil, variety

water, animals an. people

‘e Soll erosion ;

r . e Land preparation-ftillage
e Desertification methods, type of seedbed, and
e Laterization . ercslon control methods-
° Sa‘inizatiog ¢ Planting--method, plant popu-
.

e Soil amendments~-kind, amount,

® Flooding, timidg, placement of chemical
or organic fertilizers and

e liming materials

e ’

e Control, of weeds, insects,

t The Infrastructure ) ” . diseases, birds, rodents and

nematodes (tiny, parasitic

. . . © . roundworms that feed on
: T *J?)-ﬁ " plant roots)

* The infrastructure, which e Special préctices such as
\ irrigation or "hilling up”
refers to the installations, facili- .
\ . maize .
- . . s . . I
ties, goods, and services'hat ~ e Harvest and storage methods.
encourage agricultural production,
. consists of these eIpmeﬁts: . The terms “cropping system”
- ® Local farming practices not only refers to the overall crop-
' .o The physical infrastructure ping calenday (planting and.harvest
*~ . o Land distribution and tenure dates for the crops involved) bur
. . .e Agricultural labor supply 5 more specifically to the actusl ¢rop

. ® Incentives to farmers. sequences and associations involved, .

* For further information.‘refer to namely:
Environmentally Sound Small Scale ® Monoclilture versusScrop rota-
Agriculture Projects, VITA, 1979. tion--Monoculture 1s the .




repetitive growing of the ssme
crop on the same land year
after year. Crop rotation is
the repetitive growing of an
orderly succession of crops
(or crops-and fallow) on the
same land, One crop rotation
cycle often takes several
growing seasons to complete
(for example, maize the first
two years, followed by beans
the third and cotton the
fourch),

Multiple G:aﬁpingf-There are
two types of multiple cropping.
One 1s sequential cropping,
which means growing two or
more crops in succession on
the came field per year or per
growing season. The other 1is
intercropping, which is the
nost common definition of mul-
tiple cropping and involves
the growing of two or more
crops at the same time on the
same field. See Chapter 4

for details on the different
types of intercropping.

”

R
Due to differences in solils,

climate, wmanagement aﬁility, gvail—
able capital, and attitudes, impor-
tant differences in farming practices
and systems may be found within a

_ particular area.

The Physical
Infrastructure

The physical infrastructure
refers to the physical installations
and facilities that encourage agri-
cultural production such as transpor-
tation (farm-to-market roads, rail-

roads), communications, storage and

market.facilities, public farm works

(regional irrigation, drainage, and
flood control systems), and improve-

ments to the farm (fencing, wells,

windbreaks, irrigation and drainage
systems, etc:). All of these are
important, byt adequate and reason-
-ably priced transport is especially
critical since agriculture 1s a busi-
ness that involves handling bulky
materials. 'A farmér's distance from
;heuggad network 1is often the prime-

—

faht&r determining whether or not he
I

. or she can profitably yse fertilizer

or move his or her surplus crops to

‘market.
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Land Distl;ibution
And Tenure

In a settled area, all the
agricultural land may be occupied.
The land distribution and tenure situ-
ation in an area thus has enormous
soclal and economic consequences and
greatly affects farmer incentives.
The two most important issues in this

regard are:

¢ Who- occupies the land and on
what terms do they yse it or
allow others to use 1t?°

What 1s the ratio between the
number of people dependent
on farming for theilr liveli-
hood and the amount and kinds
of land available?

The A%ricﬁltural
Labor Supply

The ratio of farmers and farm
laborers fo the amount and types of
land provides a good indication of
land uyse intehsity. The existence
oE adeduaﬁe farm labor for peak per-
iods 1s another important con;idera-
tion'affecting farm practices and
returns. For most of the year, many

farming areas in developing coun-

tries have a generally high rate of
agricultural underemployment, except
during a few peak perilods such as
planting at the start of the rains
or weeding time, 1f mechanical culti-
vatidﬁ is not used. At these times,
the scarcity of labor.can become the
most eritical factor limiting produc-
tion, and labor productivity. assumes

an unusual importance.

Incentives for
Farmers

»
These can be very broadly

interpreted, since they include equi-
table land tenure and distribution,
adequate markets anq prices for farm
produce, and the existence of a

viable improved techrology.

Understanding the
Individual Farm
Unit |

Each farm has its own unique

characteristics, but those located in
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the same area usually share enough
siﬁilarities to allow grOupiné them
into several general types of farm
unit, such as subsistence, market-
oriented field crop, plantation, etec.
1f an area's environment is fairly
uniform, only one type of farm unit
may predominate. 1If it is character=-
ized by irregular topography and lop-~
slded land distribution, the area
may have two or more types of farm
units-. '
) - There are eight basic cri—
teria that canlbe used to differen-
tiate types of farm units:

e Location

e Type of occupancy t

o| Size of farm, parcelling, and
. 1land use potential

e |Size of the farm business
QEType of farm enterprise

e PProduction practices

) karm improvements

e Farm labor supply.

Locatioﬁ

l

{he principal factors here

Natural characteristics such
as soll type, slope, soil
depth, drainage, access to
water, etc,

Proximity to the transportation
network and other facilities
such as public irrigation and
drainage systems

» Location in relation to other
farm units

Local name of the farm's loca-
tion.

Type of Occupancy

The principal.considerations
are: ’
Who owns the land?

if not owner-operated, what 1s
the tenancy arrangement (i.e.,
cash rent, crop share, or work
share) and on what specific
terms? How Secure 1s the
arrangement?

If no one has legal title to
the land, 18 1t occupied under
squatters' rights that are pro=-
tected by law?

Who manages the farm unit and
makes the basic decisions?




Size of Farm

® Total farm size 1in terms of
local units of measure

o Location of farm parcels: If
they are dispersed, how far
are they from the farmer’s
house? ;

e Actual land use: tillable
versus pasture versus forest;
irrigated versus non-irrigated

® Characteristics of 1its soils:
local name, color, texture,
depth, drainage, slope, plus
farmer's opinion of them.

' Size of Farm
Business

® Land value of the farm unit
® Value of other fixed assets

e Amount of cperating capital
employed per land or livestock
unit

e The value of production per
land or livestock unit,

The value of the farm unit
compared to its number of workers

indicates whether it 1is capital-inten-

sive (using machines and money to har-~.

vest) or labor-intensive (using human
labor to . perform farm operations).
The value of production per land unit

indicates the intensity of land use.

22

Type of Farm
Enterprise

Some farms are engaged in only
one enterprise such as growing sugar-
cane, coffee, rice, ete.,, but this
type of monoculture is unusual among
small farms. WMore likely, some form
of mixed agriculture will exist. The
main considerations are: ‘

o Relative importance of each
enterprise

¢ The yvields obtained from each
enterprise

1
¢ The disposal of the products
from each enterprise (subsis-
tence or cash sale) and where
sold

"@ Crop rotations and assocla-
tions

e Relationship between crop and
livestock production, 1if any.

Production
Practices

o The specific factors used in
agricultural development

e Rate, method, and time of
application.
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. Farm Improvements

¢ Conditicit of the farm family
home (or the farm manager's
and farm workers' homes).

Presence and condition of
fences, wells, irrigation
works, field access roads,
storage facilicies, livestock
shelters, corrals, etc.

The Farm Labor
Supply

Degree of reliance on the
family's own labor force and
the composition of that force

NDecree of demendence on hired
labor

The seasonal nature of work
requirements

Use of animal or tractor-
drawvn equipment.




Guidelines for the
Orientation of the
Extension-Wbrkeil}r

These guidelines are desigﬁe&
to help newly assigned agricultural
field workers (AFW) orient them-
se;ves to the local agro-gnvironmenc
and its individual farm unics within
one or two months after arrival in
the area. When using the guidelines,
keep in mind the following:

e Do not undertake a highly
detalled survey of local
resources at the start of the
assignment unless the host
agency specifically requests
it. Such a survey is likely
to arouse local suspicions,
especilally if you are over-
zealous or overbearing with
‘your Initial contacts.

The host agency may provide a
basic orientation to the work
area, but it may be very
limited.

if cthere are discrepanciles
between the information
gathered from local sources

(farmera, etc.) and that f¥om
outside or official sources,
trust the local "grass roots'
information until proven
otherwise. Local farmers are
the ulcimace authorities on -
the local enviroiment.

The guidelines that follow are
arganized mainly by subject
area but do not have to be
followed in a set order. You
will be picking up bits and
pleces of information from a
single informant chat may
deal with a number of areas,
and you will have to put them
into thelr proper context.

-




Introductory
Orientation

'-'-‘g,'a ?
#

This initial phase focuses on
the agricultural enviromment in gen--
eral and is designed to help you fam-
iliarize yourself with 1t and adjust
your work schedule and activities to
" the seasonal rhythm of the area's
agriculture. Unless severely limited
by your local language ability, you
should be able to couplete this

phase 1in two to four weeks if vou

spend several hours a day talking
with local farmers and other sources
of agricultural information through-

out the area.

Establish
Communication

A major part of your time will
be spent talking with and listening
to farmers and other knowledgeable
sources (local residents) who have

a vested interest in agriculture.

Locate Farmers

¢ Get a general idea of how

farmera are distributed geo-
graphically. .

e Get a apecific idea of whére
likely client farmers -are
located (i.e., those with
whom your job description
deals). :

Locate Other Knowledgeable
Individuala:

Agriculetural technicians sta-
tioned or working in the area, local
buyers of farm produce, agricultural
supply dealers, and truckers are
good sourcea of information.

Select Reliable Local Sources

At the early stage, Your con-

tacts do not have to be completely .

representative so long as they are

knowledgeable. The best farmer-inform-

ants are uauallf among the more pro-
gressive fdarmers. For example, a
progresaive small farmer will provide
more information and insight into
small farming operations than a
larger-scale gommercial farmer.
Likely initial contacts are: your
landlord's relatives, the local mayor
or other local official, the more

easily accessible and talkative farm:
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ers, or farmers who have worked with
LS

extension services for some time.

Keep a careful record of all initial

contacts.

How to Interview

s Introducing yourself--Ideelly,
you should have a third party
make the initial contact and
introduction. If this is not
possible, be prepared with a
practiced explanation of your
presence. It is impo rtaat that
you emphasize that you are tne
learner at this stage.

Suggested techniques--Allow
the farmer to talk as spon-
taneously as possible. Any
leading questions almost
always get "yes" responses.
Use a memorized interview
schedule rather than a writ-
ten one which 1s likely to
inhibit responses. Avoid
over-familiarity.

It 1is generally not a good
idea to take written notes

in front of a farmer, although
in some cases he may expect
you {as a "technician") to

do so. Some farmers may view
written notes as having some
possible conncection with
future tax¥ collections, etc.
It's best to wait until an
unobtrusive moment such as the
mid-day break to summarize
information in written form,

‘Become Familiar

With the Principal
Physical Features

-

In order to locate farms, farm-

Ersy agricultdral suppliers, etc.,

you should pinpoint their locations

with reference to roads and trails

and dominant topographic features.

The principal physical and demo-

graphic features of the work area

should

stood.

also be located and under-
These include;

Topographical features——alti-
tude, streams, principal fea-
tures (landmarks) recognized
locally as reference points,
valleys, farm and non-farm
lands

Communications (roads and
trails)--seasonal access, dis-
tances, travel times and modes
of travel between points

Demographic-—locations of com-
munities (and their local
names), farmers

Infrastructure~~irrigation

systems, drainage systems,
agricultural supply stores,
schools, extension offices,
etc.

You can make a bhase reference

map yourself which shows these fea-

" tures,

relying on your ouwn observa-
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tions as well as road maps, geo-
graphic maps, or soil survey/land
use maps avallable from government
agencles and international or

regional organizations working in

the area.

Become Familiar
With Climate and
Weather Patterns

Sources of Information

e Weather station records--
Obtain all available meterolo-
glical data from the official
weather station nearest to
your area of assignment. Its
orientation value will depend
on the station's proximity
and how well it represents
your area's conditions.

Relief maps--Altitude is the
nain temperature determinant
in the tropics; remember that
for every 100 m rise in alti-
tude, average (mean) tempera-
ture will drop about 0.65°C.

Local farmers—--Official
weather data can be valuable,
but it 1s not essential.
Information about loecal cli-
mate and weather conditiors
can be learned from experi-
enced local farmers.

You can draw a rainfall.chart
which 1s accurate enough for the ini-
tial orientation simply by s&stemat— :
ically recording farmer's comments
about the seasonal distribution of
rainfall; the same can be done for
seasonal temperature varilation.

Climate and weather checklist

Make tables and/or charts
showing the monthly distribution
of rain®all using these criteria:

e Dry to wet scale: (See rain-
fall section, ChapterﬁZ.)

& Rainfall frequency: the num-
ber of times it normally
rains in a week or month

Risk factors associated with
climate and weather (1.e., droughts,
hail, high winds, flooding) can be
established by having farmers recall
bad crop years over a span of years.
Be sure to disfinguish weather fec-

tors from.other causes such as

insects and diseases.
As for temperature, be sure to
record:

® Mouthly temperature averages.

e Periods of significantly high
: or low temperatures.

Occurrence of first and last
killing frosts if applicable.




Become Familiar
With Prevailing
Farming Systems
and Practices

Identifx the major croﬁ and livestock
enterprises in the work area.’

For each of the crop enter-
prises which predominates in the
area, indicate the following and

note any local vafiations:

s The growing season--Indicate
the normal growing season and
its vdriations (early-late),
and make a cropping calendar
using line bar graphs (see
rainfall section, Chapter 2).

Describe production practices
--Do not confuse the prac-
tices recommended by exten~-
sion with those generally
accepted by farmers. Your

interest 1is in the prevailing'

practices used by most of the
farmers in the area. Make
note of any significant dif-
ferences among different
groups of farmers.

Describe the principal land
preparation practices-—Specify

the earliest and latest dates

of application and indicate
what the practices are called
locally. For example, in many
areas of Central America, the
practice of hilling up maize’
(throwing soil into the row)
is called "aprogue".

# Describe the kind and amount
of inputs associated with the
practice. This includes the
amount applied, method and

© timing of application, and
worker~days of labor.

Estimate yields and returns

At this stage of the orienta-
tion, 1t is not necessary to-make a
detailed aceount of costs and returns.
Seeking such data can arouse local
suspicions or fears of future tax

f

levies. Rough estimates of produc- j

tion costs, and gross and net returns

are sufficient.

e Record reported ylelds per
unit of land.

s Record recent prices at nor-
mal time of sale.

Multiply recent prices by-
approximate average yield to
get approximate gross returns.

Subtract approximate produc-
tion costs from gross returns
to obtain approximate net
returns. There are two ways
to do this: net return to
capital, land, and family
labor where the only labor
costs you account for are
hired labor, or net return to
land and capital in which
case an opportunity cost
(exchange value) must be
assigned to family labor and
subtracted from the gross




recurn,
easiest.

The first way 1is the

Indicate the relative tendencies of
production

o Estimate the percentage of
the crop that 1s marketed.

Identify the principal local
market outlets {(buyers).

Indicate the geasonal move-
ment of production off the
farms: 1s 1t sold at harvest,
some sold at harvest, some
held for higher prices, etc.?

Indicate the seasonal price
fluctuations (average over
several years).

List the outside production inputs
which_are available locally. ("Avail-
'able" means when needed.)

e Crop production supplies (give
brands, grades, and unit
prices): fertilizers, insecti-
cides, fungicides, herbicides,
hand tools, hand-operated
equipment, seeds, etc.

e Agricultural machinery and
equipment (if used): tractors
(horsepower and make), imple-
ments, irrigation pumps, etec.

Services: such as custom mach-
inery services and rates
charged, and professional ser-
vices (indicate whether public
or private), technical assis-
tance and soll testing, etc.

2

.activities must be adjusted.

Summarize the
Information

Every area's agriculture is
tuned to a time schedule or seasonal
rhythm to which work schedules and
Getting

orténted in time is vital to effec~

tive agricultural extension.

¢ The best way to do this 1is to
summarize the initial phase of orien-
tation by making graphs and calendar
charts that show the area's seasonal
rhythm of climate, agriculture, and
social life.- .
The following graphs, charts,
and oéservations wer e made By a group

of Peace Crops Volunteers assigned

. a8 rural credit agents in the Paci-

fic region of Niparagua during an
orientation-training exevrcise. The
principles involved apply worldwide.

Make a generalized climate and weather
calendar ‘

Chart the normal monthly dis-
tribution of rainfall as
related by farmers using terms

fuch as wet, dry, some fain,




Frequency of Rainfall

-

times/wk.
times/wk.
times/wk.

time/wk.

times/wk.

woertest time, rainfall drops
off, etc., There are three
ways to do this:

1. Use the frequency of rain-
fall to measure seasonal dis-
tribution (see chart above).

2. Use a dry-to-wet scale.

3. Measure rainfall, if you
have access to reliable
meteorological data.

Indicate the range and fre-
quency of possible deviations
from pormal rainfall pacterns
from information passed on to
yvou from farmers, or recorded
by a weather station. ~(See

chart above.)’ - .

Make a- calendar of agricultural acti-

vity.

For each of the major crop
enterprises. display the
length and pvossible range of
growing season, including
likely variations in planting
and harvest times.

(See example at thé top of
page 31.)

Indicate the time for perform-.
ing critical operations and
relative labor requirements of .
those operations.

(See example at the bottom of
page 31.)

<
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Example: Crop Calendar, Crops and Order of Importance in the
Estell Area of Nicaragua »

-

M

. plant harvest
1, Maize, long season L

k]

'——‘—-'b' - - '——4—-—‘-

2. Rice, dryland . )
3., Beans - L"'* e e
< - *' , Y

4, improved, non-
photosensitive sorghum

Example: Distribution of Work and ?im;ﬁg of Principal Farming
Operations in the Estelil Area of Nicaragua

OQutside help
need=4d *

-
Farm family +
labor supply
adequate

Land clearing’ 5. First harvest
. Land preparation 6. Second harvest
. Trincipal seeding 7. Harvest
Weeding '




Indicate the relative seasonal
labor demand, whether there
are any periods of labor move-
ment into or out of the area.
Determine the seasonal demand
for other critical inputs:
keep in mind an input 1is not
considered critical unless
farmers® feel it is. (For ,
example, 1if fertilizer 1s not
generally used, 1t 1is not
presently a critical input.)

Méke a calendar of economic activity
related to agriculture.

Indicate relative demand for
short-term production credit.

(See example below.)

Indicate seasonal marketing

patterns (the rate at which
the crop is marketed).

Graph the seasonal range of
prices.

Make a calendar of social activiey
that includes religious holidays and
other holidays or seasonally deter-
mined social obligations.

The summary concludes the
With a
good understanding of the local

initial ,orientation phase.

agricultural environment and farming

practices, vou are ready to move on
1

to the next step: orientation to the

individual farm unit.

Demand for Production Credit, Branch Office of the
Hational Bank of Nicaragua

Number of
Credit
Applications
per Month
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Orientation to the
Farm Unit

Learning to communicate effec-

tively with individual farmers about
theilr farm enterprises and their farm
businesses will help move you out of
the questioning stage into a more
active role. Expressing an interest
in and being knowledgeable about the
farm business can be the means as
well as the purpose of communicating
with farmers and will definitely
increase your rapport and credibil-

ity with them.

Describe Typical
Farm Units

Make a general farm profile
which i; representative for each of
the types of farm unit wich which you

will be working.~"

Describe the
Annual Agricultural
Cycle as’Perceived
BytheFarmer

For each type of farm unit
with which you are likely to work,
make an annual diary which indicates:

# Normal operations by months
oY seasomns

# The decisions which the farmer
has to make that are related
to these operations

# The farmer’s concerns through-
out the year, such as the tim-
ing of the rains, dry spells,
bird damage to crops, flood-
ing, obtailning inputs, com~
pleting operations in time,
etc.




3. An Introduction
to the Reference
Crops

There are several reasons
why the six reference crops --
malze, grain sorghum, millet, pea-
nuts, field beans, and cowpeas -
are grouped'together in one manual.
Al]l of the reference crops are row
crops (grown in rows) and because
of this, they share a number of

“similar production practices.

Also, in developing nations, two or
more of the crops are likely to be
common to any farming region and
are frequently interrelated in
terms of crop rotation and inter-

cropping (see Chapter 4, ,.ce 91),
In addition, all of them are staple

food crops. The developing coun-
tries are major producers of the

reference crops, with the exception

of maize.

Cereal Crops Versus
Pulse Crops

Maize, grain sorghum, and
millet are known &8s cereal crops,
along with rice, wheat, barley,
oats, and rye. Their matdre, dry
kernels (seeds) are often called

cereal grains. All cereal crops

belong to the grass family (Grami-
neae) which accounts for the major
portion of the monocot (Monocoty-
ledonae) division of flowering
(seed-producing) plants. All mono-
cot plants first emerge from the

soil with ore initial leaf called a -
seed leaf or cotyledon.
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(Left) A germinating maize seedling;
note that it has only one seed leaf,
which makes it a monocot. Monocots
emerge through the soil with a spike-
like tip. They.generally have fewer
problems with clods and soil Qust-
ing than dicots.

Peanuts, beans, and cowpeas

are known as pulse crops, grain

lepumes or pulses, along with others
such as 1ima beans, soybeans, chick-

peas, pigeonpeas, mung beans, and

peas. The pulses belong to the

Table 2 - -

World and'Regional Production of the Reference Crops
(1977 FAO data)

Crop Total World Production Percent of World Production

(rillions of metric tons) Developing Developed
' Countrfgs " Countries
MAIZE 350.0 32,46 Y 67.6
GRAIN SORGHUM 55.4 . 59.9 K 40.1
MILLET 42.9 - 95.1 \ 4.9
PEANUTS (Groundnuts) 17.5 88.2 . 11.8
FIELD BEANS, COWPEAS 12.9 86.1 13.9
: 36
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(Right) A germinating bean plant;
note the two thick cotyledons (seed
. leaves) which originally formed the
two halves of the seed. '

legume family (Leguminosae) whose
plénté_produce their seeds in pods.
Some legumes like peanuts and soy-
beans are also called oilseeds
because of their high vegetable oil
content,

_ The pulses belong to the
other major division of flowering
plants called dicots (Dicotyledo-
hnae), Unlike the monocots, dicof

plants first emerge from the soil

with two seed leaves.

In addition, the pulses have

two outstanding characéeristics for

farmers and for those who consume
them: ’

e They contain two to three
times more protein than
cereal grains (see Table 3),

. Legumes obtain nitrogen for
their owm needs through a
symbiotic (mutually benefi-
cial) relationship with
various species of Rhizobia
bacteria that form nodules
on the plants' roots (see
illustration on: page 38).

Nitrogen is the plant nutri-
ent needed in the greatest
quantity and is also the
most costly when purchased
as chemical fertilizer. The

Rhizobia live on small

amounts of sugars produced

by the legume and, in return,
convert atmospheric nitrogen
(ordinarily unavailable to
plants) into a usable form.
This very beneficial process
is called nitrogen fixation.
In contrast, cereal grains
and other non-legumes are
totally dependent on nitrogen

supplied by the soil or from
fertilizer.




Nitrogen-fixing nodules on
the roots of a bean plant.
Note that they are attached
to the roots rather than an
actual part of them.

Despite the urgent need to
"increase both cereal and pulse pro-

duction in the developing countries,

most crop lmprovement efforts of the

"Green Revolution” emphasized the

cereals (see page 294). As

a result, pulse yilelds in the region

have shown little, if any, increase,
In some areas, total pulse produc-

- tioﬁ has actually declined in favor

of the cereal grains, even though
many developing nations suffer from
a chronic protein shortage. Fortu-
nately, this situation 1is now being

reversed.

The Nutritional Value
Of the Reference
Crops

The cereal grains, with
their high starch content and lower
prices, make up a major source of
enérgy (calories) in developing
countries. There, cereal consump-
tion is high enough to contribute a
substantial amount of protein to
the diets of older children and
adults (although still well below
quantity and quality requirements).
Another plus is that cereal grains
contain a numbdt of vitamins and
minerals, including Vitamin A which
can be found in the yellow varie-

ties of malze and sorghum.

gailned from eating large gquantit ie:*-]

of the cereals, their protein

tent is relatively loﬁ (7-14 ,
cent) and they are deficient in
éeveral amino acids. Infants and
children, who have much higher pro-
tein needs per unit of- body weight
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and smaller stomachs, do not get as
much protein from cereals as adults.
Studies have also shown that some
reference crops lose vitamins-and
protein in subhstantial amounts with
traditional preparation methods
(milling, soaking, and drying).

The pulses have considerably

highrr protein contents than the

All animal proteins (meat,
poultry, fish, egés, milk and
cheese) are complete proteins (con-
tain all essential amino acids),
but their high cost puts them out of
reach of much of the population in
developing nations.

Fortunately, it is possible

to satisfy human protein require-

cereal grains (17-30 percent in the ments without felying solely on ani-

reference pulses) and generally

higher amounts of B vitamins and

mal protein sources. The cereals

and pulses, though not complete pro-

winerals. Unfortunately they also teins in themselves, can balance out

may have some deficiencies in amino each other's amino acid deficiencies.

acids. Cereals are generally low in the
Table 3 )
Nutritional Value of the Reference Crops
(dry weight basis)

. Crop Percent Protein Calories/100 grams Calorie;/lb.
MAIZE 8-10 ' 355 1600
GRAIN SORGHUM 7-13 350 1600
MILLET (Pearl) 10-13 3zo - 1500
COMMON BEANS 21-23 340 1550
COWPEAS 22-24 340 1550
PRANUTS: {(GROUNDNUTS) | 28-32 400 1800

39 _ .4’?




ecsential amino acid lysine, but
relatively high‘in another, methio~
nine. The opposite is”true for most
of the pulses. If eaten together or
within a short time of each other
and in the right proportion (usually
about a 1:2 ratio of pulse to
cereal), combinations like maize znd
beans or,sorghhm énd chickpeas are
complete proteins. In most devel-
oping countries, however, pulses are
more expet'nsive than the cereal
gfains, which creates difficulties
in achieving a balanced diet.

An Introduction to
The Individual
Crops

Maize
{Zea mays)

Distribution and Importance

In terms of total world pro-

duction, maize and rice vie for the

number two position after wheat.
Several factors account for the im~
portance of maize:

® Maize can adapt to a wide
range of temperature, soils

and moisture levels and resists

disease and Insects.

It has a high yield poten-~
tial.

It 1is used for both human

and animal consumption.
Types of Maize

There are five principal

types of maize:

e Dent: The most widely
grown type in the U.S. The
seed has a cap of soft
starch that shrinks and
forms a dent at the top of
the kernel.

Flint: Widely growm in °
Latin America, Asla, Africa
and Europe. The kernels
are hard.and smooth with
very little soft starch.

It is more resistant to
storage Insects like wee-~
vils than dent or floury
maize.

Floury: Mainly soft starch
and widely grown in the
Andean region of South
America. It 1is more prone
. to storage insects and
breakage than harder types.
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An ear of maize. Each silk leads to an ovula (potential kernel) on the cob.
Varieties vary in length and tightness of husk covering, which determines

resistance to insects and moisture-induced molds which may attack the ear in
the field.
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®» Pop: Really an extreme
form of flint maize.

® Sweet: At least twice as
* high in sugar as ordinary

malze and meant to be con-
sumed in immature form when
only about one-third the
potential grain yield has
been accumulated. It 1is
more prone to field insect
damage, especially on the
ears.

A potentially very valuable
type called hi-lysine maize with
more than double the content of
" lysine i3 nearing the mass applica-
tion staée, but still has some
field and storage problems to over-

come (see the section on maize im-

provement at the end of this chap-
ter).
Maize Yields

Average yleld of shelled

grain (14 percent moisture) under
varying conditions are shown below.
Climatic Requirements of Maize

' Rainfall: Non-irrigated

(rainfed) maize requires a minimum

of around SOQ mm of rainfall for
satisfactory ylelds. TIdeally, the
bulk of this should fall during the
actual growing seaéon, although deep
loamy or clayey soils can store up
to 250 mm of pre-season rainfall in

the future crop's root zone. Any of

Average Yield of Shelled Grain

1bs./acre kg/hectare
Top farmers 1in the
7.5. Corn Belt 9, 000-12, 000+ 10, 000-13,500
U.S. Average 5,050 5,700
Average for
developed countries 4,200 4,700
Average for LDC's +.50-1,350 500-1,500
Feasible yleld for small )
scale LDC farmers with 3,500-5,500 4,000-6,000

improved practices

Source: FAP and USDA data, 1977.
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the following factors will act to
increase the moisture needs of maize
(and other crops):

e Long growing periods due to
cool temperatures.

e Shallow and/or sandy solls
with low water-holding abil-
icy.

o Excessive water runoff due to
lack of erosion control on
sloping land.

e Low humidity, especially
when combined with wind.

Maize has some ability to
resist dry spells but is not nearly
as drought-tolerant as sorghum and
millet.

Temperature: The optimum

L4

growth rate of maize increases with

temperétures up to about 32-35°%C 1f
soil moisture is.abundant: but de-
creases slightly with temperatures .
around 27-30%€ -when soil moisture
is adequate. If soil moisture is
low, the optimum growth rate Lem-
perature drops to 27°C or below. ;
At temperatures of 10°C or below,
maize grows slowly or not &t all
and ig susceptible ¢to frost. How-
ever, daytime temperatures in ex-
cess of 32%¢ will reduce ylelds if
they occur during pollination. |

|

Yields are also reduced by excess-»
ively high nighttime temperatures,
since they speed up the plant's
respiration rate and the "burning
up” of the growth reserves.

Soll requirements: Maize

grows well on a wide variety of
soils 1f drainage is good (no w&ﬁer—
logging). Tt has a deep root sys-
tem (up to 185 cm) and benefits
from deep soils which allow for im-
proﬁéd moisture storage 1n dry
spells. The optimum pH for maize
1s in the 5.5-7.5 range, although
some tropical soils produce’good
yields dovn to a pH of 5.0 (very
acidi. The liming and nutrient
needs of madze are covered_in
Chapter 5.

Response to_ggylenggbi_-The

length of growth period of mdny
plants 1s affected by daylenéth.
This 1s known as a photosensitive

(photoperiodic) response. Most
maize varieties are short day plants
which means thaé-they,will mature
earlier if moved to a region with
signifiicantly shorter dayle;gths
than they were b{ed for. In the

tropics, there is relatively little




variation in daylength &uring the
year or between regions. Because
mést temperate zone maize varieties
;re adapted to the longer daylengfhs
of that area's summer, they will
flower and mature in too short a
period for good yield accumulation
if moved to the tropics. Sweet
maize seed from the temperate zone ,
" may reach little more than knee
height in the tropics, and produce
disappeintingly small ears, although
in record time! Likewise, the
“giant“ novelty maize advertised in
some gardening magazines is nothing
more than a variety adapted to the
very short daylengths of thé‘tropics.
Whén grown in the temperafe zone,
the much longer daylengths retard
maturity and favor vegetative .
growth.\ Some maize varieties, how-
ever, are day neutr£1 with little
response to variations in day- ]
length. ’
_ . As mentioned earlier, maize's
~relatively low protein and high
.starch content makes it more impor-
tant as an énergy (calorie) source.
Many peuple believe that yellow

maize has more protein than white

1

maize, but the only nutritional dif-
ference between the two is the pre-
sence of Vitamin A in the yellow

variety (also called carotene).

Unlike production in the de-

veloped countries, maize production

in developing countries is almost

: entirely used for human food in the

form' of mealy”flour, tortillas or a

thick paste. In humid areas where
increased spoilage problems make
grain storage more difficult, a sig~
nificant portion of maize may be
consumed much 1ike sweet corn while
it is stgll in the semi-soft, imma-
ture Statl.

Maize has numerous industrial
and food uées in the form of some
500 préduéfs and by-products. Vari-
ous milling and ﬁrocessing methods ‘
can produce starch, syrup, animal
feed, sugar, vegetalble oil, "dextrine,
breakfast cereals, flour, meal, and
acetone. Maize also™is used for
making alcoholic beverages through-

out the world. r

.-Maize Stages of Growth

Depending on the variety and
growing temperatures, 'maize reaches

L
physiologic maturity (the kernels

L]
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have ceased accumulating protein and
starch) in about 90-130 days after
plant emergence when grown in the
tropics at elevations.of 0-1,000
meters. At higher elevationms, ié
may take up to 200-300 days. Even
at the same elevation and tempera-
ture, some varieties w}ll mature

much earlier than others and are

known as early varieties. The main
difference between an early (90-day)
and a late (130-day) variety is in
the length of time from plant emer-
gence to tasseling (the vegetative
period). This stagé will vary from
gbout 40 to 70 days. 7The reproduc- °
tive period (tasseling to maturity)
for both types is fairly similar and
varies from about 50 to 58 days.

The following discussion describes

the growth stages and related man~

‘agement factors of a 120-day maize
L

variety.
PHASE 1:
FROM GERMINATION TO TASSELING .

Plants will emerge In four to
five days under warm, moist condi-~
tions but may take up to two weeks

or more durilng cool or very dry wea-
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ther. Little if any germination or
growth occurs at soil temperaturés.
below 13°C. Harmful soil fungi and
insects are still active 1in cool *
soils and can-cause -heavy damage be-
fore the seedlings can become estab-
lished. Pupngicide seed treatments
{see Chapter 6) are usually most
beneficial under cool, wet condi-
tions and may increase ylelds from
10 td 20 percernt.
fze seeds are large and con-

tain enough food reserves to sustain
growth for the first week or so after
emergenﬁe. Then the plants must rely
on nutrients supplied bylthe soil or
fertilizer. Up until knee-high
staga, .the three major nutrients --
nitrogén, phosphorus, and potassium
~~ are required in relatively small
amounts, but young seedlings do need
a high concentration of phosphorus
near their roots to stimulate root
development. .

The primarx_rooﬁs reach full

development about two weeks after

seedling emergence and are hhen re-

placed by the permanent roots (called

nodal roots)'which begin growlng

P
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from the crown (the uﬁderground base
of the plant btetween the stem and the
roots). Planting depth determines
ﬁhe depth at which the primary roots
form but has no effect on the depth
at which the permanent roots begin
to develop.
Until the plants are knee

high, the growing point (a small

cluster of cells from which the
leaves,‘tassel, and ear originate)

is still below the soil surface, en-
cased by a sheath of unfurled leaves.
A light frost or hail may ki1l the
above-ground portion of the plant,
but usually the growing point (1if
below ground) will escape injury,
and the plant will recover almost
_.completely. However, flooding at
this stage is more damaging than
lat§r on when the growing point has

been carried above ground by the

stalk. )
The growing point plays a
vegetative role by producing new
leaves (about one every two days)
until the plants are knee high;
Within

a few days, the underground growing

then a major change occurs.

point is carried above ground by a

lengthening of the stalk and switches
from leaf production to tassel initi-
(511t a

plant lengthwise at this stage, and

ation within the plant.

you can easily see the growing point
as a peaked tip inside the stalk).

At this time roots from adjacent

rows have reached and crossed each
other in the between-row spaces (for.
rows up to one meter wide).

From tassel ‘initiation until
tassel emergence takes about five to
six weeks and 1is a period of very
rapld growth in plant height, leaf
Maxij

mum root depth can reach 180 cm. /

size, ggd root development.

under optimum scill, molsture, and

- fertility conditions and 1is attained

by the time of tassel emergence.

Maximum nutrient uptake ac-

" curs from about three weeks before

to three weeks after tasseling and
maximum water use from tasseling -
through the soft-dough stage (about
three weeks after tasseling).

-
-~

PHASE II:
TASSELING AND. POLLINATION
Tasseling occurs about 40-70
days after plant emergence in 90-130
e‘l/(f lower)

day varieties. The tass
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is thrust out ot the "eaf whorl
about one to two days before it be-
gins shedding pollen. Pollen shed
starts two to three days before the
silks emerge from the ear tip and
continues for five to eight_days.

If conditions are favorable, all the
silks emerge within three to five
days and most are pollinated the
first dav.

_ Each silk leads to an ovule
(a poteﬁtial kernel). When a pollen
grain lands on a silk, it puts'out a
pollen tube that grows down the
silk's center and fertilizes the
ovule at the other end in a matter
of hours. Shortage of pollen is
rarely a problem since about 20,000~
50,000 polIen grains are produced
per silk. Poor' ear fill (the numbcr
of kernels on an ear) or skipped
kernels are nearly always caused by

delayed silk emergence or by ovule

dbortion, botﬁiof which are caused

by drought, 0vercrohding or a -shor-
tage of nitrogen and phosphorus.
Extreme heat (above 35°C) can di-

minish pollen vigor and also affect
ear £ill. Some insects like the

corn rootworm beetle (Diabrotica
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spp.) or Japanese beetle (Popillia
japonica) can cut off the silks

before pollination;

Maize is cross-pollinated,
and usually 95 percent or more of
the kernels of a cob receive their
pollen from neighboring maize
plants. This also means that -
different maize types such as the
hi«lysine varieties must be kept
isolated from other maize pollen if
they are to retain their desired
characteristics. -

Pollination is a very criti-
cal time during which there is a high
demand for both water and nutrients.
One to two days of wilting during
this period can cut yields by as
much as 22 percent and six to eight
days of wilting can cut yields by 50
percent, .

A few days after poilination,
the silks begin to wilt and turn
brown. Unoollinated silks will re~

main ﬁale and fresh looking for
several weeks but as mentioned-'
above, they can only receive pollen
for a week or so after they emerge

from the ear tip.
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f, PHASE III:
FROM: KERNEL DEVELOPMENT
TO MATURITY
Most maize ears have 14-20

rows with 40 or more ovules per row
and produce about 500-600 actual
kernels, Any shortage of water,
nutrients; or sunlight during the
first few weeks of kernel develop-
ment usually affects the kernels at
the tip of the ear first, making
them shrivel or gbort. Maize is

very prone to moisture stress (water

deficiency) at this stage due to a
heightened water requirement (up to
10 mm per day uﬁder very hot and dry
conditions), -

Wind damage during early ker-
nel development is seldom serious,
even though the plants may‘be
knocked almost flat, since they
still have the ability to "goose-
neck" themselves (curve up) into a

nearly vertical position.

Stages of Kernel Development
in Maize

® Blister stage: About 10 days
after pollination when the

kernels begin to swell, but
contain liquid with very
little solid matter.

® Roasting ear stage: About

18-21 days after pollination.
Though field maize has a much
lower sugar content than
sweet maize, at this stage it
is still sweet. At this stage
the kernels have accumulated
only about one-third of the
total dry matter yield they
will have at physiologic
maturity. From this time on,
any type of stress is more
likely to affect kernel size

- rather than grain £411 at the

ear tip. :

Dough stage: About 24-28 days
after pollination.

¢ Approaching maturity: As ma-.

turity nears, the lower
leaves begin to turn yellow
and die. 1In a healthy, well
nourished plant, this should
not occur until the ear is
nearly mature. However, any
serious stress factor--
drought, low soil fertility,
excessive heat, diseases--can
cause serious premature leaf

" death. Ideally, most of the

leaves should still be green
when the husks begin to

ripen and turn brown. Early
death™of.tha maize plant can
greatly“reduce yields and re-
sult in small, shrunken ker-
nels. .

.
.

.
Physiologic maturity: About

52-58 days after 75 percent
of the field's ear silks have
emerged. The kernels have .
reached their maximum yield




and have ceased accumulating
more dry matter. However,
they still contain about 30-
35 percent moisture which is
too wet for damage-free com-
bine harvesting {(picking and
shelling) or for spoilage-
free storage (except in the
form of husked ears in a
narrow crib; see Chapter 7).
Small farmers usually let
the maize stand in the field
unharvested for several
weeks or more to allow some
further drying. In some
areas, particularly latin
America, it is a common prac-
"tice to bend the ears {or the
plants and the ears) down-
ward to prevent rain from
entering through the ear tips
and causing spoilage. It °
also helps minimize bird
damage and lets in sunlight
for any intercropped plants
that may be seeded at this
time.

Number of ears per plant: Most

tropical and sub-tropical maize va-
rieties commonly produce two to

; .
three useful ears per plant under

good conditions. In contrast, most

U.S. corn belt rypes are single
eared. (ne advantage of multiple-

eared varieties (often called pro-

lifics) is that they.have some built-

in buffering capacity in case of

adverse conditions and may still be

able to produce at least one ear.

Grain Sorghum
(Sorghum bicolon

Distribution and Importance

Although grain sorghum ac-
counted for only 3.6 percent of
total world cereal production in
1977 (FAC data), several factors
make it an especially important
crop in the deveioPing world:

¢ The developing nations account
for about 60 percent of the
world's grain sorghum pro-
duct ion.

It is drought-resistant and
heat-tolerant and particu-
larly suited to the marginal
rainfall areas of the semi-
arid tropics {such as the’
savanna and Sahel zones of
Africa where food shortages
have been critical).

Types of Sorghums
Grain Sorghum vs. Forage

Sorghum: Where sorghum is grown in
the developed world, a definite dis-
tinction is made between forage sor-
ghum and grain sorghum types. TFor.

example, in the U.S. {where grain
sorghum 1is often called 'milo™),

o8




Aruitoxt provided by Eic:

A grain sorghum plant nearing maturity

4

Grain sorghum
seedhead

e

51




nearly all grain types have had
dwarf genes bred into them to reduce
plant height te 90-150 cm for more
managable machine harvesting. In
contrast, forage sorghum types are
much taller and have smal : seeds
and a ﬁigher ratio of stalk and -
leaves to grain. They are used
largely for cattle feed as fresh
green chopped forage or silage
(green forage preserved by a fer-
mentat ion process), but are some-

times grazed. Sudangrass is a

variety of forage sorghum with
especially small seedheads and thin- -
bladed leaves, and sorghum-sudan
crosses aglso are available.

In the developing countries,
especlally where cattle are impor-
tant, most traditional grain sorghum
varieties have some forage type
charact aristics such as tallness and
a high proportion of stalk to leaves.

' There are many regional vari-
ations among local grain sorghum

types:

Yields of Dry Grain

Lbs./Acre

Top yields in the U.S.
under irrigation

Top rainfed yields in
the U.S.

U.S8. Average 3130

Average for the
developed countries 2900

‘ Average for developing
countries

Feasible rainfed yields for
farmers using improwved
practites

52

9000-12, 000

5000-8000

400-800

3360-5000

Kg/Hectare

10,.000~13,4000

5600~-5000

3520
3260

450-900

3000-4500




Sweet Sorghum (Sorgo) and

Broomcorn: Sorgo types have tall,
julcy stalks with a high sugar con-
tent and are used for making syrup
and also for animal feed in the
form of silage and forage. Broom-
corn is a sorghum type grown for its
brush, which is used mainly for
brooms.

Sorghum Yields

Gra‘n sorghum exhibits

greater yleld stability over a wider
range of cropping conditions than
maize. Although it will outyield
maize Jduring below-normal rainfall
periods, the crop might suffer some
damage under very high rainfall.
Yields of dry (14‘percent moisture)
grain are shown under varying grow-
ing conditions on page 52 (based on

FAC, USDA, and international research
institute data}, ’

Protein content ys. yleld: The pro-

tein conténtrof sorghum kernels-can
vary considerably (7-13 percent on
soils low in nitrogen) due to rain-
fall differences. Since nitrogen (N)
is an important cwnstituent of pro-

tein, kernel protein content is

f

likely to be highest under very low
rainfall that cuts back ylelds and
concentrates the limited amount of
N in a2 gmaller amount of grain.
Protein fluctuation 1is much less on
soils with adequate nitrogen.
Climatic Requirements of Sorghum

Grain sorghum tolerates a
widé range of climatic and éoil
conditions.

Rainfall:

aslde from being more heat- and

The sorghum plant,

drought~resistant than maize, also
withstands perilodic waterlogging
without too much damage.

The most extensive areas of
grain sorghum cultivation are found
where annual rainfall 1is about 450-
1,000 mm, although these higher rain-
fall areas favor the development of
fungal seed head molds that attack
The

more open-headed grain sorghum vari-

the exposed sorghum kernels.

eties are less susceptible to head
mold.

Several factors account for

the relatively good drought tolerance:

of grain sorghum:
¢ Under drought conditions the
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plants become dormant and will
curl up their leaves to re-
duce water 1losses due to
transpiration (the loss of
water through the leaf pores
into the air).

® The leaves have & waxy coating
that further helps to reduce
transpiration.

¢ The plants have a low water
requirement per unit of dry
weight produced and have a
very extensive root system.

Temperature and Soil Requirements:
Although sorghum withstands high

temperatures well, there are varie-

ties grown at high elevations that
have a good tolerance to cool weather
Light frosts may kill the
above-ground portion of any sorghum

variety, but the plants have the

as well,

ability to sprout (ratoon) from the
crown.

Sorghum tends to tolerate very
acid soils {down to pH 5.0 or slight-
ly below) better than maize, yet it

is also more resistant to salinity

(usually confined to soils with pH's
over §.,0),

Response to Daylength (Photosensi-

tivity) . r
Most traditional sorghum
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varieties in the developing countries

are very photosensitive. In these

photosensitive types, flowering is
stimulated by a certain critical
minimal daylength and will not occur
until this has been reached, usually
at or near the end of the rainy

season. This delayed flowering en-

ables the kernels to develop and

mature during drier weather while
relying on stored soil moisture.
(This {s actually a survival feature
which allows seed heads to escape
fungal growth in humid, rainy con-
ditions.) These local photosensi-
tive varieties uéually will not
yield as well out?ide their home
areas (eSpeciallyifurther north or
south) since their heading dates
still remain cofreiated to the
rainy season and déylength patterns

of their original environment. De-
spite this apparentaadaptation to
their own areas, the traditional
photosensitive varieties have a re-

latively low vield potential and may

occupy land for 2 longer period to

produce a good yield {(due to their

fixed flowering dates). Tn addition
i

,,
i
—




there is always the danger that the
rains will end early and leave an
inadequate reserve of s0il moisture
for kernel development. Breeding
progfams are attempting to improve
these photosensitive types, and many
of the improved varieties show lit-
tle sensitivity to daylength.

Other Sorghum Cﬁaracteristics

Ratooning and Tillering Ability

The sorghum plant is a peren-~
nial (capable of living more than
two years).. Most forage sorghums
and many graln varieties can produce
several cuttings.of forage or grain
from one planting if not killed by
heavy frost ;r exterided dry weather.
New stalks sprout from the crown
(this is called ratooning) after a
harvest. .

However, ratooning ability .
has little value in most areas where
non—-irrigated sorghum is grown. In
these areas, cither the rainy season
or frost-free period is likely to be
too short for more than one grain
crop or too wet for & mid-rainy sea-
son first crop harvest without head
mold problems. However, forage sor=-

ghums take good advantage of ratoon-
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*DANGER* The Toxicity Factor:

Hydrocyanic Acid
Young sorghum plants or

jdrought-stunted ones under 60 cm

tall contain toxic amounts of
hydrocyanic acid (HCN or prussic .
acid). If cattle, sheep or goats
are fed on such plants, fatal
poisoning may result. Fresh,
green forage, silage, and fodder
(dried stalks and.leaves) are
usually safe if over 90-120 cm
tall and if growth has not been
interrupted. . The HCN content of
sorghum plants decreases as they
grow older and is never a problem
with the mature seed. An intra-
venous Injection of 2-3 grams of
sodium nitrite in water, followed
by 4=-6 grams of -sodium thiosulfate
is the antidoté for HCN peisoning
in cattle; these dosages are re-

duced by half for sheep.

ing, since they are harvested well
before maturity, usually at the

-early heading stage. Cattle farmers

in El Salvador take three cuttings

)]
of forage sorghum for silage-making
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diiring the gix-month wet season.

In irrigated tropical zones with a
year-round growing season such as
Hawaii, it is possible go harvest
three grain crops a year from one
sorghum planting by using varieties
with good ratooning ability.

Some grain sorghum varieties
have the ability to produce side
shoots that grow grain heads at about
the same time as the main stalk (this
This enables
such varieties to at least partially

is called tillering).

make up for too thin a staqd of
plants by producing enga grain
heads. '
Nutritional Value and Uses
of Sorghum

Nearly all grain sorghum used
in the developed world is fed to

wr

livestock (mainly poultry and swine).

However, in developing countries it
is an important staple food grain
and 1s served bolled or steamed in
the form of gruel, porridge, or
bread. 1In many areas, it 1is also
used to make a home-brewed beer. 1in
addition, the stalks ar: leavss are

often fed to livestock and used as

fuel and fencing or building mater=-

{al.

Like the other cereals, grain
sorghum is relatively low in protein
(8~13 percent) ‘and is more important
as an energy source. If eaten
along with pulses in the proper
amount (usually a 1:2 grain:pulse
ratio), it will provide adequate
Only

those varieties with a yellow endo-

protein quantity and quality.

sperm (the starchy main portion of
the kernel surrounding the germ)
contain vitamin A.

Because sorghum is very sus-

ceptible to bird damage during kernel

development and maturity, bird-
resistant varieties have been devel-
oped. Because it has a high tannin
content in the seeds, stalks, and
leaves, 1t is partly effactive in
repelling birds from the maturing
seedheads. However, these high tan-
nin varieties are more deficient in
the esrential amino acid lysine than
ordinary variéties which has conse-
quénces for humans and other mono-
gastrics like pigs and chickens. In

the U.5., this is overcome by adding
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sythetic lysine to poultry and swine
rations that are made from bird-re-
sistant sorghum grains. 1In develop-
ing countries a slight increase in
pulse intake can overcome this pro-
blem in humans.

Grain Sorghum Growth Stages

Depending on variety and
growing temperatures, non-photosen-
sitive grain sorghum reaches physio-
logic maturity in 90-130 days within
the '0-1000 m zone in the tropics.
However, the local, daylength-
sensitive varieties may take up to
200Idays or more because of déiayed

flowering. At very high elevations.

all varieties may take 200 days or
more.

As with maize, the main dif-
ference between a 90-day and 130-
day sorghum variety is in length of
vegetative period (the period from
seedling emergence to flowering).
The grain filling period {pollina-
tion to maturity) is about the
same for both (30-5b days). The

following_sectioné describe the

growth stages and management fac-
tors of a typical 95-day variety.
These principles remain the same no

matter what variety is growm.
PHASE I:
FROM EMERGENCE TO THREE WEEKé
Sorghum seedlings will emerge

in three to six days in warm, m&ist
soll. Under cool conditions where
emergence 1s delayed, the seeds are
especlally prone to harmful soil
fungi and insects, and a fungicide/
insecticide seed dressing may be
particularly beneficial (see Chapter
6). COQpared to maize;néaém;mzizwnhmw
sorghum seeds are low in food re-
serves which are quickly exhausted

before enough leaf area is developed

for photosynthesis. TFor this reason
the seedlings get off to a slow
start during the fi;st three weeks,
after which the growth rate speeds
up. f

This sluggish beginning makes

good weed control extra important

during this time.

For the first 30 days or so,
the growing poinf which produces the
leaves and seedhead 1is below the

801l surface. Hail or 1light frost
1s unlikely to kill the plant, since

new growth can be regenerated by the

"growing point. However, regrowth at




this stage 1s not as rapid as with
malze.
PHASE IT:
FROM THREE WEEKS TO HALF-BLOOM

(60 days after emergence)

Growth rate and the intake of
nutrients and water accelerates
rapidly after the first three weeks.
The "flag" leaf (the final leaf pro-
duced) becomes visible in the leaf
ﬁporl about 40 days after emergence.
"Boot"” stage is reached at about 50
days when the flower head begins to
emer;; from the leaf whorl but is

st1ll encasea by the flag leaf's
sheath. The head's potential size
in terms of seed number has by now
been determined. Severe moisture
shortage at boot Stage can pteventf
the head from emerging completely
from the flag leaf—strath,
will prevent complete pollination
at flowering time. T
ﬂg}f—ﬁloqg_stagg_is_reached']

at about 60 days when about half of
1

the plantg in a field are in’ some
phase of flowering at their heads.:
However, an individual sorghum plgnt
flowers from the tip of the head

downward over four to nine days, so’

This '

half-bloom on a-per plant basis
occurs when flowering has proceeﬁed
halfway down the head. Although
time to half~bloom varies with vari-
:éty and climate, it usually encom=

passes two-thirds of the period from

seedling emergence to physioclogic
maturity. In keeping with the rapid
rates of growth and nutrient intake,
aboué 70, 60, and 80 percent of the
nitfogen, phosphorus, and potassium

requirements (respectively) have

' been absorbed by the plant by the

time of half—bloom. Severe molisture

shortage at pollination greatly cuts

yields by causing seed ovule abor-
tion and incomplete pollination.
FROM HALF-BLOOM TO PHYSTOLOGIC
MATURITY (60-95 days)"
The seeds Yeach the soft

dough stage about\lO days after pol-
lination (70 days after emergence)
in a 95-day variety, éhg about half
of the final dry weight yield 1s ac-
cumulated during this short period.
Hard dough stage 1is reached in
another 15 days (85 days after emer-

gence) when about three~fourths of
the final dr& welght grqip yield has




been attained. Severe meisture
stress during this period will pro-
duce light, undersized grain. Phy-

siologic maturity is reached in

another 10 days (95 days from emer—
gence in the case of this variety.)
At this stage, the grain still con~
tains 25~30 percent moisture which
is well above the 13-14 percent safe
limit for storage In threshed form
(after the geeds have been removed
from the head). Small scale farmers
can cut the heads at this stage and

dry them in the sun before threshing

Proso

or let the heads dry naturally on

the plants in the field.

The Miliets

TYPES OF MILLET
The millets comprise a group

of small-seeded annual grasses grown
for grain and forage. Although of
little importance in the developed
world, they are the main staple food

grain crop in some regions of Africa

" and Asia and are associated with

Foxtail
" Millet

Japanese

Millet Millet

Millet
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semi-arid conditions, high tempera-
tures, and sandy soils. Of the six

‘ majof millet types listed below,

pearl millet is the most widely

grown and will receive the most em-

phasis in this manual.

Pearl Millet K

Other Names: Bulrush, cattail, and
spiked millet, bajra, millet,
mil. ’

Scientific Name: Pennisetum typhoi-

des, ?._glgucum or P, ameri-
canum

Main Areas of Production: Semi-arid

plains of southern Asia (es-

pecially india) and the Sahel

(sub-Saharan) region of | Afri-
- S
ca.

Important Characteristics: The most

drought~ and heat-tolerant of
the millets; more prone to
bird damage than finger mil-
let.

Finger Millet
Other Names: Birdsfoot millet,

-~

eleusine, ragi

Scientific Name: Eleusine coracana
Main #reds of' Productiony -The

southern Sudan, northern
Uganda, southerﬁ India, the
foothills of thafsia and Sri
- Lanka“® T
Important Characteristics: Unlike

other millets, it needs cool
weather and higher rainfall;
higher in protein than the

others.

Proso Millet

© Other Names: Common, French, and

hog millet,. panicum, milia-
ceum
Scientific Name: Panicum miliaceum
Main Area of Production: Central
Asia, USSR :

lgportantIghgracteristics: Used

mainly as a short-duration

‘emergency crop cr }rriéated

Crop. "

-

Teff Millet

Scientific Name: Eragrostis abys-

sinica

/thin Area of Production: Mainly the

Ethiopian and East African
<high1ands;up to 2700 w' where
it ie an impor-tant staple
food.




Japanese or Barnyard Millect

Other Names: Sanwa or shama millet

Scientific Name?

Echinochloa cXus-

galli, E. frumentacea
India,

Bast 'Asia, parts of Africa;

Main Areas of Production:

also in the Eastern U.S. as
a forage

Important Characteristics: Wide

adaptation in terms of soils
-

and moisture; takes longer to

mature (three to four months .

A}

total) than the others.

Foxtail Millet

Scientific Name: Setaria italica

Main Area of Production: WNear East,

mainland China

Important Characteristics: Vety

drought-resistant.

Millet Yields \

Average millet yields in West
Africa range from about 300-700 kg/
ha. They tend to be low due to mar-

ginal growing conditions and the
relative lack of information concer-
ning. improved practics. Compared to
mzize, sorghum, and peanuts, re-

search efforts with millet have only

yielded 1000~1500 kg/ha and improved
varieties have produced up to 2000-
3500 kg/ha. !
Climatic Requirements of Millet
Rainfall:

the most important cereal grain of

Pearl millet is

the northern savanna and Sahel
reglon of Africa. It is more
drought resistant than sorghum and
can be grown as far north as the .
200-250 mm rainfall belt in the Sa-
hel where varieties of 55-65 days
maturity are grown to t;ke advantaée
Although

pearl millet uses water more effi-

of the short ralny season.

ciently and yields more than other
cereals (including sorghum) under
high temperatures, marginal rainfall,
sub-optimum soil fertility, and a
short rainy season, 1t does lack
sorghum’s tolerance to flooding.

. Soil: Pearl millet with-
stands soil salinity and adgaline
conditions fairly well.
information on salinity and alka-

(For more

linity problems, refer to Peace

Corps, Soils, Crops, and Fertilizer
Manual, 1980 edition.)

It is also-
less susceptible than sorghum to

-boring insects and weeds, but shares
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sorghum’s susceptibility to losses

from bird feeding, which damages the

maturing crop. |
Nutritional Value and Uses of Millet
Pearl, foxtail, and pro%h

millets all contain about 12 ﬁo 14
percent protein which is somewhat
higher'thaﬁ most ather cerediS- The
mo st -common method of prepa&ing péarl
millet .in West Africa is/2s "kus-kus"

or "to", a thick paste/hade by mixing

millet flour with boiling water.l—m"ﬂ-h

Millet is used also#%o make beeJ

The stalks and leaves are an 1mpor~

tant livestock forage and also derve

as fuel, fencing, and building ma-

terial. ' l

4

Traditional Pearl Millet Crowing - -

W

Practices in West Africa

~he traditional West African,
pearl millet varieties are generally

2.5-4.0 m tall with thick -stems and 2

poor harvest index.

planted in clumps about a meter or
' so apart, very dften in combination
with one to thrég of the other
re[erence‘crops,'usually sorghum,
cowpeas, and groundnuts. Many seeds

.are sown per clump, followed by a

They are usually.

laborious thinning of the seedlings
about two to three weeks later. The:
tiny millet Seeds are low in food
reserves which become exhavsted be-
fore the seedlings can produce

enough leaf area for efficient photo-
synthesis and enough roots for good

nutrient intake. Therefore, as with

sorghum, the growth rate is very

slow for the first few weeks. |
Two genefal classes of pearl

millet are traditionally grown in

West Africa:

® The Gero class whose varieties
are 1.5-3.0 m tall, early ma-
turing (75-100 days), and
neutral or only slightly
photosensitive in daylength
response. In some parts of
the savanna, these short-
season Geros mature at the
peak of the wet season, but
have good resistance to the
fungal seedhead molds and
insects favored by the rains.
The Geros make up about 80
percent_of the region's
millet and are preferred for
their higher vields and
shorter maturity over the
Maiwa class. They mature in
July-August in the Guinea
savanna and August-September
-in the Sudan savanna.

' The Maiwa class is taller (3-
5 m), later maturing (120-




280 days), and much more
photosensitive in daylength
response than the Gero group.
As with the photosensitive

sorghum varleties, tne Maiwas

will not flower until at or
near the end of the rains,
which allows them to escape
serious head mold and insect
damage. However, they yleld
less than the Geros and ac-
count for only about 20 per-
cent of the region's millet.

In the higher rainfall por-
tions of the savanna 500-600
mm per year where both millet
and sorghum can be growm,
farmers usually prefer to
plant photosensitive sorghum

varieties. These have about
the same length of growing
period, btut yleld more than
the Maiwas due to a longer
grain-filling period. How-
ever, the Maiwas are favored
over the sorghums on sandier
soils with lower water storage
ability. Some farmers will
also choose the Malwas over
-the sorghums because the for-
mer mature slightly sooner,
thus spreading out the har-
vest labor demands for these
late season crops. (The
Maiwas are harvested a month
"or S0 -into the dry season.)

Many of the traditional mil-
lets produce abundant tillers (side
shoots produced from the plant's

crown). However, this tillering is

non-synchronous, théf is, tiilering

development lags behind that of the
main stem. As a result, these secon-
dary shoots mature later than the
main stem. If soll moisture re-
mains adequate, two or more smaller
harvests can be taken.

Aside from the normal rainfed

millet production, the crop 1s also

planted on flood plains or along

river borders as the waters begin to
recede. This system 1s referred to

as recessional agriculture and &lso

may involve sorghum.

Peanuts
{Arachis hypogea)

DISTRIBUTION AND fMPORTANCE

Peanuts are an important cash
and staple food crop in much of the
deVEEOping world;‘particularly in
West Africa and the drier regions of -
Indis and Latin America. The devel-

oping nations account for some 80

" percent of total world production,

with two-thirds of this concentrated

in the semi-arid tropics. Because




of repeated droughts, disease prob-
lems, and other factors, Africa's
share of the world ﬁeanut export
market declined from 88 percent in
1968 to 43 percent in 1977, while
its share of total production fell
from 36 percent to 26 percent during
the same period.

Types of Peanuts

There are two broad groups of
peanuts:

e Virginia proup: Plants are
either of the spreading type
with runners or of the bunch
{bush) type. Their branches
emerge alternately along the
stem rather than in opposed
pairs. The virginia varie-
ties take longer to mature
{120-140 days in the tropics)
than the Spanish-valencia
types and are moderately
resistant to Cercospora leaf-
spot, a fungal disease that
can cause high losses in wet
weather unless controlled
with fungicides (see Chapter
7). The seeds remain dor-
mant (do not sprout) for as
long as 200 days after devel-
opment, which helps prevent
pre-mature sprouting if they
are kept too long in the
ground before harvest.

Spanish-Valencia group:
Plants are of the erect bunch
type and non-spreading (no
runners). Their branches

emerge sequentially (in op-
posed pairs), and their

" leaves are lighter green.

. They have a shorter growing
period (90-110 days in warm
weather), are highly suscep~
tible to Cercospora leafspot,
and have little or no seed
dormancy. Pre-harvest sprou-
ting can sometimes be a prob-
lem under very wet conditions
or delayed harvest. They are
generally higher yielding
than the Virginia variety if
leaf spot is controlled.

Plant breeders have made some

promising crosses between these two

groups.

Peanuz Yields

Average peanut'yieldé in the

developing countries range fron

about 500-900 kg/ha of unselled nuts,
compared with the U.S. average of
2700 kz/ha, based on 1977 FAO data.
Farmers participating in yield con-
tests have produced over 6000 kg/ha

under irrigation, and yields of

4000-5000 kg/ha are common On exper-
iment station vlots throughout the
world. Feasible vields for small
farmers who use a suitable combina-
tion of improved prdctices are in

the range of 1700-3000 kg/ha, depend-

ing on rainfall.
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Climatic and Soil Adaption of
Peanuts

Rainfall: Peanuts have good drought
resistance and heat tolerance.

They mature in 90-120 days in warm
weather, which makes them espe-
cially well suited to the short
wet season of the northern savanna
zone of West Africa. Tney can be
growm in moister climates if dis-
eases (especially leafspot) can be
controiled and if planted so that
harvest does not coincide with wet
weather. -
Temperature: D;ring the vegetative
(leaf‘development) phase tempera-
ture has little effect on yields.
However, the rate of Eiowering and
pollen viability are greatly influ-
enced by temperatures during flower-—
ing (about 35-50 days éfter emer-
gence). Pod production is adversely
affected by temperatures below 24°C
or above 33°C. At 38°C, for example,
flowering is profuse, but few pods
are produéed.

Soils: Peanuts do not tolerate water-
logging, so good soil drainage is

important. Soils that crust or cake
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are unsuitable, since penetration
of the pegs is unhindered.

Clayey soils can produce good
results if well drained, but harvest
(digging) losses may be high due to
nut detachment if the plants-are
"lifted" when such soils are dry and
hard. On the other hand, harvest-
ing the crop on wet, clayey soils
may sfain the pods and make them
unsuitable for the roasting trade.

Peanuts grow well in acid
soils down to about pH 4.8, but do
have an unusually high calcium
requirement which is usually met by
applying. gypsum (calcium sulfate).

Peanut fertilizer requirements are

covered in Chapter 35,

Nutritional Value and Uses
of Peanuts

The mature, shelled nuts contain
about 28~32 percent protein and vary
from 38-47 percent oil in Virginia
types to 47-50 percent oil'in Span-
ish types. They are also a good
source of B Vitamins and Vitamin E.
Although lower in the essential amino
acid lysine (a determinant of protein

quality) than the other. pulses, pea-
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nuts are a valuable scurce of protein.

In the developing nations pea-~

nuts are consumed raw, roasted or boil-

ed or used in stews and 'sauces., The

oil is used for cooking and the hulls

for fuel, mulching, and improving clay-

ey garden soils.

Commercially, the whole nuts are

used for roasting or for peanut butter.
r

Alternatively, the o0il 1s extracted us-

ing an expeller (pressing) or solvent

method and the remaining peanut meal

or cake (about 45 percent protein) is

"used in poultry and swine rations.

Peanut o0il is the yworld's second most

popular vepetable o0il {«7ter soybean

0il) and can also be used to make mar-

The

hulls have value as hardboard and

garine, soap, and lubricants.

building-bloek components.

Plant Characteristics
‘of Peanuts

Peanuts are legumes and can
satisfy all or nearly all of their
nitrogen needs through their sym~
bio;ic relationship with a species’
of Rhizobia bacteria. A character-
istic of the peanut plant is that

the peanuts themselves develop and

L}
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mature underground.

Peanut Stages of Growth

Depending on variety, peanuts
take anywhere from 90-110 days to
120-140 days to mature. The pea-
nut plant will flower about 30-45
days after emergence ‘and will con-
tinue flowering for another 30-40

days. The peanuts will then mature

: [
about 60 days after flowering.
PHASE I - EMERGENCE

Within a day or so after plant-

ing in warm, moist soils, the rad-
icle (initial root) emerges and
may reach 10-15 em in length ywithin
four to five days. About-four to

sen n days after planting, two cotyledons
break “he soil surface where they

will re. 'in while the stem, branches,

and leaves egin to form above them.

The plants gre - slowly in the early

stages and are easil overtaken by

meeds.

PHASE II - FLOWERING
TO POLLINATION

Flowering begins at a very slow
rate about 30-45 da&s after plant
emergence and is completed ywithin

an9ther 30-40 days. The flowers are

-




gself-pollinated, but bees and rain

improve fertilization (and there-

fore kernel production) by "triggering"
the flowers and aiding in peollen
release, - The flowers wither just five
to six hours after opening. A plant
may produce up to 1000 flowers, but
only about one out of five to seven

actually nroduces a mature fruit,

PHASE II1 - -PEG EMER-
GENC™ [0 MATURITY

~~— - The pegs (stalk-like structures,
each containing a future fruit at its
tip) begin elongating from the with-~
ered flowers about three weeks after
pollination and start to penetrate the
soil. After the pegs penetrate to
a depth of about 2-7 cm, the fruits
begin to develop rapidly within a-

bout 10 days and reach maturity a-

bout 60 days after flowering.
Those pegs that form 15 cm ro more
above the ground seldom reach the

soil and abor:.

It is important to note that
the f;uits do not all mature at the
same éimé, since flowering occurs
over a long period. An individual

fruit. is mature-when the seed coats

of the kernels are not londer wrin-

kled and the veins on the inside of
the shell have turned dark browm.
Harvesting cannot be delayed until
all the fruits have matured or

heavy losses will result from po
detachment- from the pegs and frgﬂ
premature sprouting (Spanish—Vaiencia
types only). Choice of harvesting
date is gn important factor in ob-
taining good yields.

Traditional Peanut
Growing Practices

Small farmers in some develop~-
ing countries, especially in West
Africa, often plant peanuts togeth-
er with one or more other crops such
ag‘sorghum, millet, cowpeas, cotton,

and vegetables. Whether inter-

cropped or sown.alone, peanuts are
usually planted on ridges (raised

up mounds or beds) about one meter
apart; this improves soil drainage and
facilitates digging. In the northern
savanna areas of West Africe. they
are generally planted in June and

harvested in September or October.

In the southe}P, higher rainfall

sections of the savanna, it is often

possible to grow two crops (April or
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May until August for the first, and

August or September to November or

December for the second)., Most of

the local varieties, especizlly in

—

the more humid areas, are of the Vir-
ginia type which has much better leaf-

Spot resistance.

Common Beans
And Cowpeas

Importancé and
Distribution

Along with peanuts, this group
makes up the bulk of the edible

,pulses"grown in tropical and sub-

Aside

from their importance as a protein

tropical deve}oping nations.

source, the crops play an important
role in the farming systems of these

areas:

e They are especially well suited
to climates with alternating wet
and dry seasons,

e Being legumes, they are partly to

"~ wholly self-sufficient in meeting
their nitrogen requirements,

e They are the natural partners of
the cereals in intercropping and
crop rotations (see Chapter &),

Acéording to FAD estimates fpr
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the lé?S-?? period, world dry bean
production was about 12.4 million
tons annually, TLatin America accounts
for about a third of world production

and produces mainly common (kidney)

beans which are also the major type
grown in East Africa. Cowpeas are
the major grain legume (peanuts ex-
cluded) of the West Africa savanna

zone.,

" This section deals with common
beans and cowpeas (dry beans), In

the appendices are similar descrip-

" tions of other pulses such as pid-

geonpeas, chickpeas; lima beans, mung

beans, soybeans, and winged beans..

Commoen (Kidney) Beans
(Phaseolus vulgatis) ‘

Other Names: Field beans, frijoles,

haricot beans, string beans (imma-
ﬁure stage), snap beans (immature

stage).

Types
Bean varieties can be classif-
ied according to three basic character-

istics ~ seed color, growth habit,

and length of growing period:
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1.'

The flowers
develop into
pods after

pollination.

Part of a bean plant
with flowers.

Seed Color: Most are black or
red seeded, and there are us-
ually distinct local prefer~
ences regarding color.

Growth Habit: Varieties can be
erect bush, semi~vining or vin-
ing types; the latter have a
vigorous climbing ability and
require staking or a companion
support crop like maize. Bush
varieties flower over a short

period with no further stem and
leaf production afterwards; these
are called determinate. The vin-
ing types flower over a longer per-
iod and continue leaf and stem pro-
duction; these are called indeter-
minate. Semi-vining varieties can
be of either type.
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A bean pod.

Given their longer flowering per-~
iod, most indeterminates have un-
aven pod maturity with the harvest
period stretched out over a number
of weeks. .

Growth Period: In warm weather,
early varieties can produce mature
pods in about 70 days from plant
emergence, while medium and late
varieties take 20 days or more.
Time to first flowering ranges
between 30 and.55 days. With . -me
exceptions, the erect busy types
reach maturity earlier than the *
vining indeterminate types. Plant
breeders are developing indeter-
miniate varieties with shorter.
growing periods and more compact
maturity.
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Climatic Requiremedts-of Beans

Rainfall: Common béans are not well

suited to very higd rainfall areas
+ (such s the humid tainforest zones
of tropical Africa) because of in-
creased dJisease and insect pro-

blems. TIdeally, planting should

be timed so.that-the latter—stages ~

of growth énd harvest occur during
reasonably dry ?eather.
Temperature: Compared to sorghum
and millet. beans do not ‘tolerate
extreme heat or moisture stress
well. Few varieties are adapted
to daily mean temperatures (aver-
age of daily high and low) over. ..
28°C or below 14°C., Optimum tem-
peratures for flowering and pod
set is a daytime high of 29.5°C and
a nighttime low of 21°%c. Blossom
drop becomes serious over 36°C and
is aggravated also by heavy down-
pours.

§gil: The plauts are very suscept-
ible to fungal root rot diseases,
and good drainage is very import-

ant, They usually grow poorly-in

acid soils mucH below pH 5.6, siace

they are especially sensitive to the

high levels of soluble manganese
and aluminum which often occur at
the lower .pH levels. .
Daylength: Unlike some sorghums and
millets, most beans types show lit-

tle response to daylength variations.

Mutritional Value and Uses of Beans
" Common beans contain about 22
percent protein on a dry seed basis,
They provide adequate protein
quality and quantity for -older chil-
dren and adults if eaten in the pro-
per proportion with‘cereéls (about a
In the
green bean form, they provide liéu

2:1 grain:pulse ratio.

tle protein, but are a good source

of Vitamin A. The leaves can be.
eaten like spinach and also are us-

ed as livestock forage.

Cowpea: (Vigna sinensis,
V. ungviculata,
V. sescuipedalia)

Other Names: Black-eyed peas, south-
ern peas, crowder peas.
Types

Cowpeas have much the same var- -
iations in seed color.:grbwtﬁ habit,

and length of growing period as




common beans (see page 69), except

that cowpea seeds are usually brown

"of white. There are three separate

species;

@ Vigna Sinensis: the common cow-:
pea in Africa and wmost'-of Latin
America. The large, white seed-
ed types are preferred in most
of West Africa.

. @ Vigna unguiculata: catjung cow-

\ pea, a primitive type found
\ mainly in Asia, but also in *
: Africa.

, & Vigna sesquipedalia: the aspar-
\  agus or yardlong bean widely
grown in Asia mainly for its
i immature pods,

i

{
i
1

to be late maturing (up to five months)

and vining. TImproved bush (litctle
or no vining) types are available

and chable of producing good yields
I

" in 80-90 days.

Growiqg_?racticqs and Yields of i
Cowpeas ]
Traditional practices and yield

constraints of cowpeas are similar
-to thos; of common beans. Averag%
yields in the developing countries
run from 400-700 kg/ha of dry seed.
compared to a California (U.S.) aver-
age Of'about 2200 kg/ﬁa under irrig-

Most traditional varieties tend. |

ation, Field trial yields in Africa

and Latin America are largely in the

1500-2000 kg/ha range with some over
5

3000 kg/ha.

CLIMATICIREQUIREMENTS OF COWPEAS

Raiﬁfall: Cowpeas are the major grain

 legume (peanuts excluded) of the West

African gavanna

- {zone) . However, they also are grown

in many other regions. They have
better heat and drought tolerance
than common beans, but the drf seed
does not store as well and is very
susceptible to attacks by weevils
(see Chapter 7).
Temperature:

High daytime"ﬁémperatures have
little effect on vegetative growth
but will reduce yields if they occur

after flowering. High temperatures

at this time can cause the leaves to
senesce (di? off) more quickly, short-
ening the length:of_the pod=filling
period. High temperatures will also
increa;e the amount of blossom drop.
As with common beans and most crop#,
humid, rainy weather increases dis-
ease and insect ﬁrdbleﬁs. Dry wé;ther

is needed during the final stages of .
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growth and harvest to minimize pod
rots and other diseases.

Soil: Cowpeas gfrow well on a wide
variety of soils (if they are well

drained) and are more tolerant of

soil acidity than common beans.

Nutritional Value gnd Uses of Cowpeas‘
The dry%seeds contain about 22-
24 percent protein. The immature
seeds and green ﬁods also are eaten.
They are considerably lower in pro-
tein than the mature seeds, but are an
excelleﬁt source of Vitamiﬁ A whille
green, as are the younghshpdts and -
leaves. The plants are a good live-
stock forage and are sometimes grown
as a green manure and cover crgp (see

Chapter 5)1 -

Incfeasing
Reference Crop
Production

.There are basically four
ways of increasing the produc-

tion of the réference Crops:

" mixed.

Improving existing cropland /
Extending cultivation to new.fﬁn—
cropped areas

Improving the infrastructuré

Establishing crop improvement
programs.
Any meaningful production increase

will require varying emphasis on all
four methods.

Improving Existing .

Cropland

Unquastionably. improved drain-

age (by land leveling. runoff canals
or underground tile drains) and eros—
ion control are hlgh-galn investments.
Erosion control noé only reduces soil
los:ses and yield deterioration, but
in many cases acﬁually improves pro-
ductibn by increasing the‘amount of

rainfall retained by the K soil.

‘In the case of irrigation pro-

Jjects, however, thélresuIQS are often
Many irrigation projects have
paid little attention to the potential
environmental damage or to the tech~
nical prbblems and soil types involv-
ed. Hugg dams and artificial lakes ‘




¢

sirrigation.

s

ha%e ﬂefipiﬁe appeal on paper, but
have often led to drainage and salt
accumulation problems, as well as tp
weed-choked canals and serious health
hazards like malaria and schistoso- .
miasig,(bilharzia).

?umpiﬁg projects relying on wells
face similar problems and can ser-

iously lower the water table to the

" point of endangering the supply.

Water alone is nbt enough to assure
profitable yields which must Se
Pigh to cover the added costs of
Unless such projects
é§é carefully planned and combined

with .a crop improvement program,

"the results are likely to be dis-

appointing. ¢

Extending Cultivation
To New Areas

The FAO estimates that total
worla food production increased

by about 50 percent from 1963-76,

!
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* There are,

.
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while cultivated land aren grew by

only two percent: Estimates concern-

ing the amount of additional cul-.
tivable land differ comsiderzbly,
but suggest that the world 2s a
whole 1is utiliéing only about one~
third to -one-half of aééﬁal and
potentlal arable land (suitable for
crops or for 1ivestock). The larg-
est areas of "new" land are-%plthe
lowlapd tropics of Latin America,
Affica, and Southeast Asia. -,

. however some drawbacks:

o Only a small percentage of these
lands are capable of sustaining ’
intensive agriculture because

of soil or climate factors; an
alarming proportion- has been
claimed by land speculators or

is being divided up into. ranch-
es by investors, as in Brazil.

A

o Whether in high rainfall or, in
arid regiong, much of this dand
is prone’ to accelerated erosion
or irrigation-induced saliniza-’
tion (accumylation of salts at
the soil surface).

o As we have seen, Mmost of the re-
farence crops are not-well adapt-
ed to high rainfall and humidity. .
Pasture and perennial crops may
be the best choicres under’ these
constraints. :




Improving the » The small farmers in most areas
Infrastructure of the developing world do not enjoy

the same access that larger farmers

—_— , do to these essential factors of pro-
In agriculture, the infrastruc- ‘ duction. Agricultural public works
ture refers to those Installations, projects such as 1rrigat10n,-flood.
facilities, inputs, and servi s control, and farm-to-market roads are
. that encourage production. The usually undertaken accprding to pure
most important of these are: economic feasibility or in response
® Roads and transport to special interest groups. Larger

d 1
® Markets and marketing standards farmers in a number of developing

. countries, especially in Latin Amer-
- e Storage facilities
: ica, are often organized into pro-
¢ Tmprovements to land such as
drainage, erosion control, and
irrigation . effective lobbying powers,

ducer's associations with very

Inequitiéa in land tenure and
e Yield-increasing tecanology

distribution can have tremendous
. e A viable extension service social and economic consequences and -
e Availability of agricultural can' effectively dampen farming in-
- _ machinery and equipment centives for those affected. In El
e Political stability Salvador, 19 percent of the farms

occupy about 48 percent of the land

e Credit -

and belong to wealthy "latifundistas® -

® An equitable land tenure and dis*  (ranch-type farmers) who grow cotton,  —
tribution system C )
coffee, and sugarcane, frequently on
e National planning for agricul-

an absentee basis. These farms are
tural development

concentrated on the country's best
¢ Crop prices that encourage ;n—

soil, while the "campesinos' (small
ereased output
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farmers) are restricted to the eroded
and rocky hillsides where they grow
About 47

percent of the country's farms are.

maizeﬁ sorghum, and beans.

smaller than 2.47 acres (one hectare)

and occupy only four percent of the total

land. The majority of the farm units

in El 3alvador, Guatemala, and Peru

have been designated as sub»family.
While tﬂe implementation of post

other infrastructural essentials is

hindered mainly by insufficient cap-
ital, land reform faces heavy pol-
itical obstacles and in some cases
is not feasible in terms.of land sup-
plies. Furthermore, when small farm-
ers purchase land in densely popula-
ted regions like the Guatemala High-
lands, the Cibao area of the Domini-
can Republic, and the lake region of
Bolivia, competition frequently 1
drives land prices too high for farming

to be economical.

,Crop Improvement ‘
Programs

More than any other single fac-
tor, the development of yield-impro-
ving technology associated with the
crop improvement programs of the
national and international research
institutes will play the major role
in increasing the yields of the re-
ference crops in the developing coun-

tries.

Reference Crop
Improvement
Programs

-

‘The term "crop improvement"
is a broad one and reférs to any
attampt to impfove crop yielus;
guality, palatability or other
characteristids through plant breed-
ing or the developmenf_of improved
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growing, harvest, and'storage
practices. The most successful

efforts are well-organized, multi~

disciplinary (involving sevéral

relevant skill areas such as
entomology and soil fertility), :

and crop~specific and aim at

developing a "package" of improved
practices centered around high -
yielding, adapted varieties.

A large number of yield-
determining factors and crop char-
acteristics can be at least pér-
tially manipulated or controlled
by plant breeding and improved
production practices; as shown in

the table on the next page.

Farming Practices Affecting

Crop Yields and/or Quality .

» Method of land preparation
(type of tillage and seed-
bed) -

e Fertilizer use (kind, amount,
timing, placement)

e Variety selection
¢ Plant density and spacing

® Water management (soil
drainage, ercosion control,
‘moisture conservation
practices)

e Control of weeds, insects,’

diseases, nematodes, and -

-
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birds by chemical or non-~
chemical metheds

e Adjustment of snil pH

e Control of soil compaction
due to equipment or animals

e Cropping syctem (monoculture
versus intercropping; cro
rotation) s

e Harvesting, drying, and
storage methods

Non-manipulative factors!

In contrast to the production fac-
tors listed above there are a numher

of others largely beyond the control

of both the farmer and the crop
improvement worker. These include
such variables as the weather and

certain soil characteristics (i.e.

texture, depth, tilth).

Crop Ifnprovement
Programs for
Individual Crops

Maize

Porential foxr Imprevement

Of all

the reference crops,
maize has the highest yield poten-

’

~




A.

Crops in
Genera

SUCCESS

OF CONTROL ATTAINED BY -PLANT BREEDING AND IMPROVED

Good

Harvest
index
(ratio

of stalk
and leaves
to grain)

Plant ar-
chitecture
(height,
leaf size,
leaf

-weight,

etc.)

Beans and Growth

Cowpeas

habit

(vining or

bush)

CROP PRODUCTION

Control Attained

Fair to Good

Fair

General plant
vigor and
yield ability

Length of
growing
period -

‘Fertilizer

response

Plant
density
tolerance

Husk cover-
ing
Resistance'
to tipping
over

Ears/plant

pPhotosensi-
tivity

Tillering

Vitamin A
(sorghum)

Resistance ~
to leaf spot

Seed dormancy

geedcoat color

E]

Ratoon-'
ing
ability

Bird
resis-
tance
(sorghum)
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Poor to Fair

Poor to Good 2225

Resistance to

insects

Resistance to
nematodes

Resistance to
heat and“cold

Tolerance to
low or high

pH

"Tolerance to
"1low phospho-

rous

Resistance to
striga weed

Reéistance to
head mold
(sogghum)

Resistance to
nematodes

Susceptibility

to aflatoxin

Resistance toO
diseases

‘Resistance to

droughts

Nutritional
value

Palatability
& cooking ¢
quality

Resjistance
to birds
(millet)

F

Resistance to
disease and
insects

t




tial in terms of grain production
per unit of land a?ea under condi-
tions of adequate moist;re'and
improved practices. Maize is gen-

erally less troubled by insects and

diseases than thé‘pulses; especially
beans and cowpeas. In addipion,
more bfeeding work has beeﬁ done
with maize than any other major -«
food crop.

Currernit Research Activities and

Crop Programs

The International Maize and

Wheat Improvement'CenEFr (CIMMYT) *
in Mexico 1s the institute most in-
voived 1in maize improvement and acts
as the caretaker and shipping agent
for the world's most complete col-
lectidn of maize germplasm (plant
genetic material). It cooperates
extensively with the International
Inséitute for Tropical Agriculture
(IITA) in'Nigeria and The Interna-
tional Center for Tropical Agricul-
ture in Columbia (CIAT) in their

respective maize programs as well

as with national improvemepnt pro-

* See "References’, page 375, for
international inq}itute addresses.
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grams_thfoughoug the developihg

world. In 1979, CIMMYT ‘sponsored

international maize variety trials
in 84 countries at 626 sites to
compare its varieties with thosé“

from local and other foreign sources.

_ The CIMMYT-developed varieties
originate from a well-organized breed-
Dyring the 1970s the cen-
" ter developed 34 germ plasm‘pools (gen-

ing program.

etic groups) classified gccording to
three climate types (tropical lowland,
tropica? highland, and temperate),

four grain types (flint, dent, white;
yellow), and three lengths '

of maturityﬂ(eariy, medium, late).
Advanced limes are developed from
these pools by selecting for -yield,
uniformity, height,’ wmaturity, and
resistance to diseases, insects, and
lodging (tipping over). They are
‘then grown at a number of locations
in Mexico. The most promising are
used in preliminary international
trials, and the best of the€e become
experimental vafieties for ﬁbre

“extensive trial work overseas.




Spreading Improvement Practices
for Maize

From 1961-77, total mailze pro-
duction in_tﬁe:developing coumtries
rose by 66 percent, while acreage
increased by 33 pergent and yields
by 24 percent. However, on an indi-
vidual. country basis,-only about
half the developing countries have
made significant gains (1979 CIMMYT

Annual Report). The bulk of adap-

tive research work with maize in the
developing countries has occurred in
certain arer - of Latin America.
Africa and Asia, howéver, have
locakion-Specific growing problems

in terms of soils, climate, insccts,

.and diseases for which varieties

and improved r—-actices still must
The CIMMYT is pre-

sently cooperating with national

be developed.

malze programs in Tanzania, Zaire,
Ghana, Egypt and Pakistan as well
as Guatemala and is providing staff

In addiz

tion, it coopexates on a regional

support to most of them.

hbasis with Central America and the
Carihbean, South and Southeast
Asia (11 countries), and the Andean

M

zone (Bolivia, Colombia, Ecuador,

‘..
.
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Peru, and Vét:zuela all grain
importing countries).

: Disease and insect resis-
tance 1s a‘top priority a§ CTMMYT.
This organi;ation has a cooperative
breeding program with six national
maize programs (Thailand, the
Philippines, Tanzania, Zaire, b
Nicaragua, and El Salvador) to de-
velop resistance to downy mildew
(important in Asia and spreading to
other regions), maize Streak virus
(Africa), and corn stunt virus

(tropical Latin America) .

‘Maize Production Achievements

The. Puebla Project in Mexiéo
was the first large-scale attempt
to improve small-farmer malze
production. 1

Under CIMMYT administration,
the project involved 47,000 farm
families in a highland region of
Puebla State. Average farm size in
the project area was 2.7 ha, operating
mainly under dryland (non-irrigated)
conditions. Several "pacgages" of °
improved practices were developed to
suit varying climatic and soil condi-
tions in the zone, and adequate

support and delivery systems were
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sought for the needed inputs,
‘including agricultural credit. By .
1972, maize production had increased
in the project area by some 30 per-
cent and average family income had
Increased by 24 percent in real
terms; Rural employment was also 1

favorably affected due to an

increase In labor needed for every
hectare of maize. '

The Puebla Projecﬁ was inno-
vative in movirg the "Green Revolu-.
tion” (the first organized attempt
to develop yiefﬂ improving practices
for staple food crops in developing
countries) off the experiment sta-,
tion and into the field and in con-
centrating on dryland rather than
-irrigated farming.

Similar examples exist in
many other developlng countries.
Experimental plots frequently yield
over 6000 kg/ha and it is generally
agreed that 3000 kg/ha or more is a
reasonable yleld goal for small
: Since
the real test of an improved variety

farmers in most regions.

is its pertormance under actual farm .

conditions, CIMMYT is encouraging-
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the cooperating countries to run
extensive trials on farmers' fields
rather than confining them te the
experiment station where conditions
are often unrealistically ideal.

On the Horizoﬁ: Scientists have

been working on breeding a nitrogen-
fixing ability similar to that of

legumes into maize. By 1985, they

hope to have experimental varieties

capable of satisfying yp to 10 per-
cent of their nitrogen requirements.

Grain Sorghum

”

t

" Potential for Improvement

Yields of grain sorghum are

generally not as spectacular as

. those of'maize, since the crop is

often grown under less than ideal
conditions. Sorghum's advantage
over maize is its much better yield
stability over a wider range of
ciimatic conditions, especially
under high temperature and low rain-
fall. Many of the traditional
varieties in the- semi-arid tropics
are o;érlyltall, are photosensitive,

and have an excessive ratio of stalk

he ]
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and leaves to grain. Thelr delayed
flowering enabled them to escape
serious grailn head mold problems
and insect damage, but often there
1s too little soil moisture for
grain development which takes place
at the gtart of the dry season:
These factors, along with poor
management and the large plants'
intolerance to healthy plant
densities (populations), account for
low ylelds averaging around 600-900
kg/ha in the semi-arid tropics.
Current Research Activities and

Crop Programs
The International Crops Re-

“search Institute for the Semi-arid
Tropics (ICRISAT), located in
Andhra Pradesh, India, is the major
international institute engaged in !
sorghum improvement. Some of its
major goals include the development
of varieties with little or no

photosengitivity. These varieties

would have a shorter growing season
and be better adapted for drier areas
or shallow solls with low water hold-;
iing capaciiy. They would be planted,
later, but flower about two weeks
‘earlier than traditional types and
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therefore need good head mold resis-

tance for maturing under more humid
conditions. Plant height woyld be
about 2,0-2.5 meters with a better
ratio of grain to stalk and leaves.
Since sorghum plants are an impor-
tant liVestock‘forage in much of the
seml-arid tropics dwarf varieties like

those used in the U.S. would not be

acc sble. The new varileties would

maturelin 90-120 days.

Also under consideration are
plants with heavy tillering ability
to allow compensation for low plant
populations and a variety with resis-
fance to striga (a sédrious parasitic

-weed, gee Chapter 6), sorghum midge,

sorghum shoot fly (see Chapter 6) .
and drought. Work is also being
done to develop more cold-tolerant ~
varieties for highland or cool=- ,
season troplcal conditions, and
planté with improved diseaée resig-
tance, egpécially to downy mildew,
charcogl TOt, smutg, anthracnose,
and’ rust (see Chapter 6). Finally,

the institute hopes to develop a -~

hi-lysine and higher protein'éorghum
‘that has better cooking quality and
palatability.

30
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Spreading Improvement Practices
for Sorghum

In the southern savanna

region of West Africa, improved photo-
T sensitivé varieties have ylelded over

3500 kg/ha in 120-140 days, some two
months less than locallvarietieé.
They can be sown later in the wet
season and will flower about 8-14

days earlier than the locai types,

thus assuring better moisture avaii-
gbility for grain £filling.

’ As of yet, highly photoin-
sensitive (day neugral) varieties
wirh good head mo;ﬂﬁresistance have
not begﬁ developed. There are
improved types of this class that
are available with 90-120 day
maturities, but their planting must
be scheduled late enocugh in the
wet season so that the grain £1ll

period occurs at the start of the

dry season to avoid head mold.

Ttiis, however, subjects them to
probable moisture stresg.
Improvements in sorghum
protein: 1In 1974, two lines of sor-
ghum with 30 percent more protein

and double the lysine of conven-

~

fional types were discovered in
Ethiopia. However, these lines
suffer from some of the same draw-
backs as hi-lysine maize in that
the grain has a soft starch,

floury endosperm (the major portion
of the seed surrounding the germ
[(embryol) that 1s very susceptible
to storage insects and to breakage
under grain threshing using animal
trampling. Also, studies have shown

these exffa protein benefits to
vary greatly under different envi-
rommental conditions. For example,
low soil nitrogen content can cause
both the lysine and protein percent-
age to drop to normal levels. It
ay be 1985 or later before 'such
improved nutrition varieties are
released.

Nitrogen-fixing ability: As

with ﬁdize, attempts to breed some
nitrogen~fixing ability into sorghum
are only in fhe early experimental
stages.

Production improvements and

the future: Sorgnum lags behind
maize in successful on-farm yield

improvement campaigns. Most suc~

Q
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cesses have occurred in the léss
marginal rainfall areas. For example,
although high-yielding sorghum vari- ~
eties were released in Indin in th%
mid—QQ's, they spread little beyond
reglons with assured rainfall or
irrigation. A major factor is the
highly variable climatic environment
of the semi-arid topics where stan-
dardized technology packages have
only limited suitability, thus re-

quiring greater adaptive research

efforts. However, organized efforts
at sorghum imprevement are much
more recent than those for maize,

and the future does ‘look promising.
Millet

Potential for Improvement

Millet yields are generally
lower than those of sorghum due to
har sher growing conditions and a
shorter period of érain filling.
Traditional West African vavieties
have major limiting factors such as

poor plant architecture. They tend

to be overly tall and have a poor

harvest index.) In addition, the
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photosensitive types often flower

- too late in the season, causipg

moisture stress during gréin
filling. Those varieties which
are not as affected by daylength
(the Geros) have moderate tillewing
ébility, but 1t is not synchronous
with the main stem. Thus, most of

the tillers flower too late, when

‘moisture is not adeguate for grain

filling.

Current Research Activities and

Crop Problems
The ICRISAT breeding program

concentrates mostly on pearl millet,

and it aims at improved drought,

- insect, and disease resistance,

increased response teo improved prac-
tices, better harvest index, and
varieties with a range of maturities
te suit varying rainfall patterns. @
It ig selecting alsc for varieties '
particularly suited to intercroppingd
combinations. Protein content and
early seedling vigor are other
concerns.

- ' In West Africa and the Sudan
ICRISAT.has a program to aevglop

-
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high-yielding sorghum and millet
varieties. This cooﬁerative program

includes the countries of Mali, Upper

Volta, Niger, Ghana, Chad, The Gambia,

Senegal, Nigeria, Mauritania,
Cameroon, and Benin.

Achievements in Millet Improvement

As wi;g sorghum , millet
improvement éfforts in the developing
countries are relatively recent andl
at an early stage. The ICRI§A;
tria%; in West Africa during 1976
and 1977 showed that new varieties
were not mqu better than the exist-
ing West African types with a few
exceptions. The major problem was
lack of disease resistance and over-
ly early maturity. On the other
hand, breedings efforts in Se&egal
have produced highliielding dwarf
types capable. of better fertilizer
response. These 'have an impréved
harvest Index aﬁh a maturity range
of 75-100 days. Some of the best
ICRISAT varieties have yielded up
to 4000 kg/ha in 1nterqat}pnal
trials.

made in the development of varietieé

Progress also 1is being

with good resistance to downy mildew

(Sclerospora graminicola), a serious

fungus disease encouraged by high.
humidity. As with maize and sor-
ghum, attempts are being made to
develbp some limited nitrogen-fixing
ability in millet, but results

are at least four to E;ve years

~
-,

On the Horizon: Millet pro-

duction should expand significantly
in the future as more marginal

rainfall land is brought under

cultivation. Further research is

" expected to make the millets one of

the most productive cereals on a -
yield per area per time basis (yileld
of crop in a certain area pgf crop-~

ping cycle per yearj.
Peanuts

Potential for Improvement

When grown under ideal mols-

ture conditions, peanut and other

pulse crop ylelds are about one~third
to one~half those of maize. Howev?r,
since peanuts are about three times

higher in protein than maize, the

yields are actually very similar on a pro-

o
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tein per area basis (a 2000 kg/ha pea-.
i

‘nut crop produces about the same total

amount-of protein as a 6000 kg/ha
maize crop). This 1s also the case

with the other pulses, all of which

have two to threc times more proteln

than the cereals. In sﬁbrt, the pulses

are geared more to producing modest
yields of high protein seed rather

than high yieids of starchy seed as
with the cereals. Although the

lower yields of the pulses should be

kept in mind, there is potential for
yield improvement in Iﬁhe developing
countr ies wheré prodﬁction per hec-
tare ij%s conslderably behind that of
the developed countries.

Research Activities and Crop

improvement

Since peanuts are’/self-.
pollinared, the development of new.
varieties by crossing is difficult
and time-consuming. The individual _
flowers must be manually‘emasculated
and theﬂ hand poiiinéted, Since seed
péoduction per plant is comparatively
low, multiplication of improved
types is very slow, although they'

can be propagated by cuttings.

1
a

Most efforts concentrate on collect-
iﬂg and improving local and intro-
duced varieties by selecting for
adaptabi{it;, drought resistance,

_oil and protein content, disease

and insect resistance, and shelling
percentage (ratio of shell weight
to kernel we;ght). , ’

Spreading Peénut Improvement

Activicies : , o
The major interngtioné}f
institute involved with peanut
improvément in the developing
countries is ICRISAT. Advanced

"

work i$ also belng done in several

of the developed countries such as

the G.S..(eSpecially Geofgi?{ North
Carolina, and Texas), Australia,

. and South Africa, but it is designed

to serve tneir Tocal conditions.
Other centers of peanut improvement
are Senegal, Nigeria, the Sudan,
Mexico, Argeﬂtina, and Brazil.
Breeding f0r earliness to

suit short rainy seasons, seed

_dormancy (to prevent in-ground

Sprouting), and resistance to rust,
leafspot, and aflatoxin.(see Chapter .

6) are all being conducted by

: 86 <~ "“"f‘k\




ICRISAT.

oped several lines resistant to

-Work in Senegal has devel-

rosette virus, a serious problem in

the wetter peanut zones of Africa. '

Of the reference crops, pea-

nuts are the most complicated in .

terms of growing and harvesting prac-“

Seed-
bed prebarati&n, weed and disease

ticed needed fPr good yields.

" control, ahd Harvesting require
particular attention to detail and .
timeliness.- Being a much higher .
value_crbp tﬁan the cereals,
repeated appﬁicatiphg of foliar

fungicides fo% leafspot control

havela'good dost-benefit ratio and
are another ekample of the relative

~ sophisticatign réquired for good
yields. quoubtedly, plant breeding
has ;'role-to pla¥y in peanut improve~
ment; but improved management préc—

.tices are particularly important for

r

boostirg yields. * '

In those developing coun- '
tries where peanuts are a majory
export crop, marketing is usually

which also prpvides storage facilti-

‘contreclled byF: goversment board,

ties and may jact as a supplier of © A

s

p F— >

k
I

seed, fertilizer and other inputs. |

Under these conditions adaptive
reeearch work 1g alsec given greater
priority, but the weak link is also
the extension system, which must
bridgp,the gap between the farmer
and thé experiment statior. In gen-
eral, yilelds are far below the B
'1700-300 kg/ha range that is fea-
sible under improved practices

where moisture stress 1s not ser-

ious.

Beans and Cowpeas
l

Until the early 1970s, pulse
Improvement had been largely
neglected. Compared to thé cereals,
theSe grain legumes seeméd to offer
less ‘promising opportunities due

to their relatively low yilelds and
greater susce tiblity to insects

in view of

and diseases. However,

their H&gh protein contents and

'potenniallas ndtritional c;?hle-

ménts to ithe cereals, resegrch and
N I' - - .
‘exgension programs can no/ﬁonger

; _

afford to ignore them. The best




yields of the cereals and the pul-
ses are falrly similai when Fom—
pared on a protein produced_per

hel }
area basis. E

Common Beans

Poténtﬂal for Improvement

{ Early research seemed to sug-
SeStﬂ;hat common beans were one of
the lfast productive of the pulses.
However, a comparative growth study
by the International Center for
Tropical Agriculture (CIAT) in
1978 involving five grain legumes
showed that common beans and cow- ‘
peas were the two most officient on

a yield per day of growth basis (the

H 3 .
» ;other three involved were pigeon-

! peas, soyoeane, and mung beans).

i
Unfortunately, current
average: yleld for Africa and Llacin

America are a low 600 kz/ha,

while EIAT has obtained up to 4300
kg/ha/under monocropping (teans as’n
the goie crop) and 3000 kg ‘ha in ﬁij
mixed plantings with maize,

Current Research Act.:itles and

"

Crop Programs

RV S

The majpr incernational

N

institute 1n77lved in common,ﬁeaq

88

-In 1973 chey
established a Bean Production Sys-

improvement 1s CIAT.
tems Program to increase tﬁe
production and consumptionvof the
crop in Latin America. In addition
it also cooperates with developing
This
effort is nowlbeing supplemented

countries in other areas.

by a recently organized U.S. govern—
ment-sponsored prograo for coopera=-
tive dry bean/research between 8
U.8. universities and developing
countries.

The CIAT program aims to ,
incredse bean ylelds through sev-
eral methods: |

¢ Development of i.mproved'

— varletles resistant to

major diseases and several
stress factors like low:
soil phosphorus, soil acid-
ity, drought, and tempera-
ture extremes. Special
attentioff is being given to
mixed crppp ing /with maize.

e Breeding for improved nitro-
gen fixation. Curreatly,
. common beans are one of the
» more Inefficient nitrogen
/ fixers and require moderate
’ rates of supplemental :
fertilizer.

9-Developing improved manage-
rent practices for both

!
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ICRISAT. Work in Senegal has devel=-
oped several lines resistant to

rosette virus, a seiious problem in

the wetter peanut zones of Africa.

Of the reference crops, pea-
nuts are the most complicated in
terms of growing and harvesting prac-~

Seed~

bed preparatioﬁ, weed and disease

tices needed for good yields.

coentrol, and harvesting require
particular attention to detail and
timeliness. Being a much higher
value crop than the cereals,,
repeated applications of foliar

fungicides for leafspot control

have a good cost-benefit ratio and
are another example of thé relative
soPhiSticafiéq required for good
ylelds. Undoubtedly, plant breeding
“has a role to play in peanut improve-

ment, but improved management prac-

tices are particularly important for

boosting yields.

In those developing coun-
tries where peanuts are a major
export crop, marketing is usually
controlled by a government board,
which also provides storage facili-

ties and may act as a supplier of

seed, fertilizér and other inputs.
Under these conditions, adaptive
research work is also given greater
priority, but the weak link is also
Ehe extension system, which must
bridge the gap between the farmer
and the experiment station. In gen-
eral, yields are far below the
1700-300 kg/ha range that is fea-
sible under improved practices

where moisture stress is not ser-

ious.

Beans and Cowpeas

Until the early 1970s, pulse
improvement had been largely
neglected. Compared to the cereals,
these grain legumes seemed to offer
less promising 0pportuﬁitdes due
to their relatively low ylelds and
greater susceptiblity to insects
and diseases. However, in view of
their high protein contents and
potential as nutritional comple-
ments to the cereals, {esearch and
extension programs can no longer

afford to ignore them. The best
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yields of the cereals and the pul-
gses are fairly similar when com-

pared on a.protein produced per

area basis.

Common Beans

Potentia] for Imbrovement

Early research seemed to sug-
gest that common beans were one of
the least productive of the pulses.
However, a comparative growth study
by the International Center for
Tropical Agriculture (CIAT) in
1978 involving five grain legumes
showed that common beans and cow-
peas wére the two most eﬁficient on
a yield per day of growth basis (the
other three involved were pigeon-

peas, soybeans, and mung beans).

Unfortunately, current
average yield for Africa and Latin
America are a low 600 kg/ha,
while CIAT bas obtained up to 4300
kg/ha under monocropping (heans as
the sole crop) and 3000 kg/ha in
mixed plantings with maize.
Current Research Activities and

CroB Programs

The major international

institute involwvad in common hean

¢

improvement is CIAT. In 1973 they
established a Bean Prodlction Sys-
tems Program to increase the
production and consumption of the
crop’ in Latin America. 1In addition~
it also cooperates with devéloping
countries in other areas. This
effort is now being supplemented
by a recently organized U'.S. govern-
ment-sponsor ed pfogram for coopera-
tive dry bean research between 8
U.S. universities and developing
countries.

\\\\EE: CIAT program aims to
increase bean yieldslthrough sev=
eral methods:

¢ Development of improved
varieties resistant to
major diseases and several
stress factors like low
soil phosphorus, soil acid-
ity, drought, and tempera-
ture extremes. Special .
attention is being given to
mixed cropping with maize.

Breeding for improved nitro
gen fixation. Currently,
common beans are one of the
more inefficient nitrogen
fixers and require moderate
rates of supplemental
fertilizer.

Developing improved manage-
ment practices for both

38




ICRISAT. Work in Senegal has devel-

oped several lines resistant to

rosette virus, a serious problem in.,

the vetter peanut zones of Africa.

Of the reference crops, pea-
nuts are the most complicated in
terms of growing and harvesting prac-
tices needed for good yields. Seed-
hed preparation, weed and disease
control, and harvesting require
particular attention to detail and
timeliness. Being a ﬁuch higher
value chp than the cereals, °
repeated applications of foliar

fungicides for. leafspot control

have a good cost-benefit ratio and
are another example of the relative
sophistication required for good

yields. Undoubtedly, plant breeding

has a role.to play in peanut improve-

ment, but improved management prac-
tices are particularly important for
boosting yields.

In thoce developing coun-
tries where peanuts are a major
export crop, tharketing is usually

controlled by a government board,
h which also provides storage facili-

ties and may act as a supplier of

‘seed, fertilizer and other inputs.

Under these conditions, adaptive
research work is also given greater
priority, but the weak link is also
the extension system, which must
bridge the gap between the farmer
and the experiment station. In gen-
eral, yields are far below the
1700-300 kg/ha range that is fea~
sible under improved practices

where moisture stress is not ser-

i . -
ious. ¥

Beans and Cowpeas

Until thé early 1970s, pulse
improvement had been largely
neglected. Compared to the cereals,
these grain legumes seemed to offer
less promising opportunities due
to their relatively low yields and
greater susceptiblity to insects

and diseases. However, in view of

their high protein contents "and '
potential as nutritional comple-
ments to the cereals, research and
extension programs can no longer

afford to ignore them. The best
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ytelds of the cereals and the pul-
ses are fairly similar when com-

pared on a protein produced per

area basis.

Common Beans

Potential for Improvement

Early research seemed to sug-
gest that common beans were one of
the least productive of the pulses.
However, a compérative growth study
by the International Center for
Tropical Agriculture (CIAT) in
1978 involving five grain legumes
showed that common beans ar}d cow-
peas wére the two most efficient on
a yield per day of growth basis (the
other three involved were pigeon-

peas, soybeans, and mung beans).

Unfortunately, current
average yield for Africa and Latin
America are a low 600 kg/ha,
while CIAT has obtained up to 4300
kg/ba under monocropping (beans as
the sole crop) and 3000 kg/ha in
mixed plantings with maize.
Current Research Activities and

Crop Programs
The major international

institute involved in common bean

improvement is CIAT. In 1973 they
esgablished a Bean Production Sys-
tems Program to increase the
production and consumption of the
crop in Latin America. Iﬁ addition
it also cooperates with developing

countries in other areas. This

effoSE is now being supplemented

by a recently organized U.S. govern-
ment-sponsored program fop coopera-
tive dry bean research bhetween 8
U.S. universities and developing
countries.

The CIAT program aims to
increase bean yields through sev-
eral methods: '

¢ Development of improved
varieties resistant to
major diseases and several
strefss factors like low
soil phosphorus, soil acid-
ity, drought, and tempera-
ture extremes. Special
attention is being given to
mixed cropping with maize.

Breeding for improved nitro
_ Ben fixation. Currently,
common beans are one of the
more inefficient nitrogen
fixers and require moderare
rates of supplementa
fertilizer. :

Developing improved manage-
ment practices for both

10y
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monoculture and mixed cropping 8 damaging species of leafhopper

systems (see chapter 4),

Training personnel from
national programs in other
developing countries and
developing a strong bean
research network in Latin
America and East Africa.

As part of its international
trials program, CIAT maintains
an International Bean Yjeld and
Adaptation Nursery (IBYAN), con-
sisting of 100 entries. This IBYAN
is replicated by CIAT and shipped
to ﬁany other countries to be used
in their experimental wofk with
beans. The Center for Tropical
Agriculture, Research, and Training
(CATIE) in Turrialba, Costa Rica
q}so is involved in hean improve-

ment work,

Spreading Bean Improvement

Practices

After nearly some five years
of breeding work, moFt‘of the im-
proved var;eties CIAT sent out for
interﬂational trials in 1979 carried
some resistance to major pest pro-
blems like common mosaic Virus,
rust, common bacterial blight,

angular leafspot, anthracuose, and

(Empoasca Kraemeri) prevalent in

Latin América. Strains were found

also that showed some tolerance to
low levels of soil phosphorus and

to aluminum and manganese toxicity
which often affects bean in highly
acidic soil (much below pH 5.5).
Both CIAT and CATIE have made signi-

ficant progress in improving bean-

maize multiple cropping systems
through improved management and
bean variety development.

Due to the relatively recent
interest in bean research, on-farm
yield improvement proérams have made
noéwhere aear the imﬁressive and
widespread gains of maize, rice,
and wheat. However, research

achievements in breeding and

management are at the point where
farmers can increase their yields
with a well-organized extension

program, o
.




Cowpeas

Progress in Cowpea Improvement

The International Institute
for Tropical Agriculture (IITAi in
Nigeria is the major internatiomal
institute involved in cowpea improve-
ment and-is working toward good pest

resistance, improved yields, and the

e

developmenf'of a package of improved

practices for cowpeas under multiple
crdppiﬁg conditions common in trop-
ical Africa. By 1978, IITA had
réleased a total of five new strains
(VITA 1-5) with better yield and pest
resistance and a good protein con-
tent. They are capable of producing
1500-2500 kg/ha under small-farmer
improved managément; compared to the
current *‘West African average of around
. 500 kg/ha. The creamy white seed color
of VITA 5 is favored im much of Africa.
As with common beans, on~farm yield
improvement extension efforts are

still in thelr early stages.




4. Planning and

Preparation

This chapter deals with refer-
ence crop production fundamentals and
current regommendations concerning
cropping systems, land preparation,
seed selection,'and pl%nting. The
production fundamentals section des-
cribes the’ how, wha;, and‘bhy of
these farm operations. The compen-
dium section provides a current sum-
mary of reference crop production
recommendations based largely on
information from interrdational
researchgnstitutes and some natiomal
extension services. Although the
compendium section does offer gen-
eral suggestions for the various
cYops, agriculture.is a location- .
speéific endeavor. This section is
mainly designed to show how recom-
mendations vary according to differ-

ences in each area's physical envi-

-
ronment and specific infrastructure.

Cropping Systems

As explained earljier, the term
"cropping system" refers both to a
farmer's or r\gion's overall gropping
pattern, and ;0 the specific crop

sequences and associagions involved,

n%fely .

1.% Monoculture: The repetitive
growing of a single crop on the
same field year after year.

Crop Rotation: The repetitive
growing of an orderly succession
of crops (or crops alternating
with fallow) on the same field.

Multiple Cropping:
a. Sequential cropping: Growing
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two Or more crops in succes-
sion on the same field per
year or per growing season,
sometimes referred to as
double or triple cropping.
Example: Planting maize in
May, harvesting it in August,
and then planting beans.

Only one crop occupies the
tield at a time..

" Intercropping: This is the
most common definition of
myltiple cropping and
involves growing two or
more Crops at the same time
on the same field. There
are four basic variations:s

e Mixed intercropping: Two or
more crops without a dis-
tinct row arrangement.

® Row intercropping: Same as
nixed intercropping byt
with a distinct row
arrangement.

e Relay intercropping: Grow-
ing two or more crops simul-
tancously during pawt of
the life cycle of each.

The second crop is usually
sown after the first has \
teached its reproductive
stage (i.e., around flower-
-ing time) but before it is-
ready to harvest. Example:
Planting a climbing beai®
variety alongside maize
that has recently tasseled.

® Strip intercropping: Growing
two Oor more Crops in sSepar-
ate strips wide enough for
independent cultivation,
but narrow enough to react

92

 agrofimically.

Monoculture vs. :
Crop Rotation

It is difficult to compare
the pros and cons of monoculture ver-
Sus crop rotation since much depends
on the crops, soils,.management prac-
tices, climaté and economics
involved. Monoculture is frequently
blamed for soil "exhaustion" (erosion
problems and declining fertility and
tilch) and a buildup of insegts and
diseases, vet this is not always the
case. Some very productive areas of
the U.S. Corn Belt have over 50 per-
cent of tgeir cropland devoted to con-
tintbus maize, which yields as'well
as that groéﬁ under crop rotatien.
In fa¢t, Corn Belt research has
shown that continuous maize grown
under that region's conditions .
results in a less serious insect
buildup than whent maize ig grown in
a crop roﬁation with soybeans or pas-
ture and hay. On the other hand, ,°
monoculture cotton in the southern
U.5. in the 19th and early 20th cen-

turies led to serious soil degrada-




tion and insect problems.
Monoculture is uncommon
under smallifarmeglconditions in
developing countries, since intercrop-
ping is “prevalent and a variety of
crops must be producéd for -subsis-
tence needs. It is mainly confined
to perennial cash aﬁd export crops |
such gs coffee, sugarcane, citrus,
and bananas. Whether or not monocul-
ture is harmful depends on the type
of crop and soil management and cli-
mate j{actors.
Type of crop:

® Row crops which provide rela-
tively little ground cover or
return only small amounts of
residues (stems, leaves
branches and uvther debris
lefe in the field after har-
vest) to the soil are poorily
suited to monoculture (i.e.
cotton, peanuts, maizes or sur~
ghum grown for fodder or sil-
age). - '

e Some crops iiue beaps, pota-
toes, and many vegetables
are especially prone to
insects and soil-borne dis-
eases which usually build

up under monoculture. ’

Soil Management and Climate Factors:
A soil's physical condition (tilth~-
and permeability), natural fertility,
and nutrient-holding ability are
directly related to its organic

93

matter (humus)* content.

M

-

Row crop monoculture will ger-
iously lower soil humus lev-
els unless all crop residues
are returned to the soil along
with supplemental additions of
manure in sizealle amounts
{around 30 metric tons/ha or
more per year).

The "tillage and cultivagion
operations associated with
mechanized (or animal trac-
tion) row crop production
aereate the soil, which
accelerates the microbial
breakdown and logs of humus.
That is part of the reason
why many farmers in the U.S.
and Europe have switched to
minimum tillage systems, such ' - 5
as plowing and planting in
one operation. Minimum til-
lage leads to problems with
weeding and herbicidal use.

The problem of humus loss is’
especially serious in the
tropics due to higher temper-
atures. Decomposition takes
place three times as fast as
32°C than at 15.5°C.

Erosion problems assoclated
with row crops are more ser-
ious in the tropics due to
higher intensity ‘rainfall
(even in semi-arid areas).

Crop rotation may or may not

be beneficial in terms of soil

’ —_—

*Humus is organic matter that has

been fairly well decomposed.
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condition, insects, and diseases,

fn <terms of soil condition, the

ideal would be fo{rutate low-resi-
due crops like,cdt;on and vegetables-
with medium~residue crops like corn,
sorghum and‘rice or, better yet,
with pasture, butf few smdll farmers
can afford this type of Flexibility.
Including a nitrogen-fixing‘legume
crop like peanuts or beans- in thé‘
rotarionwvill not necessarily boost z
the éoil’s'ni;rogen content signifi-
cantly, sinéehmuch of the ﬁitrogeq
produced ends up in the h;rvestéd
seeds themselves, Some areas have
experimented with g&e’_e_n__@_ah_n_tll:_@h {leg-
ume)} crops like cowpeas, which are
plowed under around flowering time
to add humus andfnitrogen to the
soil (no harvest is takeng, but
there are several problems with this
approach: *

e Few farmers a{e willing to
tie up their land growing a
non-harvested crop.

® The effect of green manure
creps on soils is short-lived
under tropical conditions. %

# The green manure Crop may use
up soil moisture needed by"®
the next crop.

Vel
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Suggésted Crop Rotation for the
Reference Crops '

The yariables-are too great to
make specific recommendatiouns of wide
applicability., ' Much depends on the
area's soils, climate, prevalence
and type of intercropping, and com- -
mon insects and diseases.

Some general recommendations

can be made: o

.

® Crops which share similar dis-
eases (especially soil-borne

. ones like root rots) should
not be.grown on the same field
within three years of each
other, TFeor example, peanuts,’
tobacco, beans, soybeans, and
sweet potatoes are all suscep-
tible to Southern Stem Blight
(Sclerotium rolfsii), as well
as to the same types of nema-
todes, and should not be
grown on the same field in
succession.

® A crop like peanuts or beans

which is especially suscepti-
ble to soil-borne diseases
should not be grown on the
same field more than one year
out of three. Again, inter-
cropping may lessen these
problems, but not always.-

# Monoculture is less of a prob-
lem if disease-resistant vari-
eties are available and are
being continually developed
in response to new disease
strains, .

L}
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Intercrapping .
(Multiple (_roppmg)

. - .. L
Intercropping combinations.

involqin% two or mbqe of the refer-

ence Crops (sohetimgs along with

- others) are very common on* small

farms in -the developing world.
Int;rcrOppiﬁg is not ogdinar-

%g,'

bu€ strip intercropping is sofletimes

ily suited €o mechanizg& far

used when ‘multiple-row machinery

.can bhe operiated.

The Pros and Cons of Intercropping
Pros ) )

Less risk since yields do not
depend on one crop alone.

Better distribution of labor.

Some diseases and insects _
appear to spread less rapidly
under intercropping.

Better erosion control due to
better ground cover.

Any legumes involved may add
some nitrogen to the soil.

Mechanization is difficule.

Management requiremenis are
higheg.

Overall costs pef unit of pro-
duction may be higher due to

3 R

- reduced efficiency in planting,
weeding and harvesting.
The type of muliple cropping is
closely relatéd to rainfall and
length of rainy season as éhowﬁ

béloﬁ: .

Prevalent Type of -

Annual Rainfall Multiple Cropping

Simultaneous mixed
intercropping with
crops of similar

300-600 mm " maturities

~

. Crop mixes of dif-
BQO;IOOO mm

ferent maturities

- \

Three types of mul-’
tiple crgpping:
sequential, simul-

Over 1000 mm ‘taneous, and relay

Advancesin
Intercropping
Systems

d

~

.

~Multiple Eropping is a diverse
and complex subject whose guidelines
'ape often Vvery location-specific.
Réseafch interest in multiple crop-
ping has increased markedly over the
past decade with most atteation being
focused on ce;eal-legume combinations
which appear to havé the greatest
potential, particularly maize or sor-
ghum with beans or cowpeas.

The following research results
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are presentéd not to imply their -

direct applicability to a given area

but to provide ideas of the many fac-

tors invélved in intevcropping and-
the gtate of the ;rg of these complex
systems. ;

The National Maize Program in
Zaire has heen looking, into mai
rotations and intercrOppiné'with -
legumes to improve soil Eértility
without commercial fertilizer. Rota-
tions using soybeans and Crotalaria
{a green m%nure crop poisonous to
livestock) have been tried. 'So far,
Crotalaria looks superior in nitro-
.gen—}ixing ability with the sucgeed-
iné mazzr rop, yieldire up to 9000
kg/ha. Maize following a soybean
green manure crop has yielded upqto

6700 kg/ha. ,The.National Maize ‘Pro-

¢ram has also wnrked with an intercrop

combination of %ogyeas and hai;e, but
has not yet found suitable cowpea
variéties.

Both rotations and intercrop-
ping of maize with legumes appear to
of fer some promise in Zaire, but
there %ré'fﬁb main problems:

. ‘/T'
® Lepume seeds are harder Lo
stdre from one year.td the

next under humid conditions.

. @ Even though legumes'used a
gragn manures may contribute
a good deal of soil nitrogen,
farmers are still likely to

will not do well on the low-.
phosphorus $oils prevalent
throughout much Of .the tropics.

Pearl millet-peanut intercropping

trials by the International Crop
Research Iﬁstitﬁte for the Semi-Arid
Tropics (ICRISAT) in India showed
yield advantages of up to 25-30 per~"
cent. An arrangement of one row -mil-
let to three rows peanuts appeared

to provide the optimum balance of g
competition. - _

Maize-Bean Intercropping Research:

The International Centér
for Tropical;Agricuiture {CIAT) has
yn numes sus maize;bean'intercrOp— .
ping trails at various locations inﬁ
Colombia. The trials involve gimgi:

taneous Or near-simultaneous plant-

‘ing of the two crops rather than

relay planting. Results were as fol-.

lows:

e_For the farmer, the optimum
ratio of maize plants to bedn . °
plants depends not only on ’
the rela+vive yields but also .
on the maize-bean price ratio

need fertilizer, since lngmes_



which ranges from from 1:2 up
to 1:7 in some Latin American
countries.

A 1arge number of trials
involving $imultaneous or
near-simultaneous plantings of
maize with beans showed that
bush bean yields were
decreased by about 30 percent
and climbing bean yields about
50 percent compared "to when
grown alone.

Maize yields were usually not
adversely affected by the
assoziation with beans at a
maize’ population of 40,000
plénts/ha. Maize plant densi-
ties over 40,000/ha decreased
bush bean' yields by shading,
while densities below 40,000/
ha lowered climbing bean
yields because of . inadequate
support.. *

At 40,000 maize plants/ha,
relative yields of the two
crops were best. at bush bean
-densities of 200-250,000
plants/ha and at climbing
bean densities of 100-150,000
'plants!ha.

Yields of cllmblngbeans were
highest when they were planted
simultaneously with maize;

- bush bean yields were highest
when the beans were planted
one to two weeks’beforg maize,
although this caused & signi-
ficant yield decrease in the
maize. Results varied with
temperature and the relative
early wigor of the bean and
maize sgedlings.

In a 1976 Center for Tropical
Agriculture,. Research and Training
(CATIE) trial in Costa Rica, fnter-
cropped populatioﬂs of 50,000/ha for
maize and 200,06&!hg for bush beans

were found to be the best combination

and produced yields of 3400 kg/ha and
%

1800 kg/ha respectively.

A 1976 study in the Minas Ger-
ais area of Brazil by the Universi-
dade Federal de Vicosa focused on
relay intercropping of maize and
beans. Maize populations of 20-, 40-
and 80,000 per hectare weréwinter-;
cropped with climbing beans at 100-,
200-, 300- and 400,000 plants/ha,

The maize was plarited in the wet sea-
son, and the beaqs were planted
between the mat?e rows when the maize
was nearing maturity. The .following
results were obtained:

e Maize yield was not affected
by the beans and was highest
at 60,000 plants/ha.

Bean yields were highest at
the lowest maize population
and were not affected by bean
plant density.

Even though the beans were
vlanted as the maize was start-
ing to dry out, the maize

still :exerted & strong compe-
titive effect, mainly due t4

(
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shading. When grown alone
under trellising, the bean
variety normally yielded
1200-2000 kg/ha at a density
of 250,000/ha, but yielded

800 kg/ha when grown with a
maize population of 20,000/ha.

Cowpeané-Millet-qughum: Experience

in Africa has shown that cowpea
yvields are reduced about 45-55 per-
cent when Intercropped with millet
and sorghum, However, when grown
alone, the improved cowpea varieties
become more prone to serious insect
attack and often require chemical
pest control, Furthermore, inter-

- cropped cowpeas are not usually sown
until later in the wet season and
are viewed more as a bonus crop
which does not reduce the millet and
sorghum yields,

Improving Traditional
Multiple Cropping Systems

In southeast Guatemala, small
farmers usually plant maize, sorghum,
and beans by hand on steep to rolling
rocky laﬁd; and yields average around
530, 630 and 410 kg/ha respectively.

Due to a severe labor shortage for

planting at the start of the season,
the farmers plant the beans in dry

They then ovverplant the maize

L

soil,

and sorghuﬁ once the rains arrive
without regard to where the yet-to-
With the local

varieties used, 1f the beans emerge

germinate heans are.

first, they will dominate the maize
and sorghum; the reverse will happen
i1f the maize and sorghum germinate

first. Hoping for a balanced harvest,

the farmers are 1n a race agains.time

to finish planting the maize and sor-
ghum before the beans germinate, . The
main disadvantage of this traditional
system is the risk that the dry-~
planted beans may receive only enough
rainfall to germinate without suffi-
cient additional precipitation to
sustain growth (i.e., a wet séason
"false start™).

Researchers have experimented
with several alternétives. The most
promising one involves strip inter~-
cropping of maize, sorghum, beans
and cowpeas.

At the start of the wet sea-

son, beans are planted in strips con~
sisting of three rows spaced 30cm
apart, Sufficient space is left
between these strips to accommodate
sets of double (twin) maize rows with

two "varas" (164.0 cm) between the
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centers of the twin rows. Two or
more of these twin row sets of

maize can be planted between bean
strivs depending on the desired
cropping mixture. The 30 em bean row
spacing is unusuvally narrow but gives
becter weed control due to earlier
inter-row shading: Also, the strips
are narrow enough to be hand-weeded
from the sides to avoid soil compac-

tion or trampling the plants.

Once the beans emerge, the
maize rows are planted. TIf the
rains stop for a while after bean
planting, maize sowing can be .
delayed without danger of the beans
dominating the young‘maize seéalings
(one advantage of strip intercrop-
ing). The beans are a short Season
variety that matures in 60-65 days.

As soon as tha beans are ,
harvested, a short season sorghum
variety is planted in the space
between the “sets of twin maize rows.
Later, the nFarly mature maize plants
are doubled over to reduce any shad-
ing of the young sorghum plants,
which are slow starters. This points
the ear tips downward, preventing

water entry (which favors fungal

99

grain rots) and reducing bird
damage.

About two weeks before the
maize is doubled, cowpeas are sown
along the outer edges of the twin
maize rows (i.e., along the edges of
the harvested bean strips). The
leaves of the maize plqnts are
stripped off as they die off with martur-
ity and used as a mulch (soil Eover—
ing) to conserve soil moisture. The
cowpeas use the maize stalks to
climb on and cause no competition

due ro their late planting.

Shifting Cultivation
As a Cropping

System

Shifting cultivation (slash and
burn agriculture) is a traditional
cropping system that was once widely
practiced throughout the humid trop-
ies. Due to inereasing population
pressure on land, the system is now
mainly confined to the dense forest
areas of the Amazon Basin, Central
and West Africa, and Southeast Asia. -

While there are some varia-

tions, shifting cultivation consists
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of three major steps:

1. The land is incompletely cleared
- by hand cutting and burning trees
and other vegetation. The burn~

ing has several effects:

® 'All the vegation’s nitrogen
and sulfur is lost to the
atmosphere as gasses. However,
the other uutrients (phos-
pborus, potassium, calcium,

. etc.) are -deposited on the
ground as ash,

Even though much organic mat-
ter is lost, a lot has
already been added to the
soil over the years by leaf
fall and root decomposition.

Burning only kills some
insects, diseases, and weed
seeds, not all of them.

Crops are grown on the land fov
two or three years, usually
under some form of intercropping
that may include long-cycle
‘crops such as manioc (cassava)
and yvams in humid regions.
Little, if any, tillage- (hoeing,
etc.) is required for seedbed
preparation, since the soil is
usually in good physical condi-
tion as a result of the previous
fallow. The crops utilize the
naturally accumulated nutrients
from the fallow period. Yields
are fair the first year, but
then rapidly decline, causing
the land to be temporarily
abandoned after several years of
cropping.

The’ land is then allowed to
revert to a natural vegetation

fallow for 5-10 years in order
to "rejuvenate" the soil in
several ways:

e The vegetation, especially if
it consists largely of trees
and other deep-rooted species,
recycles leachable nutrients
like nitrogen and sulfur that
may be carried into the soil
by rainfall during the crop-
ping and fallow periods.

Some of the fallow vegetation
may be leguminous and actu-
ally add nitrogen to the soil.

The fallow increases the
amount of soil humus which is
a vital storehouse and source
of nutrients, as well as
being a great improver of
goil physical condition.

Small, but significant,
amounts of nitrogen are pro-
duced by lightning, and these
are added to the soil by asso-
ciated rainfall,

The fallow period also helps

avoid a buildup of pests and diseases,

Shifting cultivation requires no ocut-

side inputs and is in complete har-

-——mony-with the natural environment of

the humid tropics. However, the
system's success depends heavily on
maintaining an adequate length of
fallow cycle. As the frequency of
clearing and burning increases, trees
and brush are eventually killed off

and give way to a very inferior grass
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(savanna) fallow, which is shallow-
tooted, inefficient at recycling and
accumulating nutrients, and very dif-
ficult to clear off for cropping.
(Many tropical grass species are
actually stimulated into dense

"

regrowth byburning.) Under these

conditions, slash and burn agricul-
‘ture becomes a menance to the envi-
ronment, causing severe deforesta-

tion, erosion, and soil exhaustion.
Many areas of Central America have

been denuyded in this manner.

Improving Shifting Cultivation:

As explained, the system is
basically suited only to the humid
tropical‘forest zones under low
population density. European
attempts to replace shifting cultiva-
tion in parts of Africa with '"mod-

ern"

agriculture usually met with
disaster f(evosion, pests, diseases,
and a serious decline in soil con-
dition)., Some tropical soils have

an iron-rich laterite layer which

may become exposed through erosion,
Unless such soils are kept ynder con-
tinuous shade, the laterite can

harden irreversibly, making them use-

. less.

N ' ) 1n1

Listed below are some of the
most promising possibilities for
improving shifting cultivation:

e The "Taungya" system of Bur-
mese origin involving agricuyl-
ture and forestry; it basic-
ally consists of clearing
land for a cropping cycle fol-
lowed by planting fast-grow-
ing trees to provide lumber
and rural improvement. Both
phases would be operating
simultaneously within an area.

e Using fertilizers (chemical
or organic) to increase yields
during the cropping period.

¢ Seeding the fallow area with
specially selected plants that
may be more beneficial than
the natural species; the
improved fallow might include
dense growing vining legumes
or leguminous trees and
shrubs.

Land Preparation
For Cropping

On small farms, }and prepara-
tion methods for the reference crops
may or may not involve actual till-

age (working the soil with hoes,
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plows or other equipment) or seedbed
shaping (leveling land or making

raised beds or ridges).

Methods Involving
No Tillage or
Seedbed Shaping

Under conditions of shifting cul-
tivatien, low management or steeply

sloping or rocky soils, land is often

cleared by simply slashing and/or
burning, followed by making the seed
holes with a planting stick or hoe.
No attempt is made to acrually till
the soil or to form a specific rype
of seedbed.

e Slash, burn and plant: This
method is most suirable for
sandy soils which are natu-
rally loose or for other
soils that are maintained in
good tilrh (a loose, crumbly
condition) by a lengthy vege-
tative fallow which produces
soil humus. 1Ir may be the
only feasible method for rocky
soils or those with pronounced
slopes where tillage would
accelerate erosion.

e Slash, mulch and plant: This
method is suited to the same
conditions. 'The vegetation
is slashed down or killed
with a2 herbicide and then

162

left on the surface to form a
mulch (a. protective covering).
The seeds may be planted in

the ground or may even be scat-
tered over the Bround before
slashing. The mulch is valu-
able for erosion and weed con-
trol, conserving soil moisture,
and keeping soil temperatures
more uniform. The Interna-
tional Institute for Tropical
Agriculture (IITA) has found
this sysﬁem very beneficial

for maize and cowpeas¥and has
developed two types of hand~
operated planters capable of
planting seed through a mulch..

There is nothing basically
wrong with either of. these methods.

However, in some cases, tillage and

_seedbed shaping may- have SOme‘impor&

[

. tant advantages:

e Soils prone to drainage prob-
lems due to topography, soil
conditions 'or high rainfall
usually require the use of
raised beds or ridges for suc-
cessful crop production
(except for rice). ,

e If liming is needed to corre§t~
excessive goil acidity, it
must be mixed thoroughly into
the top 15-20 cm of soil to ﬂ? /

fully effective. \/

e Chemical fertilizers contain- |
ing phosphorous and potassium ¢
and organic fertilizers should
be incorporated several cénti-
meters into the soil for
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maximum effectiveness.

Under non-tillage methods,
they can still be correctly
applied using a hoe or
machete, but it is definitely
more work. Chemical fertil-
izers containing phosphorus
are best applied to the refer-
ence crops in a band 7.5-10 cm
deep that parallels the crop
5-6 cm to one side. A
fertilizer furrow can be made
easily with a wooden plow or
other animal-drawn implement.

Most animal- or tractor-drawn
planters recuire a tilled
seedbed for successful opera-
tion. There are exceptions,
however, such as the IITA
planters.

Methods Involving
Tillage

i

Tillage refers to the use of
animal- or tractor-drawn equipment
or hand tools éo work the soil in
preparation for planting and has
five main purposes:

® To break up and loosen the
soil to favor seed germina-
tion, seedling emergence,
and root growth

e To chop up and/or bury the
previous crop's residues so
they will not interfere with
the new crop

e To control weeds (an ideal
seedbed is completely weed-
‘ free at planting time)

To incorporate (mix into the
soil) liming materials and
fertilizers (chemical or
,.grgénic)

e To shape the kind of seedbed
most suited to the particular
soil, climate, and crop (i.e.,

. raised beds, ridges, flat
seedbeds).

Primary tillage refers to the ini-

tial breaking up of the soil by
plowing or using a heavy-duty digging
hoe. Depth of plowing usually ranges
from about 15-30 cm, depending on the
type of plow used, its tfaction
source, and the soil. TFor example,
an ox-drawn wooden plow will not have
the penetfation:ability of a tractor-
drawn moldboard plow, especially 'in
heavy soils. '

Secondary tillage refers to any addi-

tional tillage operations between
plowing and planting to break up .
clods, cut up trash, kill weeds, and
smooth out the seedbed. It is most

commonly performed with some type of

harrow (an implement used to pulver-

ize and smooth the soil). Secondary
tillage is shallowei than-planting

and requires less power. Ridging

1353
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and bedding (forming ridges or beds

for raised planting) also can be
included in this category.

Reference Crop Tillage Systems

The reference crops share the
same basic tillage ‘methods, but
these vary with the particular soil,
the available tillage equipment,
and the need for incorporating lime
or ferrilizer. There are three basic
tillage systems, each with advantages
and disadvantages:

e Plow (or hoe)/Plaut: If plowed
at the right moisture level,
some soils (especially loams
and sands) may be suitable for
sowing with a plauter without
any secondary tillage to
break up the clods. Most
soils can be hand-planted
after plowing, since the
farmer has better control
over seed depth than when a
mechanical planter is used.

He can also push -any big

clods aside or break them

up while walking aown the row.
This type of roug. seedbed is
actually very advantageous in
terms of weed control since
the ‘cloddy surface discourages
their growth. It also favors
moisture penetration and
reduces runoff. On the other
hand, if bedding or ridging’
is needed, a better job can

be done if any large clods

are first broken up by harrow-

ing (cultivating).

Plow/Harrow/Plant: This is the
most common system where ani-
mal~ or tractor-drawn planters
are used, unless the soil
breaks up well enough under
plowing alone. If soil condi-
tions are conducive to weed
growth, the ground should be
harrowed as'close to planting
as possible to give the crop

a head start on the weeds.

® Minimum Tillage: Farmers with

access to tractor- or animal-
drawn tillage equipment may
overdo tillage, especially
through repeated harrowings
to control sprouting weeds or
break up clods. Killing one
crop of weeds by siirring the
soil only stimulates another
by moving other weed seeds
closer to the soil ‘surface.

Excessive tillage stimulates

the microbial breakdown of
humus and may further destroy
good soil physical condition -
by over-pulverizing the -soil.
The machinéry, animal, and
foot traffic also compact the
soil, impairing root growth
and drainage.

Tillage is seldom excessive, K ™
when hand tools ave used to
prepare ground for the refer-
ence crops, because of the
amount of labor it would
involve. Slash-and-burn and
slash-and-mulch methods fall
under zero tillage, as do
methods using specially
adapted mechanical planters to
sow seed into unplowed ground




(common in the U.S.). °The
plow/plant system described
above or plowing and planting
in one tractor pass are
examples of minimum tillage.
The savings on equipment wear
and fuel are advantages where
tractors are used. ’

Tillage and Seedbed Fineness

The degree to which clods

neod to be broken up depends mainly

.on seed type and seed size and
whether hand planting or mechanical
planting will be used.

1. Seed type: Maize, millet and
sorghum are monocots with
seedlings that break through
the soil with a spike-like
tip. This reduces the need
for a clod-free seedbed. Pea-
nuts and ocher pulses are
dicots, and energe in a
blunt form, dragging the two
seed leaves with them; they
tend to have more trouble
with clods.

2. Seed size: Large seeds have
more Strength than small seeds,

enabling young shqots to push

more ef Eectively through

rough seedbeds. Maize seeds

are large monocots. which

. gives them especially good
~._.clod handling ability. Pea-
“auts and the other pulses are
large-s2eded, but this advan-
tZEE\Qggpartly offset, since
they are_dicots. The small

.
seeds of sprghum and espe-
cially milléi\are less power-

ful, but this is offset by
:the fact that they are mono-
cots. Small seeds require
shallower -planting than larger
ones, and cloddy soils do not
allow this type of precision
if mechanical planters are
used .

Farmers can usually get by

with cloddier seedbeds when

hand planting. They have more
control over planting depth .
and can push any large clods
aside. 1In addition, it is

very common under hand plant-
ing to sow several seeds per
hole, which gives them a better”
chance of breating through.

Clayey soils, especially those
low in humué, are usually in a clod-
dier condition after plowing than
loamy or sandy gnes. Most ploﬁing
takes place at the end of the dry
season, when soils are very dry, -
whichhaccentuates-the problem. Rain-
fall following plowing may signifi-
cantly reduce clod problems on some

soils by breaking up the clods.

‘Tillage Depth

A plowing depth in the 15-20 cm
range is usually adequate, and there
is seldom any advantage in going
deeper. In fact, shallower plowing
is often recommended for low rainfall

areas like the Sahel to conserve




. moisture.

In some areas, tractor-drawm

sub-svilers (long narrow shanks that

penetrate down to 60 cm) are used in

an attempt to break up deep hardpans

(compacted layers). Results are
fair to poor, depending on the typé
of hardpan; those consisting of a
dense clay layer often re-cement
themselves within 2 short time.

About 65-80 percent of the
reference crops' roots a;e found in
the topsoil, since this layer is wmore
fertile (partly due to its higher
organic matter content) and less com-
pacted than the subsoil. However,
any roots that enter the subsoil can
utilize its valuable moisture
reserves, making a critical differ-
ence during a drought. Proper fer-
tilirzation of the topsoil will
encourage much deeper root develop-
ment. “On the other hand, poor drain-
age and exﬁessive acidity in-<the sub-
soil will hinder or prevent root
penetration.

Handling Crop Residues

There are three basic ways of
handling the previous crop's resi-

dues (stalks, leaves, branches) when

preparing lgnd: burning, burying and

mulching:

1. Burning--This destroys the
organic matter contained in
the residues, but may be the
only feasible solution where
suitable equipment is lacking
or where time is short.

2. Burying--Chopping residues up
with a disk harrow or slashér
and then plowing them under is
a common practice in mechan-
ized farming.

. Mulching--Chopping up residues
and leaving them on top of the
ground has some definite bene-
fits such as greatly reducing
501l erosion caused by rain-
fall and wind as well as water
losses due to evaporation.
However, there are two disad-
vantages to mulching which
should be considered:

® Residues are left en the
surface and can interfere
with -the operation of equip-
ment such as planters, plows,
and cultivators which may
plug up.

Mulching is not recommended
for peanuts, especially in
wet regions, since they are
very susceptible to Southern
stem rot (Sclerotium rolfsil),
which can incubate on unbur-
ied residues from any- type
of plant (see page 243).
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Animal versus Tractor Power: Soume
Considerations for the Small Farmer

In the developing countries,

"tractorepower and its associated
cquipwent are mainly confined to
large farms and to areas where
labor costs are high, The lafge
investment, fuel and repair costs,
and‘maiﬁtenance requirements’ all
weigh heavily against the purchase
of sudhlmachinery by small farmers.
Spare parts and the necessary repair -
facilities are ¢ommonly lacking,
meaning rthat a breakdown can be dis-
astrous. A study by ICRISAT on the
economics of full-size tractors in
India showed new evidence that they
significantly increase yields, crop-
ping intensity, timeliness or. gross
returns per hectare. Money can
‘usually be much better Spént on ari-
mal traction equipment, improved
seeds, fertilizers, and other high-
return inputs,
However, there are two situa-
tions where tractor power can be
justified:

® Animal-drawn equipment may
not be sufficient to meet the
product ion needs of the inter-
mediate farmer whc has about

5-20 ha of land, In this case,
small horsepower equipment may
be very suitable. The Inter-
national Institute for Tropi-
cal Agriculture (IITA) farming

- —_Systems program has developed
a 5 hp gasoline-powered multi-
purpose equipmemt unit that
can plant field crops with a
two-row, "punch' planter, haul
500 kg in a trailer, and con-
vert to a walk-behind tractor
for rotary tillage, ridging,
brush slashing, and plowing
rice paddies. Other types of
low-horsepower units are
available frow other manufac-
turers.,

The small farmer can Ssome-
times benefit by hiring trac-—
tor work on an as—-needed -
basis during peak periods

when his normal labor Supply
is insufficient to meet
demands.

Basic Tillage

Equipment for
:Plowingand

Harrowing

Hand Implements: Heavy duty

digging hoes can be very effective
for small areas. In Kenya, for

example, nearly all small holdings
are prepared this way, although an
average family cannot handle much
more than 0.5 ha with this method.

In a wer-dry climate, most land
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A digging hoe and a-
heavy duty hoe. blade.

preparation takes place when the
soil is hard and dry, which poses
added obstaces for hand tools.

Some extension services recommend
that land be prepared at the end of
the previous wet season before the

"soil dries out. However, this is

not always possible due to standing?

crops.

Wooden Plow: Designs of
wooden plows go back many centuries.
They often are animal drawm, and
some have a metal tip. They do not
invert the soil or bury crop resi-

dues but basically make grooves

. more than other equipment.

One common type of wooden plow.
Most of them have metal tips to
reduce wear.

through the soil. Their effective-
ness depends a lot on soil type and
moisture content. IThe grooves they
make also can serve as seed and fer-
tilizer furrows.

Moldboard plow: This is the

idea} plow for turning under grass,

green manure crops, and heavy crop
residues such as chqpped—up maize
stalks. It also buries weed seeds
deeper gnd damages ‘perennial weeds
Mold-
board plows are available in animal-"
drawn -models (usually just one plow

bottom) and tractor models (usually-




moldboard ‘

plowshare —

A moldboard plow. The
moldboard section is
curved so .that it turns
over the soil slice that
is cut by the plowshare.

two to six bottoms). Depending on
plow size (width of the moldboard as
viewed from the front or back) and
soil condition, they éillzpenetrate
to 15-224cm. . -

| Unless equipped with a spring
trip device, moldboards do not
handle rocky soils well. They are
not as well suited to drier areas as
disk plows. iihey also encounter
problems in gticky clay soils and
may form a plow pan (a thin com-
pacted layer that can hinder root
growth) if used at the same depth

year after Yyear.

”

H

‘Disk Plow: Better suited than
the moldboard to hard, clayey, rocky

or sticky ground, but does not bury
residues as effectivély. This is an
advantage in drier areas where sur-
face residues reduce wind and water
ercsion and cut down meisture evapor-
ation. Disk plows are not recom-
mended for peanut gfbuna where South-
ern stem rot is a problem, because.
surface plant_residues harBor the

spores. They also will not do an -

.effective job turning under grass

scd. Disk plohs are mainly avail-

able.in tractor-drawn models. 'Uplike

moldboard plows, they are less likely
to form a plow-pan f used at the

same depth year after year.

Ridging Plows (Lister Plows

or "middlebreakers"). These basically con-

sist of a double-sided moldbeoard

that throws soil both ways. ® This -~
| 4

®

will produce a series of alternating
furrows (trenches) and ridges when’
operated over a field. Depending on
the climate and soil, the crop is
either planted+in the furrows (in
low rainfall areas with ne érainage
problems)’ or oniﬁop of the ridges.

(in high rainfall areas or rthose
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A rldging plow or -
middlebreaker for making
raised beds or ridges

v

“with drainage problems). Such
furrow planting is advantageous in
o

drier areas foxr cereal crops, since
it conserves m:};\yre. Soil is
thrown into the row as the season”
progresses for weed control,_ and
fhis alge'sets the roots d;;;~into
the soil, where moisture is’ more
adequate, Sucﬁ furrow planting is
not recommended‘for peanufs and
often not for beans due to increased
root rot and stem rot problems.

Rctotillers (rotovators):

' These are available in tractor-powered

-

1

. models. They throroughly pulverize

the soil and partially bury crop

residues. Heavy duty models cgn be

"used for a once-over complete till-

e
age job. The disadvantages are

that .power requiremgnts are very .

high and the soll can be easily’

overworked with this lmplement.

~.In fact, rototil%?rs do 2 far more

thorough job of - seedbed prepara-
tion than is needed for the refer-
ence’crops and are best used for

vegetaSIé ground. , -

A rototiller or rotavator.
Note -the revolving blades
under the hood behind the
wheels.

-
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‘Disk Harrows: 1Disk harrows

failure unless regularly greased.

are.commonly used after plowing to Large, Eeavy duty versions pulled

‘_break up clods, control weeds, and by tractors are often called Rome

smooth the soil before planting. plows and can sometimes substitute

They are also used to chop uf for plowing. The gangs of disks

bqarée crop residues before plowing are offset to the direction of

(qapecially if a moldboard or disk travel so that they cut, throw, and

plow will be used), but heavier
models with scallpped disks (disks

loosen the top 7.5-15 cm of soil but

pack down the soil immediately

with large serrations).are most below that. Repeatedly harrowing

effective for this pufpose. Both a field 6r10r to planting can
adimal and tractor-drawn models actually leave it harder than

. are available but they are expen- . before plowing.if done -when the
-sive and prone tg frequent bearin soil is moist. o .

. - -

/ . . . - .
Spike-Tooth Harrows: These consist

of a metal or wood frame_stuaded with
pegs or spikeg; extra weight in the
form “of stones or logs may be needéd
under some conditions for maximum
effectiveness. They are used to
smooth the'geedﬂed and break up clods
{at the right moisture content)’, and
are especially suited for killing
small weed segdlings that may émerge

before planting. . -

Spike;;ooth'harrows are made
in many widths ‘and are classifli‘.ed-
by weight and the length of the

tines. In some cases, this type of

1
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~available,

Two models of a spike~tooth harrow _ ...

harrow can be run over the actual
crop ro&g from several days after
planting up until the seadlings are

a few centimeters tall to control
early geminating weeds or to break

up any soil crusting. Spike-tooth
harrows will clbg up if trash is

left on the soil surface.

- These
have tines made from spring steel that

Spring-Tooth Harrows:

dig, lift, and loosen the top
7.5-10.0 cm of soil, break up clods,
and smootﬂ out the seedbed. Both
animal and tractor-dfawn'models are

They are not suited to
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-~ A"spring tine harrow

hard or trashy ground but handle

stones well.

Field Cultivators:
similar in appearance to chisel plows,

These are

but usually are not as built as heavy.
They can be used for initial tillage
on ground with little surface resi-
due, but are mainly used as a secon-
dary tillaééuimplement for weed con-
trol: Most models are designed for
tractor use.

(Additional information on the
use of animal-drawn equipment can be
found in Animal Traction, U.S. Peace

Corps Appropriate Technologies for
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Development Manual Series #12, by
Peter Watson, 1981.)

Seedbed Shape

The best seedbed shape depends
more on the climate and soil involved

than on the particular reference crop

_Flat Seedbeds: This shape is used

where soil moisture is adequate for crop

growth and where there are no drainage prob-

lems. Under such conditions, the
reference crops are often planted on
a flat seedbed and then "hilled up"
with soil (soil ig moved into the
crop row and mounded around the
plants) as the season progresses to
control in-row weeds, provide sup-~

port, and improve drainage. 1In warm,

humid areas where stem rot is a prob-
lem: this practice is not.recommended
fﬁr peanuts.

Raised Seedbeds (Ridge or Bed
Planting); Under heavy rainfall and/

or poor drainage, the reference crops
areusually planted on ridges or

raised beds to keep them from getting
“sot feet". This also helps minimize

soil-borne disease problems like root
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Beans grown on raised beds

rct 5 and helps control water erosion

if the ridges are tun on the contour.
Water infiltration is encouraged ana run-
off minimized. In addition, ridge planc-
ing makes for easier entry of digging
equipment yhen peanuts are harvested.
Pinally, more topsoil is provided for
The

main disadvantage of ridge planting

is the accelerated loss of soil mois-

crop growth under this system.

ture from the mounds--normall¥ not a
serious problem in wet areas except
during dry spells. 1In drier areas
mulching would be beneficial, . In

regions where the wet season starts




Land leveling with a board

out slow, the crops may be flat-
planted Lnd then later "hilled up"”

as the r%ins incxease. Furrow irriga-

tion always requireé ridge planting.

Fdrrow Planting: Under condi-

tions of [low rainfall or poor sbil
water-holding capacity (i.e., sandy
soils), c%opé are often planted in
the furro* bottom between ridges
where éoii moisture is greater.
can then Be thrown into the furrows
td control in-row weeds and improve
drainage 61f rainfall picks up) as
| This type

of sunken planting is not recommended

crop growth progresses.

Soil

@&

for peanuts in moist areas, since it
encourages stem and root rots, parti-
cularly if soil is thrown into the
row.

Note: Local farmers usually .

have good seedbed experience, so

beware of tampering with time-tested =~

methods without first conéidering
all the angles and running some
trials.

Equipment for Seedbed Shaping

Flat seedbeds usually require

no special efforts beyond plowing
If addi-
tional land leveling is required,

and possibly harrowing.

the smal. farmer without access to
special tractor~-drawn leveling equip-
ment can do a satisfactory job drag-
ging a heavy board hitched to two
draft animals ove? the field.

Ridges or beds can be made
with digging hoes, special ridging
plows (see tillage equipment section)

or tractor-drawn disk-bedders (roll-

ing disks arranged at opposing angles
to throw soil up to form beds). The
crop can be planted eithé;sqn top of
the ridges or in the furrows, depend-

ing on the soil and climate.

w
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Summaly of

Land Preparation
'Recommendations for
‘The Reference Crops- -

locat
with

Land preparation is a very
ion~-specific practice varying

climate, soil type, crop, man—

agement level, and available equip-

ment.

the p

choos

The following is a summary of
rincipal factors involved in

ing the most feasible and appro-

priate land preparation method and

seedbed shape for the reference

crops:
1.

Seedbed Fineness (thorough-
ness of preparation)

e Maize's large seeds and spilke-
like emergence gives it the
best clod-handling abilicy of

-~ the reference crops.

e Rough (cloddy) seedbeds dis-
courage weed growth_ and
reduce erosion caused by rain
or wind; they also increase
water retention by cutting
"down water runoff.

The referénce crops kan toler-
ate a rougher seedbed when
planted by hand than when

-

typicai mechnical planters
are used.

To cut down on soll compaction
and other effeces of over-
working the soil as well as
to reduce labor, machinery

- and” fUé1 costs, it 1s best to
" use the minimum amount of

tillage consistent with ade=-
guate seedbed preparation.

Tillage Depth

There 18 seldom any advantage
to plowing deeper than 15-20 cm.

Shallower plowing may be advis-
able in drier areas to reduce
wind erosion and moisture
losses.

Crop Residue Management

Leaving crop residues on the
s0ll surface 1s especially
advantageous in drier areas
since it reduces wmoisture
losses and wind erosion. 1It. ~
also reduces erosion due to
rainfall and increases water
retention.

When growing peanuts (and
sometimes beans), complete
residue burial is usually
recommended where Southern
stem rot (Sclérotium) is a
rroblem, since the disease
ran incubate on surface plant
residues.

With the other reference

crops, surface residuves may
sometimes aggravate certain
insect and disease problems.
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4. Suitability of Equipmeht

s The moldboard plow 1is the
most effective implement for
burying crop residues and

__grass sod.———— - -

e A disk plow is better suited
than the moldboard to hard,
clayey, rocky or sticky ground
but does not bury residues or
grass sod effectively.

e Chisel plows are best sulted
to lower-fainfall areas and
leave trash on top of the
soll. They are fairly inef-
fective on wet soils.

e Disk harrows handle clods
better than spike- (peg)
tooth and spring~-tooth harrows
but are more costly and prone
to repair problems.

5. Seedbed Shape

s Ridge planting 1s recommended
for all .the reference crops
under high rainfall or poor
drainage.

e Flat planting 1s best syited
to soils with good drainage.
However, soll can be mounded
into the crop row as growth
progresses to control weeds
and improve drainage if rain-

* fall inrreases.

# Furrow planting is best suited
to low rainfall areas since it
conserves moisture.

e Peanuts and beans are espe-
cially susceptible to root
rots favored by excess mois-
ture. They should be either
flat-planted or ridge-planted.
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S‘eéd Selection "~

Factors Affecting
Variety Selection

The selection of a locally-
adapted variety with good yield
potential and acceptéble grain
characteristics is fundamental to
successful crop produétion. There
are several important variety-

related characteristics that should

be considered when selecting seeds:

1. Yield potential: This 1is related
to inherent natural vigor and
other characteristics listed
below.

. Time to maturity: Varieties
fall into three general matur-
ity classes: early-, medium-~
and late-maturing (when grown,
under similar temperatures).

" Early varieties produce a
crop more quickly, but yields ~
may be about 10G-15 percent
lower compared with slower-
maturing types if both receilve
adequate moisture. However,
early varieties are especi-
ally well syiced to short

123




d

----;Since-temperatiire has a

rainy seasons or sequential
cropping.

strong influence on a var-~
iety's actual length of grow-
ing period, some countries
like the U.S. are now labeling
maize varieties in terms of
the growing degree days (total
heat units) required for matur-
ity rather than calendar days.

3. Elevation adaption: This has

to do with a variety's time
to maturity and growth abil-
ity at different elevations
and temperatures. In regions
with pronounced variations

in elevation such as Central
America, the Andean countries,
and Ethiopia, maize and sor-
ghum varieties are classified
according to their elevation
adaption (i.e., 0-1000, 1000-
1500, etc.); 'a similar system
may also be used for beans and
other pulses. '

4. Heat or cold tolerance: Var-—.

jeties vary in their toler-

ance Lo excessive heat or
cold. '

5. Drought tolerance: Even varie-

ties within a crop can vary
considerably in this respect.
In a 1978 International Maize
and Wheat Improvement Center
(CIMMYT) maize trial, a var-
iety selected for drought tol-
erance outyielded the best
full-irrigation variety by 64
percent under conditions of
severe moisture shortage.
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6.

— . _to.insectsy-discases;and

Resistance (parfial tolerance)

nematodes, as well as to bird
damage and soil problems such
as excessive acidity and low
phosphorus levels. Reference
crop varieties can differ con-
siderably in their tole -ance
to these problems, whicu are
some of the major concerus of
plant breeding work.

Resistance to lodging also is
an important consideration in
selecting a maize varigty.

Growth habit and other plant
characteristics: For example,
bean varieties can be bush,
semi-vining or vining in their
growth habit; millet varies

in tillering ability and sor-
ghum in its ratooning poten—
tial (see page 55).

Plant height and the ratio of

leaf and stalk also varies
with variety.

-Daylength'sensitivity (photo-

sensitivity) varies markedly
among sorghum aud millet var-
ieties (see page 45),

Seed color, shape, size, stor-
ability, etc.
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Traditional
Versus Improved
Varieties

In selecting a variety, it is
important to understand the differ-

ences between traditional varieties,

hybrids, synthetics, and other

improved varieties.

1. Traditional (local) varietics:
They tend to be relatively
low~ylelding but are usually
hardy and have fair to good
resistance to local insect and
disease problems. However,
most are adpated to low levels
of soil fertility and manage-
ment and often do not respond
as well as improved types to
fertilizer and other improved
practices. Native varieties
of maize, sorghum and millet
tend to have an overly high
ratio of stalk and leaves to
grain, but this may be an
advantage where livestock are
important. '

Despite certain disadvantages,
local varieties may be the
best choice in some situations
During the first years of the
Puebla maize project in Mexico
(see page 80), some of the
local vafieties consistently
outyielded anything the plant
breeders could come up with.

A hybrid 1s a type of 1mproved
variety produced by crossing

crop. This is relatively

easy to do with malze and sor-

ghum, and a number of hybrids

" are available to these two

crops. Hybrid development in
peanuts, beans and the other
pulses has proven more diffi-
cult, and they are not yet
generally available. Millet
research 1s still at too early .,
a stage for hybrids to assume
much 1lmportance.

When grown under similar con-

ditions, an adapted hybrid may out-
yleld the best adapted, normally~pro-
duced varieties by 15-35 percent,

but not always.lgDespite these pos-
sible yield benefits hybrids have

several diéadvantages:
s Unlike naturally produced vari-

eties, the seed harvested from
a hybrid should not be

" replanted by the farmer. If

reseeded, a hybrid begins to
degenerate and revert back to
the original (and usually less
desirable) lines from which it
was developed. Yields wmay
drop ‘as much as 15-25 percent
each successive crop. Many
small farmers lack the incli-
nation or the money to buy

new seed for each planting
unless speclal arrangements
and educational efforts are
made.

Hybrid seed may be several
times more expensive than that
of other types.
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° Hybrids_reqdire_gpod manage-

ment or they may not yleld
much more than other types.

Hybrids show a narrower range

of adaptation to different arow-—
ing conditions than other vari-

eties; this makes finding a
suitable hybrid more difficult.
It 1s estimated. that 131 dif-
ferent hybrids had to be
developed to suit varying
maize growing conditions in
the U.S. '

Synthetics are improved varie-
ties that have been developed
from cross-pollinating lines
(naturally pollinated with no
purposeful inbreeding as in
hybrids). These lines are
first tested for their combin-
ing ability and:then crossed
in all combinations. Synthe-
tic varieties often yield as
well as hybrids under small
farmér conditions and have
several advantages over them:

They have greater genetic vari-
ability than hybrids, which
makes them more adaptable to
different growing conditions.

The seed éosts less than that
of hybrids.

Unlike hybrids, seed har-
vested from a synthetic can
be replanted without loss of
vigor as long as farmers are
willing to select it from the
plants with the best charac-
teristics.

. Varieties improved through

mass selection: This is the
most elemental form of varie-
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tal improvement and consists
of natural crossing between
lines with no attempt made to
test for combining ability
(as with synthetics) and con-
tinually selecting seed from
plants showing the best com-
bination of desirable char- -
acteristics. While ylelds
may not be as good as those
from hybrids or synthetics,
the seed is cheaper and also
can be replanted.

Guidelines for
Selectin;

Quality Seed

by “the
1.

Seed quality can be influenced

following factors:

Varietal purity: Farmers who
use thelr own harvested seed
for replanting can be reason-
ably assured of varietal pur-
ity, especilally with crops
that are naturally self-pol-
linated (millet, sorghum, pea-
nutes, cowpeas, beans, and
most other pulses). Since
maize 1s cross-pollinated,
there is opportunity for "con-
tamination" from other nearby
maize varieties. This can be
ninimized by selecting seed
for replanting from the inner
part of the field.

Commercially available seed
way or may not have good vari-
etal purity, depending on its
source and the country's com—
mercial seed standards. In
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2.

. guarantee,

some areas, certified seed is
available with guaranteed
genetic purity and tested
germination.

Germination and vigor depend
largely on the seed's age

and the conditions under

which it has been stored.

High temperature and humidity
as well as insect damage (wee-
vils, etc.) can drastically
reduce both germination and
vigor. Certified seed is
usually labeled with a tested
germination percentage, but
post-tested storage conditions
can make this a worthless

You should encour-
age farmers to run their own

germination test (see page 121)

before planting any seed,
regardless of source.

Visual traits: Mold,

insect damage, cracking, and
shrunken or shriveled seed
medn trouble.

IMPORTANT NOTE: Beans, soy-
beans and shelled peanuts are
very susceptible to damage
from rough handling of dry
seeds i harvesting, process-
ing, and shipping. Dropping
a sack of beans on a cement

-floor is enough to harm them.

Both the seedcoats and seeds
crack very easlly; careless
handling can also cause invis-
ible damage. In both cases,
these injuries can lead to
stunted, malformed seedlings
lacking in vigor.

Impuritieg such as weed seeds;

These are more of a problem in

S
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crops with small seeds like
millet and sorghum, where
separation is more difficult.

5. Seed-borne diseasea: Some dis-
edses like anthracnose may
show visible symptoms on con-~
taminated seed, while many
others do not.
if grown under the proper pro-
cedures of inspection and
roguing (eliminacion of dis-
eased plants), 1s free from
certain seed-borne diseases
and 1is eapecially recommended
for beans when available.
Some common fungal diseases
are carried mainly on thesseed
coat surface and can be con-
trolled by dusting the seed
with a fungicide; others (espe-
cially viruses) are internal
and have no control (see page
250).

How to Select
Home Grown Seed

Most farmers not using hybrid
will set aside some of their har~
vested seed for replanting future
crops. This is fine as long as the’
variety is suitable, storage methods
are adequate, and seed-borne dis-

If the
guldelines below are followed,-the r

eases are not a problem.

farmers actually may be able to

improve the varieties they are using

1 3,3

Certified seed,




or at.least prevent a decline in
their performance:

1. Seed selection should start
while the crop 1s still grow-
ing in the field: Most farm-
ers wyait until after harvest
to select seed for replanting
and go largely by seed or ear
‘'size. Selecting malze seed
frow the largest ear's may have
lictle, 1if any, value. This
is because the ear's size may
-be due less to the plant's
inherent genetic ability than
to environmental or management
factors like fertility, plant
density, and available mois~
ture. '

2. When selecting plants as
potential seed sources, keep
in mind the important plant
characteristics that favor
good vields:

4, Additional guidelines for
maize: When choosing among
good ears after harvest, phy-
sical differences like the
number of kermel rows, kernel
size, and filling of the tips
and butts of the cob are rela-~
tively useless as indicators
of yield potential. However,
the very small, misshapen
- seeds -at the extreme ends of
the cob should be discarded.
Check. also for uniformity of
kernel color and for insect

- damage.

How to Conducta
Germination Test

Farmers should be encouraged

to run a germination test on seed

before planting, regardless

e —————eGetieral ; Resistance to disease, source. The same holds true for

insects, drought and nematodes;
general plant vigor, ratio of
stalk and leaves to grain, and
time to maturity.

Maize: Resistance to lodging,
extent and tightness of husk
covering (for insect, bird, and
water resistance), and number
of well-formed ears per plant.

When selecting maize plants,
make selections from well
within the field to avold pos-
sible cross~pollination, so
this is not a problem with
them. -

Mark the selected plants with
cloth or stakes.

extension workers receiving ship-
ments of improved seed. Germination
figures thgt appear on seed labels
can be inaccurate even if the tests
were conducted fairly recently.

Warm, humid conditions in the' tropics
can rapidly lower the germination
rate. To run the test:

e Count out 100 seeds and plate-
them on top of several thick-
nesses of moist newspaper.
Spread them out enough so you
can distinguish which ones
have germinated. °
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® Carefully roll up the moist

' newspaper so that the seeds
remaln separated from each
other and stay pressed -
against the newspaper. Place
in a plastic bag or periodi-
ally re-moisten the newspaper
to keep 1t froom drying out.

Sprouting time will vary with
temperature, but you should be
able to get a good idea of
germination within three to
five days unless it is unusu-
ally.cold. Good seed should
have a germination rate of at
least 80-85 percent under
these conditions. Up to a
point, you can compensate for
low germination by planting
more seed, but below a rate
of 50 percent or so seedling
vigor may suffer algo.

It is a good idea where pos~
sible to supplément this type of
test with an actual field test,
since soil conditions are not usually

as ideal. Plant 50-100 seeds, keep

the soil moist enough, and then
count the emerged plants. If
germination is very much lower than
with t@g newspaper method, do some
troubleshooting to see 1if insects or

seeds may have caused problems.

The Goals of
Successful Planting

]

When planting, farmers must

accompligh four objectives in order
Lo promote good crop vields:

1. Attain an adequate sgtand (pop-
ulation) of plants. This
requires seed with good germi-
nation ability, adequate land
preparation, sufficient soil
moisture, correct planter cali-
bration (adjustment) if mecha-

" nical planters are used, proper
prlanting depth, and control of
so0ll insects ahd diseases
that attack seeds and young
seedlings. In some areas,
birds and rodents also cause
problems.

Attain the desired plant spac-
ing both in the row and
between the rows. :

Observe timeliness in land
preparation and planting.

The right time to plant
depends on the crop’s charac~ |
teristics (i.e., peanuts
should be planted so that har-
vesting will be likely to
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occur during reaaonably dry
weather), the onset of the
rains and overall rainfall pat=-
tern, the influence, 1f any,

of planting date on insect and
disease problems such as aor=-
ghum head mold.

Use the right CEype of_ggedbed
for the particular crop, soil,

and climate (see page _ ).

Planting Methods
And Equipment

. Hand plunting with a planting

stick, hoe or machete: This
is the most common method used
by small farmers inthe devel-
oping world.

Advantages

# Equipment costs are negligible.

¢ Less thorough seedbed prepara-
tion is needed than for most
mechanical planters. The
farmer who hand plants can
push large clods out of the
way while walking down the

row or can plant directly inteo
untillel soil.

Disadvantages ‘

e Time and labor requirements

are high: it takes three or
four person-days to plant a
hectare by hand.

" @ When hand planting, farmers

usually put several seeds in§ _: <
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each hole and space the holea
rather far apart, partly to
save labor. This practice

can often reduce yilelds by
resulcting in too low an over-
all seeding rate and too much
competition among the plants
that emerge from the same
hole.

Img;ovemencé in Hand Planting

Hand-operated, mechanical
"punch” or "jJab” planters are
available that make the plant-
ing holes and drop 1in the

seed in one movement (the seed -
is gutomactically metered out
from a reservoir). They are
operated like an ordinary
planting stick (jabbed or
punched into the ground) but
are much quicker and are also
very usePul for filling in ary
"skips" (vaczncies) in larger
fields. A hectare of maize

can be planted in 15-20 person-
hours. The farming systems

program of IITA in Nige;?p

I

has designed a very succ#ss~
ful punch planter suitalbile

for planting maize, sorghum,
cowpeas, bears, and 86¥beans

into untilled ground. It is
also capable of planting
through’a dried-mulch. The
IITA punch planter can be
builc in. a workshop with
access to metal shears (no ~.
welding 1is needed). (Write
IITA for plans.) Other types
of punch planters are avail-
able commerciadly in some
countries.




&8

e Hand-pushed flanters: Most

models require a fairly loose
clod=-free seedbed for .satis-
factory operatiott. Hower :r,
IITA’s farming systems pro-

~ gram has designed a very efiec-

tive rolling punch planter
(;alled a otary injection
planter, see illustration)

that can be built in any work-

shop with welding and metal-
shearing capabilities and is
being dgnufactured by Geest
Overseas’Mechanization Ltd.,
West Marsh Road, Spalding,

. Lincolnshire PE11-~2BD, England

(price is about $225 U.S.).

The rotary injection planter ¥’

uses the game principles as
the hand punch planter, but _
has six punch-injection:
devices on a rolling wheel
Plus a following press wheel
to firm down the seed row.
The standard design produces
a seed spacing of 25 cm, but
alternate rollers can be made
for different -spacings. The
rotary 1injection planter is
also available as a four-row,

hand-pulled model for planting

direct-seeded rice.

Hand Planting into fuirows
made with an animal- or
tractor-drawn implement: A

-t

wooden plow, cultivator shank
or other implement can be used
to make seed furrows 1in

plowed ground. If certain
precaiitions are followed, the
fertilizer can be placed imn
the same furrow (see page 157).

L

e Reasorably parallel crop rows

are required 1f weeding is to
be done,with an animal- or
tractor-drasm cultivator.
Farmers can easily construct-

-a parallel row "tracer™ con-

sisting of a wood or ‘bamboo
frame with hardwood or steel
teeth for marking out rows.

(A design for this handy imple-
ment.can be found in the Peace
Corps' Animal Traction manual.)

improved seed-spaclng accuracy
can be achieved by running a
rope or chain down the row k

.with knots or paint marks to

indicate the proper spacing.
Otherwise, farmers commonly
make large errors in spacing
whery using planting sticks or
dribbling out seeds into a
plowed furrow. :

Animal=- and tractor-drawn mech-
anical planters are available
in many different models. A .
farmér using .a one-row animal-
drawn planter can sow‘about
1-1.5 ha in a day and about

5-8 ha using a. two-row tractor- -

drawn planter.

Here are’ some. important con-
slderations concerning these
types of planters: '

Most mechanical planters
require a more-thproughly pre-
pared seedbed than 18 meeded
for hand planting. Some mod-
£1s have special soil openers
that permit satisfactory.,
operation in. hard or cloddy
solil.

A
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An animal-dravm nlanter
~with a separate hopper
for banding fertilizer

The rolling "punch"
planter developed by
IITA and now manufac-
tured commercilally.
It also can be built
in a workshop.

A hénd-pushed fertilizer band appli-

"The IITA designed hand-operated ' cator. This model places the fer-

# "jab" or "punch" planter, which can tilizer below the soil surface,
be made in a workshop. The attached which is essentlal for phosphorus—
metal bracket firms the soll over .  bearing fertilizers. The attachment
the seed and spaces the next seed at the left is used to close the

insertion. furrow but usually is not needed.
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® The farmer must be qble to
calibrate (adjust) the planter
s0 that 1t drops the seeds at
the correct intervals along’
the row (see page 135).

e Some models have attachments
for applying fertiliZer in a
band beneath the soil and
slightly to the side of the
seed row. This 1s an espe-
clially effective method for
fertilizers containing phos~-
phorous,

Farmers using planters without
fertilizer applicators will
often broadcast the fertilizer
and plow it under before plant-
ing or leave it on top of the
ground; this should not be

done with fertilizers contain-
ing phosphorus! Farmers buy-
ing mechanical planters should
be encouraged to purchase a
fertilizer attachment 1f avail-
able and effective. (NOTE:

The applicator should not drib-
ble the fertilizer on top of

the ground or place it in
direct contact with the seed.)

Plant Population
AndSpacing

Both plangﬂpopulation and
spacing affect Ehe yvields of the
reference crops, and extension work-
ers should understand the relation-

ships.
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Plant Population gnd Its Effects on

Crog Yields

e Up to a point, crop yields
will increase along with
increases in plant population
until the competition for sun-
light, water, and nutrients
becomes too great.

o Excessively high populations
will reduce vields, encourage
diseases, and seriously
increase lodging in maize,
sorghum and millet by promot-
ing spindly, weak stalks.

e Excessively low plant popula- .
tiofis will cut ylelds due to
unused space and the limita-
tions on maximum yleld per
plant.

e Under most conditions, changes
in plant population will not
affect ylelds as much as
might be expected. This 1is
because most crops have a
good deal of built-in buffer-
ing capacity, especially if
the population is too low.

In this case, the plants res-
pond by making yield-favoring
changes such as increased
tillering (millet, sorghum)
and branching (peanuts, other
pulses), more pods or ears
per plant or larger ears or
grain heads. In maize, a
plant density that is 40 per-
cent below the optimum for
the given conditions may lower
ylields by only 20 percent.

e Plant population changes have .
a more pronounced effect
under conditions of moisture
stress.
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What 18 the ideal plant_ population?

There 1s no easy answer to this,
because the optimum plant density
depends on several factors:

¢ Type of crop and variety:
Because of differences in
plant size and architecture,
crops and their varileties
vary in their tolerance to
increasing plant populations.
For example, early maturing
maize varieties are usually
shorter and smaller than later
maturing ones and therefore
may benefit from higher plant
densities. Beans and cowpeas
rospond well to populations
three to four times higher
than for maize due to their
smaller plant size and a
growth habit that favors bet-
ter light interception.

# Available soil moisture: The
optimum plant population den-
sity varies directly with
rainfall and the possibility
of molsture stress. Plant
population has a stronger
effect on ylelds under low
molsture conditions than
when molsture 1s adequate.
This 1s because increased
populations also increase
water use, although plant

spacing can make a difference.-

This is particularly true for
maize and sorghum, because
yields can be significantly
reduced by relatively small
increases in plant population
when grown under molsture
stress,
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‘other growing operations,

® Available nutrients: Adequate
soll fertility is especially
essential with high plant
populations. In fact,
fertilizer response 1s often
disappointing when plant pop-
ulations are too low for the
glven conditions. In fact,
this 1s one of the main rea-
sons that small farmers often
do not get their money’s -
worth out of fertilizer. An
ear of mailze can only grow so
big, and even high rates of

. fertilizer can not make up for
too few ears produced by a
small number of plants.

# Management ability: High pop-
ulations require more soil
fertility and moisture as
well as better overall general
management .

Plant Spacing and Tts Effects on Crop
Yields

The reference crops are row
crops for some very good'ggasons. A
. b3
row arrangement permits quicker and

easler weeding and facilitatés most

Row crop-
ping with its handy space for equip-
ment, animal, and human traffic
allows for ease of mechanization and
handling, no matter what the level of
sophistication. Distributing a given
plant population over a field involves

both plant spacing within the row and
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the distance between the rowa (row
wideh).

Plant spacing within the row:
The number of seeds that need to be

planted per meter or foot of row
length depends entirely.on the plant
population and row widths that have
been chosen according to recommenda-’
tions. The main concern then becomes
whether hill planting or drill planc-
ing should be used.
mechanical planters drop seeds out

Small

In drill planting

one at a time along the row.
farm~rs who hand plant their crops

usually use hill planting, sowing

several seeds per hole and spacing
This

reduces time and labor and also may

the holes rather far apart.

" improve seedling emergence under
crusty soil conditions, but 1t may
lower ylelds somewhat because of ilnef-

ficent use of space and increased com-

. petition between the plants within a
hill for sunlight, water, and nutri-
ents.

Row Width: Space between rows
is determined by the type of equip-
ment used as well ;s by plant size or

“spreaa". The use of tractor- or
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animal-drawn equipment requires more
space between rows (wider row widths)
than when only hoes and backpack
aprayera are used. Beaﬁs can be
spaﬁed in narrower rows than maize or
other tall crops and atill be weeded
with an animal-drawn cultivator with-

out knocking the plants down. Row

width influences crop yields in four

ways:

o As roy width is narrowed, the
plants can be spaced farther
apart within the row and still
maintain the same population.
Up to a point, this makes for
better weed control due to
earlier and more effective
between-row shading by the
crop.

e Narrower rows allow for higher
plant populations without over-
crowding.

e As iow width is widened, plants
have'to be crowded closer
together within the row in
order to maintain the same
population. This may lower
yields. :

Should the use Af narrower rows be

encouraged? Heré are some things to .
consider:

1. Switching from 100 c¢m to 75 cm
rows 1In maize and sorghum may
increase ylelds by as much as
5-10 percent when total plant
population 1s kept constant.




When grown alone, bush beans

- and bush cowpeas are ususally
planted in narrow rows (45-60 cm)
by most small farmers. Under
good management and yields,

most studies have not shown

much advantage to reducing
peanut row width below 75~-100 cm.
Given the marginal moisture
conditions under which millet

ls grown, row widths lesg than
75-100 cm are unlikely to be
advantageous. '

Row width and moisture ase:
Although narrower rows cut
down water evaporation from
the soll gurface because of
earlier and more complete soil
shading, this 1s often negated
by increased plant water use
(transpiration) due to better
leaf exposure to sunlight.
Under low moisture conditions,
plant population has a much
greater influence on water use
than row width.

It is doubtful that a 5-10
percent yleld increase will
have much of an influence on
small farmers whose yilelds
are fairly low. Even 1if
ylelds are good, switching to
narrower rows may cause more
problems than it is worth:

Narrow rows cost the farmer
more in terms of time, seed,
and pesticide. That 1is
because the narrower the row
width, the greater the total
amount of row length per hec-
tare ‘or other land unit, since
there are simply more rows to
deal with. :

e If tractor—drawnsequipment is
used, overly narrow rows may
increase plant damage from
tractor tires and passing
equipment as well as increase
soll compaction near the row
zone. If several crops are
being grown under tractor
.cultivation, it is more con-
venlent to settle onh a stan-
dard row size rather than be
constantly readjusting tire
spacing, tire size, and cul-
tivator tine spacing. Remem-
ber, too, that row width must
be kept wide enough to permit
tractor cultivation (weeding).
This cannot be done by rely-
ing solely on herbicides!

Summary of Plant
Population and
Spacing Studies
Conducted with the
Reference Crops

MAIZE: Overly high populations

cause increased lodging, barren

stalks, unfilled ears, and small ears.

Dry, husked ears welghing more than

270-310 g indicate that plant popula-
tion was probably tooc low for the
conditions and that yields might have
been 10-20 percent higher. - Ear size
of prolific (multiple-ear) varieties

will not vary as much with changes in
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plant density as will single-ear vari-
eties;.rather the number of ears per
plant will decrease as density

increases.

Hill versus drill planting:

Numerous trials with maize have showm
yield increases of (0-13 percent when
drill planting (one seed per hole) ~
was substituted for hill planting at
two to three seeds per hole. How-
ever, lodging appears to be more of
a problem with drill planting. Farm-
ers who are hand planting four to six
seeds per hole should be encouraged‘
to switch to two to three seeds per
hole and space the ﬁoles close

enough together to achileve the

it 1is

doubtful that switching to drill

desired plant population.

planting is worth the extra labor
involved under hand planting.

Under adequate moisture and
fertilicy, optimum plant populations
vary from abouc 40,000 to 60,000

per hectare. Plant size, management,

fertility, and the varietiy's toler-

ance to plant density and available

moisture must be. considered when mak-

ing population changes. Studies also

show that overly'high populations

have a'negacive effect on maize
ylelds when moisture 18 low.
SORGHUM: Optimum plant popu-
lation varies markedly with avail-
able water, plant height, tillering

ability, and fertility.
eties that tiller weli, pilant popula-

In vari-

. tion 18 less important than with

~malze since the plants can compensate

for overly low or high populations by
varying the produécion of side shoots.

In West Africa, the improved
long-season photosensitive and the
improved short-season non-sensitive
varieties are sown at the rate of 40,-
000-80,000/ha under good management;
the dwarf photosensitive, long-season
varieties are sown at rates of 100,-
000/ha or more. |

All the above populations are
based on monoculture.

PEARL MILLET:
millet is planted in hills usually a

In West Africa,

meter Or more apart; many seeds are
gsown per hill, and thinning .takes
place two or three weeks later.

This involves much hand labor and is

seldom finished before serious com-




ﬁetition has taken place. Trials in
Upper Volta by ICRISAT showed that
. millet germinated best when planted
at many seeds per hill and that hill
Planting outylelded drill planting.
_However, other ICRISAT work in West
Africa showed no difference between
yields from hill and drill plantings.
Population and spacing: In
West Africa, pearl millets of the

Gero type are often Interplanted at
populations of 7500-8500 plants per
hectare with two to three other Crops.
The taller, long-season Malwa types
are sown at 40,000-80,000 plants/ha
when planted alone under good manage-
ment. ' For improved dwarf Geros, popu-
lations over 100,000/ha are recom-
mended.

Most varleties have a strong
tillering ability and adjust them-
selves to varying densities through
changes in tiller production.

Within limits, ylelds are not greatly
affected by plant population changes.

PEANUTS: In parts of West
Africa, peanuts are frequently inter-
planted in combination with sorghum,

millet, and maize. - Because peanuts

are the most valuable, the tendency

1s to keep the cereal population down
to about 3000-6000 hills per hectare
and the peanut deﬁsiéy high at about
30,000 hills per hectare, or about
the same as under sole cropping.

In West Africa, the recommen-—
ded: plant population for improved
varieties grown alone ranges from
about 45,000-100,000/ha.
from 24=36 inches (60-40 ¢cm) and seed

spacing in the row from 15-25 cm.

Rows vary

For the Virginia types populations
of 45,000-60,000/ha have been found
to be optimum, with higher popula-
tions recommended for the Spanish-
Valencia types.

Early studies in the U.S. in
the 1940's and 1950's obtained yield
increases of 30-40 percent by switch-~

Ing from row widths of 90 cm to 45-
60 cm. At that time, however, average

ylelds were relatively low (1550 kg/ha)-

As yields have increased over the

years, the importance of row width has
diminished considerably, and most U.S.
growers are using 75-95 cm widths with

one seed every 10 em, A stand of\one

plant every 15-20 cm 1s felt to be

adequate, but overplanting is needed

to make up for any losses.
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Two new developments may influ- it oécura.‘
ence row widths: 1) smaller-size, Studies by CIAT and the Cen-

dwarf varieties which will not fully ter for Tropical Agriculture,

spread Ouﬁ to cover a 90 cm row width. Research and Training (CATIE) indi-
2) Plant growth regulators like Alar, cate that plant populations for bush

which are internode shorteners {inter- beans in the range of 200,000-250,-

nodes are the spaces between nhodes on 000/ha ‘are also ideal when grown

the stem and branches) which decrease . together with maize.

plant size and are especially suited Trials with climbing beans

to runner types. show that final plant populations of
BEANS: The International Cen- 100,000-160,000/ha are:optimum,

ter for Tvopical Agriculture (CIAT) whe ther grownlalone with trellising

studies in Colombia have shown that or with maize.

bush beans grown alone give highest COWPEAS: In West Africa,

yields in spacings of either 30 cm improved cowpea varieties of the
between rows and 9 c¢m between plants vining type are grown at population
45 cm between rows and 60 cm between densities ranging from 30,090-100,-
plants (equivalent to about 400,000 000/ha in rows 75-100 cm apart.
seeds/hectare). A yield plateau is CHICKPEAS: An ICRISAT study
usually reached around 200,000-250,- showed thgt yie¢lds remained rela-
000 actual plants per hectare, but " tively stable over wide ranges of

stand losses from planting to har- ‘plant density -(4-100 plants per

vest are often in the 25-40 percent square meter).
range, meaning that considerable
overplanting is necessary. High

density plantings also appear to

increase the height of the pods from

the ground, which lessens rotting
problems. However, very narrow rows

-aggrativate Sclerotium stem rot where

-132-

o | S 144




‘Guidelines for
Attaining a

Good Stand and

The Desired Spacing

Eight key factors largely
determine whether a farmer actually
ends up with a good stand of plants
and the right spacing for the condi-
tions:

Seed-germination ability

Percent of overplanting

Planting depth

Seedbed condition (clods, mois-—
ture, etc.)

Seedbed type (flat, furrow or
ridge planting)

Accurate measurement when
hand planting and calibration
of mechanical planters

Soll 1insects and diseases
Fertilizer placement.

Seed-germination ability

Always run a germination test
(see page 121 before planting; good
seed should test out at close to 90
percent. Up to a point, overglantiqg
wlll compensate for lower germination,
but seed testing below 50 percent

germination should not be used since

ous in their early growth.

geedling vigor 18 also likely to be

affected.
Percent of Overplanting

No matter how well the seed
germinates, the farmer should still
overplant to make up for any added
plant losses due to insec;s,'dis-

eases, birds, and weeding operations.

When using good seed, it is usually

- a sound practice to overplant by

15-20 percent in order to assure

the recommended final stand of plants
at harvest. Of the reference crops,
beans, cowpeas and peanuts are likely
to suffer the greétest plant losses
and will usually Genefit from even
higher overplanting. Much depends
on the specific growing conditions.
High rates of overplanting (500 per-
cent or more) followed by heavy hand
thinning are a standard ﬁractice when
field planting small vegetable seeds
like cabbage, tomatoes, and lettuce.

This 1s not recommended for the -

reference crops, since theilr seeds
are larger, hardier, and more vigor-
Labor
and seed costs are excessive with
high overplantiﬁg and thinning.

Millet is commonly thinned in West




Africa after being overplanted

heavily, but this should be discour=-
aged,

’Planciqg_ﬁepth

- Optimum planting depth varies
with the crop, soil type (sandy ver-

sus clayey), and soil moisture con-~

tent. Seeds should be plated deep

. enough so that moisture is gvailable

for germination, but shallow enough
80 that seedling emergence is not

impaired. Local farmers should be

regarded as the ultimate authority
on the’best planting depths, but here

are some general guidelines:

& Seeds can be planted deeper in
gsandy soils than in clayey
solls without reducing plant
emergence,

& Planting depth should be
deeper under low soil mois-
ture conditions.

e Large seeds have more emer-
gence strength than small
ones, but this is also affected
by the seedling's structure.
Maize, millet, and sorghum push
thorugih the soil with spike-
like tips which ald emergence.
Peanuts, beans, and the other
pulses emerge in a much wore
blunt form. .
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Normal Ranges in Plantinngqpchs
for the Reference Crops
Maize: 3.75-8 cm
Sorghum: 3.75~6 cm
Millet: 2-4 cm
Peanuts; Bears, Cowpeas: 3-8 em

Seedbed condition

Cloddiness and soll moisture

will affect. germination. Some soils,

especially those high in silt, tend

to form a hard surface crust when dry
ing out after a rain. This can some-
times seriouslg reduce emergence,
especially for the pulses. If neces-
sary, these crusts can be broken up
with a splke-tooth harrow or other
homemﬁde device;

Seeds should be in reasonably
firm contact with moist soil. Most
tractor-drawm planters have steel or
rubber "press" wheels rﬁnﬁing behind
them to help improve seed and soil
contact. (See page 105 for more infor~-
mation on seedbed preparation.)

Seedbed type

Most _of the crops can be flat-,
furrow- or ridge-planted according to
the particular soil and climaté con-
ditions. Good drainage and freedom

from ponding (standing) water 1is
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especially vital for peanuts, beans,
'

and cowpeas, which are particularly
suscepéible to root and stem rots.
They should be flat-planted where
drainage is good or sown on top of
ridge# or beds where drainage 1is
poor. IIf flat-planting, care should
be taken not to form a depression
along the seed row where water could
This is a problem Jhere

mechanical planters with heavy press

collect.

wheels are used, but can be avoided
by using wider ‘press wheels and

‘throwing extra soil into the row

ahgad of the planter with cultivator

sweeps:

‘Planter calibration; accurq_x
of hand planting

Mechanical planters must be

calibrated (adjusted) prior to plant-
ing to assure that they space the

seeds out correctly.

Hand planting is prone_to
arge errors in row width and seed

spacing unless some effort is made

to assure accuracy. The use of a
planting rope or chain along the row
with knots or paint marks to indi-

cate the spacing is recommended.

Soll insects and diseases

Seeds may need to be treated

“with a fungicide dust to help control

seed rots which are especially ser-
ious ander cool, wet conditions.

Seed or so0ll treatment with an

-insecticide may alsd be needed to°

protect against damage from insects

that attack the seeds and Young seed-

E]

lings.

Fertilizer placement

Fertilizer placed too close to
the seeds or in contact with them may
prevent or seriously reduce germina-
tion. This depends on the kind,
amount, and placement of the fertil-

izer (see page 161).




- 5. Soil Fertility
and
Management

Egptilizérs

Fertilizer use 1s often the
maqagem;nt factor producing the
largest increases In reference crop
yilelds. However, yileld response

is heavily influenced by two

factors:

e The control of other limit-
+ ing factors: Fertilizer

usually gives a much better
response when used as part
of a "package" of improved
practices desighed to coni=
trol other major yield
limiting factors in addition
to soil fertility.

How fertilizer 1s used:
Good results from fertilizer
cannot be expected unless
the farmer knows what kind

" and how much to use, and
how and when to apply 1it.

Aside from water, sunlight,
and air., plants need 14 mineral
nutrients which are usually grguped

as follows: !

MACRONUTRIENTS

Primary

NITROGEN - (N)

PHOSPHORUS (P)
POTASSIUM (K)
MIRONUTRIENTS

Secondar

CALCIUM (C»r)
MAGNESIUM™(Mg)
SULFUR (S)
(not primary or
secondary)
ZINC (2n)
MANGANESE (Mn) BORON (B) -
COPPER (Cu) MOLYBDENUM (Mo)

The macronutrients make up

IRON (Fe)

about 99 pércent of a plant's diet.
Nitrogen, phosphorus and potassium
account for about 60 percent and arc
definitely the "Big Three" of soil
fertility, both i? terms of the
quantity ﬁegdgd_and the like}iﬁood
of deficiency (see Table 4).

This does not mean that the
secondgry macronutrients or the
micronuérients are any less essen~
tial. True, their deficiencies are
not as common, Eut'they can have
Just as seribus‘an effect on crop

yields. {




) -
- , |
. " Table 4. ‘
' Amount of Nutrients Taggg Up by a . ' :
6300 kg Yield of Shelled Maize
‘g
Macronutrients Kg - Micronutrients Grams
Nitrogen 157 iron 4200
Phosphorus (P20s) 60 Manganese 1000
Potagsium (K20) - 124 Zinc . 30
Calcium 29 Copper 7
‘Magnesium 25 Boron . 7
Sulfur 17 Molybdenum 0.7
o
Nitrogen (N) like potatoes, sweet potatoes,

e

Nitfogen is the most common-
ly deficient nutriemt for non-le-

gumes.| It promotes vegetative growth

and 1s an essential constituent of

protein and chlorophyll (needed for

photos}nthesis). .

- Crops vary in their need for
N. Crops with a lot of vegetative
(leafy) growth havé relatively high
N needs. These include maize, sor-
ghum, millnrt, rice, sugarcane, pas-
ture grasses, and most leafy and

fruit-type vegetables. Root crops

cagsava -(manioc, yuca), and tropi-
cal yams have lower N needs, and
excessive amounts tend to favor
leafy growth over tuber growth
(with the exception of most im:
proved potato varieties which have
high N needs). - ‘

Legumes are able to satisfy
part or all of their N needs them-
selves through the process of nitro-

fixation.. Peanuts, cowpeas, mung

beans, pigeonpeas, and chickpeas

“are usually able to meet their owm
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N requirements in this way. Common
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beans (kidney beans) are less effi-
cent at N fixation and may need up

to half as much N fertilizer as .
maize. Too muchhnitrogen can adverse~
ly affect crop growth, éspecially if
other nutrients are dgficientg

e It may delay maturity.

e It may lower disease resis-
tance.

¢ It may increase lodging prob-
lems in cereal crops.

Available versus Unavailable N

Ouly nitrogen in the form of
ammonium (NHS) and nitrate (NO3) in
the soil is available to plants. How
|ever, about 98~99 percent of a soil's’
total N 1is in the unavailable organ-
ic form as part of humus. Soil
microbes?gradually convert this un-

availablé organic N into ammonium
and theninitrate..Most/soils are
too low in humus to sﬁpply N at a
rapid enough:rate for good yields.
- That 1ls why N fertilizer is usually
needéd for non-legumes.
' _ Availabie soil N can become
tied 'up and unavailable when crop
resid%Es low in N are plowed into
the soil. This is because the seil
, microbes that decompose the resi-

dues neced N to make body protein,
: 2

!

1

g \
: |
' i

!

i

'

1

i

Most crop residues like maize,
millet, and sorghum sqalks supply °
large amounts of cérbon. which the
microbes use for energy, but not
eﬁough N for the microbes' protein
needs. Thée microbes maké up for

this shortage by taking ammonium
and nitrate N from the soil. A crop
may suffer a temporary N deficiency
if planted under these conditions,
until the microbes finish decompos=-
ing the residues and finally release
the tied~up Nlas they die off.;(bcca—
sionally eJen young legumes wiil be
affected D) This type of N defiriency
can be p:e#ented easily by applying
about 25-30 kg/ha of N at planting
time when growing a non~legume

Available N is Easily Lost 1

E Nitrate N‘(Nog) is mucﬁtmore g
readily leached (carried downw?rd'
away from the root zone by rainfall
or 1rrigation) than ammonium N‘(NHA)
since it is not attracted to and
held by the negatively charged‘clay
(These adt like
magﬂkts and held onto positive ¥
charged nutrients like NHQ. K+’ and

Ca++ and keep them from leaching).

and humus particles,
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The problem is that tropical and
sub-tropical temperatures are al-
ways high enough to promote a

rapid conversion of ammonium N to

mitrate N by soil microbes. Most

ammonium type fertilizers will be
completely changed to leachable
nitrate in a week in warm soils.
The higher the rainfall and the
sandier the soil, the higher the

leaching losses of N. The best way

_to avold excessive leaching 1is to

apply only part of the fertilizer
‘at planting and the rest later on
in the crop's growth when uptake is
higher. '

Phosphorus (P)

Phosphorus promotes root

growth, flowering, fruiting and’

4
seed formation. Remember these four

vital facts about phosphorus:

e Fhosphorus deficiencies are
widespread: Much of a soil’s
native P content is tied up

"and unavailable. Worse yvet,
only-about 5-20 percent of
the fartilizer P applied
will be available to the
crop since much of it also
gets tied up as insoluble
compounds. This P fixation’
is especially a preblem on
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highly-weathered, red tropi-
~cal soils low in pH (high _
in.-acidicy). s

e Phosphorus is virtually im-
mobile in the soil: Phospho-
rus does not leach except in
very sandy soils. Many farm—

+ ers apply P fertilizer too |
shallow.y and very little
gets to the toots.

e Young seedlings need a high
concentration of P in their
tissues to promote good root
growth. This means that P
needs to be applied at plant-
ing time. One study showed
that maize seedlings take up
to 22 times 'as puch P per
unit of length ag do ll-week-
old plants.

ozK;plication method is vital~
ly important and determines
how much of the added P gets
tied up. Broadcast applica~
tions suniform applications
of fertilizer over the en-
tire field) maximize P tie-
up and should seldom be
recommended for small
farmers. Placement 1in a
band, half-circle or hole
near the seed is two to .
four times as effective as
broadcasting, especially

for low to medium rates of
application. -~

Potassium (K)

~ Potassium promotes gtarch
and sugar formation, root growth,
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disease resistance, gtalk strength, The Secon

_ Macronutrients:

and general plant vigor. St h . L
c B P ~gor. Starc . Calcium (Ca),

and sugar crops like sugarcane, Magnesium (Mg},

And Sulfur (S)

bananas, potatoes, cassava, and
sweet potatoes have particularly

high K needs. Maize, sorghum, mil-: For most crops, cqlcium is

let, rice, and other gtasses are more more Important for ite role as a EEE?

efficient K extractors than most ing material (to raise goil pH and
broadleaf crops. Remember these lessen acidity) than ag a nutrient.
facts about K: ‘ Even very acid soils usually have

--—. . ® Potagsium deficiencies are enough calcium to meet the plants'
not as common as those of N
-and P: Most volcanic goils
‘tend Co have good available be too low for good growth. It Eikes
supplies. However, only the
soils lab-can tell for sure. ,
Potassium: Only about one or - the pH compared to those needed for
two percent of the soil's total
K 1s in the avallable form, : .
but this is often enough to Peanuts, however, are an ex-
satisfy the needs of some

crops. The good news is that .
tie-up of fertilizer K 1is cium needs which usually must be met

not usually serious and never by supplying um (calcium sul-
. approaches that of P. EYpeum

nutrient needs, while soil pH may
large amounts of calcium to railse
plant nutrition.

ception and have unusually high cal~

X fate.) This is not a liming material.
Leaching losses are usually ‘
minor: The available form
of K Has a pqSitive (plus) ~more common than those of calcium -
chargel., The negatively charg~ ‘
ed clay and, bumus particles <
act like magnets and attract dy, acid soils (usually below pH 5.5)
the plus-charged K to their
surfaces to help reduce

leaching. However, leaching of K. Too much calcium relative to
losses can be a problem on '
sandy soills or under very :
high rainfall. : ciencies. Farmers who need to lime

Magnesium deficiencies are
and are most likely to occur in san-
or in response to large applicaqiong
magnesium also can bring on Mg defi-

High K applications cén en- their solls are uSuall}P advised to
courage magnesium def icien-
cies,




use dolomitic limestone (abont a

2 NPK content) generally con-
50-50 mix of Ca and Mg carbonates). +* tain much more S than high
Both calcium and magnesium are slow- ?gi:gf;? gf:;i;fzzzi.Such as
ly leached from the soil by rainfall, . .
Sulfur deficiencies are not The Micronutrients

commont, hut arg-most likely to occur
under these conditions: ‘ Micronutrient def iciencies

® Many volcanic soils tend to . are much less common chan those of

be low in available S, Land

N,P, or K, but are most likely to
near industrial areas usual- .

ly receives enough § from occur under these conditions:
the air, e Highly leached, acid, sandy
® Sandy soils and high rainfall soils.
® Use of low sulfur fertilizers ® Soil pH above 7.0 (except for
(sce Table 17). molybdenum which’is more avail-
. Low analysis fertilizers able at lower pH's). :

(those .with a relatively low

N

Table 5

Susceptibility of the Reference Crops
to Micronutrient Deficiencies -

- Crop ~ Most Common Copditions Favoring Deficiency
Micronutrient : L -
Deficiency \\ )
MAIZE "~ Zinc Soil pH above 6.8; sandy soils; high P
SORGHUM - ‘ Iron Soil pH above 6.8; sandy soils; high P
~ BEANS - Manganese, Zinc Soil pH above 6.8; sandy soils
Boron ~ Acid, sandy soils;\pﬁ above 6.8
@EANUTS } Manganese, Boron Refer to above N

Micronutrient Toxicities: Iron manganese and aluminum can become.overli:

soluble and toxic to plants in very acid soils. Boron and moiybdenuﬁ\nqn

T

cause toxicities if improrerly applied. , .




e Intensively cropped soils fer-

tglized with macronutrients
only. .

® Areas where vegetables, le-~
gumes and fruit trees are
grown.

e Organic (peat)'soils.

Determining
Fertilizer Needs

The amount of nutrients that
different crops must absorb from
the soll to produce a given yield is
fairly well known. Yet proper fer-
tilization 1s not a simple matter of

adding this amount for several rea-

sons:

e The farmer needs to know what
share of the nutrients are al-
ready in the soil in avail-
able form.

A plant's ability to recover
nutrients, whether from fer-
tilizer or natural seoil
sources, depends on the type
of crop, the particular
soil's capacity to tie up
different nmutrients, weath-
er conditions (sunlight, rain-
fall, temperature), leaching
losses, physical soil fac-
tors like drainage and com-
paction, and insect and dis=-
ease problems.

. Likewise, there is no such
thing as "tomato fertilizer" or
"maize fertilizer”, etc. Soils differ
so much in natural fertilicy that no
one fertilizer could possibly be
right for all types of soll, even
for one kind of crop.

When dealing with the refer-

ence crops, farmers cannot afford

to waste their scarce capital on
fertilizers that might be inappro-
priate for their soils. They also
need reasonable guidelines on how
much to apply. There are five basic
methods used to determine fertilizer
needs: '

Soil testing

Plant tissue testing

Fertilizer trials

Spotting visual "hunger
signs"

Making an educated guess

Soil Testing

Soil testing by a reliable
laboratory is the most accurate.
and convenient method for deterwmin-
ing fertilizer rates.

Most labs routinely test for
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avallable P'and K and measure soil

pH and exchange capacity (the soil's
negative charge). Most do not test
for available N, since results are
not very accurate.

Some will be able to test for
Ca, Mg, 8, and some of the micronu-
trients (micronutrient and S tests

vary in reliability).

If the soll is overly acid,
the lab will usually be able to tell
how much lime the soil will need.
Most can test. the salinity and alka-
11 hazard of the soil and irrigation
water (most common in semi-arid to
arid areas).

At the very least, the lab
will provide an N-P-K application
recommendation for the crop involved
The better labs will tailor the
recommendation ot the farmer's yield
goal and management ability, based
on the farmer's responses to a
questionnaire supplied by the lab.

Portable scil test kits are
not as accurate as laboratory testing
but can give a fairly good estimate
of soil conditions at a test site.
The instructions state within what

timits the test kit is accurate.

144

These kits give results that are

as accurate as most farmers will
need for growing reference crops.
However, if a soil testing labora--
tory is avallable farmers should be
encouraged to send samples in.

How to Take a Soil Sample l

Improper sampling by the - |

farmer or extension worker 1s the

most common cause of faulty lab re~ |
sults. A 200-400 gram sample may \
represent hp to 15,000 tons of soil.‘\
The soil laboratory's instructions
should be carefully read before sam--
pling. These are usually printed on
the sampling box or on a separate
sheet. (See Appendix J for general

instructions on how, when, and how

often to soil test.)

Plant Tissue Tests

The crop can be tissue-tested

while growing in the fjeld for N-P-

K levels in the sap. Kits cost about
US $20-$42, but some of the reagents
need replacement every year.

Tissue tests are best used to
supplement soil test data, since the

resules can be tricky to interpret
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by non-professionals. Sometimes

plant sap nutrient levels are not
well correlated to those in the soil,
because weather extremes, insects,
and diseases affect uptake. Def‘. en-
cies of .one nutrient such as N can ~
stunt plant size and cause P and K

to "pile up: in the plant sap,

giving falsely high read-

ings. The tests are also geared to
higher yield levels than most small
farmers can reasonably hope to at~-
tain. The crops receiving low to mod-
erate fertilizer rates that provide
the best return per dollar may show
tissue test results indicating
deficiencies.

One advantage of tissue test-
ing is that it may be possible to
correct a deficiency while the crop
is still growing and thus increase
yields.

Total Plant Analysis: Some

labs can run a total nutrient anal-
ysis of plant leaves witﬁ a spectro-
graph, but it may cost US $10-$15.
When collecting leaf samples,
it is important to pay close atten-
tion to the kit's or lab's sampling

instructions. Taking leaves from

the wrong part df the plant will

make results invalid.

Fertilizer Trials

See Chapter 8 and Appendix
B. |

Spotting Visual

“Hunger Signs’

Severe nutrient deficiencies

usually produce characteristic l

]

changes in plant appearance, partic-
ularly in color. Spotting thesef"hun-
ger signs" can be useful in determin-
ing fertilizer needs, but there are
several drawbacks:

e Some hunger signs are easily
confused with each other or
with insect and disease prob-
lems. If more than one nutri-
ent is deficient at once, the
hunger signs may be too vague
for accurate diagnosis.

Hiddenr hunger: Hunger signs
will not usually appear un-

til the nutrient deficiency
is serious enough to cut
yields by 30-60 percent or
wmore. This "hidden hunger"
can cause unnecessarily low
yields even though the werop
may look good throughout the
growing season.
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e It may be too late to correct

deflciencies by the time hun-
ger signs appeal. Any N ap-
plied much beyond flowering
time in the cereal crops
will increase grain protein
more than yilelds {(such pro-
tein increases are slight

. compared to the amount of N
used and the yileld that is
gacrificed by late applica-
tion). Phosphorus should 1i-
deally be placed 7.5-10 cm
deep an' this 1s difficult
to do without damaging the
roots after the crop 1s up
and growing.

gpecific hunger signs for
the reference crops may be found in
Appendix G.

‘Makingan
Educated Guess

1f no soil test results are
available for a farmer's field, a
reasonable estimate of N-P-K needs
can be made based on at least four
or more of. the following criteria:

e Available soil test results
from nearby farms with the
same soil type and a simi-
lar liming and fertilizer
history.

Data from fertilizer trials
on the same soil type.

An extension pamphlet on the
crop with fertilizer recom=
mendations for the area

gsoils. (Do not rely on their
accuracy unless the recom=
mendations are based on solil
tests snd/or field trial re-
sults.)

The particuisr crop's rela-
tive nutriemt needs {(discuss-
ed later in this gection).

A thorough examination of
the soil for depth, drainage,
texture, tilch, slope, and
other factors that may limit

. ylelds or fertilizer response,
including soil pH {see page
169 on liming).

Yield history and past man-
agement of the farm regard-
ing fertilizer and liming.-

The farmer's management abil-
ity, available capital, and
willingness to use complemen=-
tary practices like improved
seed, insect control, etc.

Fertilizer Types
And How to
Use Them -

Chemical (inorganic) fertili-
zers are frequently accused '
of everything from "poisoning" the '

soil to producing less tasty and ) )

putritious food. Should the exten- |

sion worker encourage client farm-
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ers to forget about chemical fertil-
izers and use only organic ones -
(compost, manure)? The “organic way"
is basically ﬁery gound, because
organic matter (in the form of hu-
mus) can add nutrients to the soil
}and markedly improve soil physical
condition (tilth, water-holding ca-
pacity) and nutrient-holding abili-
ty. Unfortunatelf,lsome misleading
and illusory claims on both sides
of the issue cause a lot of
confusion.

Chemical fertilizers supply
only nutrients and exert no bene-
ficial effects on soil physical
- condicion. Organic fercilizers do
both. However, compost and manure
are very low-strength fertilizers;
100kg of 10-5-10 chemical fertili-
zer contains about the same amount
of N«pP-K as 2000 kg of average farm
manure. The organic fertilizers need
to be applied at very high rates
(about 20,000-40,000 kg/ha per year)

to make up for their low nutrient
content and to supply enough humus
to measurably imrpove soil physical

condition.

Overwhelming evidence indi-
cates that chemical and organic fer-

tilizers work best together. A study
at the Maryland Agricultural Exper;
ment Station (U.S) showed a 20-33
percent yield increase when chemi-
cal fertilizers and organic matter
were applied Eogether, compared with
applying double the amount of either
alone. :

Most small farmers will not

have access to enough manure or oth-

er organic matter to cover more than
a small portion of their land ade~
gdately. When sdpplies are limited,
they should not be spread too thinly
and are often moét effective on high-

value crops (such as vegetables)

growm intensivelyion small plots.

Manure

Fertilizer value: Animal manure is

an excellent source of organic mat-
ter, but relatively low in nutrients.
The actual fértifizer value depends
largely on the type of animal, qual-
ity of the diet, kind and amount of
bedding used, and how the manure is




stored and applied. Poultry and

sheep manure usually have a higher
nutrient value than horse, pip ot
cattle manure. | '
Constant exposure to sunlight and
rainfall will drastically Teduce
-manure's fertilizer value.
Onmthé avérage, farm manure

contains -about 5.0 kg N, 2.5 kg

¥
(1000 kg), along with various amounts
of the other nutrients. This works
out to a 0.5-0.25-0.5 f;;Eilizer
formula. (See the chemical.fertil-

05, and 5.0 kg K,0 per metric ton

izer section for an explanation of
how fertilizer ratios are determin-
ed if this is cénfusing.) BUT only
about 50 percent of the N, 20 per-
cent of the P, and 50 percent of the
K is readily available to plants
during the first month or two,
becausé most of the nutrients are
in the organic, form which first
has to be converted to the avail-
able inorganic form by soil mi-
crobes, This does mean, howaver,
that manure has good residual fer-

tilizer value.

[

Farm manure is low in phosphorus:
It tends to have too little avail-

able P in relation to available N

and K. If used as the sole source
of fertilizer, some. experts recom-

mend fortifying it with 25-30 kg of

single superphosphate (0-20-0) per

1000 kg of manure, This also helps

reduce the loss of N as ammonia.
However, it is more convenient and
effective to apply chemical fertilnb
izer directly to the soil instead of
attempting to mix it with the manure.

Manure as a source of micronutri-

ents: When livestock such as pigs
and chickens are fed largely on
nutritionally-balanced commercial
feeds, their manure may be a parti-

cularly good source of micronutri-

"ents if applied at a high rate. Ma=-

nure from animals fed mainly on
local vegetation-isllikely to have a
lower micronutrient content.

It is best.

to store it under a roof or in a

How Lo store manure:

covered pit, but manure can be stor-

‘ed in piles with steeﬁ sides to

shed water and good depth to reduce‘

leaching losses by rain.
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Guidelines for applying manure: . effort involved. This is a
e Manure is begt,applied a cou- "~ - good way to use scarce a-
ple of wecks to a few days . tzunts. Fresh manure may
before planting. If applied urn seeds or seedlings if
' too far in advance, some N not mixed well with the soil.

may be lost hy leaching. To

avoid "hurning"” the crop

seeds and seedlings, fresh Compost
manure should bhe applied at °
ledst @ couple of weeks in
advance; roteed manure is un-
likely to cause damage. are needed to improve soil physical

As with manure, large amounts

e Manure containing large a- condition or supply meaningful a-
mounts of straw may actually .
cause a temporary N defi- . .
ciency unless some fertili- takes a tremendous amount of labor
zer N is added.

e Manure should be plowed,
‘disked or hoed under soon
after application. A delay information on compost, refer to the
of just one dayvmay cause a
25 percent loss of N as

mounts of nutrients. Compost-making

and is seldom feasible for anything

but small garden plots. (For more

PC/ICE Soils, Crops, and Fertilizer

ammonia gas. Use manual.)
e Rates of 20,000-40,000 kg/ha
are generally recommended, Other Organic
" but limit poulcry and sheep Fertilizers s

manure to about 10,000 kg/ha
since it is more likely to
cause ''burning'. Thi$é works
out to about 2-4 kgi/sq. m . Mmeal have much higher N contents
( 1 kg/sq. m for poultry and
sheep manure).

Blood meal and cottonseed

than manure and compost, and contain

" o If quantities are limited, other nutrients as well. However,
farmers are better off us- +~ they are valued as animal feeds and
ing moderate rates over a

larger area rather than a are.likely to be too expensive.

high rate on a small area. Bone meal (15-20 percent P205) makes
e Manure also ~an be applied P available very slowly and is also
in strips or slots centered expensive.
over the row if farmers. are '
- willing to make the extra The tulls of rice, cotton-

149 169
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seed, and -peanuts have virtually no
mitr ient vialue, but can he ﬁséd as
mulehes or to loosen up clayey soils
ot small plots. They may cause a

1
temporary N tic-up.

Green Manure Crops

\ See Chapter 4, page 94.

Chem—ical Fertilizers

Chemical fertilizers(also
called "commercial or "inorganic”
fertilizers) contain a much higher
‘ concentration of nutrients than ma-
snure or compost, but lack their
soil-improving Qualitiéé._

Few farmers will have e-

Y

nough organic fertilizer to cover

more than a fractfdpn of their land

adequately, so chemical fertilizers
are usually an esSential ingXedient
for improving yields quickly. Des-
pite their ever-increasin; cost,
they can still frequently return

good value if corrcctiy used.

Types of Chemical
Fertilizers

Bt o] S o TR,

g For soil appliéation, gran-
ules are the most commonly used
form. They usually contain one or
more of the "Big Three" (N, P, K)|
varying amounts of sulfur and cal-
cium (as carriers), and very low or
nonexistent amounts of micronutri-
ents. b ’

The fertilizers can be ei-
ther simple mechanical mixes of two
or more fertilizers or an aﬁtual
chemical combination with every
granule identical in nutrient con- °

1 .
tent.

'16’1
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How to Réad a
Fertilizer Label

|
All reputable-cbmmercial fer-

tilizers carry a label stating their

nutrient content, not only of N-P=K, .

but also of any significant amounts

of sulfur, magnesium, and micronutri-

ents,
The Three Number System: This
states the content of N-P-K in that

order, usually in the form of N,
Pfos’ and K20. The numbers always
refer to percent. A 12-24-12 fer-
tilizer &ntains 12 percent N,.24
percent P205, and 12 percent K20

which is the same as 12 kg N, 2&:kg
P205 and 12 kg K50 per 100 kg, A
0-21-1 fertilizer has no nitrogén

or potassium, but contains 21 per~--

cent P205. Here are some more ex—
amples: . : '

e 300 kg 16~-20-0 contain 48 kg

K
N, ‘60 kg P, Og "0 kg K0 l

® 250 kg 12-18-6 contain 30 kg
N, 45 kg P05 O kg Ky0'-
¥

The Fertilizer Ratio

The fertilizer fatio_refers{

/
to the fertilizer's relative pro-

205, and K20. L 12~
24-12 fertilizer has a 1:2:1 ratio

portions of N, P

and so does 6-12-6; it would take
200 kg of 6-12~6 to supply the same
aﬁaunt of N-P-K as 100 kg of 12-24-
12. Both 15-15-15 and 10-10-10 have
a 1:1:1 ratio.

N, P205, K20 versus N, P, K: Note
that a fertilizér's N content is
expressed as N, but that the P and
K content is usually expressed as
P205 and KZO. This system dates
back to the advent of chemical fér- -’
tilizers in the 1%th Century and ig
still used by most countries, al-
though a few have switched to an N-
P-K basis. A fértilizer recommenda~
tion given iﬁ térms of "actual P"
and "actual K", f;fgrs to the new
system; check the fertilizer label
to see if the nutrient content is

given as N_PZOS_ K20 or as N-P-K.




!

3

The formulas below show how to con-.

vert between the 2 systems: _
PX23= P205 P205 X0.44 =P
0 K20 X 9.83 =

F X1.2= K2

For example, a fertilizer with a
14-14-14 N_PZOS—KZO 1ﬁbe1 would be
labeleﬁ~14—6.2—ll.6 on an-N-P-K
basis. Likewise, if a fertilizer
recommendation galls for applying
20 kg of "actual P" per hectare, it
would take 46 kg (i.e. 20 2.3) of
P205 to gupply this.amount. Table

6 gives the nutrient content of
common fertilizers. (Refer to pages

74-78 of PC/ICE'S Soil, Crops and

Fertilizer Use manual for more de-

Latled information.) -

1
llgasig Gtiig!elines
Oor Appiying
Chemical Fertilizers

X

Nitrogen

. When fertilizing maize, sor-
ghim, and millet, one-third to one-
half of the total N should be ap-

~ plied at planting time. This first

application will usually be in the
form of an N-P or N-P-K fertilizer.
_ The remaining N should be applied

in one to two sidedressings .
(fertilizer applications made along
the row whille the crop 1s growing)
later on in/the growing season

when the pYants' N usége has in-
creased. g‘straight N fertilizer ;
like urea [{45~46 percent N), ammon-
ium sulfake (2Q—21 percent N) or am-_
monium nitrate (33-34 percent N) is
recommended for sidedressings. When

one sidedressing is to be made, it




Table 6
COMPOSITION OF COMMON FERTILIZERS

- NITROGEN SOURCES N % 2,0 4

Anhydrous ammonia (HH3) . - 82%
Ammonium nitrate 33%
Wmmonium nitrate with lime ; 20.5%
Ammonium sulfate | 20-21%

Ammonium phosphate 16%
sulfate (2 types) . 13%

_Mono-ammonium phosphate o B 4
(2 kinds) ‘ 127%

Di-ammonium phosphate - 16%
(3 kinds) 18%
.. ’ 21%
Calcium nitrate " 15.5% 0

Sodium nitrate ' 16%

0
Potassium nitrate Lo 13% 0
Urea - 45-46% - 0

PHOSPHORUS SOURCES | ,
Single superphosphate 5 0- 16-22%
Triple superphosphate ' ' 0 ' 42-47%

Mono~& di~ammonium phospﬁapes (see under N)
Ammonium phosphate sulfate (see under N) ’

POTASSIUM SQURCES - .

Potassium ghloride ' 62%
. (muriate of potash) _ .

Potassium sulfate . - ‘ 0 50-53%

Potagssium nitrate , " ; 0. 447

Potassium magnesium v K . .o 21-22%
sulfate (11% Mg, 18%.Mg0) - . : . :

NOTE: PZO X 0.44 = Py Kz

. . . ~ L

b

5 0X0.83=K; SX3.0= 504, °

a
;
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-

is usually best'applied when the
crops are about knee-high (25-35
days after plant emergence in warm
areas), On very sandy soils or un-~
der high rainfall, two sidedress-~
ings ﬁay be needed and are best ap~
plied at the knee-high and flower-
ing stages. .
Where to Place Nitrogen Fertilizer

As an N~P or N-P-K Fertilizer: Sge

the section on phosphorus bhelow.

As an N Sidedressing:

There is no
need to place a straight N fertili-;
zer as deep as with P and K, since
rainfall will carry the N downward
into the root zone. Work it in 1,0-2.0
cm to keep the fertilizer from be-
ing carried away by surface water
flow. Urea shOL;Eld always be worked
in to avoid loss of N as ammonia ™

gas.(The same is true for all am-
_ monium N fertilizers when soil pH
is above 7.0,)The be?t time to side-
dress is right before a weeding
(cultivation)- the cultivator or ho
can then work it into the soil a
bit. |

Nitrogen can be placed in a

gont inuous band along the crop row

20 cm or more out from the.plants.
Crops with spreading root systems
like maize, sorghum, and millet can
be sidedressed mid-way between th;
rows with no loss of effect. There
is no need to broadcast the N to en;

courage better distribution, because

.1t will spread outward as 1t moves

"downward through the soil. Avoid

spilling fertilizer on the crop
leaves since it can burm them. (Fer-
tilizer burn occurs when too much
fertilizer is deposited too close to
,the seeds or seedlings, cau;ing

them to turn brown and lose ability
to absorb water.) If time 1is short,
every other row can be sidedressed

with twice the per-row amount.

Phosphoru§

Phosphorus is virtually im-~

mobile in the soil. This means that

fertilizers containing P should be
placed ét legst 7.5-10 cm deep to as-
sure good root uptake., The roots of
MoSt crops are not very active

close to the soil surface (unless

some form of mulching is used)
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since the soil dries out so readii&.

all the P fer-

tilizer should be applied at plgnt-
. !

ing time: . f
s Young seedlings need & high
concentration of P 1
their tissues for goﬁ: ear—
1y growth and root develop-
ment. / '

e Phosphorus does not leach,
go there is no need to
make additional sidedress-

‘ ings.

+
For these reasons,

. ® To be effective as a s;de--
dressing, P would also need
to be placed’ deep (excépt
on a heavily mulched- soti}‘—”
and this qight damage the
roots. /

NOTE: Many farmers waste moﬂey by

_sidedressing with N~P, N~-P-K jor P

fertilizers after already apply--
ing P at planting. Others do not
apply P until the crop is several
weeks old. In either case _cro?.
yields suffer. !

4

How to Minimize Phosphorus /’I.':L'e-l}.p

' Only about 5-20 percent o%
the fertilizer P that the farmer Ap—
plies will aﬁtually become availahle
to the growing crop. App.ication :
method has a éig influence on the_l
amount of tieLup that occurs. ;

In general, farmers should

not broadcast fertilizers coantain- ;

ing P, even if they plow .or hoe

them into the grounq; Broadcasting

maximizes P tie-up;%y spreading the

fertilizer too quésely and exposing
each granule to full soil contact.
Broadcasting gives a much better
distribution of P throughout the
topsoil, but very high rates are
needed to overcome tie-up and few
small farmers can afford them. In
fact, it takes about two to ten -
times as much broadcast P to Produce
the same effect as an equal amoupt of
locally plaéed P. Instead, farmers
should Use one of the localized
placement pethods described below.
Concentratlng the fertilizér in

a small area enables it to over-

come the tie-up cap;city of the
immediate surrounding soil.

Ahding large amounts of organic
matter to the soil helps decrease
P tie-up, but usually 1s not feas~
ible on large—fields. Soil pH-
should be maintained within the 5.5-
7.0 range if possible. Very acid
soils have an especially high P tie-
up caﬁaéity. When P 1is applied as
an N~P or N-é-K fertilizer, the N
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helps increase the uptake of P by
the plant roots.

Placement of P Fertrilizers

This 1is the

best method for the reference crops

Continuous band method:

and 1s'especilally well suited to closely

spaced drill plantings. The op-~
timum location of the band 1is

5.0-6.0 ¢cm to the side of the seed

row and 5.0-7.5 cm below seed level.
One band per row 1s sufficient.

How to make a band: The farmer has

a couple of choices:.

L

a. Perrilizer band applicators are

avallable for most models of trac-
tor drawn planters and for some
animal~drawn planters. Hand-pushed
band applicators are also available
commercially. The International
Institute for Tropical Agricul-

ture (1ITA) farming systems program
has designed a hand-pushed model ‘
that can be. built in any small work-
shop with welding and metal shear-
ing capaﬁilitieé. However, it 1is not
clear from the design whether the
11TA model actually places the fer-

tilizer below the soll surface,

156

b. Plow or hoe methods

¢ The farmer can make a furrow
7.5-15 cm deep with a wooden
plow or hoe, apply the fer-
tilizer by hand along the
bottom, then kick in enough
soil to £111 the furrow back
up to planting depth. This
glves a band of fertilizer
running under the seeds and
a little to each side. As
long as there is 5.0-7.5 cm
of solil separating the fer-
tilizer and the seed3, there
is little danger of burning.

® A less satisfactory method
is to make one furrow at
planting depth and place both
seed and fertilizer in it
together (the furrow should '
be wide so the fertilizer
can be spread -out and dilut-
ed somewhat). This works with
maize at low to medium rates

of N and ¥ (no more than 200-
250 kg/ha of 16-20-0 or 1l4-14-~

14; no more than 100-125 kg
ha of 18-46-0 or 16-48-0),
Higher rates may cause fer-
tilizer burn. Beans and
sorghum are more sensitive
to fertilizer burn than
'maize, C -

Half-circle Method: Works well

when seeds are planted in groups
(*hill planting") spaced relatively
far apart on untilled ground where
banding would be impractical. The
fertilizer is placed in a half~

16;




circle made with s mschete, hoe, or
trowel about 7,5-10 cm away from each
seed group and 7,5-10 cm deep. This
is time-conSuﬁiné, but gives 8 bet-
ter distribution of fertilizer than
the hole method.

Hole method: This is the least ef-
fective of the three methods, but is
much better than using no fertilizer
at all. It may be the onrly feasible
method for land that has been hili
planted without any prior tillage.
Fertilizer is placed in hole 10-15 cm

deep and 7.5-10 cm away from each
seed group.

Potassium

Potassium ranks midway bet-
ween N and P in terms of leaching
losses. As with P, 2ll the K can
usually be applied at planting time,
often as part of an N-P-K fertili-
zer. Where leaching losses are like-
ly to be high (very sandy soils or
very high rainfall), split applica-
tions of K are sometimes recommend-
ed.

Unlike N and P, about two-
* thirds of the K that plants extract

from the soil ends up in the leaves

and stalks rather than in the grain.
Returning crop residues to the soil
is a good way of recycling K. Burn-
ing shem will not destroy the K,

but will Fesult in the loss of

their N, sulfur, and organic matter.

Some Special Advice
For Furrow-irrigated
Soils

When using the band, half-
circle or hole methods on furrow
irrigated soils (crops irrigated by
conveying water along a furrow bet-
weenr each row or bed) the farmer
should be sure to placé the fer-
tilizer below the level that the
irrigation water will reach ir the
furrow. Placement below this "high
water" mark enables mobile nutri-
ents like nitrate and sulfate to
move sideways and downwards toward
the roots. If placed above the

water line, the upward capillary

movement of water will carry these
mobile nut;ients'ta.the soil sur-
face where they cannot be used.
(Upward capillary movement is the
same process that enables kerosene

to "climb" up the wick in a lamp.) -
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L. - . . .
Determining How NOTE: Rather than tell farmers to
L L R '
Much Fertilizer apply so many grams or ounces per
TO Use length of row or per hilll, convert

the weight dosage to a volume dosage
using a commonly available container
The following table can be like 8 tuna fish or juice can, jar
used to determine how much fertilizer ‘' lid or bottle cap.
to apply per length of row (1if the. Fertilizers vary 1in density,
half=circle or hole method 1is used). s0 be sure to determine the weight/
(The formula found in PC/ICE's Soil, volume relationship for each type

Crops and Fertilizer Use mapual can using an accurate scale.

also be uged to determine this

amount.)

) Table 7
Determining How Much Fertilizer

is Needed per Meter of Row Length or per "Hil1l"

1. Per Meter of Row Length (For band applications):
AMOUNT OF FERTILIZER NEEDED PER HECTARE.

Row 100 kg 200 kg 300 kg 400 ke 500 kg 600 kg
Width - GRAMS TO APPLY PER METER OF ROW LENGTH
i . 50 cm 5 10 15 20 . 25 30
60 cm 6 2 18 24 30 36
70 cm 7 14 21 28 35 42
80 cm 8 16 24 32 40 48 ‘
"9 cm 9 18 27 36 45 54
100 cm 10 20 30 40 50 60
158
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If. Per Hill (For half-circle or’
hole applications): In this case,

the amount depends on the row spacing
and the distance between hills in the
row. The table below shows how many

grams of fertilizer are needed per

hill to equal a rate of 100 kg/ha. To

ammonium nitrate, and di-amonium
phosphate are also soluble enough for
this purpose. However, only small
amounts of fertilizer can be sprayed
on the leaves per application without
causing "burning'" - this means that

foliar applications are usually best

find out how much would be peeded to suited for micornutrients of which

equal a rate of 250 kg/ha, you would very little is needed. Foliar appli~-

multiply the table's figures by 2.5. cations are especially useful for

DISTANCE BETWEEN KILLS . N

30 cm 80 cm 90 cm  1QC cm

Row 40 ¢cm 50 cm 60 cm 70 cm
" Width GRAMS OF FERTILIZER NEEDED PER HILL TO EQUAL 100 KG/HA
Y 50 cm . 1.5 2.0 2.5 3.0 3.5 4.0 4.5 ° 5.0
60 cm 1.8 2.4 3.0 3.6 4.2 4.8 5.4 6.0
70 cm 2.1 2.8 3.5 4.2 4.9 5.6 6.3 7.0
80 cm 2.4 3.2 4.0 4.8 5.6 6.4 7.2 8.0
90 cm 2.7 3.6 4.5 5.4 6.3 7.2 8.1 9.0
100 ¢m 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0
applying iron, which becomes readily r
Foliar Fertilizers

tied up and unavailable when applied
to the soil. Although foliar-applied
' Foliar applications are best

Soluble

fertilizers take effect rapidly

suited for micronutrients: (wiﬁhin one to three days) they have

powder or liquid fertilizers may be much less residual value than soil

sold in some areas for mixing with applications.
water and spraying on the leaves. )

Some granular fertilizers like urea,
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N-P-K foliar fertilizers are

often claimed to produce very profit-
able yield increases.

® Numerous trials have glown
that N-P-K foliar fertilizers
usually "green up" the leaves
but significant yield increases
are unlikely as long as suffi-
cient N-P~-K is applied to the
50il. A 1976 International
Center for Tropical Agricul-
ture {CIAT) trial in Colombia
did obtain a 225 kg/ha yield
increase on beans by spraying
them three times with a 2.4
percent solution (by weight)
of mono-ammonium phosphate
(L1-48-0) even though 150 kg/ha
of P,0. had been added to the
5011, “(The "spray contributed
only about 10 kg/ha of PZO W)
However, the soil had a ve?y
high P cie-up capacity.

The soluble powder and liquid
foliar fertilizers are much
more expensive per unit of
nutrient compared to ordinary
granular fertilizers.

Numerous applications are

usually needed to.supply a
meaningful amount of N-P-K
through the leaves without
risk of burning.

Some N-P~-K foliar fertilizers
have micornutrients included

. but the amounts are far too
.small for preventing or curing
deficiencies. :
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How to Avoid
Fertilizer “Burn”

Fertilizer "burn" occurs when
too much fercilizer is placed too
close to the seeds or seedlings. Ic’
is caused by a high concenctracion of
soluble salts around the seed or
roots which prevents them from absorb=
ing water. The seeds may germinate
poorly from tips downward, the seed-
ling leaves may begin to- turn brown,
and the plants may die.

Guidelines for Avoiding Ferctilizer

Burn

e The N and K in fercilizers
have a much higher "burning"
abilicy than P, Single and
triple superphosphate are very
safe. Sodium nicrate and po-
tassium nitrate have the high~-
est burn potential per unit of
plant nutrienc followed by
ammonium sulfate, ammu “um ni-
trate, mcno-—ammonium pnosphate .
(11-48-0), and potassium
chloride. Di-ammonium phosphate
{16-48-0, 18-46~0) and urea can ’
injure seeds and seedlings by
releasing free ammonia gas.
The higher the ratio of N and
K to P in an N-P-K fertilizer,
the greater the likelihood of -
burning due to improper placement.
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¢ VWhen using fertilizers con-
taining N, do not place
them any closer than 5 cm to
the side of the seed row when
banding and 7.5 cm when using
the half~circle or hole
methods (see exceptions dis-
‘cussed under banding methods).
There is little danger of
burniag when sidedressing
growing crops with N, but
avoid dropping the granules
on the leaves.

e Fertilizer burn occurs more
frequently on sandy soils
tuan on clayey soils and
under low moisture conditions.
A heavy rain or irrigation
will help carry damaging
salts away if burning occurs.

Recommended
Fertilizer Rates
For the Reference
Crops |

The most pEofitable rate of
fertilizer use for the small faymer
depends on management ability, capi-
tal available, limiting factors,

soil fertility level, type of.crop,

expected price and cost of fertilizer.

i

Small farmers should usually aim for

This

means using low to- moderate rates of

maximum ‘return per dollar spent.

fertilizer because crop yield response

is subject to the law of diminishing

returns. *

Since the efficiency of ferti-
lizer respbnse declines as rates go up,
the small farmer with limited capital
is usually better off applying low to
medium rates of fertilizer. He or
she will end up with a higher return
per dollar invested, be able to ferti—:
lize more land, and have money left
over to invest in other complementary
yield-improving practices.

As a farmer}s capital gituation
improves, higher rates of fertilizer
may be jastified as long as investments
in other worthwhile practices are not
sacrificed. Another factor to consider
is that fertilizer can reduce the land
and labor needed to produce a given '
amount of crop, thus cutting costs and
allowing for more diversity of pro-

duction.
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Some General
Guidelines for
Low, Medium and
Rates
OfN-P-K

Keeping in mind the many

@

There are several important qualifi-

cafjions to Table 8:

factors that determine optimum ferti~

lizer rates, Table 8 provides a very
general guide to LOW, MEDIUM, and
HIGH ;afes of the "Big Three"” for

the reference crops based on, small

farmer conditions and using localized

placement of P,

The "high" rates

given here would be considered only

low to-medium by most farmers in

tions of 2090 kg/ha of N are not
uncommon on maize and irrigated

Europe and the U,S, where applica-

YOU MUST CONSIDER THE FERTI- °
ILITY LEVEL COF THE SOIL as
well as the type of crop. 4
soil high in available X would
need little or no fertilizer K.
Most cropped soils tend to be
low in N and low to medium in
P, but X deficiencies are less
common. Peanuts often respond
better to residual P and K
rather than to direct applica-
tions. .

Legumes such as peanuts,.cow-
peas, soybeans, pigeonpeas,
mung beans, and chickpeas are
very efficient N fixers if
properly innoculated with the
correct strain of Rhizobia
bacteria or if grown on soils
with a good natural population
of the correct Rhizobia. In
some cases, however, a starter
application of 15-25 kg/ha of
N has given a positive response

sarghum. » .
Table 8 _ )
General guidelines for low, medium, and high rates of N-P-K
T Low MEDIUM HIGH
(Lbs./acre or (Lbs.}acre or (Lbs./acre or
kg/hectare) kg/hectare) kg/hectara)l
Nz . 35-55 60-90 . 100+
P,0, - 25-35 40~60 04
KZO 30-40 50-70 80+
1. When inceg-converted 1bs./acre and kg/h

at least for the purposes o

?C

this genéra
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by feeding the plants until shelled maize ghould increase by .
the Rhizobla begin to fix N )
—_— oughl for each of N
{(about two to three weeks roughly 23-30 kg for eac kg
after plant emergence). Such applied up to a yield of around 4000-
responses are the exception t of appli~
rather thzan the rule and are 5000 kg/ha. With higher rates PP
most likely to occur on sandy cation, response §enerally falls below
i
soils. this ratio. Such yileld increases will
' Beans (Phaseolus vuigaris) are . . . ;
not so efficient at N fixation e obtained if:
- and can use up to 5Q-60 kg/ha e Other nutrients like P and K
: of N. are supplied as needed, soll
b moisture is adequate, a respon-
’ sive variety 1s used, and there
are no serious limiting factors
such as insects, diseases, weeds,
soll ph, drainage, etc.

# The farmer's mapagement ability
is a vital consideration. Far-
mers should not be encouraged
to use a high rate of fertili~
zer if he or she 1is not willing

or able to uyse othe:z comple- .® The fertilizers are applied
mentary yield-improving prac= correctly and at the right time.
txcgs. . . If response falls velow the 25-50

level, this means that one or more

L ] L] ’
Fel‘t]_llzel‘ serious limiting factors is present or

Reéecommendations et too hish an N rate vas used.
: For Speciﬁc Table 8 can be used as.a guide,

. but soil should be tested whenever
CI‘OPS possible. Studies have shown that =
. maize can use locally-placed (band,
_ half=-circle, hole) P effieiently up to
Maize about 50-60 kg/ha of P,0q. ;
: Micronutrients: Except for zinc, maize

is not very susceptible to micronutrient
Fertilizer Response E deficiencies.
When starting from a low yield Zinc deficiency can be confirmed

base like 1000~1500 kg/ha, yields of by spraying abeut 20 plants with a

163

174




~ ; /
\ s
1 solution of one tablespoon (15 cc) wetting agent. If zinc is‘the only
*zinc sulfate in about four liters nutrient lacking, new leaves will
of water alan with about 5 cc of have a normal green color when they )
liquid dishwashing idetergent as a emerge. . :
_ . Table 9
Zinc Source % Zinc Amount Needed Application Method =
Zinc sulfate 23% 8-12 kg/ha mixed with planting fercti-
monchydrate . (1bs./acre) lizer and locally placed
_ Zinc sulfate " 35% 6-9 kg/ha mixed with planting ferti-
heptahydrate (lbs.gacre) lizer and locally placed
- Zinc .oxide - 78% 2.5-4 kg/ha - mixed with planting ferti-
- i (1bs./acre) lizer and locally placed
Zinc sulfate 23%, 35% 350-500 grams/ Foliar; spray the leaves;
100 liters water may cause leaf burn under
plus a wetting gome conditions.
agent ' N
Soqﬁuhn . Iron deficiencies seldom respond well

" to iroaiapplied in the soil unless
\ special chelated (organic and more

costly) forms are used to protect

Fertilizer Responset: Sorghum will against tie-up. Deficiencies should
give similar fertilizer responses to be treated Ly Spréyiﬁg the plants with
maize if moisture is adequate and a solutior of 2-2.5 kg of ferrous sul-
improved varieties are used. As fate dissolved in lﬂﬂ-liters of water
always, farmers should be encouraged along with sufficient wetting agent to
to test the soil first rather than assure uniform leaf coverage. Begin
rely on general recommendations. spray;ng as soon as symptoms appear;

Nutrient needs are similar to the plant may need se&eral applica-
those of maize, except that sorghum tions duping’the growing séason on
is most susceptible to iron deficiency. -severely deficient soils.
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.Sorghym seeds and seedlings ture and variety factors.
are more ggpﬁitive to fertilizer
burn than maize. If more than one - Pelanuts
grain harvesf is to be taken from '
one planting, all the P and K should '
be applied at planting along'with

about 30-50 kg/ha of N. Another Fertilizer Respomse: Peanuts tend to -
ressing of 30-50 kg/ha of N should be give rather unpredictable responses to
pplied about 30 days later. After fertilizer and ofter respond best to
the first. harvest, apply an additional ;residuél fertility from previous

3

rotation.

3 T50 kg/ha.25-30 days later. ;aﬁplicatioﬁs to otherocrOpg in Fhe

Rdiﬂet ' : . Nitrogen and Nodulation: If the
; 'tight strain of Rhizobia bacteria is
- Rhizobia

present, peanuts can ordinarily satisfy

! ' : S their own N requirements. There are
Fertijlizer Response: Low soil mois- two exceptilons:

ture is a major factor limiting . 'f - e If poorly drained portions of

fertilizer response. Traditional : . the field ‘become waterlogged
- ' temporarily, the Rhizobia may
varietkes are usually. less responsiv%. die off and the plants begin

3 i ; [ to turn yellow. An applica-
Stuéles in India by ICBISAT showed | | tiom of 20-40 kg/ha of N may
that im?roved pearl mill&t varieties be needed to carry the plants

were responsive to N rates as high ‘E:zgmehrgizéiaggiszzgt:Eia

as 160 kg/hectare under ade&iése several weeks.

moisture, but ‘that traditio typeT In some cases (mainly on light-

: _ colored, sandy soils), 20~30 kg/
seldom responded well above the 40 | b o N’applied at planting has
80 kg/hectare range. The N-P-K rates . seemed to help the plants es-

. . . [ , tablish themselves until the
| in Table 8 can be used as a guide, i Rhizobia begin to fix N abqut
taking into consideration the mois-
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three weeks after emergence.

This is notl widely recommended.

To check for proper nodulation,
carefully remove t?e roots of plants
at least three weeks old and look
for clusters of fleshy nodules (up to,
the size of small peas) especially
around the tap root. Slice a few
open - if they are reddish inside,
this shows they are actively fixing
N.

S¢ed innoculation is normally not

necessary 1f peanuis are sown on

, cial jinnoculant is a dark-coloted, .
| dried powder which contains the living
Rhizohia and comes in a sealed packet.
' Seed is placed in a basin and moisten-
ed with water to help.the.innocula;}\\
+ stick (adding a bit of molasses helps,
too). The correct amount of inno-
culant 1s mixed with the seed, and
planted within a few hours. Exposing
the seced ro sunlight can kill thg

bacteria._
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to utilize resi&ual fertilizer.fr¢g

Phosphorus and Potassium: = Because

peanuts have an unusually good abi

preceding crbps, they do not respond
well to direct applications of P and
K unless levels are very loﬁ._ in
fact, there is good evidence that high
K levels in the podding zone can in-
crease the number oflgggg (unfilled
kernels) due to decreased calcium
a&ailabilityo

Calcium: Pganﬁts are one of the few
crops having a high Ca requirement. .
Light greeﬁ plants plus a high-per-
centage of pops may iﬂdicate Ca
bunger. Calcium ddesfnot move from
the plant to thepoﬁs;frather, each
pod has to absorb its owm require~

ment. Gypsum gcalciém sulfate) is

used to supply Ca-SO peanuts because

it is much more solublelthan lime and

has no effect on soll pﬁ‘(using lime /

to supply Ca can easily raise the pH
too much)(’/The ustal gppliéation
whgréﬂieficiencies exist is 600-800 kg/
ha of dry gypsum applied right over
the center of the crop row (it will

not "burn") in a band 40-45 cm wide

any time from planting until flowering.
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Gypsum aﬁso supplies sulfur. ‘ . recommended N rates usually fall in
Miéronutrieﬂts: Boron and manganese the range of 40~80 kg/ha N. -In a 1974
a{é-éhe ones most likely to be defi-  CIAT trialgin Colombia, 40 kg/ha N
cient (see Table 5). Boron can be increased yields to 1450 kg/ha compared
toxic 1if applied at rates much above to 960 kg{ha with no N. It was found
those giveq in Table 10 especially - that acid forming fertilizer N sources

when banded. . such as urea and ammonium sulfate

carld increase the chances of aluminum

‘Table 10
“Buggested Boron (B) and Manganese (MN) Rates
For Peanuts on Deficlent Soils *

ﬁ}"

Material % B or Mn _Amount Needed How Applied :

Borax 11%2 B ' : 5~10 kg/ha Mixed with fungicide dusts
for|leafspot or mixed with
gypsum. Do not locally

. ’ . place boron or injury may

n ’ - result.

£
A

f

Solubor 20% B 2.75 kg/ha . Spray plants -

Manganese 26~28% Mn | - 15«20 kg/ha Banded with row fertilizer -
sulfate . ) at planting

Soluble man- 26~-28% Mn 5 kg/ha .Spray on plant'leaves;
ganese sulfate ‘ « . use wetting agent.

Manganese 26~28% Mn 15 kg/ha : " Dust the plants with the
sulfate - . finely ground form

Beans _ | and .manganesé toxity if bandedlnear the-
(Kidney Beans) row on very acid soils. It was

récommended‘than.the N be.spread out
. more in these cases. : ,
Nitrogen: Beans are less efficient N  Phosphorus: Beans have a high P re-

/‘fixers than peanuts or céwpeas and quirement, and this 1is often the

L
an
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major limiting nutrient, especially
on soils with a high capacity to tile
-up P, A 1974 CIAT trial on such a
soll resulted in yields of 700 kg/ha
without P and 1800 kg/ha when 200 kg/

—_— /
ha of P205 was banded along the row.

Such high rates of P may be needed
on solls with serious P tie-up
prob.ems. Under such conditions, 1t
might take 10 times this amount to
give the same effect ifbroadcast.
Potassium deficiencles are uncommon

in beans.

Magnesium
very acid
Ca and K.

deficiency may occur in
s0ils or those high in

It can be controlled by
applying 100-200 kg/ha of magnesium
sulfate or 20-30 kg/ha or magnesium
oxide to the soil., If the soll needs
liming, us.ng dolomitic limestone
(20~45 percent Mg) will solve the
problem, Dolomitic limestone and
magnesium oxide should be brogdcast
and plowed or hoeé under before
planting, . Magnesium sulfate (epégghﬂ
slats) can be band-applied or side-~
dressed, A foliar application of
one kg magnesium sulfate per 100

liters water can be tried on estab-

)

[
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lished Cropse... |

Micronutrients: Beans are most sus-

ceptible to manganese, zinc, and
boron deficiencies (see Table 5).
Varieties differ in their suscepti-
bilities.
Zinc rates:

Manganese:
Boron: 10 kg/ha of bonax banded with

1 kg
Solubor (20 percent B) per 100 liters

As for maize.

As for-peanuts.
the row fertilizer at planting or

of water spraved on plants.

Manganese toxicity 1s sometimes a pro-

blem on very acid solls, especlally 1f
they are poorly drained. Symptoms are
easlly confused with those of zinc and
maghesium deficiency. Beans are also
very sensitive to aluminﬁm toxicity
which occurs below a pH of 5.2-5.5,

and liming the soll 1s the only control.
If'alu;inum toxiﬁity is sevéré, plants
may die shortly after emergence. In

more moderate cases, the lower leaves

become uniformly yellow with dead

margins, the plants become stunted, and

yields can be lowered dramatically. %

+
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Cowpeas . Very acid soils are usually low
. in available P and have a high
; - capacity to tie up added P by
forming insoluble compounds
with iron and aluminum.

;  Well-nodulated cowpeas do not

respond to N applications, although

A starter dosage of 10 kg/ha N some- e Although very acid soils usually
: - have enough calcium to supply
times shows results. ‘  plant needs (except for peanuts),

they are likely to be low in
magnesium and available sulfur
and molybaenum.

L L N -
IJIIIIIIIE; ~ e Low soil pH depresses the acti-
) vities of many beneficial -scoil
microbes such as those that con-
vert unavailable N, P, and § to
available mineral forms.

Malze and cowpeas may tolerate-

:s0il acidity in the pH 5.0-3.5 range

N Soils with a pH below 5.0-5.5 depending on the soil's soluble alumi-

——

(depending oun the soil) can adversely num content. Sorghum is somewhat more
affect crop growth in four ways: . tolerant than maize to soil acidity.

e Aluminum, manganese, and iron  Peanuts commonly do well down to pH
toxicities: These three ele- |
ments increase 1n sulubility .

. ‘as soil pH drops and may good aluminum tolerance. Beans are ;

| actually become toxic to

plants at pH's below 5,0-5.5.
Beans are especially sensitive Crops to soil acidity, and yields

: to aluminum toxicity which is'

[ . the crop's biggest yield limit-

ing factor in some areas. B 5.3-5.5.

Many soils labs routinely test :

"for 'soluble aluminum levels in -

very acid samples. Manganese

and iron toxicities can be

serious, toec, but usually are

not a problem unless the soil : s

is also poorly drained.

4.8-5.0 since they have comparatively

the most Sensitive of the reference

uéually decline below a soil pH of

T
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Where are Acid
Soils Likely
To be Found?

S0ils in higher rainfall areas

are likely to be slightly acid to
sfrongly acid since a good deal of
calcium and magnesium may have been
leached out over time by rainfall.
Those Of drier regions are likely

to be alkaline or only slightly acid
due to less leaching.

Continual use of nitrogen fer-

tilizers, whether chemical or organic
will eventually lower soil pH enough
to require liming. Calcium nitrate,
potassium nitrate,‘and sodium nitrate
are the only exceptions and are

usually too expensive or unavailable.

How to Tell if -
Liming jsNeeded

/

Soil pH can be measured fairly
accurately right 'in the field with a
' liquid  indfcator kit or a portable
electric, tvesters These are useful

for'troubleshooting but have two

drawbacks: ) -

170

drawbacks:

¢ Soil ph is not the sole cri-
teria for determining if liming
is needed. The goil's content
of soluble aluminum (called
"exchangeable” aluminum) is pro-
bably even more important, and
the portable pH kits cannot
measure this. A soil with a
pH of 5.0 or even lower might
still be satisfactory for the
growth of most crops if its
exchangeable aluminum content
is low. On the other hand,
another sé6il with a pH of 5.3
might need liming because of
too much aluminum, Only the
soils lab can tell for sure,

¢ The amount of lime needed to
raise s0il pH one unit varies
greatly with the type of soil
involved. One soil may require

- 8-10 times more lime than
another to achieve the same rise
in pH even though both have the
same initial pH., The amount of
lime needed depends on the soil's
amount of negative charg: which
varies with its texture, type
of clay minerals, and amount
of humus. Only the soils lab

. can determine this.

Calcufating the

Amount of Lime

Needed

Whether using the 13bh's of, other
recommendations, adjustments still must
be made for the fineness, Durffy, and

neutralizing value of the material used:

18j




e Neutralizing value: On a more
pure basis, here are the neu-

tralizing values of four liming

materials:
Material Neutralizing Value . .
(compared to limestone)
Limestone 100 percent

(calcium carbonate)
Dolomitic limestone
(Ca + Mg carbonate)
Hydrated lime
(calcium hydroxide)
Burned lime
(calcium oxide)

This means that 2000 kg of
burned lime ha$ about the
same efféect on pH as 3580 kg
of limestone of equal purity
(2000 kg x 1.79 = 3580xkg).

109 percent
136 percent

179 percent

Harrowing alone w.ll only move
the material down about half
this distance. A disk plow
or mpldboard plow should be
used, not a wooden or chisel
plow. TIf spreading lime by

hand, the amount should be
divided in half and one por-

tion applied lenghtwise and
the other widthwise., ,Z Wear a
mask hvdrated (slaked) lime
and burned lime can cayse
severe burns.

Whenever possible, a dolomitic
form of liming material should
be used to avoid creating a
magnesium deficiency.

Liming materials should be:
applied at least two to szix

< months ahead of planting, es-

* E%%EE%EEtEE 2:;2;12% gzzatly pecially if the material is
atfects the . t well d.
reaction with the soil. Even n? we groun
finely ground material °*may e Liming may be needed every two
take two to six months to to five years on some soils,

s affect sofl pH. especially if high rates of

e Purjty: Unless the matérial nitrogen fertilizers, manure
has a label guarantee, it is :riiompgi; aredused. fSandy
difficult to judge purity with< olls w need more frequent
out a lab analysis liming than clayey soils stiiice

y * they have less buffering capa~
city, but sandy soils also will
How, When, and require lower rates.
How Often .
ToLime . DO NOT OVERLIME!
o Never raise the: pH of soil
. above 6.5 when liming.

"o Lime should be broadcast uni- e Never raise the pH by more than
formly over the soil and then one full uynit at a time (i.e.
thoroughly mixed into the top from 4.6 to+4.6, etc.). It is

- i ing - - only necessary to raise the pH
135 20’cm by plowing or hoeing up {o 5.5—6.0yf0r good yieldg
F
171 a.
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of an aluminum sensitive crop.
l}ke beans.

Overliming can be worse than not lim=
ing at all far several reasons:

® Raiging the pH above 6.5 in-
creases the likelihood of micro~
nutrient defjiciencies, -espec~
ially iron, manganese, and zincj
molybdenum is an exceptiomn.

# Phosphorus availability starts
declining once pH risés much
above 6.5 due to the formation
of relatively insoluble calcium
and magnesium compounds.

® Liming stimulates the activity
of soil microbes and increases
the- loss of soll organic matter
by decompositions

Ll

&

Water Management

Water Needs of
- The Reference Crops

Relative Differences:
best drought resistance of the three

- 172

Millet has the

L

cereals, followed py sorghum, Qﬁd .
then maize. Of the pulses, cowpeas
and peanuts are superior to common
beans in this respect.

Critical Hater-Dema;d Periods: The
critical water demand period for 5}1

the reference crops in terms of both
yield effect and maximum usage occurs
from flowering time through the soft-
dough grain stage, Under low humid-
ity and high heat, total watef usage

(soil evaporation and plant transpir-

ation) may reach 9-10 mm per day dur-

" ing flowering and early grain filling.

Effect of Moisture Stress on Yields:

Crops can often overcome: the effects
of moisture %tress occurring early

in the seasqnp, but yields can be
markedly lowered .if it occurs during
flowering and grain :£illing. With
maize one Zo two days of wllting dur’-
ing tasseling‘time can lower yields
by up to 22 percent and six to eight
days by 50 percent.

Symptoms of Moisture Stress

.'Maize, soréhum, and millit

. will begin to roll their
= leaves up lengthwise, and the
plants will turn a bluish-
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green color. The lower leaves
will often dry up and die.
(This is referred to as
"firing" and is really a
drought-induced nitrog

deficiency.)

e The pulse crops will also
turn a bluish-green and .
their leaves will wilt as
stress increases. 'Firing"
may also occur.

Factors Influencing the Likelihood

of Moisture Stress:

¢ Rainfall pattern .and quantity:
See the section on rainfall
in Chapter 2.

¢ 30il texture: This has a
big influence on a soil's
water st .ge capacity.
loams and clay soils can
hold twice as much available
water per foot of depth as
sandy soils.

e Soil Depth: Deep solls can
store more water than shal-
low scils ..ad allow greater
rooting depth for utilizing
it.

e Soil Slope: Much water can
be lost by runoff on sloping
soils.

Clay

e Temperature, Humidity, and
* Wind: The higher the tem-

. perature and wind and the
lower the humidity, the -
greater the rate of crop
moisture yse and soil

evajiggtionclnsses.

- +

Keeping Rainfall Records

Since rainfall émountland
distribution have such a grest
effect on crop yields,‘it is very ’
useful to keep rainfall records
at various locations in’ydur work
aréa. The more progressive client
farmers should be encourfaged tor
keep their own records. .

Judging Rainfall: Showers thai

produce less than 6 mm usually con-
tribute-little moisture to the

crop since they do not pgnetrate

the soil ver§ deeply and are quickly
evaporated. For example, 5 mm of
rainfall will penetrate only about

20 mm into a dry clayey soil and
40 mm into a dry Sandy soil.

Improving Water
Use Efficiency

In areas with short rainy

seasons, the use of early maturing

varieties is a valuable tactic.

Planting dates should be timed so

that likely moisture stress periods
do not coincide with critical crop

stages such as pollination.




One study in Kenya showed & yield
decrease o§ 5-6 percent for each
day's delay in maize pianting after’
the start of the rains (in an area
with'a short season), In areas -
having wet seasons o§ adequate
length, but with pericds of mois-
tureistress, sSome extension ser-
vices recommend planting two or more
varieties with different maturities .
to lower the: risk-of total cr0pv
failure.‘_ , '
On sloping s.ils, soil con- .

 servation measures such as terracing

L

or ditch-and-bank systéms will sig-—
nificantly improve water retention

in addition to reducing soil lossas.

‘Weed contrel both during and between
crops will cut water use. Ih semi-
arid areas such as the Sahel, deep

plowing should be avoided if the

subscil is moist. Fertilizer tdse

will increase moisture use effi-
ciency by encouraging deeper #oot— .
ing. ‘However, crops cannot utilizé
as much fertilizer (especially N)
when waéer is a limiting factor.

(ntimum piant populations

are usuallyvlower under conditions

i

of low rainfall and probable moisture
stress,

Mulching the soil surFace with
a 5.0-7.5 mm layer of crop residues
can substantially increase yields iﬁ

drier areas.

Guidelines for
Improving Water
Use Efficfency Under
Furrow Irrigation

To avoid falling behind in
crop, irrigation needs, the soil
should be pre-irrigated to the full

" depth of maximum expected root

development before planting the crop.
Moisture gtored in the subsoil is‘
usually dafe from evaporation losses
unless the soil cracks ‘upon drying.
Leaching losses will be negligible

if the correct amount is applied
Eiﬁce only excess water moves down-
ward by the force of gravity - the
rest is held by the soil pores.

Frequent, shallow irrigation

should be aveoided since it_increases

‘evaporation losses and limits the




depth of root growth. Shallow
1irrigation encourages the buildup

of harmful salts in dry climates,
and frequent irrigation favors the
spread of fungal-and bacterial di-
seases, However, irrigation may
have to bé fairly frequent in the
initial stages of crop growth until
the plants have been able to put .
their roots down sufficdently,




/
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Weed Control
. i
How Weeds Lower
Crop Yields
Numerous trials in the U.S. - 0f course, all farmers weed
. have shown maize yield losses thelir fields to some extent, but
ranging from 41-86 percent when most of them could significantly
N weeds were not controlled. One increase their crop yields if they
A trial in Kenya yielded only 370 did a more thorough -and timely job.
kg/ha of maize with no weed control A University of Illinois (U.S.)"
compared to 3000 kg/ha.for clean, trial showed that -just one pigweed
weeded plots. A CIAT trial with every meter along the row'reduced
beans in Colombia showed 2 vield maize yields by 440 kg/ha. By the )
drop of 3 percent with no weeding. time weeds are only a few inches
177
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tall, they have already affected
crop Yields. Weeds lower crop -°

' yields in geveral wavs:

s They compete with the crop for
water, sunlight, and nutrients.

s They harbor ingects, and some
wieds are hosts for crop diseases
(especially viruses).

s Heavy infestations can_seriously
interfere with machine harvesting.

e A few weeds like Striga (witch-
weed) are parasitic and cause
yellowing, wilting, and loss of
crop vigor. |

Relative competitive ability of the

reference crops: Slow starters like

peanuts, millet, and _sorghum compete
_ poorly with weeds duling the first
few weeks of growth. Low growing

craps like peanuts, bush beans, and

bush cowpeas, however, &re faigly
effective‘at suppressing further

weed growth onée éhey are big enough
to fully Sh?de-the inter-row Spaces.
However, tall-growing weeds that Were
not adequately controlled earlier can
easily overtake thse “short™ crops if

allowed to continue growing.
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Some Important
Facts on Weeds

Broadleaf versus Grassy Weeds

Broadleaf weeds have wide (broad

or oval-shaped) leaves with veins
that form a feather-like pattern.
Grassy weeds are true 8rasses and
have long, narrow leaves with velns
that run up and down in a parallel
ﬁattern. A few weeds like nutsedge
(nutgrass) belong to neither category,
but are sedges, all of which have
triangular stéﬁs. Some chemical
herbicides are more effective on A\
broadleaf weeds, while others give

better control of grassy types.
How Weeds Reproduce and Spread:

Annual versus Perennials

Annual weeds live only a year

or so and reproduce By seed; they

are the most ,ommon weeds in many ,
fields.
may. live more than a year if rainfall

In the tropics, annuals :
ig sufficient. Most annuals produce
tremendous amountj of seed, some ‘of

which may not gegfiinate for years.



Rough Pigweed, Redroot
(Amaranthus retroflexus)

An example of an annual
broadleaf wedd; repro-
duction 18 by seed.

Yellow Nutgrass (Cyperus
esculentus)

An example of a sedge-
type weed. The main stems-
of” sedges are triangular
in shape. This particular
type reproduces by-seed

- as well as producing under- -
ground "nuts," which
sprout into new plants,

»

Bermuda Grass, Devil-
grass (Cynodon dactylon)

An example of a perennial
grassy weed; reproduction
is by above-ground runners -

.called stol’~s as well as

by. seeds.

/e




‘ When the soil is stirred with a hoe, Identifying Weeds| / i
harrow, or cultivator to kill weeds, _ ;5 /j
one crop of them is destroyed, but : /
more weed sedds are brought closer .“Nhere weeds'gre being controlled
to the surfacelﬁhere tpey can sprout. by hoeing or“mgchaﬁicai qpltiugtion,

Annual weeds shouidibe controlled . their gpgtifidfidentififation is

before they produce Seed{- Even so, 'usually;not/important; Where

-

permanent eradication of annual weeds ' chemical wf%d control is used, how-

is not possible bgcause[mosﬁ fields ever, theffarmer_and'extensidn.

. contain millions of weed seeds waiting worker sﬁould have a good idea of |

. . w
to germinate, and the 'supply 1is con- which specific weeds are present f

tinually replenished with more seeds since herbicides do not give broéd-
!

brought in by wind, water, animals, . spectrum coq{}ol. (See bibliqgtaphy .}
- / oy '
i animal manure, and contaminated -CXop--  for sourcesuof_fnrrher,1nform£tion
. / /
seeds. on weed igéntificatioq-) -

Perennial weeds live moTe than

two years. Most produce seed, but

man also propogate by means of Weed Control Methods
creeping, above-ground stems (stolons), N ' T

I ' - !
3 N

. !
and creeping underground stems ' .

{(rhizomes). . Hoeing or mechanical - Burning N J
> ¥ ' . :
cultivation may actually aid in When land 1s cleared by burning,

. spreading them around'thé field. standing annual weeds are kiiled

Man§ herbicides will-kill only the along with weed seeds very near the '
: topgrowth, and(thefe is usually soil surface. However, burning will

.enough food in the undergroung parts -not kill weed seegs or rébrgductive’ /

to continue propagation. . underground parts of perenﬁial weedsf

) . h "~ if they are deeper than 4-5 cm.
{

-Furthefmore. as the brush is often

»
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Nigeria, mulching increased maize

placed in windrows or piles before

burning, much of the soil may not be-ﬁ' yields by 23-45 percent and greatﬂy,
affepted by the fire. Some perennial (gi}ced the heavy labor requiremeﬂt
tropical grasses such as Guinea ‘ for hand wgeding which accounts for
{(Panicum maximum) and speargrass | 50-70 percent of the hours nee{led
(Imperata cylindrica) are actually . to grow maize in that area.

. - stimulated into dense regrowth by Shading (The Row Crop Prihciple) '
bﬁrning. On the other hand, weeds Arranging crOpé in rows - 'k
may be less of'a problem under slash facilitates hagd weeding, but also

and burn Earmlpg, because the soil is ‘makes possible mechanical cultivation

" usually not tﬂrned by plowing or . (weeding) with tractor or animal-

cultivation whlch brings more weed . drawn equipment. In addition, the /]

seeds to the soil surface, . . rows permit the crop to exert
Mulching : ! .-“ - . better shade competition égainst. ,
. Mulching the soil surface with a the weeds, )
5-10 cm layer] of crod residues, dead . Hoe and Machete Cultivation ;
v “;‘ weeds or grasg can gi;e'very effective | Wéeding with hand’ tools }S an ,f
weed LOﬂthl hnd provide a numbér of effective method if su¥ficient labor /.
other beneflt? ' : is-available. It is common, hqweve;im
e Erosion is greatly.reduced oh fér small farmers who rely on this'
, r Qlopiug oils. ) Imethod to fall behind in weeding
v L .o’goil watir loss by evaporation and crop yields often suffer. ‘ ;
- ’ ' amd runoff is greatly reduced. ) Animal and Tractor-drawn Cultlvation [
e In very Hot areas, soil tempera- Disk harrows, field pultiyators. f

réduced to a more = !  and spike-todth harrows can provide

tures ar

beneficigl level for crop . ex9911ené pr#plantiﬁg weed control,

i ~ growth, , The Spikq*tooth harrow can also be ; '
e Organic matter is eventually used to control emerglng WdeS until f
v i
added to ithe soil. ~ the CrOP is about 7,5-10 ¢m tall.. |

In triald conducted by IITA in ~  without 'serious damage. / [ f



Animal-and‘tractor-drawn‘row
cultivators can be used from the
time the crop is a few.éentimeters
Itall. They are faste#\thaﬁ we?ding
by hand, and a one-row animal-drawn
model can easily cover 3-4 hal/ ay
unless the rows are very'narroJx
They canjalso be adjusted to throw
soilqi;§g the row itself to kill
smalleﬁéds by burying them. If
operafé§5too deeply or tgo close to
the row, however? serious root
pruning {cutting off crop roots
during cuitivation'between rows) °

" may gééult.

" Herbifcides .

: Herbicides can gréacly reduce
labor requirements and permiz‘a
?qrmer to grow a laéger acreage.

Iﬁey also avoid root 'pruning, soil

o

are causediby . 4 tools or mechanical

equipmentf In a number of cases,‘
herbicides 1ike atrazine have proven
competitlvé-ﬁith hand 1abor in maize

production in-developing countries.

] ‘

Improved methods for small farmer

application of herbicides such as

granular forms and yltra 13@ volume

Y,

[
v +

compaction,, ahd -+ and #educfioﬁ whichI

spfayers are being developed. by IITA.
Herbicides do have some very
definite disadvantages that must be,
considered when working with small
farmers: : ' ; '

.; The} are léss reliable than hand
tool or mechanicaf’weedfng”and
most require careful ané accuratv
application. This can be achieved
by small farmers using backpack
sprayers, bﬁt it tequires some
training, ”

e Weed control_is seldom complete.
Mosf herbicides are not broad-

spéctrﬁm, apd it is important

to anaiyze the typefof local_
weeds species present beforej

chooéing a product, . i
e Most soii aﬁplied herbicides.

require a certain amount of

"rain within a week after ap--.

plication in order to move

the rshemical into the zone
of weed seed germination.
Others need immediate incor- -

pofation_into the soil with’
a’disk harrow or rototiller..

) Imbropef application may . .
/damage the crop. -
¢ I




® Nearly., all herpicides are
‘unsuited for use in inter-
cropping involving cereals
and legumes due to the danger
of crop injury. These products
are cfop-sp&uific as well as
weed-specific.’

¢ Without proper training and -
care, farmers may subject them-
selves and the enviroument ic
serious risks through the mis-
aﬁblication or mishandling of

these toxic chemicals.

Guidelines for .
Non-Chemical Weed

Control in the

Reference Crops

Pre-plénting Weed Control

Successful weed control begins

with planting the crop in a seedbed

frce of standing or emerging weeds.

This means that when planting on
tilled ground (as opposed to Pure
slash and burn agriculture), the

field should undergo some form of

cultivation (i.e. plowing, harrowing,

hoeing, etc.) as close as possible
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to planting. This will give the
young seedlings a "head start’ on
future weeds which.is especially
important under two conditions:

® Slow starters like sorghum,

millet, and peanuts: They

are very vulnerable to early
season weed competition.

® Reliance on tractor or animal-

drawn row cultivation: The

only way these cultivators
can control weeds in the crop
row 1s by throwing in soil to

bury them.
until the crop is tall enough

This means waiting

{usually over 5 cm) so that it
will not be buried too. The
problem is that weeds already
present or about to emerge
in the row at planting may be
able to grow tdll enough to
esc.pe bufial by the time
cultivators can be used,
Frequent’prehplant'harrowings
do little to reduce the field's
potential weed population and they
can increase soil compaction and

destroy good tilth by speeding up
the loss of organic matter.




How to Use a Spilke-Tooth .Harrow on

Young or Emerging Seedlings

If large numb-rs of weeds emerge
at the same time as the crop, =&
shallow working of the entire soil
éurféce {including the rows them-
selves) with a spike-~tooth (peg-
tooth) harrow may be the best |
solufion if hand weeding labor 1s
inadequate or too expensive. This
method is best suited to crops
planted at least 40-50) cm deep and
can be used any time from two to
three days after planting until the
¢rop is 7.5-10 cm téll.

Peanuts and beans, with their
hrictle stems, are more likely to be
jinjured than maize and sorghum,

unless certain precautions are taken

(see below). Millet is usually

planted too shallowly to tolerate
this method well.

v Cuidelines for using the spike-

tooth harrow for this type of weeding:

¢ The weeds should be either just
emerging from the soil or still
very small.

e If the soil is very wet and the

weather- 1s cloudy, the weeds

may be transplanted ipstead of

ﬂil led.

The harrow should be run only

deep enough to uproot the tiny

weegl seedlings.

¢ Beans and peanuts are more easily
injured when they flrst emerge
and still havetthe crook (bend)
in the stem.

Less injury is likely if the

harrow is used in the afternoon

when the plants are less turgid

(hard) and brictle.

Care must be taken tO ensure

that the draft animal or the

tractor tires do not run ouar
the row itself.

Using the spilke-tooth harrow in
this manner once or twice can often
eliminate future, more laborious
qgeding. Use of this harrow prior
to plant emergence 1is also useful
for breaking up any soil crusting
that might hinder emergence. .(For
moré information on the spike-tooth

harrow, see the PC/ICE Animal

Traction manual.)




Guidelines for Animal-and Tractor-

Drawn Row Cultivators

Aninal-drawn cultivators are

widely manufactured in one-row
models and cost about $100-$200 in
U.S. currency. They are well worth
Ehe investment since they permit
more timely and rapid weeding than
is possitle with hand tools., A one-
row cultivator can easily weed 2-3
hectares per day of wide row crops
such as maize, millet, and gorghum.
Animal-drawn models are available
either ag single-purpose un;ts or

as multi-purpose toolbar frames with

An animal-drawn cul-
tivator which can be
adjusted for width by
moving the uwpright
level.

attachments for plowing, ridging,

and cultivating.

Tractor-drawn cultivators

usvally consist of a toolbar to which
cultivating shanks are attached. Tvo-
rows four-row, six-row, and eight-row
arrangements are most common; I£ Ps
important to remember that such multi-
row arrangements require uniform
Spacing of the planting roﬁs to avoid
crop injury. .

Cultivator Shovels and Sweeps: Both

animal- and tractor-drawn cultivators

use sweeps and/or shovels attached

to théﬁbhltivato: shanks to do the

actual weeding., Some important

considerations:
e Shovels require deeper soil
penetration for good weed
control and throw more soil
than most sweeps. This means
that in the case of tractor usage,

shovels cannot be operated
as close to the crop rows as fast

as most sweeps.,

Sweeps are available in widths
up to about 50 cm.. However the
farmer is uéﬁally better off

using two or more sweeps of

smaller widths or a combination
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PAFulToxt Provided by ERIC

ERIC

of sweeps and shovels to cover
one inter-row space. This
permits more effective weeding
and more accurate adjustment than
is usually possible with Jjust
vne wile sweep, Wide sweeps are
“also more prone to breakage.

Sone General Guidelines for Weeding:

with Row Cultivators

1. - A sure sign of root pruning
is the accumulaticn of crop ¢
roots on the cultivator shanks.

To avoid sgerious root pruning,
shovels and sweeps should be
oparated as shallowly and as
’far from the crop row as
practical. The ideal depth
and distance will vary with
crop size and row width.

For example, when maize is

20 em tall, it can be culri-
vated up to 10-15.em from the
stalks. However, once the
crop is 75 em tall, such deep
cultivation would prune off
mueh of the root systems.
Maximum depth should be

about 5.0-7.5 em at this

A tractor-drawn cultivator weeding beans. This particu-

lar model is mid-mounted, which allows the driver to-- -
view the weeding operation without having to turn around,

Note the two outside shanks on the rear toolbar which help
loosen the soil compacted by the tractor tires,
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Dif ferent types of cultivator shovel; note

that some have reversible points.

Different types of sweep.
widths. The height of the sweep's
mines how much soil it throws.

avoid damage.

stage. Sweeps can be run 4.
shallower and closer to the

row than shovels and do a
good job of weeding without
root damage. '

Sweeps should be set to
operate almost flat with the
tips angled just slightly
downward. When the point
rests on a floor or the
ground, the outside tips

of the wings should rest
about 30~§P cm off the
surface.

Weeds should be killed early

to avoid yield losses and

to permit more effective

control, especially of-weeds— .
right in the row,.
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AN A

They come in many B,

The half-
sweeps are used next to the crop row to help '

effective when the soil ---

2]

10y

crovn deter-

The nitrogen sidedressing
is best applied right
before a cultivation, then
the fertilizer can be
worked into the ground a
bit to prevent losses
through water runoff or
through conversion into
ammonia gas (a problem
with urea).

Cultivation is most

surface is dry; wet soil
keeps partially uprooted

‘weeds alive.




The cultivator should be
adjusted so that it throws
sufficient soil into the
crop row to bury small
weeds without smothering
the crop. DO NOT THROW
SO0TL INTO PEANUT ROWS

(see page 24B)

Unnecessary cultivation can
harm the crop. The main
purpose of cultivation 1is
to control weeds, although
it 1s sometimes used to
break up a hard soil crust
that is interfering with
water absorption. Excessive
cultivation damages plants

¥ and roots, wastes time and
labor, and increases soil
compaction and loss of humus.

Guidelines for
Cultivatin%
Reference Lrops

MATZE AND SORGHUM:

these two Crops are commonly "hilled

In many regions,

up" during successive cultivations to
provide better drainage and to help
prevent lodging.

BEANS:  Throwing soil into the plant
row not only controls small wegds and

- provides better drainage {good for

¥
root rot chtrol) but also helps

promote the growth of secondary
roots. This is especially beneficial
in cases where the ﬁrimary root
system has been damaged by root rot.

Do not cultivate beans while the

leaves are.wet gince this increases
the spread of foliar diseases like
bacterial blight and anthracnose-.

PEANUTS: Soil should not ‘be thrown

into ‘the crop row, especially when

the peamat plants are young. This
practice Injures the stems and
buries some of the. young branches
which greatly increases the plants'
susceptibility to Southern stem

rot (Sclerotium rolfsii) and also

k4

interferes with normal branch
development. There is no need to
throw soil into the row if early
season weed control 1s adequate.
"rlat" cultivation will avoid
throwing soil into the row. The
secret of flat cultivation 1s good
early-season weed control. to
prevent weeds 1n the row from over-
taking the crop. Most farmers in

the U.8. use herblcides to provide

initial contfol for the first six
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to 2ight yeeks. 1If déing tractor millet usually escapes injury since

cultivators, farmer% should use it is harvested during the wet season

"high'hpeed“ sweeps which have a '~ when striga seeds are dormant. Maiwa

low crown and do not throw as much ’ millets, which mature later, are mﬁ}e

soil. Wide sweeps enable the prone to attaék.

cultivator shanks to be kept well Striga seeds are stimulated to

away from the row since they, too, germinate by moisture and plant

throw a lot of soil. Juices (root excretions) from the
Cultivation should cease once roots or ‘grass family host plants

the pegs begin to elongate, around . and emerge above ground in about

eight weeks after plant emergence. one to two months. Flowering

Cultivation at ‘this stage can damage occurs three to four weeks later,

the pegs and help_spread rosette and the seeds mature in another ’////

virus, & serious problem in Africa. - 30 days. A éingle plant can ,

By this stage, the plants should be ' produce half a million seeds which

big enough to provide good competition - are easily spread by wind, water,

with any emerging ;eeds. ' and tools. Crops are often injured

A Special Note on Striga before the weed emerges, and severe
Striga (wituhweed) 13 a parasitic attacks cause stunting, yellowing,

annual weed which invades the roots and wilting..

of grass family plants (sorghum, maize, Striga Control Recommendations ’

millet) and can cause serious losses. ¢ Hand weeding provides partial

control; some herbicides give
good control, and one foliar
Africa, india, Southeast Asia, Australia, product hﬁs been developed

that can be applied with an -
inexpensive water pistol.

There are several species found in

and the Southeastern U.S. In West
L Aﬁfica, 1mpf?ge§ varieties of sorghum e Hikh fertility helps plants
are sometimes heavily attacked.’ _ resist attacks, and plant
breeders are working on

Improved maize varieties are somewhat varietal resistance. s -

less susceptible but native varieties e An effort should be made to

have better resistance. Gero type




prevent movement of striga seed
. from infested to noninfested
flelds.

All crops should be kept free
of grassy weeds which are hoscs
for striga.

"Trap" crops of cereals or
grasses can be planted to
stinulate striga germination
and then plewed under before
the weeds have produced seeds.

3
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Guidelines for -
The Use of
Herbicidesin the
Reference Crops

.In some parts of the developing
world, there is a eritical labor
shortage st weeding time. Herbicides’
can be economically teasible for I'
small farmers dnder these conditions.
In Central America, herbicide uqé
by small farmers has become cqﬁhﬂn in
many districts. Chemical weed‘;'control
1s a sophisticated managdment prictice,
however, and most fdrmera,using

herbicides need more instruction in

ki

. proper application procedures.
How Herbicides Kill Weeds
Fd
Some herbicides like glyphosate -

will kill weeds only ;f gp:ayed on
Others like simazine
will not control emergad weedss but’

. thelr leaves.
must be, applied to the soil itself
where weeds are killgﬁ as they
germinate by absorbins the chamical
through their roocs.

" 1ike atrazine ara effective either

way. '
Chooségg a Hérbibide

The choica of a suitable
herbicide depends on the type of
weeds/presth and the crop's
tolerance to the chemical.
Weed Selec;ivi;x Some herbicides

concrol 3rassy weeds beccer, some

-
.

/ are more effective on broadleaf.
types, ‘and still others will
Nearly all

control some of each.
herbicides are much more effective
on annual weedé-chan Perepnial

‘It 1s iomportant to remember
that individual herbicides seldom-

weeds.

provide a full range of weed control
and that the specific weed speciles '
must be considered when choosing a
product c? contrsl {c.

i
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Ciop Tolerance: Each crop may tolerate

certain herbicides, but at the same
time, be severely injured or killed
by others. For example, atrazine
will kill most annual grassy ané
broadleaf weeds on maize, sorghum,
and millet without ipjur§ to the
crop.. The herbicide 2, 4-D can also
be spraved airectly on maize, éorghum,
millet, and other grass family crops
Eo control broadleaf weeds without
injury to these crops (unless applieﬁ
too heavily or at the wrong stage of
.growth}. On the other hand, glyphosate
has no selectivit& and will kill all

foliage that it touches.

Some Important
Herbicide -
Terminology

\

_ Contact herbicides kily only
those plant parts the spray actually
touches. There is little, if any,
translogation (movement) to other

parts of the plant, Contact herbicides

of all weeds and crops.

¢

Glyéoghate is a non-se}ective-cqntéct
product that kills the %reen topgrowth
Propanil is

& selective contact herbicide fhgt
controls many grassy and broadleaf
weeds in rice without injury to

the crop (it can be freely sprayeq

on ghe'rice plants).

Systemic herbicides are: absorbed
through the leaves (less so through
the roots) and then translocated
throughout the plant. Systematics
éfé especially useful for killing
perennial weeds, although several
applications may be needed. Many.
other herbicides like atrazine

have a partial systemic action.

Timing and Method of Herbicide
Applications ‘

The herbicide label will state

that the particulaf product can be

T [}
applied in one or more of three

ways: .

e Pre-plant: Before the crop is

» planted. Most pre-plant
herbicides require incorpora-
tion into the top 2.5-10 cm
of soil with a disk harrow
or rototiller.
Pre-emergence: After the crop
is planted, but before it or
the weeds have emerged.

" can be either selective or-non-selective. .

s
-




A Post—emerpgence: After the ‘crop
‘.and the weeds- have emerged,
usually.bpfore the weeds are
2:5-5.0 cm tall.

Broadtast applications are

applied over the entire field.
Band applications are applied in a

narrow strip (about 30-40 cm wide)
centergd dvgr the érop row. These
save’ the farmer money since less
herbicide is used, but he or she will
still have to Sultivate the

untreated inter-rcw area.

How Herbicide Dosages are Given
"Herbicide recommendations are
usually given in terms of lbs./acge

or kg/ha of active ingredient® which

refers to pure 100 percépt chemicals
Holrever, each herbicide‘ié usually
ajailable in several different
fdmulations (i.e. wettable powders,
1ifluids, granules) that vary in
rength. It is up to the farmer
or ex;ensiop agent to figure out how
mucﬁ of a particular product is
needed to satisfy the recomméhdation.
"This is muéh the same as figuring

fertilizer requirementdi For example

* For some herbicides the percentage
of active ingredient may be
referred to as the "acid
equivalent" ,

. »

-

. 5

3,75 kg/ha of G&saprim 80 percent
wettable_powder would be néeded to

supply 3 kg of active ingledient per

hectare (80 percent x=1 kg; x=3.75 kg).

[N

Herbicide Safety

Fortunately, most herbicides
are relatively safe, but there are

a few exceptions.

e Paraquat has an unusally high
oral toxicity and even a small
amount of diluted mixtuxe can
be fatal. Paraquat is inactiva-.
ted by clay or activated charco.l
which should be administerad
orally (mixed with water) if
oral ingestion occurs.

Dinitrophenols (DNBP, Dinoseb,
Basanite) have high oral
Jtoxicity and can also be
absorbed dermally (through the
skinl.

Suspected birth defects caused
by 2, 4-D type herbicides have
been linked with faulty manu-
facture which produces dioxins
(rarely present under current
production methods),

For these reasons, it is not
recommended that these herbicidés
be used without first receiving
instructions in handling from a
knowledgeable professional.

The same general safety guide-
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lines in section B. On insecticides ® Weed size: Post-eﬁergence
g f - ’ applications of many*herbicides
épply to'herbicides.  Except ror - ) will not kill weeds much taller”
} those mentioned above, nearly~all ) than 2.5 cm while others will -
i herbicides are Class 4 in their . ) zzzjgtive;y control larger

L]

relative to*icity (ltast dangerots). _ o Accuracy of application: Most

herbicides need to be applied
at fairly precise désages.
This requires calibrating -

¢ = « the sprayer in order to
L ) determite how much water it
Factors Aﬁectmg t "~ will take to cover the field
Herbicide and how much.herbicide should 4 .
& "~ Performance * .. .. be added to each tankful. ;
When spot-spraying, the fhrmer
S -' . can get by using a tablespoon
' - a per gallon or cc per liter
_ dosage, but this is the .
" @ Choice of product. The p;oduct gxception. Application also
must be suited te.the crop and needs to be uniform to avoid
~ the weed specie§ present. . crop injury or patches of

-

surviving weeds.”
® Spoil organic matter and clay

content: The rates of ‘most o )

s soll-applied herbicides are L
very dependent on soll clay . .
and especially organic matter

content. The higher these - : General Guidelin'és'
leveis, the higher the rate “For Applying )
of herhicide needed. Some Herbicides

soil-applied herbicides may,
cause crop damage on sandy )
soils. . S ) -

] Rainfgli: Most pre-emergence
herbicides require moderate )

L

rainfall within a few days - "
following application in-'order ‘ o . .
to move the chemical into the & READ AND UNDERSTAND THE .LABEL! . -

weed seed germination zone.
Otherwise, a very shallow
cultivation.may be.needed to
work the chemical into the soil.

o Do not spray on windy days.
Spray drift or vapors may - , .
damage nearby susceptible: C
crops. °*
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e Avoid spraydng wnen the and most.broadleaf crops may be
i Y -
temperature is above 32 injured if planted within thi
High temperacures increase
volatility (vaporization)- period. Simazine, diurops and-
. and may also reduce .. .
herbicide cffectiveness. di hgnamid may take eveh longer.
. . '
¢ When using .wetrable powder Most others take é few peeks to
formulations, be sure‘to . a couple o§ months. The label

agitate the sprayer

tank to keep the

powder in suspension. during~
upplication.

should show carryover information.

e Never use a herbicide on a o . :
crop for which it is not
recommended.

, e Do not burn herbicide . ) i
v S containers. Fumes may be g . . @
) released witich can injure . - ' ‘
suscept ible crops., ' ’
' Applying Herbicides with Backpack -

(Knapsack) Sprayers

l:i'erbicideCarryDver A few herbicides do not require

) . . . . { o i much dosage accuracy and can be easily

' applied with backpack sprayers. How-
Some herbicides take a long

ever, most herbicides require a level

. of precision, which 1s difficult to
may injure succeeding crops. 1t is ) : R -
achieve with these sprayers unless

time to break down in fhe soil and

likely "nat residues may cause
extra carg is taken.
problems with those crops for which

In order to avoid applying too
the pcoduct is not recommended.

'much herbicide, which wastes money and
Fortunately, residues are less of

might injure the cgpop, or too little,
a problem irn the fropics where ' - R
gq . which might make the spraying inef-
higher , s’ favor a more * - o
gher \remperabyres tavor . fective, the sprayer should be

+  calibrated (see Appendix K). .
Atrazine takes two to eight

Once the sprayerhas béen cali-
months for its residues .to disappear; .\ prated, the farmer must maintain the

rapid breakdewn of the chemicals..

B " & i LY L

- . . T A . .
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same constant spraying preésure and
walking speed that was used. in the
calibration process.

Nozzle selection is important.
Fan nozzles (see page 225)
should be used to make pre-emergence
and post-emergence applications over
the soll and small weeds. Cone
nozzles are best for spraying her-
bicides on larger weeds, since they
provide more complete coverage. than
‘fan nozzles when used on foliage.
They should not be used for broadcast
 applications of herbicides over the
gsoll and small weeds since the
circular spray. patterns will not
overlap properly. If two or more
cone nozzles are mounted on a
spray boom, overlapping spray
patterns will distort each other.
As for water volume, 250-300 1/ha
‘is adequate as long as weeds are
small or only the soll surface {is
beilng sprayed. Larger weeds
require up to 500-600 1/ha when
uniform coverage 1s needed. The
sprayer should be shaken-periodic~
ally to keep wettable powder
formulations in solution.

Improvements in Hand Sprayers

¢ Low-volume hand~held spravyers:
A very effective hand-carried
sprayer that runs on flash-
light batteries has been '
developed by IITA. It 1is
known as a controlled droplet
applicator sprayer and 1is
specifically designed for
applying herbicides. Its
special nozzle produces
extremely fine droplets
which permit adequate
coverage to be.achieved

with only 20 liters of water per hec-~
tare. The single npzzle covers & meter~

wide swath which enables a hectare

.to be sprayed in about eight hours

at a walking speed of 0.5 meters/.
second. This 18 a big improvement
over backpack sprayers in terms of
wdater volume and time requirements.
The controlled droplet applicator
sprayer 1s very light and holds just
2.5 liters of spray solution. Cali-
bration is also simplified, because
the sprayer's output is constant and
only ﬁqlking speed need be consldered.
The sprayer is currently being
manufactured by two companies:

e The "HERBIE" by Micron Sprayers
Ltd., Bromyard, Herfordshire,
ENGLAND HR7 4HU. This model
uses eight flashlight batteries
(good for up to five hectares
of spraying).

The "HANDY" by Ciba-Geigy AG,
CH 4000, Basle 7, SWITZERLAND.
USes five flashlight batteries.

-

The price of the controlled droplet
applicator is about half that of a
backpack sprayer. However, it is
not suitable for applying most
insecticides and fungicides.

A spray boom for backpack sprayers:
Te reduce labor requirements for
backpack spraying, a simple but
effective spray boom can be cons-
tructed so that two to five nozzles
can be used at once. If only two
nozzles are used, special "T"
extensions are commerclally avallable
for many sprayer models. Larger
booms can be made by arranging
nozzles along a2 length of narrow

diameter pipe and connecting them

195
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with high-pressure plastic hose. 4,
If fan nozzles with an 80°

angle of spray width are used and
spaced S0 cm apart on the boom,
uniform ground coverage can be
achieved when the boom is carried
fabout 50 cm off the ground. (This
provides three to four fingers
width of overlap between adjacent
spray patterns. As shown in the
iliustration, these large booms
are too unwieldy to be carried

by the sprayer operator alone.

"Applying Herbicides with Tractor
Boom Spra,ers

[

‘[Yactor boom sprayers can cover
up to six to eight rows at once
and have nozzles spaced every 40-50
cm. They may be used on small farms 6.
as part of a cooperative venture.
Here are some guidelines:

1. Low sprayer pressures (30-40 lbs./
59. in.) are usually recommended
for herbicides. Higher pressures

decreage droplet size, distort 7.
the spray pattern, and cause
drife.

I
.

For nozzle selection follow the
guidelines listed under backpack
sprayers. Brass, aluminum, and 8.
plastic nozzle tips are cheapest.
However, they wear much faster

than tips made of harder metals

when wettzble powders are used.

3. If output per nozzle is too low,
switch to a larger nozzle size )
or drive slower. Increasing 9.
pressure is a poor way of
increasing spray volume.
Pressure must be increased
four-fold in order to double
the output.
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When broadcasting herbicides
over the soil or on very small
weeds, the sprayer boom height
should be adjusted to give
three to four fingers width of
overlap between adjacent spray
patterns. Fan nozzles are
available with different spray
width angles such as 659, 73°,
and 80°. The wider the angle,
the closer to the ground the
boom can operate and still
achieve the necessary overlap.
This is a big advantage on
windy days.

Nozzles of different sizes or
spray angles should not be used
on the same boom.

The manufacturer’s tables for
output and calibration are not .~
reliable. WNozzle output can be
markedly affected by wear, and
pressure gauges and tractor
speedometers vary in accuracy.

Wettable powder formulations need
constant agitation to stay in
suspension. Mechanical or
hydraulic jet agitation is a must
for tractor sprayers.

The tractor must be driven at a
constant speed while spraying or

output will be affected. A
fluctuation of only 1-2 km/hr
can increase Or decrease the
dosage being applied by as much
as one third.

Tractor speed should be adjusted

.to suit ground conditions.

Excessive bouncing of the spray

boom will cause uneven coverage.

The tractor should not pe driven
faster than 8 km/hr.

206




L
///(/”" r "f/'/ “"’
i '

A

i

tr .
EV

_‘.f' [ . ;
Wil -
s T f:{_!., 'fff.r ¥

.‘//a

A boom arrangement for backpack sprayers (Courtesy
of 1RRI)}. About 4-6 nozzles can be used when
applying low water volume as with many pre- and
early post-emergency herbicides.

10. 1t is important to cheek herbicide selection and dosages.
constantly for blocked nozzles
while spraying.

RECOMMENDYD HERBICIDES FOR THE
REFERENCE CROFPS

The number of herbicides
available for use on the reference
crops and their individual appli-
cation guidelines are too numerous
to be adequately covered in. this

manual. It is best to rely on

locally-derived recommendations
based on field trials if possible.
Severgl resources are listed in
the bibliography that will provide

reliable general guidelines for




Insect Control

Some Important
Facts on Insects

Insects can often be identified
by the type of damage they cause:

& Chewing and Boring Insects

Caterpillars are the larvae
of moths. They damage plants
by feeding on leaves and
making holes in them Or by
boring into stalks, pods,
and malize ears, The cutworm
caterpillar is unusual in
that it lives in the soil
and emerges at night to cut
off plant stems near ground
level,

Bettles feed on plant leaves
and chew holes in them, Some
beetles of the weevil family
bore into pods and seeds

and deposit €g8S inside.
Certaln beetles can also
‘eransmit bacterial and

viral diseases.

Beetle larvae like white
grubs, wireworms, and root-
worms live in the soil and
damage roots and the under-
ground portion of the stem
by chewing or boring.

e Sucking Insects

Aphids, leafhoppers, stink-
bugs, harlequin bugs, white-
flies, and mites have plerc-
ing and Sucking mouthparts
and feed on plant sap from
leaves, pods, and stems.
They transmit a number of
.‘plant diseases, especlally
viruses. Sucking insects
do not make holes in the
leaves, but usually cause
leaf vellowing, curling or
crinkling.

Insect Life Cycles -

A general understanding of
insect life cycles 1s useful in
identifying insect problems in
the field. Beetles and moths go
through a complete metamorphosis
(change in form) consisting of
four stages, while aphids, leaf-._
hoppers, whiteflies and other suck-

ing insects go through only three’
stages.

(Adult stage)

MOTH —————— GG ——————
(Does no damage.) .
CATERPILLAR — > PUPA
(Usually feeds (Dormant stage;
on leaves.) turns into a

moth.)
(Adult stage)

BEETLE > EGG

(Feeds on leaves,

pods) |
LARVA — > PUPA

(Grubs, wireworms, (Dormant stage--
rootworms, etc. turns into a
Feed on plant roots.) beetle.)

-




(Adult stage)

APHIDS, LEAFHOPPERS,
STINKBUGS, WHITE~- )
FLIES, OTHER SUCK- '
ING INSECTS

EGG ——— > NYMPH :
(Looks like a minia-
ture adult; at this
stage also sucks sap.)

How to Identify
[nsects and
Their Damage

BE ORSERVANT!  Troubleshooting takes
practice, and a sharp e¢ye is essen~
tial., When walking through a field,
closely examine the plants for
insects or their damage symptoms.
Check both sides of the leaves

since many insects prefer the
undersides of leaves. A magni-
fying glass can be very helpful.

1

Idehtifying Insect Damage: Often
it is possible to identify insects
by the damage they cause.

¢ Holes in leaves:' Caused by
caterpillars, beetles,
crickets, snails, and slugs.
(snails and slugs are not
insects but do attack
plant foliage.)

e Wilting: Usually caused by
soil insects like white grubs
and wireworms. If root

feeding or tunneling of the
underground porticn of the
stem has been serious it
could be due to stem
borers. Remember that
wilting can be caused by

other factors, too: dry soil,
very high temperatures,

root rots, bacterial and
fungal wilts, and nematodes.

To determine 1if insects
are the cause of wilting,
dig up the affected plants.
Check the root system

and underground portion
of the stem for insect
and disease”damage, also
look for soil insects.
S1it the stem lengthwise
with a pocket knife and
check for borers or rotted
tissue.

¢ Leaf curling, crinkling or
yellowing: Caused by sucking
insects, especially aphids,
leafhoppers, and mites.
Viruses and some nutrient .
deficiencies also produce
these symptoms. MNematodes
and poor drainage cause
yellowing too.

M
r

Identifying Insects: Spend time

with locally experienced exten ion
workers in the field and have them
point out the prevalent crop insect
pests (and beneficial predator

. insects) in the work area. Seek

out host country or regional insect’
guides such as extension bulletins.
The publications listed in the
bibliography are also very useful.
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Major Pests
Ot Maise

Soil Inseets

White prubs (Phyllophaga, others)s:
Brown headed, plump, six=legged,
white lavvae up to 25 mm jong.,
Many are larvae of May (June)
beetles and atrtack roots of maize
and other grass family crops,
somet imes causing serious damage.
Espuviaily common where maize is
planted on recently cleared
piasture land. Occasionally.
attacks legumes. Larval stage
lasts one to three years.

Wirewarm farve top amed A0l bt

Rootworms (Diabrotica, others):
Small, slender, whitish larvae
with brown heads, measuring up
to almost 20 mm. They attack

PAFulToxt Provided by ERIC




Cutworms (Agrocis, Feltla, Spodoptera):

These are caterplllars ranging from
bright green to black. Most are
rather plump and curl up when dis-
turbed. They attack young -plants
and cut off stems at or slightly
above the soll surface, hit some -
will feed on the leaves. Most

_remain below ground during the day

and emerge at night to feed.:

Lesser cornstalk borer (Elasmopa;pﬁs:

Caterpillars, usually light green
with faint stripes and distince
vertical bands of brown. They are
most common In Latin America.
Young larvae feed first on the
leaves and then bore into the stalk
about 2-5cm above ground. Each
builds a tunnel made of soil
particles and silk that runs from
the soil to the stalk hole. May
also attack the root system.
Larval stage lasts about three
weeks and pupation takes place in
the soil 1in a silken cocoon,

‘Seed corn maggots (Hylemya):

Yellowlsh gray fly larvae up to

6-7 mm long with a blunt rear end
and a sharply-pointed head. They
attack germinating seeds,igbmeCimes
eating out the entire Kernel.

_ Maize Foliage Insects and Borers

Fall armyworm (Spodoptera frugi-
perda: Larvae have a green and
brown coloring with a prominent,
white, inverted '"Y" mark on the
head and grow to about 40 mm.

One of the most serlous and
prevalent maize Insects in the
lowland troplcs. The caterpilllars
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Seedcorn Maggot, A—
Mature larva; B — Adult:

are larvae of night-flying moths
that lay eggs in clusters of 100 or °
more on the leaves. Eggs are
covered by a coating of body hairs
and scales and hatch in twc-to six
days in warm weather. The larvae
are cannibalistic and attack each
other until only a few are left.
They then move to the leaf whorl
and feed-on the unfolding leaves,
but may also damage the growling
point in older plants. Larva will
sometimes tunnel into older plants.
The larval stage lasts about three
to four weeks and the pupal stage
only 10 days, so malize can be
attacked by several generations. «
Damage is easy to. spot by the ragged
appearance of the leaves and the
large amount of sawdust-like excre-
ment found around the leaf whorl.
Diseases and predators may greatly.
reduce their numbers. Liquid
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.or granular insecticides applied to.
the leaf whorl are effective and
should be applied before the larvae
have reached 16-18 n.

Corn earworm {Heliothis zea): A
striped yellow, brown or green
caterpillar. The moth deposits
her eggs individually on the

maize silks. Eggs are white,
round, and smaller than the period
at the end of this sentence, but
can be easily geen with a low
power magnifying glass. They
hatch in three to seven days, and
the larvae feed on the young silks
and kernels near the ear tip.
Earworms seldom interfere with
pollination, since most silks
become pollinated the first day
they emerge from the ear. Eggs
are sometimes laid on the leaves
of younger plants, followed by
leaf feeding in the whorl as with
the armyworm. Ear damage 1s

+ rarely serious enough to justify
using insecticides, which would
have to be applied to the silks-

a time-consuming process. Varileties
with long, tight husks have goo
registance. . :

Leathopper Adult

Miscellaneous leaf—feeding_égterpi-

llars (yellow striped armyworm,

true armyworm, measuring woim, etc.):
These may occasionally require foliar
insecticide sprays.

Com Earworm
A — Egg: B — Mature larva; and C — Adult.

Southern cornstalk borer (Piatraea),

Southwestern corn borer (Zeadiatraea):

Prevalent in lowland areas of Latin
America. Moth larvae are about 25-

“mm when fully grown and are white -

with dark spots. Eggs are laid in
overlapping rows »f 10-12 on the
leaves near the central veins.

Eggs hatch in three to six days,
and young larvae spend two to three
days feeding on the leaves, making
circular holes, before they bore

into the stalk., Larval stage lasts
several weeks, and pupation takes

“place inside the stalk. Control 1is

only partly successful and requires
spraying the plants during . the
short period before the larvae bore




into the stalks or the use of
systemic insecticides, some of
which are very toxie.

Stalk borers (Busseola,» Sesamia,
Eldana, Chilo): Very common in
Africa and parts of Asia and can
cause serious losses. Busseola
and Sesamia prefer young plants
and can kill them by damaging

the growing point. All four types
may attack the ears on older
plants in addition to the stalks.
Busseola moths pate soon after
emergence from the pupal stage
and deposit their eggs in groups
of 30-100 un the inner leaf
sheath near the whorl. The larvae
feed on the whorl and then tunnel
into the young plant. Systemic
insecticides applied to the soil
or to the leaf whorl give fair

to good control. Eradiecation of
wild grasses that serve as borer
hosts helps reduce numbers.

Leafhoppers (Cicadulinas Dalbulus:
Small, light-green, wedge~shaped
insects with piercing-sucking
mouthparts. Cicadulina transmits
malze streak virus in Africa,

and Palbulus spreads corn stunt
virus ("achaparramiento") in
Latin America. Both diseases

can cause serious losses. Insec-
ticides are effective.

Grasshoppers: Cause sérious—- . .
losses in parts of Africa. Foliar
sprays and baits are effective
unless the Infestation is severe.
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Aphids — Wingless and
Winged
{UsDa)

Maize aphids (Rhopalosiphum):
Small, soft—bodied, green -or blue,
green insects that suck sap from
plants and secrete a sweet
substance (honeydew) on which a
black mold grows. They can stunt
and deform the tassels, causing ;
poor -pollination. Treatment should
be considered if 50 percent of the
plants have some aphids and 10-15
percent are heavily infested. :
Systemic insecticides give long= """

“term control.

Tt .




Common Storage
Insects of
Cereal Grains

Maize weevil (Sitophilus zeamais),
rice weevil (S. oryzae), and granary
weevil (8. granarius): All have
long snouts and are about 8.3mm
long, Ouly the maise and rice
weevils can fly and infest crops in
the field. Females live several

____months and lay 200-400 eggs by

boring holes in the kernels and
depositing the eggs inside. The
white, legless larvae feed 'on the
inside of the kernels, then pupate,
and finally emerge as weevils.

All three species are more common
in humid than dry regilons.

Angoumis grain moth (Sitotroga
cerealella): A small cream- or tan-
colored moth with a wingspan of
about 12.7 mm that 1s often the
major stored grain pest in drier
regions. Adult moths have a black

fringe on the tip of each forewing.

They can infest grain both in the
field and during storage, but can
penetrate only about the top 4-inch
layer in stored, threshed grain.
Maize stored as ears can be
completely infested, however. Each
female lays about 40-400 eggs on
the outside of the kernels, and
the tiny larvae burrow inside to
feed. Pupation takes place inside
the kernel, and the young moths
emerge to begin a new cycle. The
moths-themselves do no feeding.
Unlike most other storage insazcts,
the angoumis grain moth can be
conirolled by spraying or dusting

only the surface layer of stored,
threshed grain with an approved
insecticide 1like Malathion or
pyrethrin. o

Major Sorghum Pests

Sorghum is attacked by many of
the same insects that attack mailze,
but two other insects can also
cause serious damage,

Sorghum midge (Céntarinia sorghigola.
A small orange fly about™?2 ,

This 1s the most important sorghum
pest world-wide. The adult lives
only about a day and lays eggs on

sorghum grain heads during flower-
ing. Larvae hatch in two to four’

days and spend 9~11 days feeding on

the juices of the developing seeds,
preventing them from developing.
The pupal stage lasts two to six
days for a total 1ife cycle of just
15-20 days.

Some local varieties show fair
resistance to this pest. Sorghum
heads can be sprayed with an insec-
ticide three to five days after
they emerge from the boot. Sorghum
should not be planted near young
sorghum or Johnsongrass, and out of
season sorghum heads should be
removed from fields. In cooler
areas, the larvae pupate in a
silken cocoon, but may also do this
in very hot, dry weather. Plowing

"~ .under residues may help control the

pest in these cases.




The sorgh....: midge, Contarinia sorghicpla (Coq.j. Adult -
female and larva in its cocoon.
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part of damaged cob

-

Sorghum shoot fly (Athgrigdha .
soccata): A major pest in Africa and

Asia. Adults look like small
houseflies and lay.eggs on the
leaves of young plants. Larvae
move down into the leaf whorl and
then bore into the young stem,

of ten killing the growing point.

The youngest leaf then turns brown
and withers-this condition is
called "deadheart". Some sorghum
varieties Show shoot fly resistance.
Insecticides applied to the whorl
are not as effective as pre-plant
applications of systemic insecticides
to the soil.

‘serious.
_(Geromyia pennisetti) is common in,

Maize Weevil (Sitophilns
zecamais). The rice wee-
vil (S. oryzae) looks
identical.

- Millet Pests

> Millet is attacked by many of
the same inects as sorghum, includ-
ing the shoot fly, midge, and stem

borer, but damage is usually less
The millet grain midge

-

the savanna .region of Africa. A
caterpillar (Masalia spp.) has
increased in numbers in the northern
savanna and Sahel during the 1970's
and can cause serious head damage.

N
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Peanut Pests

s White grubs, wireworms, and
rootworms attack peanut roots, and
the latter two also attack the pods.

Termites can severely attack
the pods, but. damage is usually
patchy. Treating planting seed
with an insecticde, destroying
the nests with Chlordane or other
insecticides, or applying insecti-
cides broadcast or banded along
the crop’ row are effective on
termites,

The lesser cornstalk borer
may bore into stems and pods. In
Senegal, about a dozen types of

millipedes damage pods. Any pod

damage increases the likelihood
of aflatoxin ( a harmful toxin
and carcinogen produced by
Aspergillus fungus; see section
on diseases).

Thrips: These tiny (1 mm) yellow

to black insects have two sets of
fragile wings which are fringed
with hairs along the rear edge.
Immature thrips (nymphs) are light
yellow to orange and.smaller than
the adults. 1If disturbed, thrips
will jump or hop. They can cause.
serious damage by feeding in the
buds ‘or folded leaflets, They
have rasping-sucking mouthparts
which cause the leaves to be scarreg
and distorted as they Unfold.
Thrips can also spredd spotted
wilt virus. '

=

The flower thrips, Frankliniella tritici
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Canx be another major

basstlhoppers :

pest.  Adults are around 3 mm long:

pale preen, and wedge-shaped.  Im-
nture Loafhoppers (aymphs) are
similar in appearance to adults,
hut smaller and without wings.
Both stages have picercing-sucking
mouthparts. The first signs of
leafhopper damage are yellow "V
formations ot the leaf tips, ad
SeVOrg.cases cill causc stunting
and leal drop.

Spider mites (Tetranychus and
otber species: Common in hot,

dry conditions. They are sucking
inseets, and [ceding damoge may
appear as translucent dots on the
leaves. Somwe ifiscecticides will
not control mites, while Kelthane
is effective only against mites.. *

A Spider Mite ’

e af Anzona)

Coxn - carwgrms (Heliothis spp.),-

_armyworms (Spodopters, Pseuda-

‘etia), and-other caterpillars
fecd on the leaves. Blister

beetles (Epicauta spp.) are

brightly colored with alternate

. bands of black ard red or yellow-

they feed on the flowers..

Aphids occasionally attack peanuts. .
One species.(ApMds croccivora)
spreads rosette virus, a serious ..

_problem in Africa.’ .

Peanuts are very susceptible
to attack by storage insects.
The groundnut bruchid’ "(Caryedon ¢

- spp.) is a serious pest in West

Africa. This weevil lays #ggs on
the pods after the crop has been
lifted from the ground, and the
larvae tunnel 1nto the pods and
kernels.

Bean Pests
=4

The following information is
based on The International :Center

‘for Tropical Agriculture (CIAT)

studies on the major insect pests

of common, beans (Phaselous vulgaris)

in Latin America.

'Seedling Stagé Iﬁéects

Cutworms and white grubs may
cut off the stems of young seedlings.
White grubs are® usually only serious
when beans are planted following
pasture. The lesser cornstalk borer
may ‘bore into the stem just below
the soil surface and move upwards
and kill the plant. Clean fallowing
for long periods or heavy flooding
will control these borers as will
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3ranulan_insecc1cidesIapplied near
the gped row at planting.

- Leaf Feeding Insects’

Many species of beetles, guch
-a8 tHe banded cucumber beetle
(Diabrotica balteata), bean ledf—
beetle (Cerptoma), flea beetle
. {Epitrix), and Mexican bean beetle
(Epilachna), attack bean leaves.
The most serious damage 1s caused
‘during seedling stage when the
insects can defoliate the plant
more r@;dily, or during flowering.
. Buth larvae and adults of the
Mexican bean beetle feed on the
leaves. The larvae of the other
beetles feed mainly on the roots
".of beans, maize, and certain weeds.

Mexican Bean Beetle — Adult and Lapva-
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C;Eerpillars usually do not causge
economic damage on bean leaves. The
bean leafroller (Urbanus or Eudamus),
saltmarsh or wooly bear caterpillar

(Esciggene » and Hedylepta caterpillar

are the most common.

Sucking insects

The leafhopper species Empoasca
Kraemeri 18 the most Serious insect
pest of beans in Latin America and
is also found in other regions.
it does not. transmit virus. (some
other leafhoppers do) but causes
severe stunting, yellowing, and
leaf curling. Work done by CIAT
has shown that ylelds are reduced
about 8ix percent for each leaf-

. hopper -pregent per leaf. Eggs

hatch in eight to nine days and
the nymphs feed on the plants for
eight to eleven days before
becoming adults. The adult stage
lasts about 60 days and is more
damaging. Beans grown with maize
are less affected than pure stands.
Mulching reduces leafhopper popu- .
latiods. Leafhopper problems are
generally more severe in hot, dry
weather. ' ’

Several species of aphids
attack beans, although their
feeding caises little direct damage,
they can transmit bean common
mosaic virus. v

. Several species of mites attack

* beans. The red spider mite 1s found

on the _lower leaf surface, and heavy’
infestations turn the leaves brown.
The tarsonemid mite is too tiny to
be seen without a magnifying glass,
but causes young leaves to curl up-

219




ward. Mites are seldom serious
except during the dry season.

Whiteflies (Bemisia spp.)
do not usually cause direct damage
but c¢an transmit bean golden”
mosalc virus and bean chlorotic
mottle virus. They are often
controlled by nactural predators,
and most insecticides are effective.

Pod Borers

The bean pod weevil (Apion
godmani) is a serious problem in
Central America. Adults are black
and about 3 mm long and they feed
on flowers and pods without causing
much damage. However, the female
chews a small hole in young pods
and deposits an egg. The larva
‘feeds on the inner pod and the
developing seeds. Pupation takes
rlace in the pods, and the adults
emerge near harvest time., Bean
types vary in their resistance.

A number of insecticides give
good control if applied once at
week past flower initiation and
again a week later. Carbofuran
applied at planting gives
excellent control.

Bean bruchids (Acanthosce-
lides obtectus and Zabrotes
subfasciatus) are snoutless
weevils about 2, Smm long and are
the major storage pests of beans.
A. obtectus predominates in cooler
areas, while 2. subfasciatus
prefers warmer reglons. Life
cycles for both are very similar
with eggs being laid on stored
beans or in cracks of growing
pods in the field. The larvae
tunnel 1nto the seeds to feed.

Adult weevils are short-lived

and do little feeding. Both
types of weevils may pe present
initially, but A. obtactus 1is a
better competitor at lower
temperatures and will eventually
predominate under these conditions.
These bruchid weevils are estimated
to cause storage losses of up to
35 percent in Mexico and Central -
America.

Slugs occasionally cause serious
leaf damage and are mainly active
at night or on wet, cloudy days.
Damage is msot likely along field
borders but may move inward.
Cleaning the fileld of weeds and
plant debris: helps control them,
but baits are the most effective
means of control. Slime trails

on the leaves indicate the presence
of slugs. . . -

CowpeaPests

The caterpillar Maruca_ testu-
lalis is the major cowpea pest in
the Savanna region of Africa. It
attacks flowers, pods, and leaves,
causing yleld losses up to 70-80
percent.

Coreid bugs (plant bugs) are
larger sucking insects that feed
on green pods and cause them to
shrivel and dry prematurely.




The leaf feeding beetle Qotheca
"mutabilis can cause yield reductions
when young plants are heavily
attacked. It also carries yellow
mosaic virus.

The flower thrip (Megalurothrips
sjostedti) is a major cowpea pest in
tropical Africa., Thrips have suck-
ing-rasping mouthparts and are very
small (about 1 mm or less).

The snoutless bruchid weevils
(Callosobruchusspp) infest cowpeas
both in the field and in storage.
The adults can fly up to a kilomet-
er and are most likely to infest
crops downwind from strong facilit-
ies. The 2.5 mm adults lay eggs on
the pods or seeds, and the larvae
bore into the grain,

2 mm
C. chinensis

damagped
maise

L .

3 ol - ") it
L ,\,“:“ buans

Aot

| gy |
1 v
C. atrictbatin

Cowpea bruchids (Callosobruchus spp.)
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I1TA, in Nigeria, estimates that
one~third of the cowpea crop in

" Africa is destroyed by bruchids.

Methods of
Insect Control

Non-Chemical Methods

Many ndatural controls act to
insects in balance:

Weather factors like tempera-
ture and rainfall can restrict
the distribution of an insect
species. For example, mites’
and leafhoppers are usually
more prevalent under dry
conditions.

Geographic barriers like large
bodies of water, mountains,
and deserts can also limit
insect distribution.

Frogs, toads, lizards, moles,
and birds are some of the many
animals that feed largely on
insects.

Beneficial predator insects

like ladybugs feed on aphids,
while others like the braconid
wasp and ta;hnid fly lay eggs




on or in certain pesta which are

killed by the developing larva

e.

Some predator insects like the

praying mantis eat beneficial
insects as well, however.

Insects are also attacked by
viruses, fungi, and bacteria

which help keep populations down.

As agricultural activities have

increaaed, many of these natural
balances have been upset and can no
longer be relied upon to keep
harmful insects under control.
Monoculture and the existence of
vast areas under cfopping have

led to marked increases in a

number of insect pests. Indiscri-
minate use of pescticides has °
gctually resulted in buildup oi
harmful insects in some cases.
Many of. the traditional crop
varieties, despite their lower
productivity, have better insect
resistance than some of the
improved varieties.

Bioloéical Control

Biological control is the ”’%~

purposeful introduction of:preda—""

tors, parasites or diseases to
combat a harmful insect species.
About 120 different insects have !

been pértially or completely

~
i

NG

L4
controlled by this method in

* various ﬁarta of the world.

Microbial inaecticides auch as

Bacillus thuringiensis (effective

against a few types of caterpillars)
are now commonly used By farmers

and gardeners in many areas.
Unfortunately, biological control
measurea are presgently effective
against a very small portion of
harmful insect species. '

Cultural controls

Cultural controls such as crop
rotation, intercropping, burying
crop residues, timing the crop
calendar to avoid certain insects,
and controlling weeds and natural
vegetation that harbor insects are
all effective control methods for
some insects. In most cases,
however, cultural controls need -
to be supplemented by other methods.

Varietal Resistance

Crop varieties differ consi-
derably in their resistance. to
certain insects. For exaﬁple,
maize variegies with long, tight
husks show good resistance to ear-
worms and weevils. Researchers at

CIAT have found that some bean .
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varieties are relatively unaffected
by leafhopper damage during the
wet season, while others suffer
yield losses of up to 40 percent.
Screening for insect pesistance

is an important part of crep
breeding programs.

"Qrganic” Controls

"Organic" control refers to
non-chemical methods in general.
These include the application of
homemade ""natural"” sprays made
from garlic, pepper, onions, scap,
salt, etc., and the use of
materials like beer to kill slugs
and w&od ashesufo deter cafwofﬁs
and other insects. Some of

T

these "alternative" insecticides

are slightly to fairiy ef fective

on small areas like ﬁome gardens
and where insect populations are
relatively low. They are seldom
feaéible or effective on larger
plots, especially under tropical
conditions that favor insect

buildup.

—

Chemical Control

Chemical contrel refers to. the
use of commeycial insecticides in
the form of sprays,- dusts, granules,
baits, fumigants, and seed treatments.
While some of these insecticides like
rotenone and pyrethrin, are natur-
ally derived, most are synthetic
corganic compounds cthat have been

developed chrough research.’

Advantgggg_of Inseccici@qg:_

.# They act rapidly.

¢ They are the only practical
means of control once an
insect population reaches
the economic threshold of
damage on a commercial-size
plot.

They are available with a

wide range of properties,

species effectiveness, and
application methods.

They are relatively inexpen-; i
sive, and their proper usage-
can often return $4,00 - 5.00-

for every $1.00 spent.




e Immedidte toxicity: Some insec~
ticides are extremely toxic in

Disadvantages of Insecticides:

-

¢ Insect resistance to

pesticides: This is a growing
problem. By 1961, 60-70 -
species had developed resis-
tance to certain products,
and the number had increased
to around 20Q by the mid-
1970%s.

Outbreaks of secondary pests:
Few insecticides kill all

types of insects, and some
actually promote the increase
of certain pests. For

example, continual use of

Sevin (carbaryl) in the same
field may increase problems
with some types of aphids

which 1t does not control well.

"Damage to non-target -species:-

These include beneficial
predators such as bees and
wildlife.

Regidue hazards: Some chlori-
nated hydrocarbon compounds
like DDT, Aldrin, Endrin,
Dieldrin, and Heptachlor are
highly persistent in the
environment and may accumulate
in the fatty tissues of wild-
life, livestock, ahd humans.
Many other insecticildes are
broken down into harmless
compounds fairly rapidly.
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small amounts to humans and
animals. Again, it is important
to realize that insecticides
vary greatly in their toxicity.

Current Stétus of Insecticide Use

"Parathion.

in the Reference Crops

At the present time and for the
immediate future, insecticide usage
will often be an essential part of
any package of improved praﬁtiees
for the reference crops. For this
reason, all extension workers must
learn tﬁe basic principles of safe
and effective insecticide applica-
tion.  Some extention workers-may —....
be personally opposed to the use
of these chemicals, btut it is a
fact that farmers thrOughbut the
developing world are using them,
often in an‘unéafe_and indiscrimi-
nate manner due to the lack of
proper instruction. Most deyeloéing
countries have few, if any, pesticide
regulations or restrictions on en-
vironmentally harmful products like
Aldrin or highly toxic ones like
By’instructing farmers
in safety precautions and in the

appropriate choice and use of insec-
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ticides, the incidence of human
> poisoning and possible environmen-

tal damage can be greatly reduced.

N

lnlegrated Pest
Control '

The disadvantages of total
reliance on iqsecticides have

given rise to integrated pest

control or pest management which

involves the judicious use of
these chemicals based on the
following gui&elines and principles:
~ 0 The development and use of
cultural and other non-chemi=™
cal control methods to avoid
or rediuce insect problems.

Determining crop tolerance
to pest damage based on the
" principle ‘that complete
freedom from pests is seldom
necessary for high yields.
Nearly all plants can toler-
ate a surprising amount of .
leaf loss before yields are
seriously affected,

The appropriate timing and
frequency of treatments to
replace routine, preventative
spraying. Treatments are not
initiated before the particular
insect has reached the economic
damage thresheld, which will
vary ¢onsiderably with the
species. Insect scouting-
looking for related kinds

and number of insects and
their density and population’
counts-is. an essentidl part
of this system.

The advent of 1nfegrated pest
control dates back to the early
1970's, and m¢ it of the efforts
have been directed at cotton where
insecticides frequently account for
up to 80 percent of total produc-

tion costs. Some remarkable

successes have been achieved with .7
other crops as well. Far the

reference crops, integrated pest

_control is still in the very

early stage, especially in develop- -

ing countries.

USING INSECTICIDES SAFELY
Insecticide safety guidelines,

toxicity data, and first atd measures

are covered in Appendix J, which
should be referred to before working

with 1nsectic1dgs.




Some Important
Factson
Insecticides

Pesticide
Terminology

Pesticide: A general term referring
to chemicals that control crop
insects, mites, weeds, diseases,
nematodes and rats.

Miticide (acaricide): A pesticide
that kills mites, Mites are
related to spiders and not all
insecticides will kill them.

Some pesticides like Kelthane
control only mites, while others
like Diazinon and Malathion kill

sects by being absorbed through
their bodies. Con:ac:'poisonS'ac:

as stomach poisons if eaten by

ingects. Most insecticides are non~
systemic and are not absorbed into

the plant. Systemic insecticides

are absorbed into the plant sap,

and most are translocated through-
out the plant. Most systemic
insecticides like Me:aszs:og,
Dimethoate (Rogor, Perfecthior),
and Lannate are sprayed on plant
foliage. Others like carbofuran,
Thimet, and Di-syston, are applied
to the soil in a band along the

crop row, where they are absorbed

mites and other insects.

Nematocide: A pesticide that kills
nematodes, A few insécticides like
carbofuran and Mocap will also
control nematodes, but most will
not. Some nematocides like

Nemagon control only nematodes,
while others like VAPAM, Basamid,
and methyl bromide are general

soil sterilants that kill insects,
weeds, fungus, and bacteria as well.

o

Systemic vs.
on-Systemic
Insecticides

Nearly all modern insecticides

are contact poisons that kill in-

by the plant roots and then trans- .
located to the stems and leaves.
Some of these soil-applied systemics
will also control certain soil -
insects.

There areé several considenq%ions
in choosing between a systemic and

non-systemic insecticide:

# Systemic insecticides are espe-
cially effective against
sucking insects like aphids,
leafhoppers, stinkbugs, and
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thrips since these feed on
the plant sap. However,
many non-systemic contact
insecticides will also
control sucking insects
adequately.

& Most systemics are less -

effective against caterpillars

and beetles, but may give
good control of some stem
borers.

-® Foliar-applicd systemics
+may remain in the plant
for up teo three weeks.
Soil-applied systemics
may provide control for
up to six weeks. However,
tuis also means that they
must not be applied close

" enough to harvest time to

cause residue problems.

® Most systemics will not harm
beneficial insects.

® Foliar-applied systemics
-are not broken down by
sunlight or washed off the
leaves by rainfall as with
non-gsystemics. - '

# Since they are translocated,
systemics do not regquire
uniform spray coverage when

they are applied to the leaves.

New growth occuring after
application is also protec-
ted.

® Scme systemics like Thimet,
Di-syston, and Systox are
highly toxiec both orally
and dermally. However, the
same is also true with some

non-systemics like Parathion
and Endrin. (See Appendix J.)

Types of Pesticide
Formulations

Most insecticides are
available in several types of
formulations:

e WETTABLE POWDERS, SOLURBLE
PCWDERS: These range in
strength from 25-95 percent
active ingredient and are
meant to be diluted with
water and appl;},’gd with a
sprayer. For.example, Sevin
50 W is a wettable powder
containing S0 percent pure
carbaryl by weight. Once
mixed with water, wettable
powders require periodic
agitation (shaking or stirring
to keep them from settling
to the bottom. Soluble
powders ("'SP") are completely
soluble and do not require
agitation.

EMULSIFIABLE CONCENTRATES
('EC" or "E"): these are
high strength liquid formu-
lations. Like wettable
powders, EC's are meant to
be diluted with water and
applied with a spraver.
They contain 20-75 percent
active ingredient. In
countries using pounds and
gallons, a label that reads
"Malathion 5 E” would refer
to a liquid formulaticen of
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malathion that contains 5 lbs.
active ingredient per gallon.
Where liters and grams are
used, EC’s are often labeled
in terms of grams of active
ingredient per liter. For
example, Tamaron 600 1is a
liquid formulation of Tamaron
containing 600 grams of active
ingredient per liter.

DUSTS ("D"): Unlike WP's and
EC’s, dusts are low strength
formulations (1-5 percent
active ingredient) and are
meant to be applied without
dilution by a duster. Dusts
are usually more expensive
than WP’s or EC's due to
higher transport costs per
unit of active ingredient:
However, if dusts are blended'’
within .the country, they may
be competitive cost-wise and
are especially suited to
situations where a farmer

has difficulty transporting
water to his field. They do
not stick to the leaves as
well as sprays and are more
easily washed off by rainfall.
Retention 1s improved 1f they
are applied while the leaves
have dew on them. Dusts pose
more of an inhalatilon hazard
than sprays. They should never
be mixed with water.

GRANULES "(G"): Like dusts,
granules are low-strength
formulations meant to be
applied without dilution.

ey

FUMIGANTS

o BAITS:

They are especially well
suited for soil applications
and for .placement in the

leaf whorls of maize and

sorghum to control armyworms.
Granules cannot be effectively
applied to leaves, because
they roll off. Furadan 3G is
a granular formulation that
contains 3 percent pure
carbofuran.

These are available
as pelletsY granules, liquids,
and gasses whose fumes kill '
pests. They are used to kill
insects in stored grain or
applied to the soil to kill.
inaects, nematodes, and other
pests.

These are usually the
mgst offective formulationsg
for controlling cutworms,
crickets, slugs, and snails.

Cutworms are most effectively

controlled with baits rather
than with sprays. Baits should
be scattered near the plants

in the late afternoon if rain-~
fall is unlikely. Bait should
not be left in clumps which
might poison birds or livestock.
One kg of bait should cover
about 400 sq. meters.

Cutworm bait recipe:

25 kg of carrier (sawdust,

rice bran, maize
flour, etc.)
31 of melas8es
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1 - 1.25 kg active ingredient e Chlorinated hydrocarbons -
. of trichlorfon or (organoghlorines): Many of
carbaryl . the insecticides in this
Water can be sdded to group such as DDT, Aldrin, »
moisten the bait. ; Endrin, and Dieldrin have

Slugs and snails can be con- very long residual lives and
trolled by applying baits in have caused environmental ‘
the late afternoon in a band . problems such as fish kills.

along the field's borders or However, other members such
within problem areas. It as Methoxychlor are readily

should not be applied if biodegradable. Toxicity
rain is expected that night, to humans and animals varies

since rain may ¢ash the ’ greatly within this group
insecticide from the bait. : (see Appendix K).

Slug and snail balit recipe: Organic_Phospates (organophos-

25 maize flour or bran phates): The insecticides of
10 :gmolasses thisg group such as Malathion,

65 g metaldehyde (a stomach Dipterex, Diazinon, and Para-
' poison of low-dermal .. thion have a much shorter
toxicity) residual fife than most of

or 0.5 kg active ingre- the organochlorines. Their
dient trichlorofon toxicity to animals and humans

or 0.5 kg active ingre- varies eatly. Some like

dient carbaryl Parathiocn, TEPP, Endrin, and

—_— Thimet are highly dangerous,
while others like Malathion,
Gardona, and Actellic are
among the safest insecticides
avallable.

Chemical Classes ' Carbamates: Relatively few
Of Insecticides . _ insecticides belong to this
’ group and they tend to be of
moderate to low toxicity..

The exceptions are carboluran

and methomyl which have very
' : high oral toxicities. Carbaryl

Commercial insecticices fall .and propoxur are probably the
best-known carbamates. The
residual life of this group

or groups: " varies from short to moderate.

into three main chemical classes




Insecticide Dosage - -

Calculations § ' -
For all types of pesticides,  ~ " AMOUNT—OF’ACTIVE INGREDIENT
there are four basic ways of ¥ NEEDED PER HECTARE: Fot ———
example, a dosage might be given
stating dosages: as 2 kg active ingredient
1. Amount of active ingre- carbaryl per hectare. This
dient (pure chemical) \ means 2 kg of pure (100%) Sevin.
needed per hectare or acre. + Since actual pesticide formu-

lations vary in strength
from 1 percent up to 95 percent,
« it takes some math to figure
out how much of a given formu-
lation is needed to supply a

2. Amount of actual formula-
tion (i.e. Sevin 50 WP
or Fdradan 3 G, etc.)
needed per hectare or

.

acre. . - gilven amount of active ingre-

. 3. Amount of actual formula- _ dient; If the local agricul-
tion needed per liter or tural’supply store sells . -
gallon of water. » carbaryl 50 percent WP, the

farmer would need 4 kg for each
4. As a percentage concen- hectare in order to supply 2 kg

. tration in the spray’ active ingredient.
) water. '

Note that nothing 1s said about

how much water the farmer should

mix with the pesticide when

he sprays it on the plants,

Y those pesticides (especially This will depend on plant size,
plant density, and the degree

of coverage desired. The only

Types 1 and 2 dosages are

¢
.sulted more to large plots or to

) herbicides) needing very

accurate dosage application, way to find out how much water
- ' is needed 1s to calibrate the
Spraver calibration 1is needed in sprayer.
both cases to determine how much 2. AMOUNT OF ACTUAL FORMULATION
water to use and how much , NEEDED PER HECTARE OR ACRE:
pesticide to add to each tankful. . A recormendation calling for 4
L . . 1 of Malathion 50 percent per
p Iypes 3 and 4 are very general hectare, for example, is -
Ry recommendations best suited to somewhat simpler than Type 1

since it 1s given in terms of
actual formulation rather than
/ accuracy is not critical. active ingredient. However, the
farmer still needs ‘to know how
» much formulation he,needs for '
his field's area and how much
water 1t will take to provide

smaller plots or where dosage
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4.

adeqﬁate coverage with his
—- Sprayer. This requires sprayer
calibration. —————

AMOUNT OF ACTUAL FORMULATION
NEEDED PER LITER OR GALLON OFq
WATER: If the recommendation
is expressed as .for example,-
5 cc of Malathion 50 percent
EC per 1 of water, no sprayer
calibration or deosage calculation
is needed. The drawback is that
the amount of pesticide the
farmer actually applies c¢n
his field depends entirely
. on how fast he or she walks
while spraying, how cearse
or fine the spray is, and
how much pressure is used.
However, if proper guidelines-
are followed, Type 3 recommen—~
.dations are.precise enough !
for most conditions and are
the most feasible for small
farmers. They should not be
used for most herbicides
where accuracy of dosage is -
critical. -

AS_A PERCENTAGE CONCENTRATION
IN B3E SPRAY WATER: This is
basically the same as Type 3,
except that ,the concentration
of pesticide “in the spray water
is given in terms of percent
rather than cc/liter, Such
necommendations are usually
based on percentage by weight,
althoygh sometimes a volume
basis is used when dealing
with EC's (the.actual differ-
ences are slight). The per-
centage figure given may

refer to active ingredient og
to actual formulatien. As with

£

-

-

Type 3 recommédQZtions. no
sprayer calibration is neeaded.

- and dosage accuracy is not
* ag gpod as with Types 1 and 2.

_Pesticide Math

Converting recommendations from an

active ingredient bagis to an actual -

formulation basis.

¢ - .
Once you know how much actual

formulation is needed per hectare
or acre, you can easily calculate
how much is needed for farmers'
fields by multiplying the field
gsize in hectarés times the dosage
per hactare.

Following a percentage strength
spray recommendation:

Determine first whether the
spray's percentage strength is
to be calculated in terms of active
ingredient or in terms cf actual
formulation. For example, one
recommendation might be expressed
as 2 percent strength spray in
terms of pure Malathion,

Another recommendation might

" call for using a 0.1 percent

strength spray of Lebaycid 50
pexcent EC for controlling thrips
on peanuts.




e For wettable povders

When using WP's, a percentage
strength spray is based on
welght of pesticide to weight
of water. Since.l liter of
water weighs 1 kg, these
formulas can be used:

Active ingredient basis

. Grams of wettable powder
needed per liter of water

'_ 2% x 1000 _ _20
i 407 0.4

Actual product bagis

= 50g

Grams of wettablé'bowder
needed per liter of water

= % strength spray deﬁ}red xIIOdU

For liquids (EC's)
Active ingredient basis

cc (ml) of EC needed
per liter of water

_ % strength spray desired x 1000

© % active Ingredients in the EC

Guidelines
for Applying
Insecticides

"~ _When is Treatment

- Necessary?

Farmers should apply insect-
icides in response to actual |

insect problems rather than ‘on

‘ a routine and indiscriminate

"basis. Ideally, insecticides
should be used only when damage

has reached the economic .threshold.

=-This jevel varies with the imsect

speciesalthe erop, and the type and

~ hl

extent of damage.

Gentral guidelines (seée also the
unit on major reference crop insects);

¢ Soil Insects. These pests
should be treated preventatively
by making pre~-planting or at-
planting insecticide applications
1f a known problem exists. '
Treatments after planting are
generally not effective except
in the case of cutworm baits.




o Leaf-eating insects (beetles, Using a Sprayer
caterpillars): Crops can Eﬁec%wely
tolerate considerable defolia- B . i

tion as long as new leaves

are being continually produced.
Loss of leaf area becomes more :
serious as the vegetative Achieving the Correct Coverage
stage nears its end, although )
defoliation in the very late
stages of grain development
will not have a big effect on

The extent and uniformity
of coverage needed depend on the
insects' location and whether or

ok - not a systemic insecticide is
yield. ' being used. In some cases such
Stem-borers usually cause more as armyworms feeding in the
serious damage at much lower maize leaf whorl, the insect is
“populations than most leaf- very localized, so general
eating insects. The sorghum coverage is not needed, Other
shoot fly, sorghum midge, and insects are more general feeders
one species of bean leafhopper and require thorough spray
(Empoasca kraemeri) are other coverage over the whole plant.
examples of insects that reach Since they are.translocated,
the economic threshold of damage systemie insecticides do not
at relatively low populations, require the uniform coverage

® Sucking insects: Not all species non systemics do.
of aphids and leafhoppers spread The amount of water need for
virus diseases, For example, ddequate coverage varies with
CIAT found that bean yields plant size, density, type of
were reduced about 6 percent product (systemics versus non— ’
for each Empoasca kraemeri systemic) and insect location,
leafhopper present per leaf, . but there are some rough guide-
even though this species 11“55-

does not transmit any viruses, ;
Bean plants can tolerate aphids When covering the entire
well unless they are of a / foliage of full size plants,
species capable of transmitting / at least 500-550 1 of water
common bean mosaic virus. / per hectare will be needed when
using conventional sprayers. -
{ . When spraying is localized or

plants are very small, water
. ' 2 volumg may be only one-quarter

' 3 of thls amount.

Water ra&és for insecticides:

Too much spray is being
: applied if there is a visible
- : amount of runoff from the leaves,
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althougn this can also be csused

by not using enough wetting agent
(spreader) .

Using a Spreader
And Sticker

4 spreader (wetting agent)
reduces the surface tension of
spray droplets, allowing them to
spread out rather than remaining
as individual globules on the leaf
surface. Spreaders markedly
improve the uniformity of sPray
coverage and also help prevent
droplets from rolling off the
leaves,

A sticker (adherent) is a glue-
like substance that helps the Spray
stick to the leaf surface and
resist being washed off by rainfall
or sprinkler irrigation. /

Many commercial stickers and
spreaders are available, including
combination sticker-spreaders.

The pesticide label will indicate
if a spreader or a gticker is
needed. If spraying the soil,
neither a spreader nor a sticker
is needed. When sprajing the leaf
whorl of maize, a spreader is not
needed, though a sticker might be
helpful, Use of a sticker and
spreader is especially'important
when applying most foliar fungi-
cides. ‘

.

Commercisl stickers snd
spreaders are relatively cheap.
However,, if not available commer-
cislly, they can be made at home.
Egg white, casssva (yuca, menioc)
flour, snd corn starch can .be used
as stickers at sbout 15 cc per
15 liters. Liquid dishwashing
detergent makes a satisfactory

- spreader 8t sbout the same rate.

Non-ionic spreaders: Paraquat
.and diquat post-emergénce herbicides
are unusual in thsat they require
the use of specisl non-ionic spread-
ers in order to avoid deactivation
(loss of effectiveness). ortho-17
is onz commonly avsilable non-=
ionic spreader.

.

Choosihg a
Spray Nozzle

Spray nozzles are available in
a wide variety differing in output,
spray pattern angle, and type of
gpray pattern. Proper nozzle

K




flat fan flat even

G ey

o bo“:'o r
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solid cone hollow cone

Spray Patterns

selection has an importantlinfluenée
on pesticide effectiveness. :
Type of Spray Pattern: Care should
be taken to choose the right spray

Nozzle Output: Many backpack,(knapﬂ

sack) =prayers come equipped with
adjustable nozzles which allow the
farmer to vary the output by making
the spray finer or coarser. This
would seem to be an advantage,

buth such nozzles usually do not
maintain their settirg well and
output can change considerably
during application. This is unsa-
tisfactory where accurate dosages
are necessary, and it makes sprayer
calibration difficult. Fixed
orifice nozzles are available in a
wide range of outputs and should
be used whenever possible.

Spray Pattern Angle:

See flat spray

pattern for the job.

# Flat (Fan) Spray Nozzles are
ideal for making broadcast
(full coverage) applications
of insecticides or herbicides
over the soil surface (and-
small weeds). The application
rate decreases at both edges,
s0 the spray patterns of ad-
jacent nozzles should be over-
lapped about three to four
fingers width at the soil
surface to achieve even
distribution. Fan nozzles do
not provide as good a coverage
as cone nozzles when used to




A

Angle nozzles forward in line of travel so thot sprﬁy rolls down the row, not across it.

\
' Illugtration courtesy of

Rohm & Haas Co., Phila-

delphia, Pennsylvania

Ideal tractor spray boom arrangement for applying
insecticides and fungicides and achieving uniform coverage.
Note that the drop nozzles are angled about 30° upward

as well as 30° forward. Only one tier of 'drop' nozzles
may be needed on small- to medium-size crop plants.
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spray crop follage. Fan
nozzles are avallable in
several different angles

of spray width. Wider

angles allow the spray boom
to be carrled closer to the
ground and this lessens spray
drift problems on windy days.

Even Flat (Fan) Spray Nozzles
should be used for making band
applications of pesticildes to
the soll. Spray output does
not decrease at the edges,

so spray patterns should not
be overlapped and used for
broadcast applications.

Solid Cone Spray Nozzles
provide better coverage of
plant folilage than fan
nozzles but should not be
used to apply herbicildes

and insecticides to the soll.

Hollow Cone Spray Nozzles
offer somewhat better follar
coverage than solid cone
nozzles due to greater leaf
agitation as the spray

pattern passes over the plants.

Whirlchamber (nonclog) Spray
Nozzles are special wide
angle hollow cone nozzles
that can be used in place of
fan noz=zles. Their design
reduces clogging, and drift
is minimized because of the
wide angle pattern {(enabling
lower boom height} and larger
droplet size.

1

Nozzle Screens: Nozzles uged on
tractor boom sprayers usually have
mesh or slotted strainers to help
prevent clogging. Some backpack
sprayers have stralners or can
have them added on. Routine
cleaning is required, especlally
when wettable powders are used.

Tips on Using Backpack Sprayers to
Apply Insecticides

¢ Use good pressu;é and a fine
spray. Pressure 1s too high
if excessive spray drift
(misting) occurs.

Maintain a steady pace through
the field." Avoid pausing at
each plant -unless the crop is
very large.

Rotate your wrist while spray-
ing so that the spray hits

the follage from different
angles. -

Keep the nozzle far enough
away from the follage so
that the spray has a chance
to spread out before hitting
the leaves.

If using a wettable powder,
remember to periodically
shake the sprayer to keep
the pesticide in sclution.

Keep a plece of soft wire
handy for cleaning out clogged
nozzles, but use 1t gently

to avoid damaging the nozzle
opening.’

Do not spray plants when their
leaves are wet or when rain

is likely within a few hours
afterwards.




® Do not add wettable powders or
EC's directly to the sprayer
tank. First mix them thorough-
ly in a bucker with several
liters of water. Make sure
wettable powders are rompletely
dissolved.

Trichlorfon causes severe
injury. Azodrin and
methyl parathion cause
some injury.

Peanuts: WMinor foliar injury which
shows up as reddish brown
spots on the earliest
leaves ig sometimes caused
by soil applications of
carbofuran, Thimetr, and
Disyston. The plants
usually outgrow the
damage with no yield
reduction. Runner
varieties on sandy soils

Pesticide
Compatibility

Most pesticides are compatible

with each other in the spray tank,
but check the lable to make sure.
In some crops like peanuts and
vegetables, foliar .insecticides

are the most sensitive,
and- dosage should be
reduced by 25 percent
under these conditions.

and fungicides are often applied
together. Spray compatibility
charts are available from many
pesticide companies.

Water with a pH of 8.0 or
above (alkaline) causes a rapid
breakdown of organic phosphate
insecticides. Such high pH water
is usually confined to limestone
or low rainfall areas. Special
buf fering agents are available to
lower the pH if necessary.

Insecticide Recommendations
For the Reference Crops

Certain insecticides are
phytotoxic (injurious) to certain
crops. Always check the label
instructions. Wettable powder
formulations tend to be less
phytotoxic than emulsifiable
concentrates, especially in
temperatures over 32-C.

Particular pesticides are not
recommended for the reference crops
in this manual because of rhe poten-
tial misclassification of peast
problems and misused -s._icides.
Rather than rely on manual for
pest diagnosis and p....cide selec-
tion, it is recommended that you
rely on the insecticide recommenda-




tions of your country's extension
service if they are known to be
effective and if they do not involve
the use of high~toxicity Class 1
chemicals (see Appendix K). Before
using any Insecticide, refer to the
safery guidelines and toxicity data
in Appendix K. Always know the
relative toxicity and environmental
hazards of the products you use

- or recommend.

Disease Control

Types of Diseases
And Their Identification

Parasitic versus Non-parasitic
Diseases

Parasirijic diseases are caused

by certain types of fungi, bacteria,

and viruses that invade plants and
multiply within their tissues.

Non-parasitic (non-infectious)

diseases are caused by unfavorable

Excesses,deficiencies or
imbalances of soil nutrients

Excessive soil acidity or
alkalinity :

Temperature extremes
Poor drainage or drought

‘Mechanical, fertilizer or
pesticide injury

Alr pollutants like ozone
and s»1lfur dioxide.

Some of these non-parasitic condi-
tions produce symptoms that can be
confused easily with those of
parasitic diseases.
Fungal Diseases

Fungi are actually tiny para-
sitic plants without roots, leaves
or chlorophyll which feed on living
or decaying organic matter. They
reproduce and spread by means of
microscopic ségds called sgofes.
Some fungiﬁ such as those that
help break down crop residues into
humus, are beneficial. Fungi can
penetrate directly into seed, leaf
or rock tissua or can enter through
wounds or natural openings. General

types of fungal discases are leaf

groving conditions or other non- spots leading to possible defoliation;

parasitic factors such as: rotting of seeds. stems., stalks. roots,




grain heads, pods, and ears; and

storage molds and wilts. ‘
Diseases caused by fungi are

by far the most common diseases

of the reference crops because

the spores are highly reasistant

to unfavorabple conditions. They

are spread easily by wiﬁd; water,

sbil, and farm implements, and some

types can also be carried by the

crop seeds themselves. Most fungal

diseases deyelop and spread much

more readily under high humidity

aﬁd moisture. An important and
common characteristic of fungal
diseases 1s their ability to mutate
to produce new races that are
resistant to certain fungicides.

Bacterial Diseases

Bacteria are microscopic

gingle cell organisms that multiply

by cell divison. Like the fungi,

some bacteria are beneficial and
perform essential functions like
converting unavailable organic’

forms of sdil nutrients to available:
inorganic (mineral) forms. Others
invade plants and cause diseases

that produce leaf spots, wilts,

galls, and fruit and stem rots.
For several reasons, bacterial
diseases are generally much less
prevalent than fungal diseases.

& Bacteria lack a resistant
apore stage and are very
dependent on favorable
temperature and moisture
conditions.

Unlike the fungi, bacteria
cannot forcibly penetrate

into plant tissue but must
enter through natural openings
or woundgs.

Although bacterial diseases
can be spread by wind~driven
rain, field equipment, and
certain types of insects
(mainly some beetles), they
are transmitted much less
rapidly than fungal diseases.

Viral Diseases

Viruses are microscopic par-

‘ticles consisting of a core of

nucleic acid (genetic material)
surrounded by a protein coat.
Viruses can multiply ﬁy diverting
living host cells into the produc-
tion of more ﬁirué particles and

can also mutate to produce different
strains. They are largely spread

by sucking insects such as aphids,

leafhoppers, and thrips. The

relationship between these insect




vectors (insect that transmit "Troublﬁghooting Common Crop Problems."

disease) and-che viruses is some- Resources that give detailed des-

times very specific, For example, criptions of diseases of the

peanut rosette virus is transmitted reference crops can be found in
by only one species of Aphid, Weeds the ‘bibliography.
are susceptible to certain viruses

and serve as alternate hosts for

viral diseases which are transmit- ™.
ted by sucking insects to crops. .
y 8 P Methods of Disease
Viruses usually do not kill ; * Control and
plants, but can greatly reduce K Effectiveness

yields and quality. A wide
variety of symptoms are produced
such as leaf mottling (blotching),
leaf curling, chlorotic (yellow)

or necrotic (dead) spots on the Prevention versus Cure

leaves, leaf striping, and Most diseases such as viruses

excessive branching, and the bacterial and fungal rots

How to Identify Plant Diseases of seeds, seedlings, roots, stalks,

Some plant diseases can be and stems cannot be controlled once

identified readily by non-profes~ they enter plant tissue. Fair to
sionals right in the figld. 1In . good control of fungal leafspots
other cases, however, accurate .can be achieved with foliar fungi-

diagnosis requires a good deal of cides but this is usually unecono-~

field experience or’ even the ex- mical with low value crops like

pertise of a trained plant patho- maize, millet. and sorghum.

logist and ]_a_b facilities. For Disease control methods are there-

more information on identifying fore geared mpuch more toward re-

plant diseases, see Appendix I, vention rather than cure,
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\\\
Non-Chemical Disease Control Methods (removal) of diseased crop - \
® Resistant varieties: Disease plants attacked by viruses. \\\
resistance is a top priority However, roguing is not ‘[ -
among plant breeders. Breeders effective for most fungal® N
have located genetic sources and bacterial diseases. k
of resistance to some of the e Crop residue management: The

more serious diseases, especial-
ly viruses and other types that
lack effective or economical
chemical control measures.
However, resistance does not -
mean 100 percent immunity,

burning or plowing under of
‘crop residues is an effective
prevention method for a few
diseases like Southern stem
rot of peanuts,

and the ability of viruses .. o Other management practices:
and fungi to mutate into new Several of these may help . N
races has posed some problems. mipimize certain disease

problems: not cultivating

® Disease-free seed: Some plants while they are wet;
diseases like bacterial blight avoiding crop injury at or
and common mosaic virus of. before harvest; irrigating
beans can be carried by the "in the morning when sprinklers

seeds. - The use of certified or hand watering are used so
seed that is disease-free is that crop leaves are dry at

an Important management prac- night; using raised beds to
tice in many bean-growing improve drainage and disin-
areas. fecting tools.

® Controlling host plants and
insect vectors: This 'is
especially important for

e Crop rotation: This can reduce
the incidence of many fungal
and bacterial diseases, espe-

controlling certain viral cially those that are soil-’
diseases and involves the borne, but will have little
removal of host weeds and .effect on viruses. There is
other natural vegetation nothing wrong with monoculture
¢ that serve ag sources of from a disease standpoint as
- infection. In-some cases, long as resistant varieties
non-susceptible barrier are being continually developed

crops are planted around and introduced in response to
a field in a 15-20 m wide rew problems. However, this is

strip to "decontaminate" . unlikely in the developing
sucking incects before countries.

they reacb the susceptible .o - .
crop. (Usually not practical ¢ Intercropping: This practice may

for the small farmer) Also reduce or intensifv disease pro- )
included is the roguing . blems. depending on the crop "
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mixtures involved and whether
they share some diseases in
COMmMMOon »

Chemical Disease Control Methods

e Fungicides can be applied

toc seeds, the soil, and crop

leaves and will provide fair.
to good control of certain
fungal diseases. They are

mainly applied as protectants.

Seed treatment with a

fungicide dust or ligquid
will effectively prevent
seed rots (pre-emergence
"damping off") caused by
soll fungi. This method

will also kill any fungal

diseases borne on the
seedcoat surface such as
loose smut and covered
smut which attack adult
sorghum plants.

Since seed treatments
mainly protect the seed,

they are not as effective

at preventing'seedling
blights (rots) and
seedling root rots. A

.systematic seed treatment

fungicide called Vitavax

{(Carboxin) gives somewhat

better control.

Seed. treatments will not
controel any soll-borne
or alrborne fungal diseases
that attack older plants
such as leaf spots, stalk
rots, stem rots, and root
rots.

Fungicide applications to

the soll are sometimes

helpful., Some fungicides
like PCNB (Terrachlor),
Vitavax (Carboxin), and
Benlate {benomyl) can be
applied as sprays or. dusts
to the seed furrow or to
the row during crop growth
to control certain fungal
stem and root rots..

Such soil applications are
seldom necessary or econo-
mical for maize, sorghum,
and millet, .but can be
profitable on high-yield-
ing peanut and bean crops
where disease problems
exist.

Foliar fungicides can be
applied as dusts or sprays
to crop foliage to control
fungal leaf spot diseases.
Most foliar fungicides act
as protectants to help
prevent the occurence or
spread of leaf spots.

Some of the recently
developed systemic fungi-
cides like Benlate (beno-
myl) and Mertect (Thiaben-

-dazole) also have erradi-

cant properties.

Most foliar fungicides

have little or no effect

on bacterial leaf spots,
but copper base fungicides
provide fair to good control.




Foliar fungicides are
usually not economical
for malze, sorghum, and
millet, but are often
essential for control of
C!rcospora leaf spot in
pe€anuts and can he very
profitable in this case.
Their use on beans may

be justified where yields
are in the medium to
high range and fungal .
leaf spots become - serious.

e So0il sterilants like methyl -~
- bromide, formaldehyde, Basamid,
and Vapam will control soil,
fungi, bacteria, insects,
weeds, and nematodes. They
are applied in advance of

planting and allowed to

"~ disperse before the seeds
are sown. Soll sterilants
are frequently used on seed-
beds for growing tobacco and
vegetable transplants, but
are too expensive:for use
with-tite reference crops.

Antibiotics like Streptomycin
and Terramycin are bacteri-
cides used as foliar sprays

or transplant dips to control
certain bacterial diseases.
Other antibiotics like Kamusin
‘(Kasugamycin) and Blasticidin
are effective against certain
fungal diseases such as rice
blast, and are widely used in
Japan. Their high cost makes
them uneconomical for use on
the reference crops. There
are several problems -assoc¢iated
with antibiotics, namely re-

sidues, the development of
resistant races of fungi and
bacteria, and occasional
phytotoxicity.

Use of insecticides to control

insect vectors: Is geldom
completely effective since 100
percent control 1s impossible.

Integrated Disease Control .

Integrated disease control

involves the combineﬁ use of non-

chemical and chemical methods.
Except for the mercury base fungi-
cides sometimes used as séed
dressings, the fungicides pose few
toxie or environmental threats, -
unlike éome ingecticides. The
incentive for in{Bgrated disease
control is based on,eﬁonqpics and
the fact_that many diseases cannot
be controlled adéquately with '

chemicals.




Symptoms:

Major Diseases of

The Reference Crops

FE

Maize

Maize Fungal Diseaszs

Seed Rots and Seedling Blights

These are often referred to as
pre-emergence and postw;mergence
"damping off" and are caused by soil-
or seed-borne fungi. Seeds may be
killed before germinéfion or seed-
lings'may be destroyed before or
after fhey emerge from the ground.
Damping off 1s most prevalent in cold,
poorly-drained soils and ﬁith damaged
seed_(cracked seedcoat, etc.).

lems are less likely where conditions

favor rapid germination and eﬁergence‘

(i.e. warm weather, adequate soil
moisture).
Above-ground signs are

yellowing, wilting, and death of the
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seedling leaves, but this can be con-
fused easily with injury by wind,
wind-blown sand, fertilizers, herbi-

Examine the
below-ground portion of the plants

cides, and insects.

and look for rotted seeds, soft rot

of the stems near the soil surface,%

1 and‘rotted, discolored roots.

Control: Use good quality seed, free
of molds and damage, that has been *
treated with a2 fungicide 1like Captan
or Arasan (thiram) for protection
during germination. Seed treatment

is mainly effective against seed rot.

Helminthosporium Leaf Blights

Several specles of Helmintho-
sporium fungil attack maize leaves, but
the two most Important are H. Maydis
(Southern leaf blight) and H. turcicum

(Northern: leaf blight). Helminthospor-

ium maydis is more prevalent in hot,
humid areas, but both species can occur
on the same plant. .

Symptoms of H. Maydis: There are twd

major races of H. maydis and they have
Race '"0" leaf
spots are small and diamond™ shaped

different symptoms.

when young and then elongate to about

2=3 cm and may grow together, killing
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large areas of leaf., Race "T" leaf
spots are oval and larger than thosg

"of_raée "0"-anh attack the husks and

Maize

hybrids utilizing "Texas" male ster-

leaf sheaths, unlike race "0".

ile cytoplasm (genetic material) in
theilr production are very sustep-
tible to race "T". This became
evident during ‘the severe and un~-
expected outbreak of H. maydis race
"T" in"the U.S. Corn Belt in 1970.
Most hybrids now utilize "N" male
sterile cytoplasm in their produc-
tion to overcome this problem.
Nortﬁern
leaf blight prefers high humidity
Samall,

Symptoms of H. turcicum:

. and low temperatures.
slightly oval, water-soaked spots
first appear on the lower leaves
and eventually/pécome rectangular
in shape and g}ow to a length of
2.5~15¢cm. These lesions are grayish-
green to tan and can cause severe
defoliat;on.

Control: Resistant varieties offer
the best protection. Seed treatment
with a fungicide is of no help.
Foliar furigicides give fair to good

control but are seldom economical

1

gince they must be applied every 7-10
days,

"Maize Rusts ~

Three }ypes of rust attack maize:
commonr rust (Puccinia sorghl), South-

ern rust (Puccinia polysora), and

tropical rust {Physopella zeae).

Common rust occurs more fre=
quently ;nncool, molst weather and '
produces small, powdery, cinnamon-
brown pd;tules on both surfaces of
the leaves. Southern rustxis more
common in warm humid regions and
produces smaller, lighter-cglored
pustules than common rust. Tropical.
tust 1s confined tolthe tropical
regions of Latin America and the
Caribbean. The pustules vary in
shape from oval to round ard occur
beneath the leaf epidermis (outer -
layer). They are cream colored and
very small and are sometimes surroun-
ded by a black area.

Control: Resistant varieties are the
best Protection. Fungicide sprays

are seldom economical.
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Maize Downy Mildews

Sorghum Downy Mildew (S. Sorghi):

At least nine species of Widespread. Controls: Using resis-
Sclerospora (Sclerophthora) fungi . tant varieties, removing and destroy-
attack maize. At present, they are ing infected plants, and avoiding
mainly confined to parts of Asia and maize-sorghum rotations in infected .

Africa, but also appear to be spread-~ fields. ’

ing thgoughout the Americas. ) Green Ear Disease or Graminicola
Symptoms vary with the speciles, age Downy Hildéw (5. graminicola): Occurs
of plants yhen infected, and the on various grasses but is usually

climate, but usuaily include chlorotic not important in maize. _
.striping of the leaves and leaf Sugarcane Downy Mildew (S, sacchari):
sheaths, stunting, excessive tiller- Mainly confined to Asia and the South

ing, and deformities of the ears and Pacific. GControls: Eliminating the

tassels., A downy growth (mildew) may disease by using healthy planting
occur on the undersides of the leaves material, growing maize in areas

A
in later stages. Some of these symp- - free of the disease and wbé}e sugarcane

toms may be confused with viruses. is . not grown extensively, removing
Some of the more common downy and destroying infected plants, and
dildews are listed below with their using resistant varieties. Fungicide
. ‘ control measures: sprays are used in éome areas.
‘1 Crazy Top (S. macrospora): Rare in Philippine Downy Mildew (8. philippi~
‘ the true tropics but of world-wide nensis): This is the most important
distribution in temperate and warm- maize disease in the Philippines and
temperate climates, Crazy top also occurs in Nepal, India, and
causes the tésscl to mutate into a Indonesia. Controls: Removing and
mass of leafy bunches and is pro- destroying infeeted plants, using
. voked by one or more days of flood- resistant varieties and fungicide
ing before seedlings have reached sprays where edﬁnomical.

the four to five leaf stage. Adequate
soil drainage is the only control. ' ’///
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Common Smut and Head Smut

" Common smut (Ustilago maydis):
A fungus that causes gélls -
(swollen areas on plant tissue) 15-
20 cm in size which form on any abové-
ground part of the plant. When young,
the galls are shiny and whitish with
soft intefiors, but later turn into
a mass pf black, powdery spores.
Earlf infection can kill young plants,
hut common smut is seldom a serious
1prob1em. Controls: Using resistant
varieties and avoiding mechanical
Good soil fer-

Galls should be

injury to plants.
tility is helpful.
removed from plants and burned be-
fore they rupture. ,

h Head smut (Sphacelotheca) .reil~

row give fair to good control, but
are usually not economical. Seed
treatment with a fungicide is
ineffective.

Fungal Stalk Rots

Five of the more common fungal
stalk rots are discussed below. They
attack plaﬁts between taéseling and
maturity, although Pythium stalk rot
may also infect younger plants.

Diplodia stalk rot; Mpost likely to

Eghg):. Can seriously affect yields
in dry, hot regions. This is a
systemic fungus that enters seedlings
withoﬁt showing symptoms until the
tasseiﬁng stage. Tassels and ears
become{@eforﬁed and develop masses

of black, p&wderyﬂggg;es. Head smut
is mainly a soil—borﬁe disease.
Controlé:- Most varieties are resis-
tant. Crop rotation and general
sanitatioﬁ also provide some control.

Soil applied fungicides in the seed:

occur several weeks aftemypollination.
The leaves suddenly wilt and die,
turning a dull grayish-green, and the
stalk dies 7-10 days later. WNumerous
sﬁall,raised,black dots can be seen on
the lower internodes of the stalk.
Infected portions break readilxﬂand
Diplodia
infected stalks usually break between

can be easily crushed.

the joints (nodes). Controls: Using
resistant varieties, avoiding high
rates of N fertilizer without a&gqua;e
K, and lower plant pépulations.
Similar to;

Diplodia except that the stalks tend

Gibberella stalk rot:

to break at the joints, and the inside
of the stalk is pinkish-red. The small

black dots found on the lower port%oﬁ
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|
of}the stalk can be scraped off with

a fingernail, unlike those of Diplodia.
S$ee Diplodia,

Fusarium stalk rot: Similar to
Gibberella and difficult to distin-
guish from it. See Diplo-
dia.

Pythium stalk rot:

Controls:

Controls:

Most likely to

occur during long periods of hot,
humid weather. Usually attacks a
single internode near the soil sur-
face and causes a brown, soft, water-
soaked tét that collapses the stem.
Stems do not break off but fall

over and plants may remain green for
Pythium

usually dceurs around tasseling time

several weeks afterwards.

but may also affect younger plants,

It is easily confused with Erwinia

silking to harvest.

pollination when it causes the lower
internodes to ripen prematurely and
shred, causing breakage at the base-
of the plant. The inner stalk has
a charred Appearance due -to the
presence of numerous black dots
Controls: Charcoal rot

can be reduced in irrigated fields

(sclerotia).

by maintaining a good soil moisture
content during dry spells after tas-
séling; see also Diplodia.
Fungal Ear and Kernel Rofs

Maize can be attacked by a num-
ber of ear and kernel rots, especially
when very wet weather occurs from
Insect and bird
damage of stalks and ears also in-
creases susceptibility.

Diplodia ear rot: Causes early-infect~

bacterial stalk rot., Controls: K

Using resistant varieties. . p

N,
Charcoal rot (Macrophomina phaseoli):

Attacks maize, sorghum, soybeans,
beans, cottﬁn, and others. It is
most preﬁalent under very hot, dry
conditions and first attacks-seedling
roots where it produces brown, water-
soaked lesions which eventually turn
black,

invade the stalk until well after

The fungus usually does not
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ed ears to have bleached husks, while

normal husks are'still green, Ears

\gre shrunken, and the husks seem to

bé\glued tbgethet due to the fungus
groﬁing in-between. Ears infected
later fﬁx?he season seem normal from
the outsi&é\but have a white mold
that usually\;ragfs at the base of
the kernels. 1In severe cases, black
fruiting bodies can bg\sgen on the

husks and on the sides of the kernels.
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Controls: Ears that mature with the
tips pointed downward are less sus-
ceptible. Good husk covering 1is

also helpful as is an early harvest
and proper storage at a safe molsture
content.

Gibberella ear rot (G. zeae): More

prevalent in cool, humid areas and
causes a pink to bright red rot start-

ing at the ear tips. G. fujikuroi

is the most common ear rot worldwide
Both

types also produce a cotton-like

and is similar in appearance.

pink growth over the kernels, and
infected grain is toxic to humans,
See

plgs, and birds. Controls:

Dipledia.

Fusarium ear rot: Favored by dry,

warm weather and gimilar to
Gibberella. '

Nigrospora ear rot: Causes the cob

to be discolored and easily shredded.

The interior 1s gray instead of white.
Kernels are poorly filled aﬁd can be
easily pushed into the partially
rotted cob. Spore masses in the form
of black sbots are found at the base
Balanced

of the kernels. Controls:

soil fertility; see Diplodie.

Malze Bacterial Diseases

Erwinia stalk rot: Causes symptoms

similar to Pythium (see fungal stalk

rots). Controls: Using resistant

varieties and good drainage.
Bacterial leaf blight (Stewart's wilt):
Transmitted by certain types

of malze beetles and by the seed.
Sweet malze 1s more susceptible. Symp-
toms are pale green to yellow streaks
on the leaves, usually Qppearing after
tasseling. The streaks die and may
kill the leaf. The stem may also be-
come infected, leading to wilting of
the plant. Controls: Using resistant
varieties, early use of insecticides

to control insect vectors.

‘Maize Viral Diseases

Maize 1s attacked by some 25

virus or virus-like diseases which are
transmitted mainly by aphids and leaf-
hoppers. Alternate host plants like
Johnsongrass, sorghum, and sSugarcane
play an important role in the spread
of most of them., Symptoms can be con-
fusing and may often be caused by other
pfoblems sﬁch as nutrient deficiencies.
Some of the more prevalent viruses

are dealt with below:




Maize streak virus: A major problem

in many areas of Africa and trans-
mitted by several species of leaf~

hopper (Cicadullina spp.). Early

signs are tiny round scattered spots
on the youngest leaves which enlarge
parallel to the leaf veins. Broken
yellow streaks later appear and run
along the veins. Controls:
varietieé; leafhopper control.
Maize dwarf mosaic:
types of aphids and a wide range of
alternate hosts, including Johnson-
graés (a sorghum relative) and sor-

ghum. Leaves of infected plants

develop a yvellow-green mosaic pattern,

mainly on the bases of the younger
leaves. Foliage becomes purple or
purple-red as plants mature, severe
stunting may occur, and few plants
produce normal ears. Controls:
Using resistant varietles. Destruc-
tion of alternate hests and insect
. control..

Maize stunt virus: Spread hy'sevefal

types of leafhopper (Dalbulus,

Raldulus, Graminella) and known as

“achaparramiento’ in Latin America.
Now thought to be a virus-like

organism. The Mesa Central strain
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Resistant

Spread by several

causes yvellowing of the young leaves

which later turn red. The Rio Grande
strain prbduces spots at the bases

of young leaves, followed by a yellow
striping.

Controls: Resistant vari~

etles; insect control.

Sugarcane mosaic: Occurs ﬁhere maize
is growﬁ next to Sugarcane Fnd causes

yellow spots and streaks. Controls:

i
Using resistant varieties Of sugar-

cane, | -

i

[

Sorghum ' |

§

Fungal Diseases

Seed rots and seedling blights: See

maize.

Downy mildews: Sorghum is attacked

by three species of downy mildew
(5. macrospora, S, sorghi, 5. grami-

nicola). (Refer rto maize for details).

Controls: Using resistant varieties
and rotation with broad-leaf crops.
Many forage-type sorghums are very
susceptible ro sorghum downy mildew
(5. sorghi) and should not be planted
on ground where grain sorghum will be
sowﬁ if the disease is present.

Covered kernel smut (Sphacelotheca

sorghi):

Carried by the seed and
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penetrates the young seedlings.
Plants appear normal until heading
time when the kernels are replaced
by light-gray or brown, cone~shaped
smut galls full of black spores,

Controls: Seed

.~ satment with a
fungici“e 1s very effective since

the spores are carried on the surface.
Reslstant varieties have been
developed,

Loose kernel smut (S. cruenta):-

Very common in Asia and Africa., As
with covered smut, the spores are
carried on the planting seed and in-
vade young seedlings. Long, pointed
smut galls are formed on the grain
Heads, and infected plants may be
stunted and show increased tillering.
Unlike covered smut, loose smut
spores may cause infections of late
emerging grain heads on otherwise
healthy plants. Controls: Same as
for covered smut.

Head smut (S. reiliana): The most

damaging of the smuts. Destroys the
entire head and replaces it with a
mass of dark browﬁ, powdery spéres.
A large gall covered with a whitish
membrane bulges out of the boot at

heading time, The gall ruptures

i
y
i

‘and spores are scattered by wind and

rain over the soil where they sdpvive
to infect the next crop. Controls:
Seed treatment will prevent thef
cpread from field to field, but will
not stop Infection from spores:al—
ready in‘the”field. Resistang vari-
eties should be used and infeEted_
plants removed and burned.

Grain (Head) Molds

These are caused by}Severél
species of fungil that arejmost prev-
alent when sorghum matur?S during wet
weather. Seed becomes heavily molded

and will germinate poorly if planted.

Controls: Photo-sensi?ive varieties

escape head mold by maturirg during
drier weather, Other types can be

sown to mature during drier weather.

" Open~headed varieties are somewhat

less susceptible than those with com-

pact heads. Work in India has showm

‘that head molds can be reduced by

spraying the heads with Captan or
Benlate (benomyl) plus a sticker
immediately after a heavy rain, but
this may not be cost effective.
Sorghum Rust

This is caused by the fungus

Puccinia purpurea which produces
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raised brownish pustules on both

This disease
is most common under high humidity

sides of the leaves.

but .is usually confined to the older,

mature leaves. Controls: Using

resiseant varleties. Fungicides
are not usually economical.
Anthracnose

This disease 15 caused by the

fungus Collectotrichum graminicola

which attacks the leaves, producing
tan to reddish lesions that‘are

round to oval and have soft, sunken
centers. It may also cause 2 stalk

rot called red rot. Controls:

Using resistant varieties.

Other Fungal Leaf Spots

Sooty stripe (Ramulispora

sorghi), zonate leaf spot (Gloe-

socercospora sorghi), and oval leaf

spot (Ramulispora sorghicola) are

the main fungal leaf spots 1in West
Africa, along with anthracnose.
Controls: Resistant varieties
offer the best means of control.
Removal of host plants like Guinea-
grass, Bermudagréss, and Paragrass

helps.

see maize):

cola):

Fungal Stalk Rots

Charcoal rot (Macrophomina phaseoli

A serious disease of
dryland sorghum. Losses are increas-
ing in India, Ethiopia, Tanzania, and
Upper Volta. It is the most serious
sorghum disease 1n Nicaragua and also
causes serious losses in Mexico and
Colombia. Charcoal rot is especially

severe when grain £illing takes place

-during high soll temperatures and

drought.

Controls: See maize.

Milo disease (Periconia circinata):

Presently confined to the U.S. and
attacks the roots as well as the

stalks. Even young plants may be
affected. :
stunting and slight leaf rolling.

The first symptoms are

The tips and margins of older leaves
turn light yellow, and all the leaves
eventually become affected. Splitting
the base of the stalk lengthwise
reveals a dark red discoloration in
the center. Roots are also dark red.
Controls: Resistant ﬁarieties.

Red stalk rot (Collectotrichum gramini-

The stalk rot phase of anthrac-
nose. The outside basal portion of the
stalk becomes red or purple.‘1 If the

stalk is split lengthwise, the inner

243

253




pith shows a reddish discoloration
which may be continuous or. blotchy.
The flower stem may be similarly

affected. Controls: See anthracnose.

Bacterial Diseases

Several bacterial leaf dis-
eases attack sorghum and are favored
by warm, humid weather. Yield losses
usually are not serious. Seed rreat-
ment with a fungicide, crop rotation,
and resiétant varieties are the best
controls.

Sorghum Viral Diseases

Maize dwarf mosaic and sugarcane mos-

aic produce very similar symptoms on
sorghum. The mottled light and dark
green mosaic pattern is usually most
prevalent on the upper two to three

leaves and often includes longitudi-
nal white or yellow streaks. Vari-

eties with a red pigment may show a

"red leaf" symptom consisting of red
stripes with dead centers. Controls:
see maize.

Yellow sorghum stunt: A virus~like

organism that is spread by leafhop-~
pers. Plants become dwarfed with

leaves bunched toéether at-the top.
Leaves develop a yellow cream color.

Contrcls: Resistant varieties; insect
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control.

Millet

Doway mildew (Sclerospora graminicola)}

Can attack millet as early as the
seedliné stage. The systemic fumgus
causes the leaves to become yellowish
and undet wet conditions a downy
white mildew may occur on the under-
sides of the leaves. Affected seed-
lings may die within a month without
producing any tillers. The symptoms
may first éppear on the upper leaves
of the maiﬁ stem or on the tillers.
The first leaf affected normally
shows damage onl& on the lower por-
tion, but sﬁbseQUent leaves suffer
increasing ihfection. Heads may.be
partially or totally defoyped. Con~
trol: Many lécal varieties have 309d
resistance. The International Crops
Research Institute for the Semi-Arid
Tropics (ICRISAT) achieved excellent
control of downy mildew by treating’
planting seed with a newly developed
systemic fungicide from Ciﬁa Geigy
known as GCA 48/988. |

Grain smyt (Tolypossporium penicil-
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liriae): Fungi infect the youung mil-
let florets on the seed head and
replace them with plumb galls full

of black powdery spores. Controls:
Use resistant varleties and general
sanitation. Seed treatment with a’

fungicide is probably not very effec-

tive.

Frgot (Claviceps fusiformis}: Com-
moﬁ,but generally not serious. The
airborne fungal spores infect the

. young florets before grain development
and produce a éweet sticky liquid
called honeydew, which is pink or rea.
The grain head later,takes on a
bottle-brush appearance due to the
tormation of dark-colored hard struc-
tures called sclerotia. Controls:
Burn infected heads.

Rust (Puccinia penniseti): Some-

times serious on late millet but
‘usually not with early millet.

Leaf sEoté: Several fungal leaf
spots attack millet but are usually

not serious.
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Peanuts

Foliar Fungal Diseases

Foliar fungal diseases can
seriously reduce ylelds of both nuts
and hay, and the decaying fallen
leaves provide quanic matter for
incubating soil-borne diseases like
Southern stem rot.

Cercospora Leafspot: Attacks

peanuts worldwide, but Virginia types -
{(see Chapter 3} are somewhat less
susceptible than the Spanish-Valencia
types. It is encouraged by wet con-
ditions, ’

Symptoms: Two specles of Cercogpora

fungl are involved. Early leafspot

(C. arachidicola) is usually the

first to appear and produces round,
brovnish-red spots surrounded by a

vellow halo. Late leafspot (C. per-

sonata) o;cursrlater in the season
and produces darker spots that may or-
may not have halos. Both leafspots
may also occur on the stems and leaf
petioles (leéf stems) as the disease
progresses. Severe defoliation can
result, which affects yields as well
as the performance of mechanical

pullers, which require bulky bushes
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for satrisfactory operation. (Controls:
Crop rotation ;helps reduce early
infections. éven though Virgfhia
types show some resistance, foliar
fungicides are usually essentiai -in
most cases and are applied as preven-
tatives. Peanuts are a relatively
high value crop, which makes use of
foliav fungiciﬁes very economical.
Specific recommendations are given
in the next unit.

Peaaut Rust (Puccinia arachis): This

disease 1s presently confined to

" Latin America and the faribbean. It
causes small orange to brown ralsed
pustules on the leaves, mainly on the
undersides. It can spread rapidly
under hot, humid conditions, and
leaf drop can be sévere. The stems,
'pgtioles and pegs can also be

As with leaf--

spot; fungicide sprays or dusts are

affected., Controls:

the only effective control.

Ground piseases

Ground diseases cause& by
Eungi are sometimes hard to detect
and identify and can drastically
reduce yields.

o

Southern Stem Rot: Also known as

Southern 5!ight, wilt and white mold,

- % F L

it 18 the most serious and widespread
ground disease attacking peanuts and
also affects beans, soybeans, other
légumes, potatoes, tomatoes, and
other crops. It is favored by warm,
wet conditiomns.

Symptoms: In the early stages, some
of the leaves on a few branches
Under weé

conditions, a white cotton-like mold

usually turn yellowish.

occurs on the lower stem near the
soll surface and on any decaying
organic debris on the soil. Fungal
bodies called sclerotia appear on

the affected areas and are light

. brovm to brownish red and about the

size of mustard seeds. The leaveg
begin a gradual wilt, but at first
seem to recover at night. Eventually,
the entire plant can die. The pegs
are destroyed, leaving many pods
imbedded in the ground. - The disecase
can also cause pod rot. Contro}s:
There is no way to control thié dis-~
ease once plants are affected, but
it can be effectively suppressed
through a combination of chemical
and cultural controls given below:

o Lrop rotations with maize,
sorghum, and other grass fam-
ily. plants.
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Deep burial of all crop resi-
dues using a mcldboard plow.
Coarse trash like malze and sor-
ghum stalks-need to be chopped
up manually or with a disk har-
row before plowing. Residues
left on the surface serve as a
breeding ground for the fungus.

¢ Planting peanuts on a flat
field or on a ridge. Seed fur-
rows should nnt have depres-
sions which ¢ause poor drain-
age, '

¢ Avolding cultivation which
throws soll into the crop row,
- especially when plants-are
young. This can cause stem
i _ injury and burial of young |
plants, which greatly increases
susceptibility to stem rot and
crown rot.

e Control of Cercospora leafspot
and other foliar diseases with
fungicides to minimize defoli-
ation, since fallen leaves
also serve as breeding grounds
for the fungus. '

e Applications of soil fungicides
like PCNR (Terrachlor) and Vita-
vax (Carboxin) in a band over
the row at planting or at early
pegging stage. These give fair
to good protection where stem
rot problems are serious.

(See the next unit for specific
recommendations.)

Seed Rot ‘and Seedling Blight (Pre-
and Post-Emergence '"Damping Off")
Pre-emergence rot: It is not unusval

to find germinating peanut seeds

.rotting in the ground. Affected seeds

break down rapidly, but early examina-
tion will show them to be covered with
a growth caused by various speciles of
fungus.

Seedling blight is often referred to as
Agpergillus crown rot and 1s caused by

" Aspergillus niger, a black sooty fungus.

True crown rot is more accdrately used
to dercribe the disease when tt-attacks
older plants past the seedling stage.
The stem tissue just below ground level
is attacked on young seedlings shortly
after they emerge, and the fungus
quickly spreads up the stem, covering
it with 2 masg ©f black sporés. The
stem will then suffer a total collapse.

Contributing_factors; Soils that have

been coﬁiinually cropped to peanuts
for long periodé have more problems
with seed rots and seedling blighﬁg.
Excessively deep planting weakens fhe
stem and 1lncreases suscéptibility. \Seeds
may also be daméged as they are bein
deshelled. Controls: Seed treatment
with fungicides éives good control;
usually a combination of two fqngicides\
is needed to provide control of all spe;\

cles, Recommendations are given in the




]
next unit. Actention should also be
given to planting depth and crop

: :

rotation. l

Sl
Sclerotinia Blight !

This is sbmewhat similarfbut
less common. Affected plants héve
a white fungal gFowth attached Eo
rotted areas of the stem which;may
extend from beldﬁ the soil surface /;
up into some or all of the indivi-;f
dual runners. Infected stem tissue
is very shredded and contains many
black fungal bodies. Pegs and nuts
are also attacked. Control is
usually not needed but a fungicide
called Botran (dicloran) is:éome-
times applied as a spray in the U.S.

Peg and Pod Rots

Several types of gﬁhgi includ~-
ing Sclerotium 4nd Sclerotindia attack
""""" Soil'sﬁerilants
are sometimes applied before plant-
ing in the U.S., but this would sel~

dom’ be economical. or feasiﬂle for

small farmers. Crop rotation is
: i

helpful. ' _
Aspergillus flavus is a fungal mold

that attacks stored seed but is
sqmecimes found in the field. Under

certain conditions, some strains of
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A. flavus produce aflatoxih, a.

. potent carcinogen (cancer-cauSing

agent) and toxin that can affect
birdé; humans, and Other mamﬁals.
Hatvested pods are free of aflatoxin
except where they have been broken
or damaged by termites, hoeing,
threshing or rough handling. The
developmeﬁt of Aspergillus and other
storage molds largely can be pre-
vented by timely harﬁest, separation
of damaged kernels, and rapid drying
of moist.pods.

Viral Diseases

Rosette virus: The most serious

disease of peanuts in Africa, espe-
cially in the wetter areas. It is
spread by one species of aphid (Aphis
craccivora) and has severalfalter-
nate host plants; including Euphorbia
hirta, a weed. Plants become
sevérel;}siunted,.and the younger
leaves tufn vellow and mottled.
Emerging legugs remain small and
become curled and yellow. Early
planting and close spacing appear to
reduce the incidence of rosette |
virus. Affected plants should be
repoved and déstrOyed, and aphid

control should ;be considered.
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Destruction of alternate host plants bacterial blight; and severzl viruases.
is helpful. Resistant varieties Diseasé-free certified seed is very ,
have been developed in Senegal. 'difficult to obtain in Latin America )
Spotted wilt virus: Caused by and presently makes up less than 3 )
i tomato wilt virus and spread by percent of the besn seed planted

several types of thrips. Affected there. _ _ | r
plants haye leaves with light green Control ofuseed-borne’fungi: ManyJ
and yeiloﬁ pattefhs, often in large fungi are carf¥ied on Lg-In the seed’
patches or in the form of ring coat, and seed treatment with corven-
spots. Leaves are usually mis- tional fungicides like Arasan (thi-
shapen and puckered, and the plants ram) and Captan (Orthocide) will con-
take on a bunched appearance. Toma- trol theﬁ.. Others like anthracnose
toes, potatoes, lettuce; peppers, are carried deeper in the seed and

a" orn?mental plants, and several aré usually unaffected by seed treat-
typés of weed serve as alternaﬁe ' ‘pent. Systemic fungié&des like Ben-
hosts. It is usually not serious. late (benomyl) have shown some pro-

mise in these cases. Foliar applica-
" Beans . tions of systemic fungicides during
the ilatter half of the growing sea-
son have significantly reduced the

Seed-Borng Diseases ’ - ) incidence of seed-borne anthracnose
Beans suffer heévy diseasé in {the harvested seed, but are

losses worldwide, and one of the sife. Delayed ﬁarveSting and pod
major reasons is the high preva- c ntact‘ with the soil surface during

Y lence of seed-borne diseases. rowth can increase seed-borne dis-
According to CIAT, more than half ase problems. . : -
of the major bean diseases can be ontrol of seed-borne bacteria: Seed
transmitted by the seed; these . !treatments will not control intern- '
include anthracnose, damping off, ally-borne bacterial diseases on

root and stem rots, bacterial wilt, beans.. Seed produded in drier areas
ZQZ

- J
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using strict sanitdry and cultural

practices such as crop rotation and

inspection 1s less likely to be con-

taminated.

Control of seed-borne viruses: Cur-.

rent seed treatments are ineffec-
tive against seed~-borne viruses.
Control iﬁvolves the production of
ﬂdisease-freebseed in areas where
vectors, and Hosts can be contrplled;
Fungal Diseases

Pre-Emergence Rot: Seed freatment
;ith fungicides 1s very effective.
(See maize and peanuts. )

r
Rodt_Rots: Beans are very suscep-
tible to roof rots caused by Rhi-

zoctonia, Fusarium, Sclerotium, and

other fungi. Sympqoms include red-
dish or brown lesions on the hypo-
cotyls (below-ground portion.of the
‘stem) and rotting of the lateral
rooﬁs from one to several weeks ‘
after emergence. Wilting and leaf
yellowing may or may not occur.
Controls: . )

® In temperate areas. plant-
ing only after solls have
warmed up e

. Good drainagé
# Crop rotation

e Avoiding contamination of vir-
.gin ground with unclean tools,
animal or green manure con-
taining bean residue or dirty
irrigation water.

Treating seed with Arasan
(thiram), Zineb, Demosan,
‘PCNB, Vitavax (carboxin) or
Benlate at 1-3 active ingre-
dient per kg to give pattial
control.

Applying Benlate or PCNB over .
the seed furrow after plant-
ing to glve good control.

- 4

Anthracnose (Colleotrichum lindemuthi-

‘on stems and leaf veins.

anum) : Anthracnose 1is of wnrldwide
importance in cool to moderate tem-
peratures and wet conditions and is
spread by seed, soil, crop debris,'
rain, and tools. It produces elon-
gaied reddish-brown to purple cankers
Pods have
sunken spots witﬁ pink centers and
Infected seeds mav

be discolored and have dark brown to’

darker borders.
black cankers. Anthracnose 15 sel-
dom a problem in hot, dry areas.
Controls:

e Use disease~free seed.

e.Do not grow beans more than
once &very two or three years

~on the same field (includes
cowpeas, lima beans).’

.
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® Avold working in fields when
the plants are wet.

e Plow under bean residues.
Seed treatment with fungi-
cldes 1s only partially effective.
Preventative applications of folfar

fungicides have variable results.

Rust (Uromyces phaseoli): Rust is
" of worldwide distribution ana also
attacks cowpeas and lima beans.
Losses are heaviest when planté are
infected at or before flowering.
The disease is favbred by damp
weather and cool pights and c;n
infect both the leaves and the pods.
First symptoms usuaily appear on
the lower leaf surface as whitish,
slightly raised spots. The spots
grow into reddish-brown pustules
which may reach 1-2 mmin diameter
within a week. The entire leaf
begins to yellow, then turns brown
and dies., Rust is not carried on
the seedl but the spores persisﬁ
in bean residues. There are many
races of rust, and bean varieties
vary in their resistance to them.
Controls:

e Crop rotation.

® Sulfur dust or fungicide
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sprays (see next section).

Angular Leafspot (Iéarioggia griseola):

This disease causealgfhy or brown
angular lesfons on the leaves which
eventually lead to premature defoli-
ation. Pods méy be affected with
oval to round spots with reddish-
browvn centers and seeds méy be shriv-
elled. The disease is carried by

the seed, but contaminated plant
debris 1s a much more common source
of infection. Control: Using disease-
free seed, crop Totation, and remov-
ing previously infected crop debris
from the field before planting;

Seed treatment with a fungicide (Ben-
late has given good results) and
fungicide éprays may help.
Sclerotinia Blight (white mold):

Causes water-soaked lesions and a
white mold on leaves and pods (see
also peanuts). It can be controlled
by crop rotation and‘foliar sprays
of Benlate, Dichlone, Dicloran,

PCNB or Thiabendazole around early-
to mi&-bioom. Irrigation intensi-

fies this disease.
..
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Web Blig (Thanatephorus cucumeris)

'This disease can be a maJOr limiting
factor to bean producti?n under high -

temperature and humidity. rany
other crops are also dffected. The
fungus causes small round water-
soaked spots on the /leaves which
are ﬁuchilightEr than the surround-
ing healthy tissue*and look like
they have been scalded. Young pods
show light tan éits that are irre-
gular in shapé but become darker
and sunken with age--qhey can be
confused gith anthrairoggiigae
steds. pqﬁs and leaves become cov-
ered with a spider weﬁ-type growth
that is imbedded with ibrown fungal
bodies. Web blight an be carried
by the seed but is more commonly
tr;nsmitted by wind, r;iﬁ. tools,
and the movement of hﬁmghs and
draft animals through the field.
Controls: \
® Disease-free seed.

‘e Cr. » rotation with maize,
grasses, tobacco, and
i other non-hosts.

¢ Planting beans in row%, not

. by broadcasting, to ma;i-
mlze air circulation.

e Fungicide sprays give fiair

\

i
1
]
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to good control. Systemics
like Benlate are recommended
under Pigh rainfall.

j
Bacterial Diéeases
Common Bl;ghg (Xanthomonas phaseoli)

and Fuscous Blight (Xanthomonas phage-

oll var. fuscans): Both diseases pro-

duce the same symptoms on leaves,
stems, pods and seeds. The first

leaf symptoms are water-soaked spots

on the.undersides which grow ilrregu-

larly and are surrounded by a narrow ,
zone of lemon yellow tissue, These
spots eventually become brown and
dead. The stem may become girdled
nea? the soil and b?eak. Water-
soaked spots form on the pods, grad-
ually enlarge and become dark, red
and somewhatrsunken. Infected seed
may yot and shrivel, Contrbls: |
‘e Disease-free seed,

® Crop rotation and deep plow~
ing. )

e Copper—base fungicides have

Tcontrolled leaf symptoms well,
but have not given good yield
increases, Antibilotics

should not be used due to the
danger of caucsing mutations.

e Seed treatment 1s not very
effective,

e Somg varietal resistance is
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available,

Halo Blight (Pseudomonas phaseoli-

gglg):I This bacterial disease pre-
fers cooler temperatures than com-
mon and fuscous blights. The ini-
tial symptoms are small;wateqrsoaked
spots on the undersidés of the
leaves, which eventually become
infected with greasy spots 1if the:
attack is severe. Stém girdle or
joint rot occurs at the nodes

ahove the seed leaves when the dis-
ease results from contaminated seed.
However, leaf yellowing and malfor-
mation may océur without many other
external signs. Controls:

e Deep plowing and crop rota-
tion

® Removing infected plant
debris from the field

e Avoiding work in the fields
when the foliage is wet

® Disease-free seed

® Varieties that havé some
resistance

® Seed treatment with Strep-

" tomycin (2.5 g active ingre-
dient per kilogram of seed)
or Kasugamycin (0.23 g active
ingredient per kilogram),
using the slurry (liquid)
method.

e Copper-base fungicides
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applied to the leaves gilves
poor to fair control,

Viral Diseases

- "Beans are attacked by a num-
ber of viruses, many of which also

attack cowpeas. Bean common mosalc,

bean yellow mosaic and cucumber mos-

alc viruses are spread by aphids.

Bean rugose mosalc and several others

are spread by beetles. Bean golden
mosalc and chlorotic mottle viruses

are spread by white-flies, and curly

top virus by the beet leafhopper.

. Symptoms include one or more of the

following: green-yellow leaf mott-
ling, leaf malformation, puckefing,
curling, plant stunting, and yellow-
ing. Control consists largely of
using resistant varieties and dis-
ease-free seed, and controlling
insects.

Non-Parasitic Diseases

Seed injury: Bean seed is very sus-

ceptible to seedcoat damage and

internal injury by improper thresh-
ing and mechanical harvesting or

by rough handling. Damage may be

invisible or produce cracks in the

seedcoat, both of which can cause

the following seed abnormalities:
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® Reduced germination and seed- a constriction around the
ling vigor: This can also be
caused by bacteris, fungi, stem at the soil line,

insects, fertilizer burn, and especially on light-colored
herbicide injury. ’

"Baldhead": The seedling
lacks a growing point. There

is only a bare stump above drop if they .occur during
.the cotyledons, so no further:

leaf growth can occur.

sandy soils. Temperatures

above 35.5°C cause blossom

flowering.

Detached cotyledons: Young
bean seedlings need at least
one complete cotyledon or two
" broken ones with more than
half attached to provide ade-

quate nutrition for emergence Chemica]_ Disease

and early growth.

Dry bean seed (14 percent moisture COl‘ltl'Ol .
or below) is the most easily dam- Recommendatlons

aged. Bagged seed should not be

dropped or thrown onto hard sur-

faces, |

Sﬁnscald: Intense sunlight, espe- g\?ietgzrl?ri;ng..iec?ée
cially following cloudy and humid

weather, can produce small water-

soaked spots on the exposed gides Effectiveness

of leaves, stems, branches and pods. ® Seed rots (pre—eme:gence damp -

These spots turn reddish or brown . " ing off): Very good.

® Seedling blights (maize, sor-
ghum, millet, peanuts): Fair.

and may grow together into large

necrotic lesions. ‘Air pollutants .
ns P e Seedling root rots: Poor to

and tropical spider mites can pro- fair.

duce similar symptoms. ® Seed-borne fungal diseases:

. . Very good if the spores are
I : High daytime tempera- ) !
Heat Injury gnh day pera carried on or close to the

tures may cause lesions that form seedcoat surface as with

‘
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loose smut and covered smut
of sorghum. Poor if the dis-
ease 1s deeper inside the
seed as with bean anthracnose.

Seed-borne bacterial diseases:
Poor.

Seed-borne viruses: Ineffec-
tive.

Seed treatments are very
economical and are recommended for
all the reference crops, especially
for peanuts and the other pulses.
They are most beneficial under wet
conditions, particularly in cool
weather where germination is slowed.

How to Treat Sced

Seed from commercial or gov-

ernment scurces may come pretreated

with a fungicide or fungicide/insec-
ticide combination. Check the label
and look for a red, purple or green
dust on the seed. Farmers can treat
seed by mixing it with the correct
amount of fungicide dust. Large
quantities of seed can easily be
treated using an oil drum set up to
rotate on its longitudinal axis in
an offset manner, but bean and pea-
nut seed must be treated gently.
Some treatmenés are applied as slur-
Fies {14quids); farmers should

alwa,. +1low label instructions.

Precautions: With the exception of

A mixing drum for applying in-
secticide and/or Fungicides to
seeds prior to planting.
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mercury compounds like Ceresan,

treated seed for human or animal
Semesan, and Agallol, seed treatment

consumption., Combination fungicide/

fungicides are relatively non-toxic, insecticide treatments containing

although some can cause skin and Dieldrin or other Class 1 and 2

eye irritation. Avoid using mer- compounds should be handled with

cury compounds. NEVER use any rubber gloves

Table 10
Recommendations for Seed Treatment

The following recommendations are based on current information from
North Carolina State University and CIAT.

CROP _ TREATMENT ' Grams/kg 02/100 1bs
of seed

Maize Arasan (thiram) 502 dust 1.5 2.5°

&
Sorghun Captan (Orthocide) 75% dust 0.75 1.25
Dichlone (Phygon) 50% dust 0.6 1.0

NOTE: Increase dosage on sorghum by about 25-50%, since 1t has more surface
area per kg. p

Peanuts Arasan (thiram) 50% dust. 2.0-2.5 3.0-4.0 .
Captan + Maneb (30-30 dust) 2.6-3»0 3.0-5.0
Botran + Captan (30-30 dust) .2.0-3.0 3.0-5.0
Difolatan + Captan (30-30 dust) 2.0-3.0 3.0-5.0
Vitavax (carboxin) 75% W 2.0-3.0 3.0-5.0
vitavax + Arasan or Captan’ 1.25-2.0 2,0-3.0

NOTE: The combinations are recommended where Aspergillus seedling blight is
prevalent. Vitavax is a systemic fungicide. Innoculated peanut seed should
be treatéd immediately before planting.

Beans Arasan, Captan, Zined, Busan or Vitavax 1.0-3.0 © ==

NOTE: Seed coat infections of anthracnose have been effectively controlled
with Arasan 75% dust applied at Sg/kg of seed.
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Recommendations for over the plants to gettle the gran-

Soil Fungmdes ules to the soil. Vitavax can be

applied in the same manner at early
, , pegging using 1.1-2.25 kg/ha active
ingredient. (Recommen&ations from

Vitavax (carboxin) and PCNB North Carolina State University and

(Terrachlor) are sometimes applied Clemson University.)
to the seed-furrow at planting or to Beans

the row soil during crop growth to Root and stem rot caused by Scleros-
ium rolfsii: Application of PCNB at

3. 4=4 .4 kg/ha of active ingredient to

control soilfborne diseases like
Southern gtem rot and root rot. They

are rarely necessary or economical the seed and surrounding soil at

for maizg,'sorghum, and millet and planting has proven effective in Bra-
are usually not Justified on pea- ~'zil (CIAT data).

nuts and beans unless potential ' Root rot caused by Rhizoctonia solani:
yields are high and disease problems North Carolina State University recom-
are serious. mends PCNB at 100-150 grams active
Peanuts ingredient per 1000 meters of row
Southern stem rot control: Apply PCNB length applied at planting time to
preplant at active ingredient 1lkg/ the seed and surrounding furrow soil.

‘'ha in a band 20-30 cm wide centered
over the row or.at early pegging Recomment_:lﬁt_ions for
stage in a band 30-40 cm yide. Pre- Foliar Fungic' _es

plant applications should be incor-

porated 5.0-7.5 cm deep. When apply- Protectant versus Erradicant Fungi-

ing BCNB at early pégg{ng, direct .51953 '
the spray so that it reaches the Most fungicides like-Maneb, , . )
‘ soil at the base of the plants. If Zineb, Difolatan, and Manzate act as
granules are used, don’t apply them protectants by-remaining on the leaf
when -the plants are wet., Drag bags surface to prevent fungal spores from
- ' 257
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germinating and penetrating the
plant.
icant ability to stop the progress
of an existing infection. However,
a few fungicides like Benlate (ben-
omyl) and Thiabendazole (Mertect)
are actually abéorbed into the leaf
tissue and translocated outwards
toward the margins. These systemic
fungicides act as erradicants as
well as protectants and also have
other advantaées:

® They are not vulnerable to
: being washed off the foli-

age by rainfall or sprinkler

irrigation.

Since they are translocated
within the leaf, vniform
"foliage coverage 1s not as
important as with the non-
systemic protectant fungi-
cides. “

The main disadvantage of the sys-~
temic fungicides is that they are
effective against a narrower
range of fungal diseases than most
of the protectant furgicides, so
more care must be taken to match
the product to the disease.
Vitavax {(carboxin) and
Plantvax (oxycarboxin) are two

other systemic fungicides mainly

They have little or no errad-

used for seed treatments and soil

application.

Guidelines for Applying Foliar Fungi-

cldes

Type of Crop: Foliar fungicides are

geldom economical for maize, sorghum,

and millet.

benefit/cost ratio when used on well-
managed peanuts and beans under con-

- ditions where fungal leaf diseases

are a limiting factor.

They will give the best

When to Apply: Ideally, applications

should start slightly before the

onset of infection or at least before

the disease signs have become very
evident. This 1s especially impor-
tant when non-systemic protectant

fungicides are used. In most grow-

ing areés, the major fungal leaf

diseases are somewhat predictable as

to their date of first appearance.
Fungicides are too expensive to be
used on a routine basis from the
time the plants emerge. Besides,
most fungal diseases do not infect
plants until around flowering time

or after.

- Frequency of Application: This

depends on disease severity, rain-

fall, and type of fungicide. The
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non- systemic proteéctant fungicides
can be washed off the foliage by
rainfall (or sprinker 1rrigation$,
but the systemics remain safely
within the plant once they have

been aﬁsorbed. Under frequent rain-
fall, the protectants may have to

be applied as often as every four to
seven days. Under dfier condicions,

intervals of 10-14 days are normal.

Systemics are usually applied once

every 12-~14 days regardless of rain-
fall frequency. Disease severity
also affects application frequency
but 1s usually closely related to
rainfall and humidity (as: well ag
varietal resistance).

Uniform and thorough cover-

age of crop foliage is very impor-
tapt’wheﬁ applying fungicides.
This is especially true for the
protectént products-which are
effective only on those portions:
of the leaf surface they adtually
cover. An attempt should be made
to cover both sides of the leaves
when using protectants. Stickers

and spreaders are recommended for

nearly all fungicide-Sprpys to

enhance coverage and adhesion.
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Duter is one exception, since these
additives increase the likelihood of . -
crop injury from that particular pro-
duct. Some fungicides already con-
tain stickers and spreaders, so be
sure to read the label.

Amount of water needed for adequate

foliage coverage: This varies with

plant size, crop demsity, and type
of sprayer. When using backpack
sprayers on full-size plants, at

least 700 1/ha of watér is needed.

_ Dosage Recommendations

Label instructions and exten-
slon service recommendations are the
specific quidelines to follow. The
following recommendations are meant
to serve as general guldelines.

Peanut Cercospora Leafspot: ‘Benlate

and Duter have generally proved the
most effective, although most other
products, such as Dithane‘M-éS,
Antracol, Bravo (Daconil), Difolatan,
copper-sulfur dusts, and copper—base
sprays, also give satisfactory con- '
trol. Tﬂe fpllowing recomﬁendations
com;_from North Carolina State Uni-
versity (U.S.A.) and Australia.

Duter 47% WB, 425 g actual
formulation per hectare. Do .

269



not use a sticker or a
spreader.

" Benlate 50% WP, 425 g acrual

formulation per hectare plus
sticker-spreader.
i

Control is enhanced by com—
bining 285 g Benlate plus 1.7 kg Dith-
_ane M-45 or Manzate 200 plus 2.3

non-phytotoxic crop oil per hectare.

The oil improves penetration.

Daconil (Bravo), 875-1200g .
active ingredient per hectare.

Copper-base products like
copper oxychlotide, copper
hydroxide, and basic copper
sulfate can be used at 1,85 kg
active ingredient per hectare.

Antracol 70% WP can be used
at 1.7 kg/ha.

Copper-sulfur duct: Follow
manufacturer’s recommenda-
tion.

Note: Do not feed treated hay to
livestock unless only copper
or copper-sulfur products
are used. Duter helps
retard spider mite buildup.
Plant injury may result ‘if

" a sticker-spreader is used -
with Duter.

Bean leaf Diseases: Potential bean

.yields must be high to warrant the
use of foliar fungic@des. Systemics
should be considéred‘where rainfall
is high if they are effective

against the disease involved.
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Anthracnoge: Literature from
CIAT recommends Maneb 80% W or
Zineb 75% W at.3.5g/1 of water,
Benlate at 0,55 g/1, Difolatan
80 W at3,5 kg/ha, and Duter 47
Watl.2 g/1.

Rust: Suggestions from CIAT are
for Dithane M~-45 or Mancozeb

at 3-4 kg/ha; Manzate D 80 W or
Maneb 80 W (Dithane M-22) at 4 kg/
1000 1/ha; sulfur dust at 25~30
'kg/ha. Plantvax (oxycarboxin),
a systemlc, has been found
effective when sprayed at a rate
of 1.8-2.5 kg/ha of the 75% WP
at 20 days and 40 days after
planting or every two weeks
until the end of flowering.

Whilte mold (Sclerotinia):

North 'Carolina State University
recommends Benlate 50 W at 1.7-
2.25 kg/930 1/ha on Botran
(dichloran) 75 W at 4.5 kg/930
1/ha.

Web blight: Recommendations.
from CIAT are for Benlate 30 W
at 0.5 kg/ha (0.5 g/1 at 1000 1/
ha) ot Brestan 60 at 0.5 kg/ha
or Maneb (DIthane M-22) at -
0.5 g/liter. (Note:‘The Maneb
dosage seems unusually low.)

Angular leafspot: Literature

from CIAT suggests Benlate 30

W at 0.5 g/1, Zingb, Mancozeb, -~
Ferbam-sul fur-adherent (no °
dosages given).

Bacterial blights: Use copper-
base sprays and follow label
directions.
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Nema odes
T

Nematodes are tiny, colorless,
thread-like roundworms 0.2-0.4 mm
long. . There are mﬁny kinds of plant-
feeding nematodes. Most live ;n the
3511 and feed on or within plant
‘roots using needle-like mouthparts
for piercing and sucking. They dis-
solve the roots' cell contents by
~injecting an enzyme with proddces
vafious reactions depending on the
The root-knot

nematode causes portiéns of the

type of nematode.

roots to swell into galls or knots,

while root lesion nematodes produce
produce dark-colored lesions on the

roots. Sting nematodes and stubby-

root nematodes prune the root sys-

tem and make 1t appear stubby.
Root growth is often stopped and
becomes very susceptible to attack
from bacteria and fungi.

Nematodes are most prevalent
and active where Sqii temperatures
are warm. They seem to prefer

sandier soils or those portions of
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theISO}l where feftility or moisture
are low. However, clgéey soils can
have serious nematode problems, tgo.
' Since they are so tiny, nema-
todes seldom move more than a few
inches a year. Unfortunately, they

are spread easily by soil-carried on

toqls and equipment or by water run-

off from a field.

Maize, sorghum and millet are
fairly resistant to most kinds of
nematodes, and yield losses seldom

exceed 10-15 percent. The pulses.

“arge most vulnerable to root lesion

and sting nematodes which feed on
roots, pegs, and pods.- Beaps and
cowpeas are attacked by root knot,
root lesion, and sting nematodes

plus several other types., In Kenya,

heavy infestations of root knot nema-

- todes have reduced bean yields by up

to 60 percent in some cases.

Diagndsin%
Nematode Damage

Above-ground symptoms.are seldom
W
distinctive enough to make a con~ .

lusive diagﬁosis without examining

the root system, but the following
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are possible indications of nematode

damage:

e Stunting, yellowing, lack of

plant vigor. However, these
can be caused by many other

problems--low fertility, dis~
cases, excessive soil acidiey

or moisture,. for example. -

e Wilting, even when moisture
seems to be adequate and,
heat is not excessive. This

. can also be caused by soil

insects, borers, and diseases.

Damage almost always occurs
in scattered patches in the
field and is rarely uniform.
This is an important charac-

teristic of nematode problems.

Root sytiptoms, as described bélow,
may be. observed if the roots are
carefully &ug up and examined:

e Galls or knots are a sure

, 8ign of root knot nematode
damage, These should not be
confused with the Rhizobia
bacteria nodules attached to
the roots of legumesﬂ The
galls or knots caused by
root knot nematodes jare:
actually swollen poétions of

root. i

Other types of nematodes
cause tiny, dark~colored
lesions, stubby rodts or
loss of feeder roots. This
damage should not be con~
fused with that caysed by
rootworms, white grubs or
other insects, -

Root knot nematode
galls on bean roots.
Note how they differ
from nodules by actu-~
ally being part of
the root.

Laboratory diagnosis is usu-

ally needed to confirm nematode
damage, although.root knot nematode
injury is often readily apparent.
Plant pathology labs in most coun~
tries can test soil and root samples
for nématodes. It will be necessary
to take 10 random sﬁb-samples within
the Field right next to the plants
using a shovel for testing. Sample
the soil by digging down about 20-
25 cm and discarding the soil from
the top 5 cm and from the Jides of
the shovel, The remaining soil .

should be placed in a paii, making
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_impossible,/but-ch

sure some roots are included:/,The
sub-éampﬁes should be mixed together
and a half-liter of the soll placed
in a plastic bag. The sample should
be prote&ted from sunlight or exces-
sive heaf, prefefably by refrigerat-
ing it until mailing time. ' A lab
diagnosf;.is also valuable for plan-
ning a suitable crop rotation ﬁro—
gram to reduce nematode numbers,
since different types vary in their

crop preferences.

- Nematode Control

Complete et:ﬁication is

icai and non-

"cheﬁicgl controls can reduce popu-

lations to tolerable levels.

Non-Chemical Controls .
This is
éometimes,digficult or impractical,

Crop rotation:

since most types of nematodes have
many crop hosts as shown below:

® Root crop nematodes (Meloido-
‘gyne spp.): Beans, cowpeas,
cucumber, squash, watermelon,
_cantaloupes, tomatoes,
tabacco, okra, cotton, car-
rots, lettuce, peas and
strawberries are very sus-
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ceptible, but peanutg can be
attacked also. Grags family
crops tend to be lgss vulner-
able. . Cotton and /peanuts

» can also be inclyded in the
same rotation, nce they do
not share the same root knot
speciea. However, planting
cotton immediately prior to
peanuts will cause a buildup
of peanut soil diseases.

s Root lesion nematodes- (Pratyl-
enchus spp.): Beans, cowpeas,
peanuts, soybeans, tobacco,
okra, pepper, potatoes, sweet
potatoes, tomatoes, sugar =
cane and strawberries are
among the most susceptible.

‘MaizF is less so, and sorghum
and millet have better, resis-
tance. ' .

e Sting nematodes (Bolonolaimus
spp/): Beans, cowpeas, cottom,
soybeans, maize, millet, sor-

[ .
ghum, sweét potatoes, tomatoes,

squash and pasture grasses:
are among the hosts. Tobacco
and watermelons are resistant.

Some types of troplcal legume tree

such as Prosapis spp. harbor nema-
todes. ﬁost €ountry extension ser-
vices sgmetimes have a nematode spé-
clalist who should be consulted con-
cerning crop rotations and other
controls.

Resistant varieties! Varieties differ

somewhat 1In their resistance to nema-
todes.

e,
JR——
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Exposure: Plowing up roots of sus-
ceptible crops right after harvest
will expose them to sunlight and

drying, which will kill many of the
nematodes. '

‘Flooding: One month of flooding. fol-
lowed by a month of drying and a
furthcr month of flooding will
greatly reduce nematode problems,
but is not often feasible.

Antagonistic plants: Many garden

' books recommend inter-planting mari-
golds among susceptible crops to
control nematodes. Unfortunately,
research has shown that marigold

species vary in their ef fectiveness, »

which is limited mainly to one type
of nematode, the .root lesion nema-
tode. Furthermore, marigolds do
not kill nematodes, but starve them
out'. This means that interplanting
is not effective, since the nema-
todes will still have a food. source.
Marigolds would have to be nlanted
exclusiyely and then followed by a
crop ngceptible ta root lesion
nematodes in order to provide some
control.

Two legume green manure or cover
crops, Crotalaria spectabilis (showy
crotalaria or rattlebox)} and Indigo
fera hirsuta (hairy indigo) can
reduce populations of most type of
ugmatodes;

Soil: Good soil fertility and high
soil organic matter levels help
somewhat,

Chemical Controls <

Soil fumigants: Some of these, like
methyl bromidé¢, Vapam, Basamid and
EDB are often used on vegetables or
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_possible carcinogen.

" FURADAN (Carbofuran): See description

1

transplant beds, but are either too
expensive or require 8peclalized
application equipment. Some are
very dangerous. '

Non-fumigant nematocides: These
4nclude Mocap (ethoprop), Furadan

and Dasanit, and can be applied as
graaules to the crop row and are
effective against some insects.

Under small farmer conditions, thein
use gp malze and other cereals for
nematqges only would be uneconemical
except 1n cases of heavy infestations
and -high potential yields. There

may be some cases where theilr use is
Justified on the pulses, especially ety
peanuts. Product use guidelines for ,
some of the more common nematocides:,

NEMAGON (DBCP, Frumazone): Comes as
.a liquid or granules but has been A . »
virtuwally banned in the U.S. as a . -

Prolongad =xpo-
sure over the years has caused testi-
cular atrophy in males. _Stay away ’ '
from this one. '

under Section B.. Has a very low der- N |
mai, but very high oral toxicity.  °
Nematode application guidelines are: -

Peanuts: Apply a. band 30-35 cm
wide over the row before plant-
ing; use 2.2-4.5 kg of active
ingredient per hectare. Needs
to be worked into the soil -

" 5.5-15 cm deep.

Maize: Apply in a band 18-36%cm -
wide over the row before plant-

ing and work into the top 5-10

cm of seil. Use 1.7-2.25 kg of

active ingredient per hectare.

MOCAP (Ethroprop, Prophos): Kills

.

g R
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nematodes and solli insects but 1is
very toxic both orally and dermally.
Applied like Duradan at the rate of
1.7-2.25 kg active ingredient per
hectare. Not recommeaded for most
small farmers. Non—systemica

TEMIK (Aldicarb): A systemic insecti-~ °

cide/ﬁematocide‘with_extreme{y high
oral and dermal toxicity. Avoid it.

DASANIT (Terracur, fensulfothion):
A non-systemic prod: :t for soil
insccets and nematodes. Very high
oral and dermal toxicity. Avoild
using.

~
NEMACUR (Phenamiphos, Fenamiphos):
A systemic product for nematodes, ..
soil insects, and above-ground suck-
ing insects., Class 2 toxicity.
Applied to peanuts like Furadan at
1.7-2.85
hectare. Handle with care. Use

Furadan instead if -possible due to
its much lower dermal toxicity.

Bird and Rodent
Control —

“\

Eﬁrds

Seed-Eating Birds
In parts of Africa and in
other areas, birds like the bush

‘fowl dig up and eat freshly-planted

-~

seeds, ,They often uproot young
seedlings of maize and other cer-
eals during the first several weeks -

of growth as well,

Controls: Scarecrows are relatively

ineffective, although noise-making

devices may offer some control. It

is often necessary to frighten away
the birds from planted fields during
their usual early morning and late
afternoon feeding times for the first
two or three wéeks after planting.
Farmers sometimes soak their seeds in
highly toxic insecticides like

Endrin and Dieldéin and plant them or
This is
not only dangerous, but can lead to
indiscrimina;e'killing of wildlife.

Some gafer repellants are available

use them s scattered bait.

such as Mesural 50 percent dust,

which is mixed wifh-maize before
planting at the rate of 9-10 g/kg to
rebel blackbirds. Mesurol may

injure maize seed under cool,lwet con-
ditions.

"

. fungicide or scaking them in turpen-

:ine may provide a fair repellant

effect.
Perhaps the most effective

control method is continuodg?string

——

“‘-._‘_‘__
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flagging which uses cloth or plastic
streamers 5-6 cm wide and 50-60 cm
long. The stfeameys are attached
atl.5 m intervals to strong twine
which 1s strung along heavy stakes
at least 1.2 m tall spaced—about-
1% m apart. . 5
Quelea Bieds .

The Quelea bird (Black~Faced
Dioch) 1s a sparrow-sized weaver
that may be the world’s most des-’
it is

confined to the Sahel and savanna

tructive grain-eating bird.

regions of Africa in a band running
from Senegal to Mauritania to
Ethiopia and Somalia and”theﬁ south
through East and South Africa and
across into Angola. ‘
The birds congregate in vést
nomadic colonies that feed on the
“seeds of both natural grasses and
crops like millet, sorghum, rice,
and wheat, mainly in the unripe
stage. (Malze is less affected.)
Queleas begin breeding a few weeks
’ after the rainy season begins and
build their nests in thorn trees ov
swanmnp Brasscs. Studies-in Senegal
have shown that even small trees

.can hold up to 500 nests and taller
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o . )
! ones up, to 5000-6000. Each

palir ofﬂQueleas can produce two young.
Controls: In areas prone to attack,
the villagers build high platforms in
the fields gnd maintain noise-making
vigils, sometimes for many weeks,
while the grain 1is ripening. Govern-
ments frequeptly undertake mass Que-
lea extermination campaigns which
center around\the destruction of nest-
ing and roosting sites with explo-
sives, f{éméthrswers, etc.. South
African aythorities killed 400 mil-
lion with:geriaL sprays in one four-
year campafgn. However, the birds
usually ret&rn.in undiminished num-
bers-within a year orv two, since
they are highly nomadic and have
extensive breeding grounds estimated
té cover. tyo million square miles.
At the present time, bird-resistant
crop varleties are not very success-
ful against the Quelea, and the

same seems to be true of repellants
itke Avitrol and Morkit. '
Other Grain-Eating Birds

Blackbirds (grackles, star-
lings, etc.), sparrows, cockatoos,
parrots, gdlahs and pigeons also

feed on grain énops, though usually
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;n less awesome numbers than Queleas.
‘Bird-resistant varieties of sorghum
(see Chapter 3) are fairly effective
at repelling them while the grain is
ripening, but lose this ability when
maturity nears. Repellants like Avi-
tol (aminopyridine) are often used
successfully in the U.S. The usual
resulf of usiqg repellants in one
field, however, is that the birds
move on to attack other fields that

are unprotected.

‘Rodents

The cane rat (Thronomya sp.)

can cause considerable losses of
cereal crops during the latter
stages LE growth, especially if
lodging has been héavy due to high

winds or diseases. -

, «Controls:

# Rodents can be discouraged
from entering fields by main-
taining a 2.0-3.0 m wide
cleared swath around the
fleld borders from planting
unttil harvest. Fences made
from oil palm fronds or

split bamboo are also effec-
tive, especially if traps

or wire snares—are-set-in.
the gaps.

¢ Good weed control in the field
is helpful. '

¢ Leaning or fallen plants
should propped up and the dry
lower leaves stripped off to
help deter climbing.

o Many villages carry out organ-
ized killing campaigns. The
best time for such campaigns
is during the dry season when
the rats congregate in the
few remaining pockets of
green vegétation..

¢ Repellants like Nocotox 20
may be partly effective.

e Rats should be prevented from
gaining access to stored
grains and other food that
can cause a buildup in popula~
tions during the dry season.
(See Chapter 7.)

e Poison baits can be used.

NOTE: Killing rats in the field with
polsons, traps, and other methods is
usually not a very effective long-
term solution. The best approach 1is
to prevent a rat population buildup;
this requires area-wide coordination.
The PC/ICE Small Farm Grain Storage
manual contains a very useful sec-
tion on rat control.

+




7. Harvesting, gvae™
- Drying,and ,
. Storage o ’

Maize, Sorghum

When these cereal crops reach

For the farmer, the challenges

of agriculture do not end when a suc— physiologic maturity, the-grain is still

“cessful, crop reaches maturity in the too wet and soft for damage-free thresh-
field. Losses between méturity and ing (separation from the stalk or ear)
consumption or sale are frequently orlfor mold-free storage. Most small
seriouﬁ, especlally for the small farmers let the crop dry naturally in a
farmer, and are also a méjor contri~  the field for several weeks prior to

“, . buting factor to the world food harvest, unless immediate land pre-
problem. This chapter focuses on paratioﬁ is needéd for the next crop.
specific practices that will keep Dupring this "dry-&o;n" period, the
thése losses at a minimum. crop is vulnepgble to losses cgused

by several factors:

® Rodents: Losses are especially
high where lodging or stalk
breakage is severe.

-
L3

; - e Lodging and stalk breakage:
’ Thgse may occur during the dry-
down period and are encouraged
by overly-high plant densities,
low soil potassium levels, high
. winds, and stalk rots. They
promote rodent damage and grain I
rots, especially when the ears




M

‘dough stage “onward.

Theft:

or seedheads touch the soil.

dry~down may provoke fungal
grain rots (héad molds, ear
rots) or accelerate those that
may have begun during grain
filling. Some small farmers
bend the maize ears downward
near maturity to prevent

water from entering through
the tips.

Weevils. and other storage
insects: Some storage

insects like the rice weevil
(Sitophilus oryzae) and the
Angoumis grain moth (Sitotroga
sp.) can fly to the fields

and infest crops from the soft
Maize
varieties with long, tight
husks have good resistance,
but high-yvielding varieties
tend to be inadequate in this
respect.

Birds; Most species prefer
younger, softer grain but

.can still cause problems after

maturity. Bird-resistant sor-
ghum varieties lose their
repellent ability by the time
maturity is reached. -

Farmers should be encour
encouraged to harvest their ~ -
crops as soon after maturity

-as 13 practical' to prevent

losses from theft.

Graim rots: Wet weather during Cowpeas

Beans and . &

Losses between maturity and

harvest of beans and cowpéqé are

caused

‘Q

by:

Pod shattering: Spillage of
seeds from drying pods that
split can be a problem, but
losses are not usually serious
unfess harvest is delayed.

Bruchid weevils: (See section

on storage.) These are not only
serious storage pests of pulse
crops but also can fly to the
fields to infest beans and
cowpeas by laving eggs in cracks
or cuts in the pods. * -

Seed deterioration: This can

be a serious Problem in beans
and cowpeas and can occur soon

"after maturity if rainfall

continues.  Studies by IITA
have found that cowpe3 seed
quality and germination decline
rapidly when harvest is delayed. -
In tests under wet conditionms,
seed germination fell to 50
percent or lower within three .
weeks after wmaturity, and pre-
harvest fungicide sprays were of
little benefit in preventing
this.

Delayed maturity: Literai.re

from CIAT mentions that bean
plants may put oul new growth and
flowers during maturation under
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high rainfall. The new
‘foliage can interfere with
the proper drying of the

maturing pods and may lead to

rotting.

Peanuts

]

Peanuts poée a special prob-
lem since the nuts do not mature
simultaneously. Those that ripen
first may become detached from the
pegs before the rest mature. The

“ning of the harvest is critical
‘and will be covered in the next .

sedtion.

Harvestin
and Threshing

, Nearly all small fatmers in
the developing countries harvest
their cereal crops and beans by
nand and thresh tﬁem later. 1In

the case of peanuts, harvesting

Y

]

‘field for a period of, from several

invelves lifting'the plants and
attached pods from the ground, then
allowing them to cure (dry) in the’

days to four to six weeks before '
thresﬁzng. R ¥
Threshing consists of separat~
ing the seeds from the seedheads, cobs
or pods 'by beating, trampling or other
means. With peanuts, threshing-
separates the pods from. the pegs that <
hold them to the plant and does not
(With maize,
the term "shelling™ is usually'gsed

include actual shelling.

in place of "threshing".)

With cereal crops apd beans, the
smail farmer has several options as to
I1f the |

matured crop has stood in the field

when to thresh the crop.

for some time during dry weather, the -

seeds may be low enough in moisture

content to be threshed without damage
right aftergharvest. However, the
farmer may still prefer to délay thresh-
ing for two reasons:

e The grain may still be too high
in moisture content to escape -
spoilage if stored as loose
seed. Grain stored in
unthreshed form on the cob, vn
the seedhead or in the pod ‘can
be safely stored at -a much
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' higher'molsture content
since there 1is muych more air
space for ventilation and

¢ . further drying.

‘ # Maize stored as unhusked ears
and pulses stored in their
pods are more resistant to
storage insects.

Winnowing follows threshing

and consists of separhting chaff and
other light trash from the grain
us}ng‘wind; fan-q;iven air or screens.
Winnowing may need to be repeated '
sever. ! times. before consumption or
marketing and is usually supple-
mented by manual removal of étoﬁes, :

clods, and other heavy trash.

-

Guidelines for
Harvesting and
Shelling Maize

Determining Maturiey
o — e —— i ———

" In the 0-1000 m zone ift the

272

" time the plant matures.

tropics, most maize varieties reach
physiologic maturity within 90-130
days after seeding emergence or 50-58
days after 75 percent of the plants
have produced silks. As maturity
nears, the lower leaves Begin to
yellow and die off. In healthy,,
well-nourished plants, this should
not occur untll the ears are néarly
miture. Ideally, most of the leaves
should still be green when the husks

begin to turn brown. Unfortumately,
such high-yielding plants are not
often seen in small farmer fields
because of stress factors like low AN
ﬁgrtility, insects, diseases, éndI‘
1nadequate deeding. More typicall;;

most of the leaves are dead by the

&
The "black laver" method: When a

maize kernel reaches physiologic

maturity (ma¥imum dry weight), the
outside layer of cells at its base -
where it connects with the cob will -
die and .turfn black, thus preventing
any further cob-to-kernel nutrient

transfer. This "black layer" provides

" an indication of maturity. The .

layer can be seen by detaching kernels
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from the cob and examining their
- bases. ‘Newly-matured kernels may
have to be slithlengthﬁise with a
pocketknifé'to expose the black '
layer. However, with older kernels.
the layer can be readily seen by
scraping the base with the fingernail.
Keep in mind that pPhysiologic
maturity is not reached until all the
kernel’s milky starch has solidified.
This process begins at the tip of
the kernel and moves downward
-toward the base. The kernéls at
;he ear tip are the first to mature,
followed by tﬁose in'the middle and
finally the ones at the lower end
(the difference is no more than a
few days). , _

With healthy plants,1iernel
moisture at bhysiologic matﬁrizy
will_vary froﬁ about 28-36 percent.
This is usually too highe for damage-
free threshing or for mold-free
storage except in the form of
husked ears placed in very ‘
narrow cribs. The black layer
may form much earlier in the maize
plant's growth cycle if growing
conditions are adverse. Such

kernels-will be small and shrunken .

-

and have much higher moisture contents
when the black layer forms.

The dry-down raté of maize: When maize

the field

after maturity, the kernels lose about

plants are left sténding in
0.25 - 0.5 percent moistﬁre per day,
but this can range from 0.1 - 1.0
percent depending on yeather conditions
and whether the ears are pointing

downwards to .prevent water entry.

Methods of Harvesting Maize:
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e By Hand: The cars are removed
by hand from the plants with
or without husking. Husked ears
require a smaller storage area

and are more resistant to insects,
but may rot more easily if stored

at a high goisture content.
' g .

e Mechanical: Tractor~drauwn
pickers and pickér-shellers
can handle one to two rows at
once, but self-propelled com—
bines are available wﬁfﬁb can
harvest up to six to eight rows.
‘By changing the front attach-
ment (the "head"), combines
can &2lso harvest other cereal
crops (if not overly tall) and
bush beans, but cannot be
used on peanuts. Well-adjusted
pickers and combines should
have losses of less than 2 per-
cent and & percent ru.pectively
unless lodging is severe.

ol
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When to Begin Harvesting .

Harvest should Begin as soon

as is pfactical after maturity, but

this depends on the farmer's harvest’

¢————-methtiod and storage and drying

facilities.
Hand harvesting: Since
husked ears can be safely
stored in narrow cribs (see
storage section) at up to
30-32 percent kernel moisture,
harvest can be started at or
soon after maturity if
esired. " Most small farmers
prefer to let the maize dry

down further in the field first.

Mechanical harvesting

Pickers: 1f narrow cribs
(see storage section) are
used for steorage, mechanical
picking can be started once
kernel moisture 'is down to
30:3} percent.

Picker-shellers and combines:
In this case, adequate drying
facilities and kernel damage
from shelling are the main -

_ concerns. In the tropics,
shelled maize dbove 14 per-
-cent moisture will not store
more, than a week to a few
months withodt spoilage.
Rapid drying is essential

and usually requ1res forced
air and heated dryers when
large volumes are involved.
Kernel damage from mechanical

3
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shelling may become serious
above 28-30 percent or below
15~18 percent moisture.

-

Methods of Shelling Maize

high a moisture content,

If done too roughly or at too
shelling can

cause kernel damage such as tip loss,

cracking, stress cracks, and pulveri-

zation. Studies have 'shown that
damaged kernels spoil two to five
times more rapidly during storage

than undamaged ones. Hi-lysine

-varieties and other floury types are

Shelling

methods and guidelines for small far-

more susceptible to damage.
mers include these:

Traditional methods

¢ By band: This method is.very
tedious and labor-intensive,

. but causes little damage to the

- kernels. It is more thorough

than other methods and also
allows for.separation of

_ damaged and insect-infested
grain. This method is best
suited to small amounts.

r %

-

e Beating: Dry ears are placed in
bags ind beaten with sticks. -

This is quicker but less thor-
cugh than h2nd shelling and
may cause damage.

o




Improved methods

® Wooden hand-héeld maize sheller:

. The model showm in the drawing
was developed by the Tropilcal
Products Institute and has an
output of roughly 80 kg/hour.

jPlans are avallable from ICE )

Other types of hand-held
~shellers are available commer-
clally. Cobs must be husked

firse. b

Wooden, hand-held maize sheller .

e Hand~cranked or pedal-opera=-
ted shellers: Small, hand-~
cranked models have outputs of
about 50-130 kg/hour. The
Ransomes Cobmaster twin-feed .
pedal-operated sheller has an
hourly output of 750~-900 kg.
For details write Ransomes '
Ltd{, Ipswich 1P3 990G,

England., Maize at too high
or too low a moilsturc content
is likely to be damaged, but
this can be checked visually.
Ears must be husked first.

# Motor-driven shellers have out~-
puts of about 1000<5000 kg/hour.
The comments above also apply to
this type.

Winnowing Methods

Reliance on Qind is the tradi-
tional method, but hand-cranked or
pedal—driven fans can be construc:ed
easily. The larger models of the
hand-cranked or-pedal-operated
shellers usually are‘equipped with

blowers..

Guidelines for
Harvesting and ‘
Threshing Sorghum
And Millet

W

-Determining Maturity

When grown under favorable
conditions and good management, grain
sorghum reaches physiologic maturity
while the stalks and most of the
leaves are still green. Like maize, -

sorghum kernels also develgp a ~
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"black ldyer" at their base when’ in developing countriés, maturity
physiologic maturity is reached. . often coincides with the start of the
The layer can'be_checked by pinching dry season, and the crop may be left : ”
. off some kernels from the bracts” - standing in the field to dry for a
that hold them to the head and . number of weeks before harvest.
examining thgir bases. If pfféent, Crop losses during this pertod can <
~ the black layer can be seen without be heavy. If dry conditions prevail,
spliitting the kernel. the crop can be harvested gt or
:PSorghum flowers_apd polli- ' shortly afterlm;Eﬁfity and stored on
nates from the tip of the seedhead thé head with little dénger of
downward, a progressgﬁh‘which takes spoilage. * .
hY: from four to seven days. "The ker- . Sorghuﬁhcan'be harvested and b
. nels mature in the samz direptionm, thresﬁed with a combine once kernel
with those at tﬁe,bottom lagging moisture reaches 25 percené. However,
about a week behind those at the loose grain that is this "wet" must
top: Kernel molsture content 1s be dried down to around 14 perc nt
about . 30 percent at physiologic ‘within a few days to avoid- spoilage.
maturity. i If large. amounts of grain are -0

. o T s involved, some form‘Of forced air or

Methods to Harvest Sorghum heated drying wOuid pProbably be-

® By {land: The seedheads needed.
E?é cut off using a .
knife or sickle. ;%
‘ ' Methods of Threshing Sorghum

EA E

e.Mechanical: Tractor.driven.
or self-pror:1lled combine ”
- harvesters can harvest and - ® Traditional methods: These
thresh short (dwarf) and include pounding, beating, and
animal trampling and are very
tedioug except for small Quanti~
: Cr- ties. Kernel damage is possible
When to Harvest Serghum - unless care 1is taken.

medium varieties.
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# Mechanical methods: Tractor~
or motor-driven stationary -
threshers come in many models

with outputs of 600-3000 kg/ °

hour. ALl but the simplest
models will also clean the
threshed grain by the use of
shaking screens and/or blower
fans.

Plans for.a four-person pedal~
powered grain thresher/mill
for sorghum, millet, and wheat
designed by VITA can be
obtained from ICE.
however, this thresher/mill
had not been adequately field
tested and is not suited to
local village constructfion.

NOTE: Millet is harvested and
threshed much like sorghum.

Guidelines for

Harvesting and

Threshing Peanuts

Peanuts teach maturity when
the veins on the inside of the pods
turn dark,. However, since the planté
prohuce:flowers over_a1period of
from 30-45 days, the nuts do not ° ¢+
mature simultaneously. 'Unforéunately,
harvesting cannot be delayed until

£

. - 217

- heavy losses may occur for two rea-

As of 1979,

-difference on a high yielding cvop

LT
|
|

all the nuﬂs have ripened, because

sons:

- o /

,/ . By the time the last pods g
ripen, many of those which !
matured earlier will have '
become detached from the
plants due to peg rotting. .
This pod "shedding" can be
especially serious whén
Cercospora leafspot dauses
premature leaf loss or when
lifting occurs in iry, hard
soils.

/

f’ /

"o In Spaﬁi§h*Valenéia varieties,
the early-maturing kernels e
may sprbut if kept.too long
in the ground. The. Virginia
types have a lengthy seed
dormancy period whlch prevents
this.

3

i
Likewise, if harvéstiqé occurs too
early, an undésiréglvrhigh propor- -
tion of tHe kernels will be 1mmaturef
shrunken, |low in weight, and inferior
in flavor. The choice of harvesting

date can easily make a 400- 500 kg/ha

How to determiﬂe "peak maturity':

The farmer Should aim for a harvest-
date that will'recover_the 1aggest

number of mature kernels before - o

»
-

-




vxcessive pod shedding or sprouting
‘has .dccured. This is often referred
to as "pEak_maturiEy", and there are.
no easy rules for determining it.

The pattern of flowering, pod setting,
and kernel macuration varies from
year to year due to differences in
weather dnd 1eaf3pot incidence. !
1 The first 40~ 60 ‘flowers to bloom are
benerall£ the ones that end up as

ma ture RFrnels at ‘peak maturity.’
Floweri#g starts about 30-45 days -
aftertpiant emergence in warm areas
~and begins very slowly. In fact,
most of these 40-60 flowers usually
bloom n}ar the-eﬁp af phe flowering
period,| although there maybe several
Mbursts!' of flOwering

%eq; maturity cannot be deter-

mined b Looking at the above-ground .
“portionfof ‘the plants. The best
" method

ﬁs to cezgfully dig up a £aw
plants bvery several days beginning
near the end of the growing period
an.t exanine the pods. 'With-experi-

enfe, Lﬂu‘farmer can learn to esti- |
mate quite accurately how many yoqu \
pods wiltl ripen bgfore the matured -

pods begin tc . hed or sprout,

although Vtelds are reduced.

Minimizing crop losses:  Pod SHEddi“B

can be reduced by keeping the plants
green and healthy until maturity. .
This often requires controlling
Cercospora leafsg?t with fupgicide
sprays or dusts. This also increases
fields by prolonging the. growing -«
season by as much as two to three

wegks., Some farmers, however, may

object to ﬂaving leefy green'foliage'
at harvest time, since it may slow
down the rate of field curing when
the harvested bushes are placee.in
Inithis case;

stacks. “farmers may

purposely stop their fungicide appli¥;
cations late in the sedson to promegé
defoliatidns. This also has the effect )
of ﬁaying maturity more uniform,f !": J
' sdéh_ ’! L

a practice fiay be'justified in some / .

regions, espeC1ally where field cur-{

'.\ing weather’ is not always dry.- On the o
\ E
other hand farmers can use’leafy ;‘,

plants for lifestock. feedrafter f'
harvest ' Ky
. ' {

! :
. ' ! !
‘In the U. 5., extension ser-

L}
fNOﬁE:
vic% advise against fdeding peangt'
hay to dairy or beef /animals if /it

F . l
has received fungicide applications,




L

except- in the case of copper or cop-

per-sulfur products )
f ]

Peanut Harvesting
. )

3

(L
5 Whether traditional or modérn

ﬁethods are used, the harvesting pro-

b 1cess basically consists of four steps:

/

¢ The taproots are cut and the
plants ave pulled (lifted)
from the ground with the
attached pods.

o Under traditional methods,
the plants are ¢ured (dried)
in the field for up to 4-6
weeks before threshing1 With
modern methods, the plants
sre cured in the field for
2-14 days, depending ot .
whether artificdal drying is
available afterwards.l

|

‘. The pﬂds are threshed Erom-

the pllants,

e i threshed pods are placed
in bags [or storage and possi-
ble fur her drying, In dry

" areas, ‘tne pods are often
'stoyﬁq in outdoor piles. l

' . i ]

f

! Wote that sﬂelliug the nuts from the

pods {s not normaily a paxt, of Fﬁe -
harggs;ing;process, since the ker-.

nels dry/ and store better in the pod.
Shelling dapage Can-bE Righ unless

kernel /moisture is at or bélow 10

perc 3:74 . S

Methods of "Lifting"” the Crop:

e By hand: The plants 'are
pulled from the ground manu-
ally after loosening the soil

-with hand tool's. It ;akes -
about 30 hourg to pull and
stack a hectare-with this

- method, ;

Animal-drawn methods:  Special
animal-drawn lifters are avail-
able and consist of a sharpened,
horizontal hlade that iz run
under the plants right below
the nuts to cut the taproots,
loosen the soil, and partially
lift the plants. One hectare
an be lifted and stucked in
bout 15 hours. A carefﬁl]y-
/Operated weeding sweep (see
Chapter 5) about 30-40 cm /
wide can be used, .but the blade
should be adjusted to slice
rather than ggﬁh_ihropgh the

s0il to minimize pod .losses,
Some farmers use moldboard or
lister plows on fidge-planted
peanats, .
Tractor-drawn methods: Tractors
can be equipred with front -
mounted cutter bars and rear-

" mounted pullers that lift the
plants. | Two tu four row setups
are common, and some offi the
pullers will combine two Or more
rows into one windrow {or curing.
Peanut inverters. are availlable
that flip the bushes over to expose
the nuts to the sun. ‘




Some General Guidelines for Lifting with the pods facing inward.
/ - The slats hold the bottom layer
# Lifting the crop when the soil off the ground and alsoc improve
is too wet can weaken the pegs. air curculation. The stack is
it may cause excessive amounts ‘built in a cone shape and the
. of soil to adhere to the pods top covered with a few vines to
which can also slow down curidg. help shed water. In some cases,
: ‘ ‘ the plants are kept in the stacks
e Lifting losses can be high in until kernel moisture is down to
very hard, dry soils. ) 8-10 percent. This may take up
; ! - to four to six weeks in cool, wet
o If cutter blades are used, weather.
they should be kept sharp and
be set at a slight forward. If harvest takes place at the
pitch to aid in lifting the start of the dry season, the
plants and loosening the soil. plants may be stacked right on

the ground.

Methods for Curing and Thieshing

# Row or windrow curing: If artis
Poanuty . t ficial methods of drying are
. . available or effective sun dry-
‘ The method and length of cur- ing is possible, the plants may
. . be cured in the field in rows ,
or windrows for two to five

erably with weather conditions and’ days before threshing. Where
post-threshing drying is less
efficient, the curing period

ing prior to threshing varies consid-
' ' 4

"the availability of equipment and

artificial methods of drying. The . lasts about 7-14 days so the
pods will be drier at threshing
most common methods ate: time. .
® The "stackpole" method: This )
| , is often used by mechanized and Windrows, can be made by hand ot
‘ unmechanized farmers alike through ‘careful operation of a
where curing weather can be wet side-delivery rake (tractor-
and no means of artificial . drawn). The main advantage of
drying are available. windrows is that they save time
) when self-propelled modern
Poles are placed firmly in the threshers are used.
ground, and two slats are ' : ) N
nailed at right angles to each The plants can be placed upside
other about 50 cm above ground dewn to expose the nuts to the
on each pole. Afrer being sun. This will reduce damage in
allowed to wilt, the plants wet weather, but can lower gquality
are stacked around the pole under hot, sunny conditions. |

280 _ oz
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-Windrows that are overly com-
pact and dense increase curing

time and spoilage under wet con-

ditions. After a heavy rain,

it .may be necessary to gently

- turn the windrow to prevent
mold. This should -be done
beforae it dries out to mini-
mize pod-shedding. Avoid °
placing windrows over depres-
gions in the field.

Methods of Threshing

e Traditional: Peanuts can be
manually threshed by strip-
ping the pods by hand or by
striking the base of the plants
(abovz the pods) against the
edge of a barrel or wooden box.

e Improved: A hand-cranked
thresher with an output of
200 kg/br is being marketed
in Senepal.

Stationary motor-driven
threshers are aavailable.
Tractor-drawn or self-pro-
pelled threshers are used in
modern farming and pick up the
plants right from the windrows.

Threshing Guidelines

¢ Peanuts can be threshed any
tire after the plants are
li.ced as long as adeguate
natural or artificial drying
methods are available (in the
case of high-moisture nuts).
Further drying will be needed
after threshing for peanuts
above 10 percent moisture

Ll

intended for bulk storage and
for peanuts above 16 percent
intended for storage in loosely -
stacked bags under good venti-
lation. Peanut moisture content
at-lifting may be over 35
percent,

: -
Tips on mechanized threshing:
Hull damage and splitting is
lowest for peanuts threshed at
25-35 percent moisture. Letting
the lifted plants dry dovm
longer in the field reduces
post-threshing drying require-
ments but increases the weather
risk. Unless the vines are dry
enough to be easily torn apart,
rough threshing action may be
needed which will increase kernel
damage. .

Shelling Peanuts

Peanuts are not usually shelled
until shortly before consumptian or
0il extraction. The shelling percent-
age is about 68 percent (1000 kg of
unshelled peanuts yields about 680 kg
of shelled"kernels), and the process -
is most easily accomplished when
kerrel mpoisture is below 10 percent.
Hand shelling is very tedious and the
output is only about 10-20 kg/day
Various models of hand-cranked or
pedal-operated shellers are commer-—
cially availabie with outputs about
15-90 kg/hour.
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Plans developed by VITA for a
belt-driven peanut huller made

from scrap motor vehicle parts

are available from ICE; some simple
welding and cement work 1s needed. |
Power can be supplied by a water

wheel, small motor or animal.

Guidelines for

Harvestingand . o
Threshing Beans .

And Cowpeas

Determining Maturity

The pods begin to turn yellow
during the final stages of growth
and become. brown and rather brittle
once matur?ty is reached. Determi-
nate bush varieties and some inde-
terminate types have fairly even
pod maturity, and ghe plants have
usually lost most of their leaves
by the time the pods have ripened.
Most indeterminate vining types
mature much less uniformly, and a
good number of pods may ripen while
most of the leaves are still green.
Seed molsture content 1s around

30-4b percent at physiologice

3

maturity.

When to Harvest

Indeterminate varieties with an- ..
uneven maturity are‘ﬁsuaily harvested
in several pickings, whilé determing;el
bushftypes are harvested all at once

when most of the pods are dry.

Method of Harvesting

The followinglmethods'apply to
bush or semi-viAe varieties with uni-
form maturity: -

e By hand: The mature plants
are pulled from the ground and
placed in piles for drying.
Pulling 1is best done in the
early morning when the pods
are moist to prevent shattering.”

e Mechanized: Two basic methods
are used. The plants are cut ‘
or "glided” out of the ground -
using a tractor with front-
mounted horizontal blades with
blunt cutting edges or rotating
disks operated slightly below
the soll surface. Several rows
are combined into one windrow
using a side-delivery rake
which can be rear<mounted behind
the cutters. The windrows are
dried for 5-~10 days before
threshing with tractor-drawn or
self-propelled threshers.

Direct harvesting is popular in

282 °
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the U. 8. and Canada using
grain combines with modifica-
tions. '

Threshing Methods for Beans

Beans can be Ehreshed.ménu- -
ally by beating the plants or bagged
pods with sticks once they are dry
enough. Whatever the method used,
bean seed can be easily injured if
threshed too roughly or when too dry.
Injured seed, when ﬁlanted,'will pro-
duce weak, stunted plants and other
abnormalities (see Chapter 6 on ‘

bean diseases).

Winnowing beans: Refer -to. maize.

'Drying and
Storage

Grain drying and storage are
very broad subjects, and adequate
coverage is far beyond the scope of

this manual. Some 0f the more
: important principles and practices
are outlined here. More detailed

information ¢dn be found in the

references listed in the

bibliography.

Drying

Very moist grain will deterio-
rate and spoil during storage for two

»neasons:

8

e Since they are alive, the

“seeds consume oXygen and burn
up some of the'.food stored in
the endosperm for energy.
This respiration process pro-
duces heat, but is too slow to
be of concern in dry grain.
However, respiration and heat
production are rapidly accel-
erated bv moisturg,_gﬂg the

. moisture and heat promote
rapid mold growth and spoilage
in wet grain. -

# Storage insects like weevils
.become more active and multi-
ply more quickly in warm, moist
grain. They also produce heat
and add more moisture which
further increases mold growth.

NOTE: Some storage molds pro-

duce toxins called mycotoxins which aré
harmful to humans and livestock.
Aflatoxin is one example. All cereal
and legume grains are susceptible if
Ansufficiently dried or improperly

stored, especially peanuts,




\\\\x_f/ : | |
Fortunately, the farmers do 30°¢ and 70 percent relative -

not have to dry their grain down to
zero percent molsture, since it can
tolerate abouf 12-30 percent depend-~
ing on the type, the form in which
it is stored (ears or seedheads vs.

loose grain), how it is stored (bags

vs, bins, etc.), and the surrounding
temperature and humidity. Most
loose grain has about 12-15 percent

moisture at marketing or prior to

. processing for consumption, and crop

yields are usualiy calculated on

about a 14 percent moisture basis.

"In fact, there are several disad-

vantages to drying grain befow this
range. Where grain is sold by welght
overdrying will reduce the farmer's

returqs from a sale. 1t 1s also

- costly where artificial drying is

used and can lead to cracking, dis-

‘coloration, and poor germination.

Grain Moisture Guldelines for Safe

Storage

Maize, Sorghum, Millet

® Loose: Threshed grain can be
‘safely stored in silos or
bins for up to a year at 25-

284

humidity 1if grain moisture 1is
not above 13.0~-13.5 percent for
maize and sorghum,. and 16 per-
cent for millet, Bagged maize
and sorghum can be stored at up
to 15 percent moisture, since
ventilation is much better.

—-. = On the cob or seedhead:

Busked malze ears can be safely
placed in cribs for storage and
further drying at kernel mois~
ture contents up to 39 percent
1f all the ears are within

30 cm of open air. Sorghum

and millet seedheads can also
be safely stored and dried
down from high moilsture contents
if kept in small stacks or hung
from rafrers.

N

Peanuts

For safe bulk storage of pods,
kernel moisture content should not be
above 10 percent, Pods can be safely
placed in bags at kernel moisture
contents up to 16 percent and will
dry down adequately 1f loosely
stacked ghprovided ventilation 1s suf-
ficient. Otherwise, forced air will -

be needed.

Beans and Cowpeas

Threshed seed stored in bins

or silos should not be above 13 per-~

cent moisture. Bagged seed can be
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safely stored at up to 15 percent

moisture, Unthreshed pods can be

kept at much higher moisture contents
and will dry down well if ventila-

¢

tion is adequate. “

How to Determine
Grain Moisture ’

Grain moisture should always

be calculated on a wet weight basis.

In other words, 100 kg of 15 percent
moisture maize contains 15 kg of
water and 85 kg of dry matter. Thete

are several ways of measuring grain

.moisture, some of which can be

easily done on the farm with very

littde equipment: -

-

Salt and bottle methoti: This quick

and ~asy method is accurate to with-
in 0,.5% but will only indicate the

grain is above or below 15% mois-

_ ture, the maximum limit for storing

maize angd sorghum in bags,

¢ Thoroughly dry out a bottle
of about 100 ml capacity and
£.11 it three-quarters full
with maize.

285

e Add 5-10 teaspoons of oven- if
-dry table salt, seal the
bottle with a dry 1lid or cork,
and shake for several minutes, -
If the salt sticks fo the inside
of the bottle, the grain has
over 15% moisture,
Oven method: A grain sample of known ~
weight should be ovendried for one or
two hours at 130°C if ground or 72-9¢
hours at 100°C if in whole form,
After reweighing, moisture content
can be calculated as follows (cover
the grain to avoid moisture reabsorb-

tion while it is cooling off):

2 mgisturé

of origi- = Wet Weight-Dry Weight
Wet Weight

nal sample

Biting, pinching, rattling, feeling:’

Most farmers will use such methods
for estimating grain moisture with
varying success, depending on experi-
ence, They should not be relied

upon wheie accuracy 1is important as
in thé case of grain stored in bulk

(bins or silos),.




How to estimate the final welght of
grain after drying

*inal grain 7% dry matter

weight af- = before drying X original

ter drying % dry matter welght
after drying

Example: A farmer has 2000 kg of |
shelled maize at 20% moisture. How
much will this amount of maize weigh
after it has been dried down to 14%

moisture?

Solution: To objain the percent
dry-mattér meeded for the formula,
subtract grain moikture content
from 100 percent Ehen use the

formula.

Final grain  80%

weight af- = 864 X 2000 kg= of grain

ter drying after
drying
to 14%

1860 ke

Some Important Grain Dfﬁlnﬂ

Principles

® Warm, dry, moving air encour-
ages more rapid drying to a
lower moisture content than
cool, damp, still air. In
. fact, if the air becomes too
* ~damp, grain may actually

begin to absorb moisture
and become .wetter.

Alr flow through the grain and
air moistvre content (relative
humidity) have: the biggest
influence on drying. The
lower the air's relative humi-
dity the greater its ability
to pick up moisture from the
graln and carry it away.

v

® Warm alr has a much higher

moisture-holding capacity than
cool air. This means that
warm alr is more effective at
plcking up moisture from wet
grain than cool ,air when the
relative humidity 1s low.

Supplemental heat from either
sunlight or fuel can be very
effective at. improving the
drying ability of cool air if
it is very damp (high relative
humidity). For each 0.55°C
rise in temperature, the rela-
tive humidity of the heated
air is reduced‘\py about 2
percent. .

The rate of drying slows .dowm

as grain moisture content falls,

since the remaining moisture is
given up less readily. Unless
the air.1is very hot and dry, a
point 1s eventually reached

- beyond which'no further drying

occurs. This 1s known as the
equilibrium moisture content.




Methods of Dryin
J-ﬂ";_g-

# Traditional sun-—drying is the

most common wmeéthod used by
small farmers and consists of
spreading the gradn out in a
shallow layer on the ground for
sun exposure. Depending on the
weather, the thickness of the
grain layer, and the amount

of stirring, the results

‘range from poor to good. The
disadvantages are poor air
circulation, contamination

with dust and stones, and
moisture absorption from the
ground. The PC/ICE Small

Farm Grain Storage Manual -
recommends general improve-
ments for this system.

Enclosed solar drying reduces
sun-drying time, requires no
fuel, and can be used on other
crops like cassava, copra,
fruite, and vegetables. :
However, grain can be damaged
or have its germination *
impaired by the extremely -
high temperature (65-80°C)
that can build up under the
plastic or glass sheet.

Solar drying may not dry

down grain rapidly enough

when operated under very. .
cloudy conditions (See bibli-
ography for referefces con-
taining plans for solar
driers.)

. -

e Fuel-Heated and/or Forced~Air
Drying: For large quantities
of grain, fuel-heated and/or
forced-air drying is used.
For the individual small
farmer such drying may not be
feasible. Howeyer, the pro-
cedure can be justified on a
cooperative basis and can offer

several advantages:
A

# Farmers can harvest
their crops earlier
at a higher moisture
content to avoid losses
caused by natural field
drying. Earlier har-
vesting also permits
earlier land prepara-
tion and planting of
the next crop.

The grain may end up
at a lower, safer
moisture content for
storage and keep in
better ¢ondition. Its
‘market value may also
be higher.

On the other hand, construction

and ‘fuel costs may outweigh
these advantages, so a thorough

analysis of the factors should

be conducted before deciding
to buy or Eyild such dryers.

!
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Temperature Guidelines for Grain
Drying ‘
Excessively high drying tem-

{ peratures can cause cracking, break~

ing, and diécoloration of the
'kerneis and also lower germination
and protein quality. ggégygg,may
become bitter if dried at tempera-
tures above 32—3500, and overdrying
. increases splitting and skin slip-
page during shelling. - Beans are
also best dried at low temperatures.
Thé maximﬁm'safe:drying tem;
perature-depends on the crop and
its use: |

Maximum Safe

Drying
Temperature

75%

Crop and Use

Livestock feed
Cereal grains
for human food
except rice

. Milling for
flour
Brewery uses
For planting seed
Rice for food
Beans for food
Peanuts

60%¢

6030'
452¢
45°¢
45°¢
15%
35%¢

Storage

Storage losses of grain due

to molds, insects, and rodents are

L+

X
estimated to be ahout 30 percent
worldwide. Small farmers are espe~
cia].ly- vulnerable to such }osses
since their traditional storage
methods are often inadequate to pro-
. tect the crop. In mﬁny cases,
farﬁers may be forced te sell much
of their grain shortly after harvest
at a low price rather than risk
spoilage. A few months later, they
may end up buying it back at a much
higher price. By improving their
storage facilities, farmers can
rensure more food for their families,
more stable prices, and better
quality seed for planting. Crop
improvement programs should place
a higherlpfiority on providing ample -
' safe storage for the expec;ed pro-
duction increases.

Principles of Safe Storage

e Grain must be adequately
dried before being put into
storage; although maize
stored on the ear and other
crops stored in the form
of seedheads or pods can
often be stored and dried
at the same time using
cribs or loose stacks.




¢ Undamaged, winnowed grain
has a much* longer storage
life.. Uncleared grain
reduces air movement, and
the dirt and chaff hold
molsture and encourage molds”

-and insects. Damaged grain
deteriorates two to five
times more rapidly than
undamaged grain. :

® Grain should-be kept as cool
as possible and protected
rom. fluctuations in outside
temperatures that encourage

¢ condensation' and molsture

buildup inside the container.

- ® Grain should be proFectéd
from storage insects and

rodents. .

e Containers and bulldings,

must be waterproof and free
from groundwater.

e New grain should be stored
separately from older grain.

e The old grain should be used
first. .

e The grain should be checked
every two or three weeks for

signs of heating and insects.’

Traditional Storage Methods °

If a faxmer's production 1is
‘small, it is often stored in the
family dwelli;g. Maize ears and
seedheads are commonly-huhg from
rrafters in the cooking .aﬂa, ‘the
smoke acting as an insect deter-

/
rent. Clay potsﬂ/closely-woven

/ . 289

;askets, and gourds are élso-f?e—

quently used. While such methods

may work well with small amounts of
grain, they are not well suited to
large quantiqies;
Improved Sgorqgg : -
The PC/ICE Small Farm Grain -

Storage manual contains design de-

tails and guidelines for many types

of improved storage. The major

points‘:re summar ized briefly here.
Storing in sacks made of bur-

lap, local grasses or cotton does
not aéford much protection against
rodents, insects or moisture: How-
ever, sacks are easy td label énd
move around, and grain can be stored

at about 2 percent higher moisture

- than 1s needed for airtight storage

(i.e. about 15 percent versus 13
percent). For sack storage:

e The walls and the roof of
the storage building should
be waterproof.

® Sacks should be stacked on
platforms (pallets) raised
. off the floor or on a .
plastic sheet. They should
not lean directly against
walls. )

e The sacks should be
stacked in a way that favors
good ventilation..
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¢ The building should be insect- by grain respiration and any insects _.
and rodent-proof. o
already present. For successful air-

e The sacks should be sprayed ‘ T

or fumigated for insects, bhut

. - - ‘only when grain will not be o.The grain should not be

consumed directly by humans above 1213 percent moisture.
or adimals (seed grains). - ‘

tight storage:

¢ The c¢ontainers must be& made

) . . o ..Silos-andbins made from . airtight ‘by using metal,
¥ sheet metal, mud bricks cement plastic, cement (with vapon
barrier) or a waterproofing
blocks or cement with metal staves P : material 1like tar, oil-base
can be built with capacities rang- paint or pitch.
ing from 500-4500 kg of dried, ‘e Containers should be filled
) ¥ ‘ to’ the top to exclude as +
~threshed grain. Some ¢f-'them can much air as possible before
be made virtually airtighg. However, sealing. :
whenever grain is stoxed in such . ® Airtight storage should not
_ S be used where the containers.
large quantities, more care must be must be frequently opened,

since the added air will

‘taken to ensure that it ig %ell
° ¢ 8 make the system ineffective

dried. Unless well insulated; the - ‘ for controlling Insects.
containers should be shaded’to pre- e Containers, especially metal
vent large. temperature variations ' * ones, should be shaded to

, . prevent condensation and
which cause moisture oigration, -moisture migration. -
condensation, and spoilage of Crib storage:‘ See drying methods.
grain at the top and hottom. ..

b o

Airtight storage in sealed

gourds, underground pits, plastic

bags, drums, and bins provides Insect Control

excellent insect control a.nd also InStored Grain

prevents the grain from reabsorbing , -

moisture from humid outside air.

The ?ir present in the container - Weevils and grain hgetlés
when it is sealed is soon used up ) feed on grain in both the adult and
. . 3« " 290
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I-larval stages, 1In addition, the
‘larvae of several. types of moths:
attack the seeds. Aside frow the
actual losses due to feeding,
storage inéecis promote mold and
spollage of grain by adding ﬁoisture
and increasing temperature. A heavy
infestation can increase grain
mSIEEureﬁcanggEE‘Py 5-10 percent

within several months. Even- if the

AN

grain does not spoil, it may be
rendered unmarketable by the pres-
ence of insects or the,ﬁhysical
danage caﬁsed by their feédihg.

" Grain can become infested
both in the field anH.during
‘storage. Some storage ins%th like

the maize weevil, rice w2eril, and

angoumis grain moth.whi~t arcack

cereal grains and the bruchid
beetles that attack pulses, have
wings-énﬁ'cﬁn‘infest grain,ih the-
field.
also begin attacking grain during

These and other types can’
storage. The adults lay eggs on ”
or in the grain, and the developing

larvae hollow out the kernelg.

Factors Favoring Infestation

r\;;> °- emgératufe£ This 1s the
; most. important factor. As

——

291

L

" ® Storage practicesy:

temperaiuie increases from 10°C ‘

to 26° C, storage insect activity
increases, and life cycles are RS
reduced from about eight weeks to
_three weeks. "At optimum tempera-
tures, 50 insects could-.theoreti-
cally multiply to-:302 million in

just four months! Activity and
breeding shows cogsiderably below
10°C and above 35 C, and degth ‘ocCurs
below about 5°C or above 59 C.

® Moisture: Storage insects prefer
under-dried grain, but can still
cause serious problems in grain
as dry as 12-13 perrent. Grain
molsture content has to be 9 per-
cent or below before activity
ceases, and this degree of dryness -
is difficult to achieve and -
maintain, ’

Storing new
grain next to old grain or using
storage facilities or sacks that
have not been disinfected are

'sure ways of inviting 1nfestationq.

ng:g of Storage Insects and their
s lencification

It is useful to be'able to
precisely identify .the types of

insects attacking a farmer’s grain

for three reasons J . .

® Not all insects found in
grain are serious pests.
On the other hand, lack of
visible grain damage does
not necessarily indicate
3 that the insects are harm-
. less or minor pests, since v .
— it may take some weeks-for -
damage to become agparent.
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® Although control measures
are fairly similar for most
storage Insects, there are
some differences.

® Sgme storage insects are
known as secondary and ter-
tiary pests since-they feed
mainky on grain which is
cracked or already damaged
by primary pests. The pres-
ence 0f these non-primary
pests often indicates that
more serious pests are at
work.’

'The Small Farm Grain

Storage manual has a very complete
identification guide to cereal grain

pests, while the Insect Pests guide

mentioned in the bibliography has
pictures of both cereal and~pulse

storage insects.

Checking for Infestations

Early.recognition of an

.Anfestation is very important for

reducing potential grain losses.
thred grain should be closely
checked every several weeks for
;igns of an insect buildup. Exit
holes in the kernels; cobweb-11ike
accumulations on sacks and maize
ears, and the presence‘of adult
insects are sure signs. When
sampling grain, the farmer should

examine kernels from various sec-
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tions of the contalner or sack, .
since 1ﬁféstations often develop
and spread from very localized
areas or “hot spots' where tempera-

ture and moisture may be very high.

’ Contr&lling Stored Grain Insects

F]

éhrly recognition of 'an
infestationg is very important for
reducing potential grain losses.
Stored grain should be closely
checked evéry several weeks for
signs of an insect buildup. Exit
holes in the kerhels, cobweb-11ike
accumulations on_ Backs and maize
ears, and the presence of adult
ingects are sure signs. When sam-
pling grain, the farmer should
exam?né Eg;nels frem var;ous sec-
tions of the container or sack,
since Infestations often dévelop

and spread from’'very localized areas

or "hot spots" where temperature and
moisture may be very high.

The Small Farm Orain Storage
manual contains a detailed section

on non-chemical and chemical con-

trols for storage insects. A brief
summary is given here plus some
additional information from other

gources.




Pre~storage Guidelines

e Be sure the grain is well
dried and cleaned.
L

Clean out and repair the
storage facility. This in-
cludes sweeping out old grain
and debris and patching al)}
holes and cracks where
insects might hide or mois-
ture might enter.

Spray or dust the facility
with an approved insecticide
(more on this further along).

Disinfect used grain sacks
before £illing by boiling,
spraying with an approved
insecticide or placing
them on a hot tin roof.

Non-Chemical Controls
for Storage Insects

e Unhusked: Storing maize in
the form of unhusked ears
is somewhat effective.

Sunning the grain: Beetles

and yeevils will leave

grain 1if it is placed in the

hot sun in a shallow layer.
However, this usually will

not kill all the eggs and larvae
inside the kernels.

Smoking the grain: By building

a smoky fire under a platform or
maize crib, many of the insects

can be killed by both the smoke

and heat.

e Mixing materials with the grain:

Effectiveness varies with the sub-

stance used, but control can be

quite good in some cases.
L]

e Sand, burned cow dung,

wood ashes, and lime

give varying results.

Sand helps exclude air by
f1lling in the spaces. It
also scratches the insects'
shells which can lead to
dehydration and death if

the grain is already very
dry (9-10 percent woisture).
The other materials may have
gome 1nsecticidal properties.
it was discovered by CIAT
that adding wood ash to

bean seed at the rate of one
part to three reduced bruchid
weevil infestations by ,
about 80 percent if applied
before the insects appeared.

' "Slaked lime (calcium hyro-—

xide) or burned lime
(calcium oxide added at
4-8 parts per 100 is also
farily effective (both
types are caustic).

Plants: In some areas,
certain plants are knowm
to have insecticidal prop-
erties and are mixed with
the grain.

e Vegetable oil: The

oils of peanuts,

sesame, coconut,
cottonseed, and mustard-
seed have glven excel-
lent. protection from
bruchid infestation in
beans and cowpeas when
added at the rate of
0.5=1.0 percent (5-10 ml
per kg of seed). Pro-
tection lasts for up

to six months and does

\




not affect the physical vary in their susceptibility to
appearance of the grain -
since it is absorbed. different insecticides and resis
- Malathion ha
e Airtight storage: See storage tance to Lindane and athion has

methods. become a préblem in ﬁhny areas,

Chemical Controls for Actellic (pirimiphos-methyl) is a
Storage Insects

Grain that will be stored

newer product that has proven very

effective. Two other sources of

only a few weeks or up to two to S
y even up information on storage insect

three month$ may not warrant the use
control are:
of insecticides. However, the hest :
African Rural Storage Center

time to treat grain is when it is IITA
first put into storage, before an PMB 5320
Ibadan, Nigeria
infestation becomes serious.
- T CAUTION!: Some insecticides like—-.. — . . Tropical Stored Products
Institute
Malathion, Lindane, Actellic, and London Road

Pyrethrins can actually be mixed Slough SL3 7HL
Bucks, England

RODENT CONTROL IN STORED GRAIN
The Small Farm Grain Storage

with food grain without. harmful

eflects or residues if used cor-

rectly. Many other Insecticides

manual contains a very complete
would make the grain very toxic

section on rodent control.
and unsuitable for consumption. '

Many farmers are not aware of
these differences and in fact may
refer to all insecticides by one
name such as "DDT".

Where'to obtain recommendations:

The Small Farm Grain Storage
manual gives recommendations for
treating both grain and Storage

areas. However, storage insects

a
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Lessons of the
- “Green Revolution”.

The "Green Revolution' of the
1960’s and 1970’s was really the
first organized attempt to develop
yield improving practices for
- staple food crops in the developing
- world. Most of the efforts of the
Green Revolution were directed to-
wards a number of the cereals, name-

ly wheat, rice, and mailze.

A major impetus was the

development of short—strawed vari-
etles of wheat, rice and malze that
would respond well to high rates of

fertilizer, especially niltrogen, ‘
l without lodging.

The term “revolution" is
really a misnomer; nearly two de-
cades of plant breeding and local
adaptive research were required
before the new wheat and rice
varieties were ready for widespreaq
introduction in India and Pakistan.
The true origins actually go back
to breeding programs for wheat and
maize in Mexico in the 1940’s and
to similar work with rice in the

Philippines.
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Supported by a'"package" of
complementary improved practices
involving factors like fertilizer
use, pest control, and plant
spacing, the new varietieg were
adopted in many developing regioms.
By 1972-1973, some 33 million .
hectares in Africa and Asia were
were being sown to the high-yielding
wheat and rice varieties. Average
ylelds were increased about 100 per—
cent for rice compared with tradi-
tional varileties:

Despite these Increases, the
efficacy of the Green Revolution in
quercoming hunger and rural poverty
in the developing world is a hotly
debated 1issue worthy of a manual in
itself. There 1s no doubt that the
Revolution has been the major factor
behind the gains in food production
in many developing countries during
the past 15-20 years and has also
laid a solid basis for additional.
agricultural research in the region.
It was conducted in a spirit of

humanitarian and largely apolitical
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international cooperation that
should be commended.

On the other hand, it has not
proved to be the hoped-for panacea
for several reasons:

# The high yielding variety
(HYV) "packages" it devel-
oped required relatively
high levels of inputs
(fertilizers, pesticides,
and, in some cases, 1lrriga-
tion pumps) and investment.
At least initially, the
smaller farmers were often
bypassed due to deficiencies
in the infrustructure that
made it difficult for them

to obtain both the—credit
and the inputs. Unless
special provisions were made
to provide small farmers - --
credig, lending institutions
naturally favored the larger
ones. Thils situation has
improved considerably over
the past decade in many
areas, but 1s still a seri-
ous problem.

# The high costs of these in-
puts, some of which are very
petroleum-dependent (i.e.
nitrogen fertilizer and pump-
ing fuel), raises doubts
about their continued practi-
cality, estpecially in view
of the current energy crisis.
Fertilizer rates are often
well above the threshold of
diminishing returns in the
case of nitrogen and phos-
phorus; the latter 1s a

L]
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non-renewable resource with lim-
ited world remerves. Fortunately,
there 18 a growing awareness of
the need for an appropriate tech-
nology in harmony with both the
environment and economics.

An important lesson learned is

that increased production does not
automatically improve rural well-
being. In some parts of India,

for example, the HYv package
actually had a negative effect on
income distribution, rural employ-
ment, and dietary habits. A dis-
turbing number of small landholders
and tenant farmers Wers Squeezed
off the land by the new production
economics, and urhan industrializa-
tion was insufficient to provide

.—them employment., Cereal cropping

was favored over grain legumes,

sometimes resulting in actual
declines in pulse production and
consumption.
Western economic ethnocentricity,
many “experts"” argued that this
was the necessary price to pay for
modernizing agriculture along "big
is better" lines. '

Fortunately, there is a growing
realization that the small farmer
must be includeq in agricultural
devélopment which should bhe tied

into integrated rural development

so that nutrition, health, educa-

tion and general rurai welfare

are also considered. Tn fact, as

the small farm family’s income and
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production increases, receptivity

to these other programs 1s usually

enhanced.

The Green Reyolution 1s far

from over. Rather, its goals are
being redefined and extended to
other food crops. Future Progress
< will largely depend on how the
developing world handles two key

issues:

e The conservation of natural
resources and the total en-
vironment.

Choosing appropriate scales
of production: The Western

yet evidence strongly sug-
gests that small, intensively
cultivated units are the
most efficient. This brings
up the issue of agrarian :
reform, as well as the ulti-

mate-goals of agricultural

" development. The convention-
al approach of trying to
integrate the small farmer
into a modern agri-business
system usually fails (as 1t
did in-the U.S.}. Others
feel the goal should be to
enable the marginal &mall
farm family to achieve self-
sufficiency with a small
surplus left over for educa-
tion and general welfare.

Agricultural extension work-
ers will have a central role in this
effort to extend the benefits of the
-Green Revolution. By spreading the
knowledge gained in trials conducted
by the major research institutes to
increase productin of traditional
crops, agriclutural extension work-
ers will help ensure that the Green

——

Revolution truly serves to improve

the lives of small farmers and thelir
families ‘in the developing world.

bias—is that—big—is—better’y—— - - -




AppendixA .
- Measurements _. SR
~ and Conversions

Area Weight
1 HECTARE(ha) = 10,000 _sq, meters = 1 KILOGRAM (kg) = 1000 grams (g) =-
2.47 acres = 1.43 manzanas 2.2 pounds (1bs.) = 35.2 ounces (oz)
' {Central America) - 1 POUND (1b.) = 16 oz, = 454 g = 0.45 kg
1 ACRE = 4000 sq. meters = 4840 sq. : ’ -
yards = 43,560 sq. ft, = 0.4 1 OUNCE (oz)‘ 28.4 g
hectares = 0.58 manzanas (Central 1 METRIC TON = 1000 kg = 2202 1bs.
America) 1 LONG TON = 2240 1lbs: 1 SHORT TON =
1 MABMANA (Central America) = 2000 1bs.
. = 7000 .
neters < 5370 sq. yards = 1.73 1 QUINTAL = 100 lbs. (Latin A?erici)j
’ ) . - metric
acres = 0,7 hectares 112 1bs. (British); 100 kg :
Length - Yolume
1 METER (m) = 100 cm = 1000 mm = - 1 LITER (1) = 1000 cubic ciniimfters

1.06 U,S, quarts

= 10 mm = 0.4 in. -
1 CENTIMETER (cm) 1 GALLON (U.S.) = 3.78 liters =

1 INCH (in.) = 2.54 cm = 25.4 ma 3780 cc (ml) _

1 VARA (Latin America) = 32,8 in. = 1 FLUID OUNCE = 30 cc (ml) = 2 level
83.7 cm tablespoons (measuring type)

1 KILOMETER (km) = 1000 m = 0.625 miles ‘ : ¢

1 MILE = 1.6 km = 1600 m = 5280 ft,
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Miscellaneous Conversions

Lbs.facre X 1.12 = kg/ha; 1bs/acre
X 1.73 = 1bs/manzana

Kg/ha X 0.89 = lbs./acre; kg/ha X
1.54 = 1bs./manzana

Lbs./manzana X 0.58 = 1lbs./acre;
1bs./manzana X 0165 = kg/ha

Temperature» c® = (¢° --52) X 0.55
FO = (c® X'1.8) + 32




Appendix B
~~ Howto

‘Conducta

Result Test

When is Result as interested in the varia-
TestingNeeded? : bility of benefits from a new
practice as they are in the

average benefit. A practice
T T T ~thab—pfoduces-latge_beneiiis___
on some farms but little or
none on-others is unlikely _
to gain wide acceptance.

e To test responsés to an
improved practice under
actual farm ng_conditions:
Research station conditions
are often more ideal or at The Procedure
least different from actual
on-farm conditions. What ) .
works well under the more e Clearly describe the practice
controlled ‘situation of the to be tested .
station may be less than sat-
isfactory in farmers' fields
where soil and management are
likely to be much less than
optimal,

t

e Divide the test region into
zones: The work area may
ve significant variations
in soils, rainfall, elevation,
« farming systems, etg¢. It is
To test responses in different .important to divide the test-
geographic regions : ing region into geparate zones
‘ if they differ enough from
each other to warrant sepa-
rate recommendations. The
e To measure the ,variabilil:i " number of zones’ will dEPEI}d
of results: Farmers are just on your area's diversity,

e To measure the prof itability
of a neyw practice




the complexity of the prac- e If high average benefit is
tice you are testing, and expected from the new prac-
time a#ﬁ budget limitations. tice as opposed to the tra-
In most cases you will be ditional one, fewer farms

dealifg with no more than need to be included than
two e three test zones within if the average benefit is

a municipality,

_ lower.
e Decide on the number of farms e If a large variation is
to/be included per test zone: expected in farm to farm
s Naturally, the more tests and results, more farms need
farms that are included per to be included than if a

test zone, the more Tepre-

smaller variation is ex-
Sentative the results will be .

pected. :
and the nore specific wilRbe
/ the recommendation that Extension workérs ideally
follows. However, costs will
be higher and so will time should consult an experienced re-
requirements, sea¥rcher or extension officer in
.......... iy Two. factors determine the . . deciding how many farms to.include——
number of farms that should be in- ~ in a result test. If professional
- ; uded in a test area: advice is not available it may be o
/ NUMBER OF FARMS TO INCLUDE IN A RESULT TEST
/ If you expect an And 1f you expect yleld Then you should include
/ average increase - variation between farms this number of farms in
f over normal ylelds within the region to your test: (10 maximum)
* of: be: . -
; 100 percent Quite variable 6
/ Fairly consistent )
. ) 50 percent Quite variable 9
P Fairly consistent >
a 25 percent .Quite variable 10
B _ Fairly consistent 6
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better to proceed with result tests Ideally, the farms shoyld be
’ " chosed at random, but this is
never completely practical
The table htelow 1% based on a 500~ due to the limitations im-
\ posed by accessibility and
farmer cooperation. However,
e Decide on how long to run a the less the choice of farms
result test: If the expected 18 confined to a particular-
benefits of the new practice class of farms and the more
are likely to be significantly : you choose farms on an "as’
related to weather conditions they come" basis, the .closer
during the growing period, the you will be to achieving a
test should be repeated over valid representation.
several years., This is often
the case with tests involving
fertilizer use and changes
in plant density and tends to
be true with most other prac-
tices, at least to some extent.
Repeat testing 1is especially
indicatedtfthe-first—trial — —

uging less precise sampling methdds.

1000 farm work area.

This principle 18 much easier
to. violate.than one might ex-
pect. For instance, it 1is
eagier to work with farms
close to a road, with familiar
farmers or with farms where
good results can be expected.
"7 T Such blases can totally dis-

takes place during an unusual credit the results.
~weather year. Long-term :
weather records can help de- ' & Decide what kind of control

termine this, but if not plot 1is needed: If the re-
available, local extension- sult test 1s to compare an i
ists and farmers can be of old practice with a new dne,

. help. i a contsol or check plot will.
: be necessary. However, if a

e Select individual farms: It ‘ totally new crop 1is being in-

is important that selected: troduced rather than a new
farms be representative practice or new variety, no
rather than "typical™. The control plot 1s needed.
participating farms should
reflect a cross-section of # Choose the location and size
those in the test area so ' ' of the plots: Plot location
that trial results can be . will depend a lot on the feel-
converted into recommenda- ings of the cooperating far-
tions generally suitable mer. This 1s no problem, as
for the entire area. Re- long as he or she does not

. member also that you should purposely select the best
be just as interested in de- piece of ground on the farm.
termining the variation of Random choice is the best
regponse among faims as in method here unless parts of

the average overall response. the farm have been subjected
Farmers do not harvest .

averages!




s

to very unusual management
practices gych as ultrahigh
fertilizer applicatioms.

Both the test plet and the
control plot-should be in the
same field and preferably -
adjoining each other. This
helps ensure that both plots
are subjected to the same
variables. 1Ip fact, it may
be best to avoid using farms
where the two plots cannot.
be located ip the same field.

The plots should be large
enough so that the usual
farming methods ~an be followed,
yet small enough go that the
results are clearly visible.

The test and ChHe control plot— -

do not have to be the same

size. The test plot can be
a portion of it‘seyying as

the control plot.

Conducting and supervising

the test:

The farmer and
his or her usual extra workers
should handle all the land

Ppreparation, planting, weed-

ing, and other operations .
normally associated with the
crop. They should also apply

" the new practice themselves

under the guidance of the
extension worker(s). This
assures that the result test
is fully representative of
actual farming conditions.

Make sure that-all variables
other than the practice or
input being tested* are held
constant. One common error
of both farmers and exten-
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sionists is to take better

care of the test plot than

the control plot. Such pre-
ferential treatment cdn com-
pletely invalidate the results.-

Documentation 1is wvital. All
inputs used should be measured
and recorded to the extent
possible. Weather data such
as rainfall, hail, and unusual
temperature extremes should
also be recorded if possible

- along with any visual differ~
ences between the test and
contrel plet during growth.

" @ Collecting Data: No conclu-
sions can be drawn from the
result tests until yields .

—— .——Pl—a—v_e__.been —mea.sur-ed_,-__..mhe_.go_a__l - m—

is to weigh the harvest from
the test plot and an equal -
area of control plot. The
extensionist and the farmer
should decide on a harvest
date and arrangéments should
be made to obtain an accurate
scale., Gross ylelds from
both plots can be measured
at the same time and then
converted- to a kg/ha, 1lbs./
acre or other locally uysed
yield standard.

.

However, you should always
_obtain a yleld sample prior
“to the actual harvest date
just ip case the plots are
inadvertantly harvested
without measuring yields be-
fore the agreed upon date.

A properly collected random
yileld sample is usually .
accurate within 5 percent of
the actual vield and is a
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cheap insurance policy.

® Analysis of the results:
Good records are essential. to
any valid analysis of the
results. By far the best way
of interpeting the results is
to run 2 standard statistical

analysis of the yield data.
You do not need formal train-
ing in statistics to do this.
Appendix F gilves easy to
follow instructions for
carrying out a statistical
analysis which will genable
you to determine the standard
deviation (a measure of the
variability of responses

from the average).

Calculate the standard devi-
+ ation, since it serves as
basis for gilving realistic

yileld expectations when
making recommendations to
farmers.

Reducing the Risk
To Participating
Farmers

& Subsidizing inputs:

Result tests: There are two
schools of thought here,
Some extension speclalists
feel that all new inputs
for the test plots 'should
be provided free to the
farmer., They feel this
makes it easier to find
collaborators and also helps
assure control over the
plots. Others.feel that

. no compensation should—be

-

305

given unless & completely
new or unknown input is in-
volved, Much of the choice
depends on the economic con-
dition and receptiverness ~f
the local farmers.

Result damonstrationsf In-
puts should ordinarily not

. be subsidized unless there

ig still .some uncertainty
about the profitability of .
the new practice, in which
case it probably should rot
be at the demonstration

phase anyway.

NOTE: If subsidies are pro-
vided, be sure to include
.the true costs of. the inputs
when doing a cost/benefit
study.’

* *

Reducing the number of farm’ *

— —n

tests :

Result tests: Reducifg the

" number of tests may make the

test results unreﬁ:esentir
tive for the area.

. Result demos: Reducing their

number will not affect the
demonstration principle, but
may slow the rate of mass
acceptance by farmers.,

M

Reducing plot size:

Result tests: Plot size =
should be large enough to -
allow normal growing prac-
tices to be followed.™ Rather
than cut plot size below .
this limit, subsidies should *
be offered.

Result demos: Let the far-

mers choose their ¢wm plot

sizesas long =z Twormal grow-
' . H

- W
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ing practices can be followed.-

Guaranteeing the price or the
yield: The extension agency
may guarantee a certain yield
or market price to.a cooper-
ating farmer’, perhaps in the
form of a purchase contract.
This should only be done

with result tests. Demon-
strations should stahd- on
their owm.

<
: -

n
+




- ‘Demo

Examine the

. - _ - _Recommendation that

Will be Demo_nstrated

Make ‘sure that the recommendatjj"

,—‘(.p

Adapted to local ‘growing
* conditions.

is: v .

Within the economic means of
most of the local farmers.

Adeqgwately tested under local
farming cowbitions

Select Demonstration
Sites.
' ]

Since the goal of a result

gganonstration is to promote accep-
-~

tdnce p

Since tke goal of a result
demonstration is to promote accep-

tance of a new prattice on a mass

L

scale, the main concern is maxi-
mum effective exposure when select-
ing sites. However, if the recommend-

ation involved 1is suited to several

‘ types of soils or other variations
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commonly found in the local area,

be sure to include some farms in

Here are some sSelec-

-

each category.
tion guidelines:

# Choose Key Farmers .
These are not necessarily
the best or the most pro-
gressive farmers, since
these may be regarded as
being too exceptional by
other farmers. Do not turn
down a ‘'progressive” farmer,
but concentrate on’ seeking
out influential farmers-

Chose Conspilcuous‘Sites
Sites should be near roads,
trails or public Bathering
places.

Group Demonstrations on
Rented or Donated Land
These can be very effective,
but the group should be a .




pre-existing one, rather
than being specially organ-
ized on-the-spot to conduct
the demonstration.

& Special Factors in Ferti-
lizer Demonstrations
Do not use a field that has
received unusually heavy
rates of fertilizer in the
past. Fertilizer demonstra-
tions give the most spec-
tacular vi%ual responses and
vield differences on low
fertility land, but do not

purposely seek out unusually
poor land for the demonstra-
tion.

The "Spontaneous' Demon-
gtration: Another approach
which can be very effective
in certain cases is to look
for a farmer’s field that
already demonstrates the’
value of what you are trying
to promote. One disadvantage
is that there is usually no
control plot for comparison.

Preparing for
The Demonstration

]

After selecting the sites,
the extension worker should discuss

the demonstration with the farmer,
including the approximate dates of

" without regard to cost.

Important operations such as plant- -

ing, fertilizer application, etc.

ake sure the necessary impuls are
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on hand. The extensionist should
thoroughly understand the what, how,

and why of the procedures involved
in preparing and growing the demon-
stration plot.

Supervision and
Management

The extensionist should be

present during the application of
any new procedure(s) involved with
the demonstration ?10t to assure
that the farmer does them correctly.
To make the demonstration realistic,
th& farmer and his or her usual
help should do most of‘the work.
Avoid the strong tendency to |
favor the "new practice" plot
through overly careful tending or
protecting it from limiting factors
Visiting
farmers can often easily spot these
atypical factors, which may serious~-
ly affect the demoustration pr&ho-

tional value.
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Oﬁéewaﬁon
And Records

The main objective of demon-
stration plots is to promote improved
practices, but they can ~1lso provide
some very useful information in re-
turn for the small amount of extra
work required to keep records and
ﬁccurately measure yields. Here
- are some suggestions:

¢ Maintain some kind of chron-
ological record of each
demonstration, noting such
things as date and amount of
input application, weather -
conditions, visual observa-
tions, etc.

¢ Make a yield estimate using
the random sample technique
explained in Appendix L.

o Check these estimates with
what the participating far-
mers claim for their yields.

Promotion and
Followup

Demonstrations are supposed
to serve as "living' examples of
the benefits of an improved practice
Neigh-

boring farmers should be invited to

(or "package of practices').
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see the demonstration during the
crop's growth'at any time-when the
desired results can’be clearly. seen
(such as iarger, greener plants
resulting from fertilizer use).
Final yield results should be dis-
counted conservatively.

Organized sessions for visit-
ing farmerS'should be arranged if the
new practice requiresrexplanatioﬁ'or
new skills, both of which are very
likely. 'This 1s known as a method-

result demonstration and such a

session should be conducted by a
qualified and locally-experienced
extension worker fluent in the

local language.

The real test of a demon-
stration is how rapidly farmers .
begin to a&opt the new préctiee.
SOME CAUTTONS:

e Do not use a result demon-
stration to test the out-
come of a recommendation.
That is what a result test
is designed to do. Result
demonstrations are for pro-
moting practices.that have
already been largely locally
proven. Never undertake a
result demonstration unless
you are reasonably sure the
practice 1s peneficial.
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¢ Do not promise too much in the

way of results. Be conserva-
tive,

e Do not run a demonstration on
. your own land.

¢ Do not sacrifice qualicy of
work for quantity of work.

e Do not favor one demonstration
over another.
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Appendlx D
How to Conduct
An Elementary
Statistical
Analysis -

. A result test consists of a tice over the old practice.

number of individual trials on ¢ The standard deviation: This
indicates how much the indi-
vidual results vary from the
area in order to compare a new overall averages. It is the
indicator of the variability
of responses around their
results. of these trials provide the - average. Remember that fFarm-
ers seldom harvest "averages"
~ and are very interested in -
locally adapted recommendations to knowing the likely variation
in benefits.

The calculations are not dif-

representative farms within a local

practice with an old one., The

final basis for making specific,

farmers. In order to correctly

interpret a result test, the yield

results must be given at least an ficult if you follow these standard

elementary statistical analysis to procedures:

1. Arrange the data 'in. column
form, as in the table on the
measures of the new practice's next page.

determine the two most important

actual benefits: 2. Calculate the following aver-
ages by adding up the appro-
priate colums and dividing
by the number of individual
trials invelved. (Refer to

e The average benefit: This
is the average yield
- increase of the new prac-
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;
table on the next page.)

a. Average (mean) yield for
the old (control) practice.

b. Average (mean) yield for
the new practice

c. Average benefit: the aver-
age yield increase of the
new practice compared to
the old one.

The Square of the Benefit:
This is a standard statlsti-
cal procedure yged to calcu-
late the standard deviation.
However, the differences -
between the squares of the
~individual benefits have no
significance. What is impor-
tant is the sum of the
squares, since it is from
this that the standard
deviation is determined.

. Calculate the standard devi-

ation: It is the most impor-
tant statistic you will
derive from the results
since it shows the variabil-
ity of responses from the
average. The procedure for
calculating the standard
deviation is best shown by
the following example.

Summarize the Data

a. Average yield of
the new practice:
23.6 bu./acre
b. Average yield of
old practice (con-
trol or check plot):
17.2 bu./acre

c. Average benefit
(new over old
practice):
6.5 bu./acre
d. Standard deviation
2.8 bu./acre
.or 16%

Interpret the Data: Once the

average benefit and the stan-
dard deviation has been cal-
culated, you can answer four
key questions which are used
to come up with a recommen-
dation based on the test
Tesults:

a. What was the average
increase in yleld from
the new practice?

Solution using the data
in Step 5:

6.5
17.2

What is the minimum
increase in yield that
farmers can expect three
out of four times?

x 100 = 38%

SolutioniwMultiply the.
standard deviation ag a
percentage (16%) by 0.7,
a mathematical constant
used in statistics. Then
subtract the result from
the average increase in
vield expressed as a per-
centage (38%7).

Solution using above data:
16% x 1.0 = 16%
38% - 16% = 22% increase




x Data from d Maize Variety Test on 25 Tarms

YIELD BENEFIT SQUARE OF
Farm BENEFIT
: New Practice Control
i Bushels/acre Bushels/acre Bushels/acre
1 23 16 7 n? 49
2 37 26 o an? 121
3 24 17 7 M2 49
4 20 - 14 | 6 )% 36
(5-21) e S ¢
22 24 ' 17 7 - 49
23 22 16 6 )2 36
24 28 | 21 7 m?* 4 -
25 26 _ 19 7 M2 49 ’
StMS 591 429 162 1236

AVERAGES 23.6 17.2 6.5

How to Calculate the StandardlDeviation:

a. Sum of the squares of the benefit = 1236 bushels

2 2 o
b. (Sum of the henefits)® _ (162)" _
number of farms = "33 1050 bushels

c. Subract (b) from (a): 1236 - 1050 = 186 bushels

d. The difference (¢) _ 186
Number of farms - 1 24

= 7.75 bushels

e, Standérd deviation = square root of (d) or Y7.75 = 2.8 bushels

f. Standard deviation {e) x 100 _ 2.8 x 100

Average yield of the control = 17.2 = 16%

Therefore: 16% = the standard deviation {(variation) as a
percentage of the ,average yield under the old
practice (control).
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c.

What 1s the minimum
increase in vield that
farmers can expect three
out of four times?

Solution: Mulciply the

standard deviation as a
percentage (16%) by 0.7,
a mathematical constant
used in statistics. Then
subtract the result from
the average increase in
yield expressed as a per-
centage (38%).

Solution using above data:
16 x 1.0 = 16%
38% ~ 16% = 22% increase

What percent of the farm-
efs are likely to get no
increase in yileld from
the new practice?

Solution: Divide the
average benefit by the
standard deviation to
obtain 4 ratio. Then look
up the aaswer according

to this ratio in the fol~
lowing table, interpolat-
ing if needed.

Solution using above data:

.5 bu., = 2,3 (ratio)
b :

Answer = 1% of farmers
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Ratio Answer (percent)
2.6 Fewer than 0.5%
2.3 1%

2.0 2%
1.6 5%
1.3 10%
1.0 15%
0.8 20%
0.7 25%

7. Interpreting the Results on an
Economic Basis

Since most new practices in-
volve increased costs, the real
tegt of their benefits is the ‘in-
crease in net returns over the in-
crease in costs. The same statist-

ical procedures used above can also

be applied to the net. economic ben-

efit and the cost/benefit ratio

tests.
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~AppendixE
How to Convert
Small Plot Yields

When dealing with ylelds from Method 2: Make a propo tion

field trials, demonstration plots, - Area 1 Yield 1

and farmers' fields, you will usually Area , Yield 2 l@
Y1

2

want to convert them to a2 kg/ha, 10000 sq.

lbs./acre or other standard basis. 1200 sq. /m 300 kg

There are several easy ways to do To solve the proportion for Yl’

.this, and they are best shown by cross multiply likeithis:
example, : 1200 Yl = 300 kg X ﬁPOOO.

PROBLEM 1: Pora harvests 300 kg of Then solve for Y, : f

shelled maize off 2 field v = 300 kg X 10000
1 1200 ]

Yl = 250& kg/ha of
maize f;Lm‘qua's field

measuring 30 X 40 meters.
What is her vyield on a
kg/ha basis?
SOLUTION - PROBLEM 2: Lam harvests 150 lbs. of
Method i: 10000 sg. m (1 hectare) dried cowpea seed off a
plot area in sq. m ' field measﬁring 45 X 75
X plot vield _ vield in

in kg kg/ha

10000 sq. m __
1200 sq. m 300 kg SOLUT 10N

= 2500 kg/ha of maize Method 1: 43560 sq. fr. (1 acre)
from Pora's field plot area in sq. ft.

315

feet. What 1is his yield
in terms of ﬂrs.'per acre?
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in 1bs. lbs./acre
43560 sq. ft. .
3375 sq. f¢t. X 150 1lbs.

= 1936 lbs./acre of cow-
peas from Lam's plot

X plot yield _ yield in

»
Method 2: Make a proportion

Areal Yieldl

Area2 Yield2 )

43560 sq. fr. _ _ ‘1
3375 sq. ft. 150 1bs.
Then cross multiply and solve for

Yl like this:

3375 Yl = 150 lbs. X 43560

el

vy = 150 X 43560
1 3375 *
fl = 1936 lbé.fécre of |
cowpeas from Lam's :
plot

NOTE: You can "mix" units of mcasure

frém different systems if you know
the conversions. Exampleé:

1 Acre = 400°sq. m

1 Manzana (Central Amepica)‘=

1.73 acres = 0.7 ha = 7000 sq. m
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Appendix F
How to Take Soil
Samples

Divide the Farm into Sampling
ggigé--nﬁhch sample sent to the
lab is really.a composite sample
made up of 10-20 sub-samples taken
from an area that is uniform in
color, texture, topography, past
management, and other characteris-
tics thHat may influence soil fer-
tilitv. A farm may have several
of these distinct areas which are
referred to as sampling units.

Begin by drawing a map of the farm
land to be sampled. and then divide
it into scparate sampling units ac-

cording to the above criteria.

Each sampling unit should contain
only one type of soil (that is, do
not combine red soil with black
soil, hill soil with level soil,
fertilized soil with unfertilized
soil, etc.). It is important to
have.a good jdea of the land's fer-
tilizer and liming history to avoid
variations within one sampling unit.

The final maP with numbered’ sampling
unics might look like this:

VN ESRTILIZEQ”

BLAck 504 Y

”

#

FERTILW2GD
[}

-




2.

Size of sampling units: A sam~
pling. unit should usually not
exceed 4-6 ha, Of course, small
farms will have much smaller
sampling units. )

For each sampling unit, collect
sub-~samples for making a com~
posite sample representing that
unit. )

8 If the farm has three sam- \
pliné units, the farmer will
send in three soll samples
to the lab. Each sample will
consist ®f 10-20 sub-samples
taken at random within the
sempling unit.

® Depth of sampling: Most
labs want topsoil samples
only about 15-20 cm deep.
When sampling fields to be
used for pasture, a 5 cm
depth is sometimes requested
by the lab. Avoid includ-
ing any subsoil in a topsoil
sample unléess the topscil
layer is very thin because
of erosion.

® To take a sub-sample: A
shovel and a machete can be
used, although a soil auger
is better when the ground is
very hard.

If using a shovel, make a
hole with 450 sides to the
right depth and then care-
fully dig out a slice about
3-5 cm thick. The slice
should extend to the appro-
priate vertical sampling
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depth and be uniform in
thickness. Holding the
face of the soil slice with

' your hand will keep it

from crumbling apart.
Scrape off any surface
litter before sampling.

Trim down the width of the
soil sample on the shovel
with the machete until it

is about 4~9 cm wide and then
dump it in a pail.
Samplingaguidelines: Do not
take sub~-samples from
fertilizer bands, under
animal droppings or along

a fence line or extreme

end d6f a field. 1Use a
thoroughly clean pail that
has not been used to hold
fertilizer. (Galvanized
pails will make zinc tests
inaccurate.

Preparing a composite sample:
After collecting the 10-20
random sub-samples within one
sampling unit, thoroughly mix
them in the pail and then
take out enough soil to fill
up tTe soil sample box.

Guidelines: Never mix soil
from dif ferent sampling units.
Do not oven dry wet samples,
because this will cause a .
falsely high potassium read-
ing in the test. Air dry
them instead. Clean cut the
pail completely before mov-
ing to another sampling unit.




® Fill out the Anformation ) ,
sheet: The form from the ) o _ ’
' goil laboratory will request
: information about the soils’

' slope, drainage, cropping ; o ) :
history and yields, past ap- -
plications of fertilizers and - e
lime, crops to be grown and
desirad yields. , . C

When to take soil samples: Send them
in at least two months before you
need the results., In areas with a
concentrated planting season, farmers
tend to wait until the last minute to
send in samples, and the lab is unable
to process all of them on time,
How often 1s testing needed? Under
low to moderate rates of fertilizer
use, a field should be sampled about
once every three to five years, since
the soil's fertility level is unlikely
to change significantly on a year-to- .
year basis. This is fine, since far- /o
mers with limited capital should con= o/ . “
centrate on feeding the present crop o
- rather than building up the soil's , ' S
general fertility level, . \\ d
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o Appendle | R
Hunger Signs in the -
Reference Crops T

a

*u
!
- q ° ‘ -
~ Nitrogen C .. ek -
B E; . . . The lower leaves begin to
4, . - ; . s
turn-light green and then yellow with
(\ f' ethe symptoms progressing gradually ' .
\ '~ Maize, Sorghum, Millet upward, Plant growth ig stunted,

Young plants are/étunted and
spindly with yellowish;green leaves.

tn older plants, the vips of the  Phosphorus

lower leaves first show yellowing

which progresses up the wid-rib in X '-. ~ - ?
a "V" shaped pattern, while the leaf | .

margins remain green.  In some cases,‘ Maize, Sorghum, Millet

a general vellowing of Ebe lewera - "~ Hunger signs are most likely °
leaves occurs., In severe cases, the during early growth, Mild shortages

lower leaves svon turn brown and die usually cause.sﬁunting without clea;

from rhe tips down. (This “firing” leaf éymptoms. More severe short-

can also be caused by drought which s cause a purplish color starting
prevents N uptake.) Maize ears are

the fips of the lower (older)

. ﬁ"&’J}_-_aPMi?‘CD_C_d_Et.M}_S' : leaves which may begin to turn brown
' . and die. Some varieties of maize and ..
§27 sorghum do not Show 2 purplish color

. but eather'a bronze cqloration of tﬁc "y
321 . . ’
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4.
same pattern. Disrepard purple stems.

potassium-deficient plants are often

In maize and sorghum, symptoms  gm311 and may have pointed, poorly

gseeded tips.
reach 40-45 cm, but yields will pe Legumes
. severeif lowered,. Maize ears from

usually disappear once the plants

Potassium deficiency is seldom
P~-deficient plants are somewhat

seen in beans;, but can occur in highly

il

L - twisted, have irregular seed rows,

infertile soils or those high in
and seedless tips.

calcium and magnesium. Symptoms

 Legumes are yelldwing and death of leaf tips
Phosphorus hunger signs often and margins, beginning on the lower
are not well defined. Plants lack leaves and gradually moving upwards.

‘vigor and have few side branches.

r
!

‘Upper- leaves becogg_dark green, but ’

1

remain small., Flowering and wmatura-

»
tion are retarded. ) Ca.lClum

(9

Potassium .. Beans

) ‘
alcium deficiency in beans is ¢/

uncommon, but moSt likely to occur in

/ ..
combfnation with aluminum toxicity

'Maizp. Sorghum, Miller ‘ in Yery acid soils. Leaves stay green
" The three crops rarely show wiﬁﬁ a slight yelloéing at the mar-
symptoms the first several weeks of gfns and tips. Leaves may pucker and
, growth. The margins of the lower Zurl downwards.
" leaves turn yellow and die, start- - Peanuts
inpg at the tip. Potasgium-deficient : Light green ﬁlaﬁts with a

- plants have short internodes and weak ' high percentage of "pops" (unfilled

¥

stalks. Maize stalks sliced length- | pods) show symptoms of calcium

- i
¥

wise often reveal nodes that are a deficiency.

darkish brown. Maize ¢ s from
AR 322
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Magnesium

Maize, Sorghumy Millet

A general .yellowing of the

lower leaves is the first sign. Even-
tually, the area between the veins

. turns light yellow-to almost white
while the veins remain fairly green.
As the deficiency progresses, the- .

leaves turn reddish~-purple along

their edges and tips, starting at the
lower leaves and working upward.

Most likely in acid soils or
those high in Ca and K. Yellowing
between the veins appears first on
older leaves and then moves upward.

Leaf tips show the first effects,

Sulfur

Where to suspect: Sulfur deficiencies
may be suspected where there are vol-

canic or acid, sandy soils. and where
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.low S needs.

[}
low S fertilizers have been used for
several years.

Maize, Sorghum; Millet

These crops have relatively
Stunted growth, de-

layed maturity, and a general yellow-

ing of the leaves (as distinguished

from N deficiency) are the main signs.

Sometimes, the veins may stay green
which‘may be mistaken for zinc or

iron deficiency. However, iron and ~

zinc hunger are more likely in basic
or only slightly acid soils.
Beans |

Upper leaves become uniformly
yellow.

Zinc

Zinc deficiencies OECUr where soil hH
is above 6,8 and high rates of P arc
used, especially if placed'in a band
or hole near the seeds.

Maize ‘

Maize shows the most clear-

cut zinc hunger signs of all crops.

If severe, symptoms appear within two
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weeks of emergence. A broad ban? of .

bleached tissue on each side of the mid-

ribs ¢f the upper leaves, mainly on
the lower part of the leaves, is

typical. The mid-rib and leaf margin

stay green, and the Plants are stunted.

Mild shortages may cause a striping

between the veins similar to manganese

or iron deficiency. However, in Fe
And qn shortages, this interveinal
striping runs the full length of the
leaf.
Sorghum
Similar to maize, but less
interveinal'striping, and the white
band is more defined. '
Interveinal yellowing of the

upper leaves.

Iron

Lron deficiencies can be suspected

where soil pH is above 6.8.

Sorghum is much more prone to

iron deficiency than maize. All three
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AN

crops show an interveinal yellowi;;\\\\y

that extends the full length of the
leaves and occurs mainly on the

upper leaves. .

_Legumes

Interveinal yellowing of the
upper leaves occurs. They eventually

may turn uniformly yellow.

Manganese

Where to suspect: Manganese defici-

encies are uyncommon in maize, millet;

or sorghum. It occurs in soils

“which have a pH rf 6.8 or above and

in sandy or heavily leached soils.
Peanuts ] .

Yellowing betw;en the veins of
the upper leaves which éventually B
turn uniformly yellow and then bronze
Iis a symptom. -
Beans

Plants ate stunted. Upper
leaves become yellow between the
small veins and eventually take on a

bronzed appearance.




Manpanese toxicity occurs on very acid

soils 'and is accentuated by poor drain-

age. Beans are very susceptible. The
upper leaves show an interveinal vel-
lowing. Easiiy confused with Zn or

Mg deficiency, but Zn deficiency is

very uncommon in highly acid soils.

Boron -

Where to suspect: Boron deficiencies

can be suspected in acid, sandy soils
or high pH soils. Beans and peanuts
are the most susceptible of the ref-
erence crops. |
Peanuts

Foliage may be normal, but
kerncls often have a hollowed out,
brownish area -in the meat, This is
usuall& referred to as "internal
damage

Beans

Thick stems and leaves with
vellow and dead spots. If less
sevure, leaves are puckered and curl
downward. [-‘jasily confused with

leafhiopper or virus at ack. 1In very
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severe cases, plénts stay stunted
and may die shortiy after emergence.
Boron toxicity can be caused by
applying a fertilizer containing
boron too close to the seed row or
by applying B non-uniformly. Symp~
toms are yellowing and dying along

the leaf margins of the planté shorcly

after emergence.
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~ AppendixH
Miscellaneous -
Pulses -

ChiCkpeaS , nitrogen fixing ability.

Uses and Nutritive Value

Chickpeas are consumed as
. immature seeds (and pods) or as
mature Seeds. Also used ag a

Other names: Garbanzo, gram pea
—_— ' 8 P coffee substitute after roasting.

Scientific name:’ o
c2en < Cicer arietunm The seeds contain about 70 percent
Main areas of production: 90% of '

the world's production occurs in protein.
India and Pakistan, but chickpeas
are also an important crop in . .
Lebanon, Turkey, Syria, Iran, averaged around 7 million tons/year

Bangladesh, Burma, Nepal, Colombia, _
Argentina, and Chile. -during the 1975-1977 period and was

World chickpea production

. 1 el in Ind nd
Adaptation, Characteristics argely concentrated la a

Chickpeas prefer cool, semi- Pakistan.
arid conditions. The seeds have a

very permeable coat and lose their

viability (germination ability)

quickly under high humidity. The

crop has a very deep root system

and is a very efficient extractor

of soil phosphorus. It has good
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Pigeonpeas

'Other names: 'Gandul

Scientific name: Céjanus cajan

Main aress of production: India,
the Caribbean (especially the
Dominican Republic and Puerto
Rico). Colombia, Panama, Venezu-
ela, the Middle East, and parts of
Africa. - ’

Adaptation, Characteristics

This is a woody, erect, short-
lived perennial which can reach &
height of three to four meters. Pods
are pec like and uairy with turee to
seven seeds. Seec¢ color varies from
white to red .or almost black. Flants
can be used as a windbreak. Pigeonpeas
are very drought resisﬁént and tolerate
a wide variety'of soils amnd rainfall
conditions. They are usually treated
as an annual or biennial and prunted to
encourage branching after each crop.
They are often interplanted with maize,
sorghum, millet, beans, and squash.
Early varieties take 12-14 weeks until
pod ipmitiation and a total of five to

six months to maturity.
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/
Late varieties take about 9-12
months. Although the plants will grov
for three to four years, yields temd to
decline. 1t is oftenm bé;t to treat it
as an amnual or tb slash it back and
take ratoon crops using the cul branches

and leaves as livestock feed.

Regional figures are not
available for pigeonpea production,
but worldwide production probably
totals about half that of chickpeas.

Green pocd yields range froc
about 1000-4000 kg/ha with up to

8000 kg/ha possible. Yields of dry
seeds average abcut 600-1100 kg/ha,
but up to 2000 kg/ha is possible.
The plants are very efficient
eitrogen fixers.

Nutritive Value and Uses

Botﬁ the dry seeds and the
young green ones (sometimes with
the pods) are eaten. Mature dry
seeds contain about 20 percent.
The dried stalks and branches are
used for firewood, thatching, and
baskets.

as a forage, windbreak and green

The crop is also valuable

manure (organic fertilizer) crop,




d

and for soil erosion control on

slopes.

Lima Beans

Sclentific name:

Main areas of production: One of
the most widely grown pulses in
both temperate and tropical areas.
Lima beans are the main pulse crop
in the wet rainforest regions of
tropical Africa and Latin America.
Extensively grown in Liberia, Burma,
and Nigeria.

TXEeS

Most breeding research hgg
focused on the erect, non-vining
huéhz types with strong stems and a
self~-sranding abiliry. However,
these bush varieties are not well
adapted to hot, humid conditions

like the vining types of limas.
Adaptation, Characteristics

The vining varietiles require
a support crop or other form of
staking. They tolerate wetter

weather during growth than cowpeas

!

, . ;/
ed in the mature form.. Limas afe
less drought=tolerant than many
other legumes and are very sensi-
tive to soil acidity (the optimum
pH 1is about 6-7). Varietigg are

either day neutral or short~day

in their response to day length. -

Vining types have been gfown up to
elevations of 2400 m in’the topics.

Nutritive Value and Uses

Lima beans are grown mainly
for the'drf, shelled beans, but the
immature seeds are sometimes cooked
as a vegetable along with the pods
and leaves. Some varieties have a
dangerous level of hydrocyanic acid
(HCN) in the leay’es, pods, and
seeds, but this can be dissipated
by boiling aﬁd changing the cooking

‘water. ColoEfd seed varileties are

higher in HCY than white ones.

The ’ants also are used as
a green manZ:e crop and as a cover
-crop {(ro protect -the soil from
erosion). ‘'The seeds contain about

20 percent protein 1~ the mature,

dry form.

or common beans but need dry weather

during the late stages when harvest-




Mung Beans

Other names: ' Golden gram, green gram

Scientific names:

Phaseolus aureus
Mung beans are an impbrtant

crop in India. China, and the

Philippines and have been introduced
into other areas. They are fairly
drought tolerant but susceptible to
poor drainage. They are eaten as
boiled mature seeds, green pods or
sprouts. The crop is also used for
forage, green manure Or a&s a cover
crop. Mung beans are efficient

nitrogen fixers.
Soybeans

Scientific name: Glycine max

The most extensive areas of
soybean production are in the U.S.,
Brazil, Argentina, China, and other

parts of Sout zast Asia, although

the crop is ;jrown in many other
areas worldwide. Its reputation
as a high protein crop (35-40 per-

cent protein) has tempted many
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Volunteers to introduce the soybean

to thelr work areas.

However, one

should be aware of the following

potential problems:

-# Local pulses may be better
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adapted to the area. Soy-
beans do not teclerate soil
acidity well and prefer a

pH between 6.0 and 7.0.
Righ rainfall and bumidity
encourages diseases and
insects.

The crop is dargely growh
for export and for making
soybean 0il zpnd mezl, the
latter used in livestock
feed.

Cooked soybeans often have
an unpleasant off-flavor

or odor which can make them
unpalatable to many people.
However, the University of
Illinois has developed an
inexpensive cooking method
that solves this problem.
Peanuts have the advantage
over soybeans of being both
a cash crop and a food crop
and are also more drought-
tolerant.

As with some sorghums and
millets, soybeans are highly
photosensitive to daylength,
and varieties have a very
narrow range of adaptation
north and south of their
origins. 1.5. Corn Belt
varieties are normall: grown
under very long summer dav-
lengths and if moved to short-

-




day tropical areas, they
become dwarfed and reach
maturity much too quickly.
" However, varieties are
-avallable for tropics.

® While soybeans are an extreme-

ly efficient nitrogen fixer,
they require a unique type of
Rhizobia bacteria unlikely to
be present in soils not pre-
viously cropped to soybeans.
In such cases, the seed needs
to be innoculated with a com-
mercial stain of Rhizobium
japonicum. Soybean Rhizobia .

are adversely affected by goil .

pH's much below 6.0.

Winged Beans

Scientific name: Phophocarpus
tetragonalobus

Winged beans are not a row
crop, but have received much publi-
city as a possible "wonder crop."

In the interest of clarification,
some basic facts are presented here.

The plants are twining vines
that grow.to over three meters when
supported and produce pods with four
longitudinal jagged "wings" that
contain up to 20 seeds. Winged

beans are adapted to the wet tropics
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and have some valuable characteris-

tics:

¢ The dry seeds contain about
34 percent protein and 18
percent oil which makes them
about equal to soybeans.
The young leaves and pods
can be eaten too.

® Scme varleties produce edi-
ble tubers with a reputed
protein content of 20 per-
cent, although some investi-
gators feel that this 1ig
considerably overestimated.

e They are a very efficient
nitrogen-fixing legume and
produce good ylelds. Yields

of up to 2500 kg/ha of mature
dry seed have been reported.

Now for some of the disadvantages
of winged beans:

¢ The plants must be staked
or they will not flower well,
although they can be grown
prostrate for their tubers.

® The seeds must be cooked
using a special technique
and soften slowly in water.
The cooked, mature seeds
have a strong flavor which
is disliked by some. How-
ever, they do not have po-
tential for the making of
cukds and tofu as with soy-
beans. The seeds have some
likely metabolic {(digestive)
inhibitors that have not
been adequately investigated.

Introducing a new crop into

337




an area is usually a task better
left to professionals associated
with a research station that has

the money, time, skills. and dis-

cipline for such an undertaking.
The extension workers' job is to
provide the tested recommendations

for the crops grown 1n an area.




AppendixI

Troubleshooting

Common Crop
Problems

It takes a lot of practice
and detective work to accuratelw

troubleshoot crop problems. Some

abnormalities like wilting or leaf

yellowing can have numerous causes.
First, learn to distinguish

normal from abnormal growth when.

_you walk through a farmer's field.

Keep a close watch for telltale
trouble slgns such as abnormél
color, stunting, wilting, leafspots,
Hake

a thorough examination of affected

and signs of insect feeding.

plants, including the root system
and the inside of the stem, unless
the problem is obvious. Obtain
detailed infofmation from the
farmer concerning all management
praﬁtices that might have a bearing
on the problem (i.e. fertilizer and
pesticide applications, name of

f
333

crop variety, etc.). Note whether
the problem occurs unifowmly over
the field or in patches. This can
ﬁrovide valuable clues, since some
problems like nematodes and poor
drainage seldom affect the entire
field.

Troubleshooting tools

® A pocketknife for digging up
seeds or slicing plant stems

to check for root and stem
rots or insect borers.

s A shovel or trowel for exam-
ining plant roots or check-
ing for soil insects or
adequate moisture.

e A pocket magnifying glass to.
facilitate identification of
insects and diseases.

e A reliable soil pH test klt
for checking both topsoil
and subsoil pH. Especially
useful in areas of high soil
acidity. Beware of cheap
kits, especially those using
litmus paper. The Hellige-
Truog kit is one of the best
and costs about $15 U.S.
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Troubleshooting Guide

CROP _APPEARANCE

POOR SEEDLING
EMERGENCE
(Carefully dig up a
section of row and
look for the seeds)

WILTING

(Pull up a few plants

carefully using a shovel

or trowel and examine
the roots. Check stem

" for borers or rotted or

discolored tissue.)

LEAF ROLLING OR CURLING

LEAF CRINKLING, PUCKERING
LEAF "BURNING'" OR BROWNING

PROBABIE CAUSES

Low-2ermination seed

Planting too deep or too shallow
Soil crusting or overly cloddy soil
Lack of moisture

Clogged planter 1(;
Seeds washed out by heavy ra
Fertilizer burn ,
Pre-emergence damping-off sease
Birds, rodents d .
Seed-eating insects (wirewdrms, seed corn
maggots, seed corn beetle)

A

Actual lack of moisture’due to drought or

* poor irrigation management (wa;ering too

lightly or too infreque tly)

Diseases (bacterial or ffungal wilts, cer-
tain types of rot and stem rots)

Very high temperatureg], especially if
combined with dry, windy conditions

Root pruning by hoe oY cultivator
Nematodes (especial&y if confined to
patches and when plants wilt despite
having sufficent water)

Stem breakage or kinking

Lack of moisture (maize sorghum, millet)
Virus

Sucking insects feeding “on stem or leaves
Boron, calcium defitiency (beans only)

Verticillium wilt (peanuts)
Aphids,

Drought .

Excessive heat

Fertilizer burn

Insecticide overdose
Dipterex, Azodrin (Nuvacron),
parathion injury on sorghum
Herbicide damage

Nutrient deficiency
Aluminum, iron, or manéanese toxicity due to
excessive acidity (below PH 5.5)

leafhoppers feeding on leaves or stems

or methyl

!




CROP_APPEARANCE

LEGGY, SPINDLY PLANTS

HOLES IN LEAVES

SPOTS ON LEAVES

LEAF MALFORMATION WITH
STEM CURVING & TWISTING

"(Broadleff plants only)

LEAF MOTTLING, LEAF
MALFORMATION, PLANT
MALFORMATION -

LEAF STRIPING

YELLOWING, STUNTING

OVERNICHT DEFQLIATION

OF PLANTS*

PROBABLE CAUSES

Salinity or sodium problems (confined
largely to low rainfall areas, especially
if irrigated) -

Boron toxicity from irrigation water (low

. rainfall areas) of improper placement of

L]

fertilizer*boron

Lack of sunlight caused by overcrowding

or long periods of heavy cloudiness

Caterpillars

Beetles

Earwigs

Crickets i

Snalls, slugs, especially\Qn beans (check
for slime ‘trails)

Breakdown of dead tissue due to fungal or
bacterial leafspots

Fungal or bacterial leafspots
Virus

Sucking insects

Spilling *of fertilizer on leaves
Herbicide spray drift, especially
paraquat (Gramoxone) :
sunscald (beans)

2,4~D type herbicide damage due to spray

drift or a contaminated sprayer (broadleaf
crops only) R

Virus "\
Nutrient déficiency

Virus .
Genetic i

Nutrient deficiency

Poor drainage - -
Nematodes

Low pH (excessive acidity)

Root rof, stem rot

Leaf cutter ants, grazing animals
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. CROP APPEARANCE

PLANTS CUT OFF AT OR
NEAR GROUND LEVEL

TWISTING TUNNELS IN LEAVES

YOUNG SPEDLINGS COLLAPSE
NEAR GRJUND LEVEL AND DIE

POOR GROWTH, LACK OF
VIGOR

- R

LODGING OR STALK
BREAKAGE (Maize,
Sorghum, Millet)

s

¢
4

POOR NODULATION ON PEANUTS,
COWPEAS, SOYBEANS; OTHER

PROBABLE CAUSES

Cutworma ’

Mole Crickets v

Leaf miners

Fungal seedling blights
Heat girdling of stem (beans)

Too dry or too wet

Too hot or too cold
Insects, diseaseés

VWeeds

Unadapted variety

Low pH
Salinity-alkalinity problems
Overcrowding

Shallow soil S
Soil compaction, hardpan
Poor drainage -

" Nutrient deficiency

Faulty fertilizer practices
Nematodes. )
Excessive cloudiness
Herbicide carryover

Overall. poor management
Damaged seed (beans)

Overcrowding
Stalk rots
Rootworms
High wind

K deficiency

Soil lacks the correct type of Rhizobia-seed

{nnoculation 1is needed

Improper innoculation: Wwrong strain,
innoculant too old or improperly stored
Exposure of innoculated seed to excesgsive
sunlight or contact with fertilizer or certain
seed treatment fungicides

Excessive acidity (soybeans are especially
censitive to soil pH's below 6.0)
Molybdenum deficiency

Plants are too young (it takes 2.3 weeks
after plant emergence for the nodules to
become visible)

LEGUMES THAT ARE EFFICIENT
‘N FIXERS (Carefully dig up
the root Systém and check
for nodulation; clusters
of fleshy nodules, espe-
cially on the taproot, and
With reddish interiors are
signs of good nodulation.
Don't confuse nodules
with nematode galls!)




Appende]

Guidelines for
Using Pesticides

Pesticides are poisons and
are used to kill particular plants
and animals that reduce the pro-
ductivity of a farmer's crop. For-
tunately, howevgr, many pesticides

have unwanted side effects and may

‘be hazardous to non-pest plants and

animals, including man.
Pesticide toxicity to ani-
nals may be acute, i.e., having .

effects resulting in illness or

-death, or it may be chronic, i.e.,

having effects that may not be hp-
parent for many years.
icity may take the following forms:

oncogenicity - cancer-caus-

ing

teratogernity - causing de-

formities in offspring

mutagenicitv - causing gen-
. etic mutations

37 ..

Chronic tox-

reproductive effects -.ef-
fecting an individual's
capacity to bear young

It is important that the

-f.at/‘ra'et and fextension worker _b/e a-

ware of the level of toxicit§ of
the chemicals with which they are
working and the following table
lists the relative acute toxicity
of some commonly used pesticideé.
The toxicity classes presented are
based upon oral and dermal acute
toxicity to rats.

class 1 = most dangerous;
requiring a label reading
"danger" - .
class 2 = less dangerous;
requiring a label reading
"warning"’ ]
class 3 = less dangerous;
requiring a label reading

“caution" ’///

1. lLahel reauirements established by

the U.S. Environmental Protection
Agency (40 CFR & 162.10).
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Pleasesnote that fhe toxicity clas~-
ses only refer to acute toxic ef -
fects and the chemical may be a
Class 3, least dangerous, and still
have serious potential long-term
toxicicy. . ‘

The acute toxicity 1s rated
accordingly tu the dose of pesticide
that 1s lethal to‘SO percent of the
_ test animals that ingest it (oral
.ILDSO) or absorbéd through their skin
(dermal LDgg). The LDsg of a pest-
iclde 15 measured in milligrams of
pure chemical per kiligrams of test
animal body weight (mg/kg). The
lowerlthe LDs0, the less chemical
required to kill 50 percent of the
test aﬁimal; and thus, the higher,
There

are geveral important considerations
1

is the peésticide’s toxicity,

in using\the LDsp ratings,

Lot
‘|,.| ,

1./The LD, ratings are
",based on the amounts of

100 percent strength from

| one percent up to 95 per-
cent, After dilution
with water for spraying,
actual strength may only
be about 0.1~0,2 percent,
As a general rule-a pest-
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icide which 1is highly
toxlc as a concentrate
(Class 1) will still be
dangerous when diluted to
the concentration at
wh%ch it 1is useful.

The LD§p ratings give
little informacion on
the cumulative: effect
of repeated exposure.

If'sPilled on the skin,
liquid insecticides are
more readily absorbed
than wettable powders
or dusts,

-

Note that some insect-
icides 1ike TEPP and
Phosdrin are about as
toxic dermally ag they
are orally,

Even Class 3 (least
dangerous) insecticides
like Malathion can cau-
se severe polsoning if
enough 1is ingested or
spilled on the skin,
especially in the con-
centrated form,

. \

N ‘ \
Pesticides include insecticides,
fungicides, herbicides, nematicides ]
and rodenticides. In general the her-

lucides and fungicides are not in ;ﬁe




[

I
highly toxic categories (1 and 2)

whereas a fair number of the insect-
icides and nematicides are very dan-
gerous to use. '

Table J-1 gives a partial
listing of insecticides, their der-
mal and oral LDgng and the chemical
group to which each insecticide be-
longs as follows:

CH = chlorinated hydrocar=-
bon,

0P = organic phosphate,

C = carbamate,

M = miscellaneous

The antidote for poisoning
varies with the chemical group. A-
side from this difference, it's hard
to make meaningful distinctions be-

tween these chemical groups. For

example, Aldrin, DDT, Endrin, Hepta-

chlor, Lindane. and Kelthane (dico-
fol) have long residual lives and ’
are all CH's. However, in terms of
their immediate toxicity, they vary
greatly - DDT is a Class 4 (least
dangerous), while Endrin is a Class
Other CH's

like Methoxychlor have relatively

1 (most dangerous).

“Epdrin TOK

short residual lives. The OP's and
C's break down fairly quickly, but,
also vary greatly in toxicity.

Insecticide Names: MNote that each

insecticide may be marketed under
Many

extension bulletins refer to insec-—

several different trade names.

ticides by thelr non—commercial chem-

ical names (i.e. Sevin 1is a trade

name for carbaryl). This can create

much confusion in indentifying in-
secticides.

The foliowing pesticides have
been suspended, canceled or with- ‘
drawn United States and their use
should ﬁot be eq;ouraged in interna-
tional agriculature projecté:

DDT Mirex DBCP
Aldrin Chlordane 2,4,5-T
Dieldrin Heptachlor BHC (benzene
. hexochloride)
Amitroz
. Kepone Pirimicosb
\\ . gardona
\\ dimethoate
N ‘ (dusts only)
' galecron¥*

*Only can bEprplied under special-
ized handling tonditions on non-food
(cathon) crops where mixer/loads
exposure can be ca?éfully controlled.

.\‘




Table J~1 Toxicity of Selected Insecticides

Category 1
| gory LDsy Raring Chemical
Commor: Name - Other Trade or Chemical Names Oral Dermal Group
Dasanit 6 Terracur, fensulfothion 2-10 3-30 oP
Disyston 6 Disulfoton, Fruminal, oxydis-~ 7 15 oP
: ulfoton
Dyfonate 6 Fonofos 8 25 op
- Endrin 2,5,6  Hexadrin 1 18 CH
Parathion 6 Ethyl parathion, Bladan, Niran, 13 ° 21 oP

E-605, Polidol E~603, Phoskil,
Orthophos, Ekatox, Parathene,

- Panthion, Thiophos, Alkron _
Phosdrin & mevinphoé, Phosphene’, Menite 6 5 opP
Svstct 6 demeton, Solvirex, Systemox, 6 14 oP

Demox
Telodrin isobenzan . ) 5--30 5~30 Ci
TEPP 6 Tetron, Vapotone, Kilmite 40 1 2 oP
Thimet 6 phorate, Rampart 2 6 op
Temik 6 aldicarb 1 belows c
Aldrin 2,5 Aldrite, Aldrosol, Drinox, Seed- 39 98 - CH
rin, Octalene
Azodrin 6 Nuvacron, Monocron, monocrotophos 17 - 126 oP
Bidrin 6 Ekafos, Carbicron 21 43 OP
Birlane 6 chlorfenvinphos, Supona, Sape- 10-155 108 op
cron : :
/
2. Long residue life (3-10 years)..

. Moderately long residue life (1-3 years).
High oral, low dermal (skin) tokicity.

Now banned or withdrawn from use in the U.S.

= Y N

A restricted pesticide in the U.S. based upon its acute hazard to
humans. :

7. Chemicals now under EPA's Rebuttable Presumption against Registration
(RPAR) process.
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Common Name

Table J-1 (continued)

LDsp

Other Trade or Chemical Names Oral

Rating Chemical

Dermal Group

Dieldrin 2.5

Furadan 4

Gusathion 6

Methyl Para-
thion b

Lannate b6
Monitor 6
Mocap 6
Thiodan

Trithion

Nemacur b

BHC 2.5

Bux
Chlordane

Ciodrin

Diaz inon
Dibrom

Dimet hoate

Durshan

Dipterex

Alvit, Octalox, Dieldrite 46

carbofuran, Curaterr (See be- 11
low for granules)

Guthion, Carfene, azinphosmethyl 12

Folidol M, Parathion M, Nitrox, 14
Metron, Parapest, Dalf, Partron,
Phospherno :

Methomyl, Nudrin
Tamaron, methamidophos
Jolt, Prophos, ethoprop

endosulfan, Cyclodan, Malix,
Thimul, Thiodex

carbophenothion, Carrathion
phenamiphos, fenamiphos
Category IT

benzene hexachloride, Hexachlor, 600
Benzahex, Benzel, Soprocide, Dol,
Dolmix, Hazafor, HCH

Bufenkarb, metalkamate 87
Chlorkill, Orthochlor, Belt, As- 335
PO 25

Basudin, Spectracide, Diazol, 180
Gardentox , Sarolex

crotoxyphos

naled, Bromex . - 250

Cygon, Rogor, Perfekthion, Rox- 215
ion, De-Feud

chlorpyrifos, Lorsban 97-276

Dylox. Klorfon, Danex, Trich- ° 180
lorfon, Neguvon, Anthon, Bovi-
nox. Proxol, Tugon, Trinex
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Common Name

Folimat
Folithion
Hostathion
Heptachlor 2,5
Lebayeid
Lindane 2

Metasystox
Mirex 5
Toxaphene 3,7

Unden

Vapona

DDT 2,5

Galecron

Gardona 5
Kelthane 3
Malathion

Methoxychlor
Morestan
Orthene

Sevin

Tedion
Volaton

Actellic

Table J-1 (continyed)

\

\

Rating Chemical
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LDgy

Other Trade or Chemical Names Oral

methoate 50 700
Muval, Agrothion, fenitrothion 500 1300
triazaphos 80 1100
Drinox H-34; Heptamul 100 195
Fenthion 200 1300
~Gamma BHC, Gammexane, Isotox, 88 1000
0KO, Benesan, Lindagam, Lintox,

Novigam, Silvanol

oxydemetommethyl 47 173
dechlorane 300 800
Motox, Strobane T, Toxakil, Mag- S0 1075
num 44

8aygon, Suncide, Senofan, 8lat- 100 1000
tanex, PHC, porpoxur

DDVP, dichlorves, Nuvah, Phosvit 90 107 ¢

Category 111

Anofex, Genitox, Gesarol, Neocid, 113 2510
ete. :
chlordimeform, Fundal 127-372 .3000
Appex, Rabon 4000 5000
dicofol, Acarin, Mitigan 1100 1230
Cythion, Unithion, Emmatos, Fy- 1375 4444
fanon, Malaspray, Malamar, Zithiol

Marlate : 5000 6000
Forstan 1800 2000+
Acephate, Ortran 866 -
carbaryl, Vetox, Ravyon, Tricar~ 850 4000
nam

Tetradifon 14,700 10,000
phoxim, Valexon 1845 1000+
pirimiphos-methyl, Blex, Silosan 2080 2000+

or
op
op
CH

0P .

i’

CH

op

- CH
' CH

op

CH

op
op
CH
op

)3

op

CH
op
oP

f

i

'
!

Dermal Group H

|
/

/




The following pesticides
have been restricted for use in the
United States, based on human hazard,
and their use should not be encour-
aged in international small farmers'
agricultural projects:

methyl paralthion methamidophos
ethyl paralthion methomyl (lannote)
tamaron (monitor)
carbofubon (ex~
cept granular
‘formulations)
dyfonate

trithion

parathion

The followiﬁg pesticides aré
being investigated by the U.S. En-
vironmental Protection Agency under
the Rebuttable Presumption Against
Registration (RPAR) Program. These
pesticides have possible risks

in the following five areas, but

the risks have not been proven and they

are therefore still permitted for use:

1. Acute toxicity;

2. Chronic toxicity includ-
ing oncogenic and muta-
genic effects;

. Other chronic effects;

. Effects on wildlife;
and

. Lack of emergency treat-
ment.

_ —
Pesticides presently under

RPAR review include the following:

EBDC's, including Maneb,
mancozeb, metiram, nodam,
zireb, amobam

Ethylene dibromide
Ethylene oxide

Inosyohk Arsenicals
Lindane :
Maleic Hydrozide

Sulfate

Toxaphene

Trifnralin

Beronyl

Cadmium
Captan

Diallate

General Information on Common Insect~
icides

I Bacillus Thuringiensis

A blological insecticide made
from a natural bacteria that kills

only certain types of caterpillars;

most effective against cabbage loop-
ers but also against hornworms (Pro-
toparce) and ea;ﬁorms (Heliothis).
Non-toxic té humans and animals. In-
sects don't die immediately but stop
feeding within a few hours - it may
‘take a few days for cEFm to die. Ap-
ply before the caterpillars are large
for best results., Needs no sticker-
spreader for most formulations. ; Com-—
patible with most other pesticides.

Don't store the diluted spray foF more
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than 12 hours. Dosage varies widely
with the ﬁarticular formulation.
1l Diazinon (Basudin, Diazol, etc.)
Fairly broad-spectrum includ-~
ing control Jf many soil insects but
not as effective on beetles (except
for the Mexican bean beetle). High-
ly toxic to bees.

Aﬁové-ground insect control: 4cc/

liter of Diazinon 25 percent EC or

Basudin 40 percent WP.

Dimethoate (Perfekthiong

Cygon®
Rogor} etc.)

Formulation of dimethoate

200 grams active ingred./liter
400 grams a.i./liter
500 grams a.1i./liter

I3
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A systemic insecticide of
moderate toxicity to humans (Class
2).
sects {aphids, leafhoppers, thrips,

Specifically for sucking in-

stinkbugs, mites, etc.) and leaf
miners. Should provide control for

10-14 days.

Don't apply within l4-

Highly toxic to bees

21 days of harvest.
with a one- to two-day residual effect.

General dosages for the three most com-

mon formulations (3ll emulsifiable

concentrates are given below):

Dosage-cc/100 liters

100-200
50-100
50-75 .




Dipterex Ltrichlorfon, Dylox§ Danex?

KlorfonR ecc.)
Provides fairly broad spec-
trum insect control but not as effec-
tive on aphids, mites and chrips.

Dipterex causes severe injury when

applied to sorghum. Low to high tox-

icicy for humans.

Generallabove-ground insect control:
T
125-250 cc (100-200 grams) of Dipter-

ex per 100 licers of wacer-or 5-10

cc.

Armyworms or earworms feeding in che
Pipterex 2.5 per-
cent granules givé longer control than
sprays; apply a pinch in each whorl

leaf whorl or maize:

which works out to about 10-15 kg/ha
(1bs./acre) of granules. 100 cc of
the granules weigh about 60 g.

Furadan (Carbofuran)

A systemic insecticide-nemat-
oclde available in 3 granular form-
uiations (3 percent, 5 percent, 10 per-
cent) and as a wettable powder. The
wettable powder formulacion-is consid-
ered coo toxic for normali use, however;
che pure strength chemical has én

extremely high oral but very low der-

mal toxlcicy. Furadan granules are

e

usually applied to che soil either
in che seed furrow or in a band cer-

tered over the crop row; furadan
kills soll nematodes and soil in-
sects but 1s also absorbed by the
roots and translocated throughout
the plant where it controls sucking
insects, stem borers, and leaf feed-
ing beetles and caterpillars for up
to 30-40 days. Band treatmpnts are
recoﬁmended for root feeding soil
insects, while seed furrow'applica;
tions can be used for foliar insects.
Furadan can also be band applied
during the growing season if i¢ 1is
culcivated into the soil or can be
applied c& the leaf whorl of maize.
May cause minor foliar injury to B
peanuts; do not place in‘cohcact
wich sorghum or bean seed. .

Kelchane (dicofol, Acarin, Mitigan,

Carbax)

.Kills mites only; not harm-
ful co beneficial insects. Glves
good inicial control of mites and
has good residual activity againsc
them; non-systemic. Spray under-
sides of leaves. Don't feed crop

residues to dalry or slaughter ani-




_treatment 1s effective approximately
four months. / )
Sevin (carbaryl, .Vetox, Ravyon, etc.)
Broad-sbectrum insect control
except for aphids and mites. ‘Very
low toxicity for humans (Class 3).
Very toxic to bees with a 7-12 day
residual effect. |

Use the

General dosage for Sevin:

50 percent hP at 8-16 cc per/l. Use
80 percent WP at 5-10 ce/l or 1.25-
2.5 tablespoons/gallon. Can be applied
right up to harvest time on the ref-

Erence Ccrops.

Household dosages: For cockroaches

and ants, use as a 2.5 percent strength
spray (active ingredient basis);

this equals about 100 cc of Sevin 80
WP per liter of water; don't use

more than twice a week.

Ticks, lice, fleas, horn flies on

Use 29 ce

Sevin 80 percent WP per liter of water.

beef cattle, horses, swine:

Don't apply within five days of
slaughter,

Mites, lice, fleas on poultry: Use

at same rate as for beef cattle and

apply about 4 liters per 100 birds;
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-don't apply within seven days of

slaughter.

- Volaton (Valexon, phoxim)

§ less toxic and persistent
replacement for Aldrin for soil in-
sect control. -Low toxicity for hu-
mans. Also available as a liquid
formulation for leaf insects.

General dosagg_for Volaton: Use

the 2.5 percent granules at 60 kg/ha for
furrow application and 120 kg/ha

for broadcast application. Work into
the top 5-7.5 cm of soil.

Fungicides: Except for mercury-
based fungicides used for seed treat-
ment like Agallol, Semesan, and Cer-

esan, fungicides pose 'little hazard

to health. Their oral toxicity is

‘comparatively low, and there is lit-

“tle danger of dermal absorptioa.

Some may cause allergies in sensi-
tive people through skin contact

and can be eye irritants as well.
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mals. Low toxicity (Class 3).

General dosage: Use the 35 percent

WP formulation at four to five cc per
liter of water. Use the 18,5 percent
EC at 1.5cc per liter of water.
Lebaycid (Fenthion, Baytex,‘Baycid)

A relatively low toxicity
(Class 2) organic phosphate for
chewing and sucking insects, includ-
ing mites. Don't spray plants when
temperatures exceed 32°C, Very tox-
ic to bees with two to three days'
.fesidual activicy.

General dosage for Lebaycid: Use _

Lebaycid 40 percent WP at1.5-2 g ﬁer
liter of water; use Lebaycid 50 per-
cent EC at 1-1.5 cc/litér of water.
Malathion (Cythion, Unithion, Mala
— spray)

A broad-spectrum insecticide
of low human toxicity (Clgss 3).
Not as effective on armyworms, ear-
worms, and flea beetles. TIts resid-
ual activity is decreased 1if mixed
with water above pH 8.0.

Can be mixed with other pes-
ticides except Bordeau and lime sul-
fur. Liquid formulations are moder-

ately toxic to bees with less than

two hours' residual effect; wettable
powder formulations are highly tox-

ic but have less than one‘day's residual
-effect on bees.

General dosage for Malathion: Four to

five cc of Malathion 50 percent or 57

Use Mala-
thion 25 pecent WP at 12 cc/liter.

percent EC per liter of water.

Using Malathion for Conitrol of
Stored Grain Insects

Grain which is to be held in

O SR LT
storage should be protected from

-

ﬁtofed grain insects. An approved
grain protectant applied to the
grain at time of storage will help -
prevent an early infestation. Pre-
mium grade Malathion is the only -
Malathion

can be applied as a dust or spray

protectant availlable.

at the following rates:

1. One percent dust on |
wheat flour at the rate of:
60 1lbs. per 1000 bushels .
of grain. .
One pint of 57 percent (five
pounds/gallon) EC in three
to five gallons of water per
1000 bushels of grain. i

. Apply the material to the grain as

it is placed in the bin. This
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Table J-2
SOME INSECTICIDE RECOMMENDATIONS FOR SPECIFIC INSECTS ATTACKING THE REFERENCE CROPSl

' - ~ AMOUNT OF ACTIVE :
CROP_AND PEST ~ INSECTICIDE INGREDIENT NEEDED REMARKS AND PRECAUTIONS

MAIZE ' ke/ha
Cutworms carbaryl 1.7-2.25 . | Recipes for cutworm baits are given. B
\ : I trichlorfon - 0.9-1.1 Direct spray at base of plants; use tri-
' J chlorfon on sdils high in organic matter.
. chlorpyrifos ! 1.1-2.25 Baits will give better control. Use higher

rates of chlorpyrifos for heavy infestations;
don't apply chlorpyrifos within 50 days of
harvest. Granules should be applied in an 18
cm wide band over the row at planting.

o . = »)
Rootworms Diazinon /L.l Use Diazinon as a post-éﬁe;gence basal spray p-
(piabrotica , : treatment applied in a band over the row
Spp.) ' when symptoms appear. e
carbofuran 0.85-1.1 Apply Furadan granules in an 18 cm wide band -
. . ‘ centered over the row at planting or in the
— _ @ seed furrow.
Wireworms carbofuran 1.1-2,25 Apply in seed furrow or in an 18 cm wide band

over the row at planting; may not be effec-
tive in dry weather. .
‘Diazinon 2.25 Broadcast bver/ehtire soil surface and work

. into the top }0 cm 1-2 weeks before planting
/ ,

T

1. These rQ§EE“E£F based on the latest information (1978-80) from the U,S, Dept. of Agric., North Carolina
State University, Clemson University (South Caroliqg), and CIAT.

0
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CROP AND PEST
MAIZE, cont.

INSECTICIDE

AMOUNT OF ACTIVE

INGREDIENT NEEDED
kg/ha

REMARKS AND PRECAUT1ONS

Seed corn beet-
les, seed corn
maggots, attack-
ing seeds

Diazirnon
wireworms
Lindane may,
also be used
(see label
for dosage)

mix dust or WP
seed at the rate
of 15 grams ac-
tive ingredient
per 10 kg of seed.

-

‘Handle treated seed with rubber gloves.

Other products like Lindane can be used.

White grubs
(Phyllophaga)

see wireworms

see wireworms

Don't usd more than 1.1 kg/ha ‘active ingre-
dient Furadan if white grubs are-the only
problem.

Aphids, maize
leaf (Rhopalo-
siphum)

Malathion

Caterpillars
feeding in the
leaf whorl
(Spodoptera,
Heltiothis,
etc.)

Garbaryl
Malathien

trichlorfon

1.?""‘2’.25
1.4

1.12

Direct spray into whorl; use lower rate on
young maize. '
Direct spray into whorl.

Direct spray into whorl or use Dipterex 2,5%
granules at 10-15 kg/ha (about a pinch per
whorl). , '

ks

Flea Beetles

carbaryl

Diazinon




\mop AND PEST .

MATZE, cont,

*

INSECTICIDE

AMOUNT OF ACTIVE
INGREDIENT NEEDED

kg/ha

REMARKS AND PRECAUTIONS

Malze rootworm
beetles (Dia-
brotica SPp.)

carbaryl

Diazinon

Malathion

1.1

1.1

1.1

Apply when there are 5 or more beetles feed-
ing on the silks of each ear. Direct spray

at the silks. : 4

< Stem borers
(Diatraea, Zea-
diatraea, Bus-
seola, Sesamia,
Chilo, Eldana)

Various non-
systemics like
carbaryl, Dip-
terex, Fura-
dan.

See caterpillars

Most non-systemics will control stemborers
if applied between hatching and stem entry;
timing is critical; spray the leaf whorl.
Furadan granules can also be used in the
whorl or at planting; check local ‘recommen-
dations, :

Lesser corn- -
stalk borer
(Elasmopalpu
lignosellus)

carbaryl
trichleorfon

Use general dos-
age rates given
in previous sec-
tion, -

Spray base of plants go that both stalk base
and nearby soll are covered,

SORGHUM
Aphids

Malathion
dimethoate

Diazinon

0.55-0.9
0.25-0,37

0.28

Do not use Dipterex or methyl parathion
since they injure sorghum,

Earworms Or
armyworms
feeding on
the -heads

carbaryl

1,7-2.25

Begin application when there is one medium
to large caterpillar per head. Don't ap-
Ply within 3 weeks of harvest,
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AMOUNT OF ACTIVE

CROP AND PEST INSECTICIDE REMARKS AND PRECAUTIONS .f;“1
SORGHUM, cont. INGREDIENT NEEDED -
kg/ha

Sorghum midge carbaryl 1.4-1.8 Wait until 30-50% of heads have begun to

(Contarinia bloom; begin spraying if two or more adult midges

sorghicola) Diazinon 0.28 are found per head; timing is critical; re=—"
peat in 3-5 days where adults still exceed two
per head.

Sorghum shoot See remarks - - " Seek local recommendations; Furadan may be

fly (Atheri- used at planting but should not touch the seed.

gona)

MILLET

Refer to sor-

ghum and maize

PEANUTS

Rootworms Diazinon 2.25-3.3 Apply in a band 40-50 cm wide centered over

{(Diabrotica) the row just prior to pegging and work into
top 5-7.5 cm of soil.

White grubs or Diazinon 2.25 Broadcast before planting and work into the

wireworms . top 7.5-10 cm of soil.

Thrips, leaf- carbofuran 1.1 Apply in the seed furrow at planting; reduce

hoppers, aphids dosage by 25% on sandy soils, especially

wireworms, at where runner varieties are used. Furadan is

planting treat- highly toxic orally.

3 6 Oment

sl
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1+ CROP_AND PEST
*" " PEANUTS, cont.

INSECTICIDE -

AMOUNT OF ACTIVE

INGREDIENT NEEDED
kg/ha '

REMARKS AND PRECAUTIONS

Lesser corn-
stalk borer
(Elasmopalpus
lignosellus)

Diazinon
granules

2,25

o

Apply the grarules in a band 40-45 cm wide
over the row; Don't apply unless damaged
plants exceed 10% before blooming or 15%
after; don't use plants for forage within 7
days or for hay within 21 days.

Caterpillars
on leaves

carbaryi

Pearmuts are quite tolerant of leaf loss; don't
apply unless there are 12 or more caterpillars
per meter of row length; apply while they are
still small. Don't feed Toxaphene treated
plants to dairy animals or to those being fin-
ished for slaughter, ,

Leafhoppers

carbaryl

Methoxychlor

May be applfed up until harvest.

Don't feed Methoxychlor treated plants for
10 days.

carbaryl

Malathion

Can be applied up to harvest
Don't feed plants for 30 days,

Don't feed plants to dairy animals or those
being finished for slaughter.

Sulfur dust

Apply to undersides of leaves once a week; al-
so controls leafspot desease (Cercospora).
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CROP AND PEST INSECTICIDES AMOUNT OF ﬁCTIVE REMARKS AND PRECAUTIONS
BEANS INGREDIENT NEEDED
kg/ha
Cutworms Baits 25 kg of bait/ha For bait recipes, refér to the start of unit
IX, this section. ”
trichlorfon 1.1 Spray base of plants and nearby soil.
' I
‘White grubs, carbofuran 6.9 Apply 1in an 18 cm wide band over the row or
wireworms ' in the furrow but not in direct contact with
the seed; Furadan has very high oral toxicicy.
’ Diazinon 3.3-4.5 Broadcast over entire soil surface and worked
.I - into top 10 cm before planting.
1.7 Banded over the row and worked fnto the top
10 co before planting. ‘.
Aphids Diazinon 0.55-0,85 -
Malathion - 1.4
naled 1.1
Bean leaf carbaryl 1.1-1.25 ' Use the lower rates on the bean leaf beetle.
beetle (Cero- '
toma) and Dia~- Malathion 1.4
brotica beetles
Methoxychlor 1.1-3.3 {
Diazinon 0.44
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CROP AND PEST INSECTICIDE™" AMOUNT OF ACTTQE/ REMARKS AND PRECAUTIONS !
BEANS, cont. INGREDIENT NEEDED ’ ) i \
~Bean pod'wee- carbaryl 2.25 Apply 6 days after flower initiation’ and then!..
vil (Apion . one week later. \ Sk
. godmani) : N
{granular) Methoxychlor ~ 1.7 .
endosulfan 0.55-1.1 )
- i
Earworms carbaryl 1.7-2.25
(He'liothis spp.) -
Methoxychlor 1.1-3.3
Leafhoppers ) carbaryl 1.1-1.7 T
Malathion 1.1-2.0
. Methoxychlor 1.1-3.3 iy
naled 1.1
carbofuran 0.7-1.0 -~ .Apply under the seed but not in direct con-
. tact} carbofurah has a very high oral toxicity;
/‘ control lasts 30—40 days. 1
Lesser coru- Diazinon '~ 1.1-2.25 Spray in a band 15 cm wide over the row to
stalk borer cover base of stems and nearby soil.
’ (Elasmqpalpus- .
lignosellus) trichlorfon 1.1
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CROP AND PEST

INSECTICIOE

|

/

AMOU&T OF ACTIVE

r

/
/

/

\ Y
REMARKQ/AND PRECAUTIONS

Don't apply within 3 days of harvest.

BEANS, cont. INGREDIENT NEEDED
L k;/'ha
Mexican bean carbaryl - 0.55-1.1 -
beetle (Epi- ' y /
lachna) . :
acephate 0.75 Don’t apply acephate within 14 days of har-
) o vest. _ . w
endosulfan 1.1 Don't apply within 3 days «of harvest. ’
Malathion 1.35 /
Diazinon 0.55-0.85
Methoxychlor '1.1-3.3
_Mites Kelthane 0.55-0,66 Don't apply dicofol within 7 days of harvest,
N dimethoate 0.28-0,56
\\ L
Slugs, Snails Metaldehyde,' 25 kg of bait
: carbaryl ¢gr . per hectare
trichlorfion J
Stinkbugs carbary 2.25
. (Nezara spp.) ; N
naled 1.7 Don't apply within 4 days of harvest.
! : : :
, endosulfan - 1.1
-
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Bee Poisoning Hazard of Pesticides

& Use insecticides of rela-

tively low toxicity and

Most bée poisoning occurs residual effect for bees.
when insecticides are applied duringll e Plug up or cover the hive
the crop's flowering period. Spray entrances the night be-

T drift is another hazard. To avoid fore spraying and then re-
open them once the resid-
bee kill: ual effect 1s over.
e Do not apply insecticides None of the fungicides is tox-
toxic to bees when crops . . ,
are flowerin:. Insect- ic to bees. ‘(he faqe is true with
icides applied as a dust most herbicides, although Gesaprim
i;:;?he POSt harmful to (AAtrex, Atrazine) and the 2,4-D
- . Y
: i
e Do not dump unused quan- . herblcides are low to moderate in
~ —titles of dusts or sprays toxicity.
where they might become a 1d
. t
bee hazard. Bees will Here is a partial 8? e o
sometimes collect any the relative toxicity‘of var ious
type of fine dust when insecticides for bees. Note the
pellen is scarce.
' . differences in residual effect.
WHEN APPLIED AS A SPRAY
Insecticide Toxicity to Bees Residual Effect
Aldrin .Very high Several days
ﬂ*Diazinon High One day
Dipterex B Low to High 2-5 hours
Lebaycid _ Very high 2-3 days
Kelthane (dicofol) Low ' S
Methyl parathion High ) Tess than one day
Malathion , Moderate (liquid) Less than 2 hours .
. o High {wettable powder) Less than one day
Metasystox Moderate None
Dimetho‘ate Very High 1-2 days
Sevin Moderate to Hish ‘ 7-12 days
- o \\
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Insecticide

Safety Guidelines

1.

Read and follow label '
instructions: 1If the
label is vague, try and
obtain a descriptive
pamphlet. HNot-all-dip-.
secticides can be applied
to all crops. In-

. appropriate use can dam-

age plants or result in
undesirable residues.
The label should state
the minimum allowable
interval between applica-~
tzon and harvest.

. Never buy insecticides

that come in unlabeled
bottles or bags; you may
not be buying what you
think. This i3 a seri-
ous problem in-develop~
ing countries where
small farmers often .pur-
chase insecticides in
Coke bottles, etc.

. When working with farm-

ers, especially those
using backpack sprayers
instead of tractor spray-
ers, NEVER use or recom-
mend those insectic'ides
in toxicity.Class 1.
Their safe use requires
extraordinary precau-

‘tiohs and safety devices

(gloves, special respi-
rators, protective
rlothing. etc.). When-
ever possible, avoid us-
ing Glass 2 products.
Unfortunacely, extension
pamphlets in many de:

T

L

~ garments.

10.

- veloping countries com-

_gloves and a suitable.
.respirator (good ones

Gusathion (Guthion).

monly recommend Class
1 and. Class 2 products.

1f using Class 2 insec-
ticides, wear rubber -

cost $15-525), as well

ag long pants and a long-
gleeve shirt; wear .rub-
ber boots if using a
backpack sprayer. This
clothing should be wash-
ed separately from other

Do -not handle plants

within five days after
treatment with a Class
1 insecticide or with

Do not handle plants within
one day of using methyl
parathion. °~

Class 1 and 2 insect-
icides are likely to be’
especially commoit in .
tobacco and cotton

growing areas.

Do not smoke or eat
while applying pest-
icides. Wash up well
af terwvards.

Repair all leaking hoses
and connections before ‘
using a sprayer.’

Prepare insecticide solu-
tions in a well-ventilated
‘Place, preferably out-
doors. '

Never;spray or dust on
very windy days or
against a breeze.




11.

12,

13.

14.

15.

16.

17.

‘ty precautions.

Notify beekeepers the
day bhefore spraying.

Insecticide poisoning
hazards increase in hot
weather.

Store insecticides out
of reach of children and
away from food and liv-
ing quarters. Store
them in their original
labeled containers which
should be tightly seal-
ed.

Leftover spray mixtures
should be poured into a
hole dug in the ground
well away from streams

and wells. - &

Do not contaminate steams

.or other water sources

with insecticides either
during application or
when cleaning

equipment.

Make sure insecticide
containers are never

put to any other use.
Burn sacks and plastic
containers (don't breath
the smoke). Punch

holes in metal ones and
bury them.

Make sure°that farmers
are well awvare of safe-
It is
important that they un-
desband that insecti-
cides vary preatly in
their toxicity.
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18. Make sure that you and
your client farmers are
familiar with the symp-
toms of insecticide
poisoning and the first
aid procedures given be-
low.

Symptoms of Insecticide Poisoning

Organic Phosphates & Carbamates
(Parathion, Malattion, Sevin, etc.)

Both groups affect mammals

ty inhibiting the body's production

of the énzyme cholinesterase which

regulates the involuntary nervous
system (breathing, urinary and bow-"
el control, and muscle movements) .

Dizziness, head-
ache, nausea,
- vomiting, tight-
ness of the chest,
\ excessive sweat-
ing. These are
followed or ac-
companied by blur-
ring of visien,
diarrhea, water-
ing of the eyes,
excessive saliva-
tion, muscle

Initial SymptomsL

twitching. and men-

tal confusion.
Tiny (pihpqint)
pupils are an-
other sign.

=

Late Symntoms: Fluid in chest. con-

vulsion, coma, loss
or urinary or bowel
control, loss of
breathing.
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Note: Repeated exposure to these

organic phosphate and carbamate in-

secticides may increase susceptihil<

ity to poisoning by gradually lower-
ing the body's cholinesterase level
without. producing symptom;. fhis is
a temporary condition. Commericafg
innecticide applicators in the U.S.
usually haﬁe their cholinesterqse!
levels routinely monitorud.

Symptoms of Chlorinated Hydrocarbon
Poisoning .(Aldrin,’ Endrin, Chlor
dane, Dieldrin, etc.) o

Apprehengion; dizziness, hy-
per-excitability, headache, fatigue,
and convulsions. oral ingestion may
cause convulsiguns and.tremors as the

first symptoms.

1. In severe poisoning,
breathing may stop,
which makes mouth to
mouth resuscitation the
first priority. Use
full ¢cpr if the heart
has stopped.

2

. If the insecticide has
been swallowed and the
patient has not vomited,
induce vomiting by giv-
ing a Lablespoen of sa2lt
dissolved ip half a’
glass of warm water. An

emetic like Emesis (syrup

M

of Ipecac} may be more

+ effective; This should

. be followed by 30 grams
(1 0z.) of activated
charcoal* dissolved in
water to help absorb the
remaining insecticide
from thé intestines,

3. Get the patient to a
doctor as soon as pos=-
sible. Bring along the
insecticide label..

4. In the meantime, make
the patlent lie” dowm
and keep warm.

5. If excessive amounts are

o | spilied :on the skin (es--
pecially in the concen-

trate form), immediately

remove clothing and bathe
the skin 1In generous a-

mounts of water and soap.

6. 1If the .eyes have been con-
taminated by dusts or
sprays, flush them im-
mediately for at least
five minutes with copi-
ous amounts of water.
Insecticide absorption
through the eyes is very

. rapid. '

Antidotes .
. Whenever "‘possible, antidotes
should be given only under medical

supervision. To0o much or too little

*Activated charcoal is made by heat-

ing charcoal to drive off jits absorbed
gasses. :

8.
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AppendixK -

Guidelines for

Applying
Herbicides

With Sprayers

~

.-

The farmer should calibrate his/

her sprayer when a pesticide needs
ta Pe applied at an accurate dosage
in order to avoid apﬁiying‘too'much,
which wastes money and might make %,
the product ineffective, When wofk-

ing with small fields, fa%mers can

" usually use generalized recommenda+

tions given in cc/liter or table-

spoons/gallon for insecticides and

most fungicides. However, most

herbicides require more accurate

apprication, which means that

sprayer calibrarion is usually

a

¥

The Principles
Involved

L4 . [

“fhen a pesticide recommendation
is given in terms of kg/ha or 1lbs./
acre of active ingredient or actual
product, the farm needs to know two
things before he/she can apply the
correct dosage: '

¢ The amount of pesticide needed
for his/her particular field.

¢ The amount of water needed to
convey the pesticide to the
plants or soil and give
adequate coverage.

Once these are know, it is a simple
matter of mixing the correct
amounts of water and pesticide
together, then spraying.

‘ ]
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Calibration of

‘Backpack Sprayers -

NOTE: Only backpack sprayers with
continous pumping action shouid be
usced when callbrationois needed;
compression type sprayers (the garden
variety that needs to be set down

to be pumped up) are not suitabie
because of their uneven pressure.

Step L: Fill the sprayer with three.

to four liters of water and begin
spraying the soil or crop using the
same speed, coverage and pressure that
will be used in applying the pesiticide.

Measure the area covered. by this g int of

watef. Repeat this pro~adure several
times to determine the average area

spraved,  You can measure the area
in turms ol squre feet or in terms of
" row length.

Step_2: Based on the area covered,
vou can calculate the amount of

water needed to cover the field.

For example, if-three liters covered
60 square feet, and the field measures
20 = 30 fFeét, it would take 30 llters
of water to cover the field.

ftep 3: DEtermineﬁthe_number of
sprayer tankfuls of water needed to
cover the field. Tor example. if
tiwe backsack sprayer holds 15 1, it
will take two tankfuls to cover the
(Ix‘ld @

Step 4@ Determine how much actual
pCbtiCldL is needed fur the field.
1f. 4 kg of Sevin 50 percent wettable

‘“5623_

powder are needed per hectare and
the farmer's field is 600 square feet,

this would mean that 240 1 of insecticide

are required. Here's how we worked

it out: ) ”
600~sq. m = X
10,000 sq. m © 40Q0
= 240

Step 3: Divide the amount of‘pesti-v
cide needed. for the field by the
number of- sprayer tankfuls of water
to determine how much pesticide is
needed per tankful:

240 g Sevin 50% WP = 120 g Sevin/
2 tankfuls tankful

NOTE: A sprayer should be recalibrat-
ed each time it is used on a.
different crop, different

stage of crop growth or when
another pesticide is used.

Alternate Method -
Using Row Length

When a pesticide is to be
applicd to a crop grown in rows,
,you can use row length instjead of
area as the'basis for calibratidn.

PROBLEM: Label instructions advise

Juan to apply Malathion 50 percent
strength liquid at the rate of 4 1/ha.
His field measures 40 x 50 m and the
bean rows are spaced 50 c¢cm apart.

His backpack sprayer hoid 15 {.-aqd

.y
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he needs to knéw how much Malathion
should be added to each tankful.
- SOLUTTON ' )
1. Follow the same procedure as
with Step 1 of the first method

but measure the amount of row
length covered by the 3-4 1

2000 sq. m = X 1 Malathion
10,000 sq. m 4 1 Malathion

X=0.81or 800 cc of
Malathion needed

Find out how much Malathion is -
needed per sprayer tankful
based on a capacity of 15 1.

instead of area. Suppose that 50 1 of water needed = , 33
Juan was able to cover 150 m 15 1 tank capacity ’
of row length with 3 1. tankfuls
. needed
2. i t of ro N
Find out how many meters Of row 800 cc Malathion = 240 cc of
length his field has. Let's 3,33 ful Malath;
say the crop rows are rumning . tankfuls 507a§izogd .
1 i.e. : o~ 1qui
the long way (i.e. 50 m) needed per
* Number of rows x 50 m = field's 5 sprayer
total row length tankful
Number -of rows = 40 m b
. 0.8 m
(i.e. the field's width)

(80 cm)

50 rows x 50 m = 2500 m of row
length in Juan's field

3. Find out how much water will be
needed to cover the 2500 m of
row length based on 3 1 per

Calibration of -

Tractor Sprayers

eachllSO m . .
150m = 31 Things To Do Before Calibrating a
2500 m X1 Sprayer
150 X = 7500 ® Rinse out the tank and refill
- X = 50 1 of water needed

to cover the field

4, Find out how much Malathion
- 50 percent liquid will be
needed for the field bLased
_ + on 4 1 of the pesticide per
hectare (10,000 sq. m). Since

Juan's Field measures 40 x 50m,

its area is 2000 sq. m.

it with clean water.

Remove. and clean ..l nozzles
and screens. Use an old
toothbrush.

Start the sprayer and flush
the hoses and hoom with plenty
of clean water.

Replace screens and nozzles and’

363




make sure that they are of the
correct spray pattern type and
size. ' -

Check al{ connections for leaks.

[

Adjust the pressure regulator
to the correct pressure with
the tractor engine running at
ficld operating speed and with
the nozzles running.

Chweek the water output of each
nozzle and replace any that are
15 percent above or below the
av?ragc.

.

Remember to:

Calibrate the sprayver using the
same tractor speed and spray
pressure that will be used to
apply the pesticide.

When using water to calibrate,
the spray rate of--the water may
differ somewhat from that of the
actual pesticide-water solution
due to differences in density
and viscosity,.

w

Calibration Method

[ L&)

Drive the tractor at field
oputating speed in the appro-
priate gear and measure the
distance covered in terms of
meters per minute (1 k.p.h. =
16.7 m per minute)

Uperate the sprayer at the
currect pressure with the
tractor Statiounary, and
measure the total -output of
the spray boww in liters per .

) -

minute, ‘To do this, fuge 2 jar
to measure the individual
output of several nozzles,
calculate rhe average, and
then multiply this by the
number of nczzles to get the
total output.

3. Measure the width of coverage
of the spray boom in meters,
Do this by multiplying the
fumber ¢f nozzles on the boom
by their spacing in centimeters
and then divide by 100 to cobtain
the total width in meters.

. 4, Use this formula to deter e

how many liters of water ..
needed per hectare:

Liter/hectare = 10,000 x output of
. tractor speed in m/min.

spray boom in 1/m .

x boom width in m

. Once vou know the volume of water

needed per acre or hectare, you can
determine how much pesticide needs
to be added per tankful ef water

by using the same proceduré as-given
for backpack sprayers. -

Adjusting Sprayer Qutput '

If the water outpuﬁ is too low or

too high per hectare, change nozzle

sizes or traétor=sgeed. Changing the

spraying pressure is relatively

ineffective and may distort the spray
pattern or cause excessive drift.
ﬁressure must be increased four-feold

Lt

in order to double output. ;

/
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HOW to : ‘water and spray a few gensitive

plants (tomatoes, beans, cottog,

Clean SPl‘ayel‘S . : , etc.). If injury signs are .not

noticed within a day or two,
the sprayer is probably safe
to use on broadleaf crops.

4

In most cases, herbicide .

NOTE: Household ammonia or lye may
damage the inner pressure cylinder
sprayers by rinsing them out ° 1f 1t is made of brass; in this case,
use activated charcoal as below.

<\_________1:_43.3idues can be removed from

thorouphly with soap and water.

However, thelphenoxy herbicides i?rw;::izorsig:azir:;dauzzht?g'gggggs
(2,4-D, 24-5-%, MCPA, Tordon, etc.) mix of washing soda and lye) 250 grams
per 100 liters In the same way as

) for backpack sprayers. Activatéd
cleaning procedures, and contami- . charcoal, if av.ilable, will do a

very quick job in just two to three

_ minute$ when used at 1 kg per 100
when used to apply pesticides liters. Rinse out the sprayer with
soap and water afterwards.

cannot be removed with normal
nated Sprayers may cause damage

to broadleaf crops. In fact, ,
Symptoms of phenoxy herbicide damage:
Only broadleaf plants are affected.
separate sprayer for applying In minor cases, the leaves show a

. ' slight .dowmward curvature. If injury
phenoxy herbicides, but reasonably is severe, leaves and stems become

- good cleaning can be achieved as very curved and twisted with consi-
: derable leaf distort: .

farmers should preferably use a

follows:,
All washing should be done at a site
away from drinking water sources for
people or livestock or water bodies
that might be -polluted by the

" washwater.

For backpack (knapsack
sprayers: Fill the sprayer
..with water and add household
ammonia at the rate of about
20 cc (ml) per liter of tank
capacity. Spray part of
the mixture out through the
nozzle, and then let the
sprayver sit for a day.
Spray out the rest of the
solution and then rinse with
detergent and water. To test
the sprayer, refill it with

bl
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AppendixL .
Important PIantmg |
‘Skillsfor ~ - 0
Extension Workers

-

Most extension_woricers need Ca.lClﬂatiOI'l Of
five basic planting skills: A : ‘
1. How to calibrate a planter. Final Stand

2. How to calculate the prob-

able final stand, given seed ‘ The calculation of the final -
. spacing and row width. )

stand is accomplished by the follow~
3. How to calculate the in~ - :

row seed spacing needed to ing formula: ‘
provide a given population Plant population/ha =

at i row widths.
various W 8. 190, 000, 000 cmzlha

4. How to determine the amount

of seed needed for a given ’ ~ seed spacing row width
field s.ze. . in the row X in cm
: o in cm .
5: How to Jetermine a farmer's .
actual plant population in * For example, if the row width is 40
Ehe field using a measuring cm and seeds are spaced 10 cm apart.
ape. .
the final gtand, assuming 100 percent
germination and no plant mortality, ,
- - . " would have:
' Lo 100,000,000 _ '
5 ‘.TX_T(T‘ 50,000 plants

367 _ “
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Likewise if the crop is planted in
hills the calculation made is:
Plant population/ha =

100,000,000 (cm”/ha) x
number of seeds/hill
row width (cm) x hill spacing {cm)

Thus planting in 50 ¢m width with
.50 cm between hills and two seeds
planted per hill yields:

100,000,000 x 2 _
50 x 50 -

80,000 plants/ha

The su..c formula can Be usdd to
calcutate the in-row seéd spacing
neceded to providé a given popula-
tion at various row widths. For
exampie. if an oﬁtimél population
of 106,000 plants/ha is desired,
then:

100,000 plants/ha = + 100; 000, 000-" - -

gow seed
) width & spacing
{cm)

or:
row width*x seed spacihg = 1000 cm2
This onating

10

. a
can be achieved using:

cm
cm

seed—-spacing in 100
row width,

20 cm

cm

seed-spacing in 50
row width,

i .
cm seed-spacing in .
arprox. 70 cm- rows, etc,

15

.
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Note again that the calcula-

tion does not account for losses
due to poor germinmation or plant
mortality., You may want to ‘plant
15 or 20 percent more than the
amount you wish to harvest 13 orqer
to account foE these probable "

losses.

N\

N

How to Determine
Amount of Seed
Needed to Plant -
A Given |
Field Size

4

a

You first ﬁeeg to know how’
many seeds of each crop are con- :
taineﬁ in & kilogram. The most ac-
curate way of calculating this is
to weigh ou- a 60 g sample of thé
seed and count it if you can find a
reliable scale (i.e. at the post
office or at a pharmacy). Multiply-.
ing the number by 10 will give the

number of seeds per kileogram. Other-

/[
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‘wise, you can use the table below as

a rough guide: '
: Table 15

Number of Seeds per’Kiiqg;am

1760-2860
26,400-44,000
1100-1540
3000-3960

:'3960-5040

Maize
Sorghum
Peanuts
Beans
Cowpeas
To find the kilograms of seed needed
per hectare, simply divide the number
of seeds needed by the number of
seeds/kg. Multiplying this times
. : ' 7
the size of the field in hectares
will give the total amount of seed

required.

How to Detenﬁine
A Farmer’s Actual -
Plant Population.

When troublashooting a farm-
er's field,iiﬁ is nsually valeable
to check out hié plant'populatioh,
sipce this has an importanf influ-

"ence on yleld potential and response

"to fertilizer. This can be easily

.done by counting the plants in

5~10 randomly selected strips of
row each equal to 1/1000th of a /

hecfére.

Step 1: First determine the field's
average row width by meas~
uring the distance across
10 complete rows and then’

. *dividing by 10. Do this

. at several random loca-
tions to get a represen-

tative average.

Refer to the 1/1000th
hectare row lqufh chart:

for the proper
random:selection procedure.

Step-2:

Select at random five to ten
row strips of the appropriate
length and count the num-
ber of plants in each and
record 1it. :

. /

f

Multiply the Average num-
ber of plants in the row
strips by 1000 to yield
the plant popylation.per
hectared -

Step 3:




| How to Make
A Pre-Harvest
Yield Estimate

1

‘ A pre-harvest yield estimate

can be ac%urate'to within 5 percent,

. of thg*ac#ual harvested yield if
_the corréct procedure is used. When

working with trial and demonstration

plots, ypu should always take such .-

a pre-he&veet yield semple of- both

the tcstlplot'ehd the control plot.
I‘ - s,

There is/ always the chance that the
plots might be inadvertently har-
vested bpfore the agreed-upon time

githout':he yields being measured.

Lre~-harvist yield. sampling is also

a quick way of estimating crop

" yic.Jds ip farmers' fields.

Ccnera! Ptinciples
Ot Yield Sampling,

Sampjes should be collected at
randém for various port¥ons of
the {ield or plot. Do not pur-
posely select samples from .
higher- or lower-producing

areag within the plot or vour

i i
! !_,. 7

\
j

estimate may be very inaccurate.
A random sampling patternf
should be determined before

you enter-the field so you will
not be tempted to cho?se them
by vi appearance.

Don't collect yield samples more
than one’week before the actual
' harvest.

When taking each sample, the .
area (or row length) to be har-.
vested must be precisely meas-
ured. Do not estimate! .
Remember that any error in the
sample area size will be mag-—
nified hundreds of times Wwhen
converting- the yield to a’
larger' land unit basis.

You must adjust the sample
weights to account for faCtors
like excess moisture, damage,’
and foreign matter.

How to Take
Samples and
Estlmate Yxelds

1.

1

The Sampling Proeeduref

a. Number of samples: For plots
ﬂess than 8.5 ha, take a mini- -~
mum of five &amples. For .
ﬁplo;s of over 0.5 ha, ‘take/
‘between five and ten. If;
crop growth ig not very uni- .

“form, take tep samples. f
- {

Size of each’ sample: Tdke
_‘each sample /from the same -
sized area ,or same amount
of Tow length. Indlvidual

1
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sample size should be be-
tween 2,5 and 5.0 square
meters, For row crops, the
area of a sample 1is deter-
mined by multip}ying row
length by row width, (Har-
vesting three mk
row planted in Hows one
meter wide will %ive you a
- sampling ‘area of three square
2 - meters,) Alternatively,
, 1' use a section of row length
d equal to 1/1000th of a hec-
i tare, This will make later
¥ math calculations simpler,
and the 1/1000 ha row length
can be taken from the follow-
ing table,

=

1/1000th hectare

/ - Row Wiqgg Row Length
/ 50 cm 20,00 m .
‘ 60 cm 16,67 m :
70 em 15.28 m
75 ¢cm 13733 m
80 ocm 12.50m
90 cm 11.12 m
: 100 cm . 10.00 m |
; 110 cm r 9.10 m ;

¢, Taking alrandom sample:
Decide oun the sampling pa.-
tern before entering the
: field,  and do not deviate
[+« from it, To randomize, the
I . . field can be divided up
into sectionsand each sec-
J tion givlen a number drawm
! from a hat., Or you can
pick randomized. starting
points at the side of the
field ahd then enter ran-
dom distances from the

.. starfing point. A 3053}

n

ters of corn

. Handling the Samples:

system for row crops 1s to
number the rows and select
them at random, then select
the distance into the row
(f1eld) at random. ' NOTE:
Exclude thrée meters or °
four rows of perimeter

from your sampling area
along all four sides of the
plot to endure sampling
from the heart of the plot,

Accuracy: Use a tape to meas-
ure each sampling area or row

length, Use an accurate scale
te record the total welght of

the samples within one plot,

The sam-

“Welghing the Sample: | Useé an

ples/ should be harvested and
pro¢essed according to local
prevailing methods. If drying
isZrequiged before shelling or
~hteshing, be sure the loca-’
tion 1s secure and free from
rodents or birds, ;

Il

"Checking Grade:

accurate portable scale. You
do not need to weigh irdividual
samples separately, but only.’
the total collective sample
from the plot, If you cannot .
find a good portable scale,~"
heve the grain weighed in towm.

Take a random
sample of the collective sample
and have it checked for mois-
ture ¢mtent and any other
graded qualities if necessary.®
(Refer to the storage section

in Chapter 7 for how to deter-
~ine grailn moisture cgntent.,) .

1




Yield Caleulations:
Size of totul somple area =

size of
x individual
sample areas

No. of
samples

Estimated yield =

- total size
of the plot
total sample

area b

weipght of
cotlective
sample

Coxrecting for Moisture: Yields
are usunlly based on grain that
ig dry cnough to store in
shelled form (usually 13-14
percent moistute content). 1f
yon'haso,your estimates on the
woight of a high moisture sam=
ple, you should revise the yield
downward using this simple
formila (atherwise, dry:the
prain [irst).

Genin weight after drying <

7 dry matter
hetore drying
% dry matter
after drying

original
grain weight

Suppose ¥You weigh a
collect ive sample
of “wet' grain 2nd
then estimate the

- plot yield to be

equal to 3500 kg/ha.
A moisture test shows
the sample has 22 per-
cent moisture; what is
the actual yield based
on 13 percent mois-

T ture?

Eigmnlc:

22% moisture = 78% dry matter,
13%2 moisture = 877 dry matcer

78%

87% X 3500 kg/ha =

3138 kg/ha yicld
based on 13%
moisture

AYield

Estimate
Example

Suppose you are taking a

yield estimate on a farmer's maize

plot which is slightly less than
0.5 hectare. The rows are planted
90cm apart, and you decide to take
six samples, each consisting of
1/1000th hectare of row length.
The collective weight of the
shelled, dried maize is 18 kg, What
is the estimated y}eld on a per

hectare basis?

Solution:

area of - 6/1000ths’
collected sample of a hectare

60 sgq. meters

10000 sq.m (1 hecrare) _
18 kg x 60 sq. meters -

3000 ke/ha
estimated yield
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Glossary

Crop rotation: The repetitive grow-
ing of an orderly succession
ol crops on the same field.

number of local farms to com-
pare a new practice or "pack-
age" of practices with the pre-~
sent practice or practices. It
is designed to obtain informa-
tion, not as a demonstration,.
Fungicide: Any pesticide that kills
or halts the development of
Cfungi.”
Herbicide: Any pesticide chat kills ¢
weeds . : .
livbrid: A type of improved crop var-
icty produced by crossing two
. or more inbred lines of a crop.
Legume: Any plant belonging to the Leg~
uminosae Family whose members all
produce their seeds in pods. Leg-
umes can satisfy part or all of

their nitrogen needs through a sym-

biotic relationship with Rhizobia
bacteria that form nodules on the
roots. Beans, cowpeas soybeans,

mungbeans, lima beans, chickpeas,
pigeonpeas, and peas are legumes.

Monoculture: The repetitive growing of a

single crop on the same field year
after year.
Multiple cropping: The growing of two or

more different crops ar the same
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time on the same field: also
referred to as intercropping.

Nematodes: Tiny, colorless, thread-
like roundworms that live in
the soil and parasitize plant
roots.

Nitrogen fixation: The beneficial pro-
cess by which Rhizobia bacteria
convert atmospheric nitrogen in-
to a usable form for plants.
Rhizobia bacteria are associated
only with legumes.

Phosphorus fixation: The process by
which added fertilizer phos-
phorus becomes tied-up as in-
soluble compounds in the soil
and unavailable to plants. Phos-
phorus fixation is a problem on
all soils but is especially sev-
ere on highly weathered, acid,
red tropical soils.

Pulse: A legume crop whose mature dry
seeds are suitable for human con-
sumption; examples are beans,
cowpeas, soybeans, chickpeas, and
mungbeans.

Result test: See field trial,

Rhizobia: A type of bacteria associated
with legumes and capable of nit-
rogen fixation.

Soil texture: The relative amount of
sand, silt, and clay in a given
soil.

Soil tilth: The current physical con-
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- dition of a soil in terms of its
workability and ease of moisture
absorption. A soil's tilth can
vary markedly with its texture,
humus content, and current mois-
ture content. )

Systemic insecticide: An insecticide
that is absorbed ‘into the plant .
sap and translocated (transport-~
ed) throughout the plant.

Threshing: The process of separating
the seeds of cereal and pulse
crops from the seedheads, cobs
or pods.

Tillering: The production of side-
shoots by a crop during its grow-
th; tillering is common in mil-
let and sorghum.

Transpiration: The loss of soil mols-~
ture by plant root absorption and
passage into the air through the
leaf pores.

Winnowing: The process of separating
chaff and other light trash from
threshed grain using wind, fan-
driven air or screens.




Bibiiography

Disease |dentification
And Control

American Phytopathological Society.
"A Compendium of Corn Dis-
eases." American Phytopatho-
logical Society, 3340 Pilot
Knob Rd., St. Paul, Minnesota
55121. Very complete and
als¢o incliudes control meas-
ures.,

Clemson University Cooperative Exten-
‘sion Service. "Soybean Dis-
eases Atlas.” Clemson Univer-
sity Cooperative Extension
Service, Clemson, South Caro-
lina 29631. One copy free,
Includes identification and
control.

—————————— . "Soybean Insects, Nema-
todes, and Diseases.'" Circu-
lar 504, Clemson University
Cooperative Extension Service,
Clemson, South Carolina 29631.

International Center for Tropical
Agriculrture ipn Colombia
(CIAT). "Field Problems of
Beans in Latin America.”

CIAT, Apartado Aereo 6713,
Cali, Colombia. $5.60 plus
postage. Includes diseases,

=

L .

PO

insects, and hunger signs along
with control measures. Avail-
able in English and Spanigh.

International Crops Research Institute

(ICRISAT). '"Sovrghum and Pearl
Millet Diseases Identification
Handbook." Information Bulletin
No. 2, ICRISAT, P.0. Patancheru
502 324, Andhra Pradesh, India.
One free copy. Available in
English, French, and Spanish.
Handy pocket guide but gives
little information on control
methods. B

International Maize and Wheaé

Improvement Center in Mexico
(CIMMYT) . "Maize Diseases:

A Guide for Field Identifica-
tion." Information Bulletin
No. 11, CIMMYT, Apartado Pos-
cal 6~64i, Mexico o, D.F.

One copy free. Available in
English and Spanish. Handy
pocket guide to identifica-
tion but gives little infor-
mation on control methods.

Texas Agricultural Extension Service,

"Sorghum Diseases.”™ Bulletin




United

1085, Texas Agricultural Exten-
sion Service, Texas A&M Univer~
gity, College Station, Texas
77843, 1Includes both identi-
fication and control.

States Department of Agricul-
ture. "Bean Diseases: How to
Control Them." Agriculture Hand-
book No. 225, United States
Department of Agriculture Agri-
cultural Research Service.
Available from the Superin-
tendent of Documents, U.S. -
Government Printing Office,
Washington, D.C. Not as com-
plete as the CIAT bulletin.

Grain Storage
And Drying

Baikaloff, A.

-

"A Crop Drying Guide
for the Queensland Peanut
Grower.'" Peanut Marketing
Board, Kingaroy, Queensland,
Australia, $2 U.S. plus post-
age. Covers low-temperature,
forced~air drying of bulk and
bagged peanuts using motor-
driven fans.

Food and Agriculture Organization of

the United Nations. Handling
and Storage of Food Grains in
Tropical and Subtropical Areas.
Food and Agriculture Organi-
zation of the United Nationms,
Via delle Terme de Caracalla,
00100, Rome.

Lindblad, Carl. Programming and

Training for Small Farm Grain

Storage. PT&J Series. Avail-
able from Peace Corps/ICE, 806
Connecticut Ave., N.W., Wash-

ington, D.C. 20525.

Lindblad, Carl, and Laurel Druben.

1976. Small Farm Grain Stor-

Midwest Plan Service.

Ohio State University.

‘age.

ACTION/PC Program and
Training Journal Series No. 2.
Peace Corps/ICE, 806 Connect-
icut Ave., N.W., Washington,
D.C. 20525. Very comprehen-
give and includes design
details for dryers and storage
facilities.

Low Temperature
and Solar Grain Drying Handbook.

" Midwest Plan Service, Iowa State

University, Ames, Iowa 5Q011.
$3 plus overseas postage.

"Corn Harvest-
ing, Handling, Marketing in Ohio." .-
Bulletin 502, Cooperative Exten-
sion Service, Ohio State Univer-
sity, Columbus, Ohio 43210.
University Cooperative Extension
Service. "Selecting a Grain
Drying Method."” Bulletin AE-67,
Purdue University Cooperative
Extension Se*vice, Lafayette,
Indiana 47907.

(-4

Hunger Signs
In Crops

Aldrich and Leng.

CIAT.

Sprague, H.W., ed.

Modern Corn Produc-
tion, 2nd ed. F&W Publishing Co.,
22 E. 12th St., Cincinnati, Ohio.
Fileld Problems of Beans in Latin
America. 1978. Series GE-19,
CIAY, Apartado Aereo 6712, Cali,
Colombia.

1964,

in Crops, 4th ed.
Co., New York.

Hunger Signs
David McKay




Implements and P.0. Box 5125, Raleigh, NC 27650.

Equipment Single copy price for 1981 is
$5.00 plus postage. Comprehen-
sive gulde to pesticide sélection,

’watson’ .Pater. 1981. Animal Trac- safety and dOSageS.

tion. Peace Corps/ICE,
Covers the selection and car- = Soi

0il Management
ing of draft animals and the And Fertihgzer Use
use of basic animal-drawn
tillage and cultivation
equipment,

<

Peace Corps. A 1981. Soils, Crops, and

Insect
Identification
And Control

Fertilizer Use. Peace Corps/ICE,
Reprint R8. A what, how and why
guide to soil management, deter-

mining fertilizer needs, and
using organic and chemical fer-
tillzers appropriacely under
small farmer conditions.

CIAT. Field Problems of Beans in
“Latin America. CIAT. Apar-
tado Aereo 6713, Cali, Colom-
bia. $6.50 plus postage.

Fichter, G. lnsect Pests. Western
Publishing Co., 1220 Mound
Ave., Racine, Wisconsin
53404, $2.95 plus postage.
Excellent pictorial and des-
criptive pocket guide of
worldwide usefulness.

Hill, D. Agricultural Pests of the
Tropics. Cambridge Univer-
sity+Press, London, 1975.

A useful addition for a Peace
Corps in-country ag library;
well illustrated.

Weed [dentification
And Control

Clemson University. 'Weeds of the
Southern U.§8." Clemson Univer-
sity Cooperative Extension Ser-
vice, Clemson, 5C 29631. Con-
tains pictures and descriptions
of some 150 common weeds of the
tropics and sub-tropics.

N Winged Beans
Pesticide Use

National Academy of Sciences. "The
Winged Bean: a High Protein Crop
for the Tropics.”™ Available

tural Chemicals Manual" from that National Technical

(revised yearly). Division : information Service, Springfield,

of Continuing Education, VA 22161, 45 pages. $4.50.

' Single copies free.

Division of Continuing Education.
“North Carolina Agricul-

389




United States Department of Agricul-
ture, 1978. ‘''Vegetables of
the Hot-humid Tropics--Part I:
The Winged Bean."” United
States Department of Agricul-
ture Agricultural Research
Service. Available from the
Mayaguez Institute of Tropical
Agriculture, Box 70, Mayaguez,
Puerto Rico 00708. 22 pages.
Questions some of the claims
made for the crop.

University of Illinois. The Winged
Bean Flyer. University of
Illinois Department of Agron-
omy, Urbana, Illincis. A
newsletter devoted to the
winged bean.




- References

For more specific information

on crops contact the follow-

ing international crop inpro-
. vement associations:

The International Center for Tropical
Agriculture in Colombia (CIAT):
focuses on maize, beans, and
casava (manioc). Address: A~
partade Aereo 6713, Cali, Col-

. ombia.

The International Crops Research In-
stitute for the Semi-arid
Tropics in India (ICRISAT):
focuses on millet, sorghum, pea-
nuts, chickpeas, and pigeonpeas.
Address: Patancheru P.0., Andhra
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Plant population 129-33 Spike-tooth harrow 111-12, 184
calculating the final stand 365 Sprayers '194-7 -
recommendations 129~32 guidelines for using 196, 223-8
Planters nozzle types 224-7 '
types of 123-6 ) Storage
Planting insects 204, 290-94
depth of 134-5 methods . 284-6, 295-7, 288-90
equipment 123-6 Striga 189-90
hill versus drill 128 Systemic fungicides 258-9
methods 123-6, Systemic insecticides 216-17
Potassium 140, 157
Pulse crops 35-38 . Temperature 11-12
Plant spacing 126-9 Threshing 271
Tillage
Quelea bird 266 depth of 105-7 .
, - equipment 107-13
Rainfall 12-15. 30’ ' methods 101-7
Rhizobla bacteria 37
Rodents 267 Virus diseases 230-31
Rototiller 110 , | .
Row width 128-9 e Water management 172-5

Weed control 180-90




pre-planting 180-83
post-planting 183-90
Weeds
annual versus perennial 178-80
broadleaf versus grassy
versus sedge 178
identifying 180

Winnowing 272

Yield guidelines
cowpeas 72
maize 43-4
miller 61
peanuts 64
sorghum 50-53 -
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Since 1961 when the Peace Corps was created, more than 80,000 U.S. citizens have served
as Volunteers in developing countries, living and working among the pecple of the Third

world as colleagues and co-workers.

Today 6000 PCVs are involved in programs designed

to help strengthen local capacity to address such fundamental concerns as food
production, water supply, energy development, nutrition and health education and

reforestation.

loret Miller huppe, Director
Edward Curran, Deputy Director Designate
Richard B. Abell, Director, Office of Program Developrent

Peace Corps overseas off fces:

BELIZE
P.0. Box 487
Belize City

HENIN
b Y71
Cotonou

BUTSWANA
P.U.L Box 93
Laborone

CAME ROON
BF nl7

Yaounoe

CENTRAL AFRICAN
REPUBLIC
BP lugy

Bangui

CUSTA RICA
Aj.artado Postal
1266

San Jose

DOMISICAN REPURLIC

Aparcant Postal
1414

Santo Dringo

EASTERN CARRIBHEAN
Incluaing: Antigua
Barnados, Grenada.
Montserrat,

St, Kigks-Nevis,
st.Lucia,St.
vincent, bominica
"Erin Court" '
Bishops Court Hill
P.O. Box 696-C
Briagetown, Barhados

ECUADOF
Casilla #35-a
Quito

FIJI
p,0, Box 1094
Suva

GABON .
8P 2098

Libreville

GAMBIA, The
.0, Box 582
Baniul

Ghana
P.0. Box 5796
Acera (Noreh)

GUATEMALA

6a Avenida 1-46
Zona 2
Guaterala

HONNURAS
Apartado Postal
=51
Tegucigalpa

JAMATCA
9 Musqrove Avenue
Kingston 1u

KENYA
Poﬁo Box nslae
Nalrobi

P

LESOTHO
P.0. Box 554
Maseru

LIBERILA
Box U7
Monrovia

MALAWI
Box 208
L1 longwe

MAILAYSIA
177 Jalan Raja Muda
Kuala Lurpur-

MALL

_ bBP B85
Banako

MAURITANLIA
RP 222
Nouakchott

MICRONESIA

p.0. Box 336
Saipan, Mariana
Islands

MORUCCO
1, Zanguat Benzerte
Rahat )

NEPAL
P.O. Box 13
Kathmandu

NIGER
Bp 10537

Niamey

OMAN
P.0, Box 966
Muscat

PAPUA NEW GUINEA
P.0. Box 1790
Boroko

PARACLIAY
c/0 American Embassy
Asuncion

PHILIPPINES
p.0. Box 7013
Manila

BRANDA
c/o Arerican Embassy
Kigali

SENEGAL.
BP 2534
Dakar

SEYCHELLES
Box SkR4
victoria

398

SIERRA 1EVNE
Private Malil Bag
Freetown

SOLOMON ISLANDS
.0, Box 547
Honiara

SWAZLLAND
p 060 ‘BOX 362
Mbahane

TANZANLA
Box 9123
Dar es Salaan

THAILAND

42 Sol1 Sorprasong 2
Petchhuri Road
Bangkok 4

TJOGO
BF 3194
Fome

TONGA
BP 147
Nuku ‘Alofa

TUNISIA s
B.P. 96

1002 Tunis-Belvedere
Tunis

UPPER_VOLTA
BP 537-Sarandin

Ouagadougou

WESTERN SAMOA
P.0, Fox RRE

Apia

YEMEN
P.0. Rox 1151
Sans'a

2AIRE

BP 697

Kinshasa




