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Peace Corps' Information (ollection & 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 availabie to the wide range of
development organizations and individual workers who might
find them useful. Training guides, curricula, lesscn 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-
mlttotheInfomathCbllect.wn&hmhangetmsbecwe '
part of the Peace Corps' larger contribution to development.

Information about ICE publications and services is available
through:

Peace Corps

Information Collection & Exchange
Offive of Brogram Development

806 onnecticut 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 develcpment 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 most updated, innovative
pProblem-solving techniques and information available to
you and your fellow development workers.

‘Peace Corps
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/' B
Antroduction

This manual presents a simple. step-by-step description
of irrigated rice production in Sierra Leone. It is geared
Specifically to. the role and needs ¢f Peace Corps Volunteers,
who since the mid-1970°'s have worked as agriculture extension
agents in the Sierra Leone Ministry of Agriculture and Fores-
try (MAF). Placed in rural areas throughout the country,
Volunteers work with local farmers as advisors, co-workers,
and friends in helping introduce a new farming .technology:
water control agriculture. As extension agents, their role
includes surveying undeveloped swamps, designing effective
water control systems, and teaching farmers productive and
appropriate rice cultivation practices.

This manual is intended to serve a dual purpose. AS a
training manual, it should complement the curriculum taught
during pre-service training. As a field guide, it should
provide a ready source of technical “information during the
growing season.

RBecause most Peace Corps Volunteers entering the Sierra
Leone agriculture program have no férmal background or training
in tropical agriculture, the descriptions and "technical”
explanations have been greatlvsimplified throughout. While
det: led technical material on irrigated rice production is
abundantly available, 31mp11f1ed sources are rare oOr
nonexistant. This manual is designed to fill that void.

The Volunteer who is able to grasp the information contained

in these pages will possess more than enough technical expertise
to serve as an effective extension agent. For those interested-
in reviewing more technically-oriented material, such material
is abundantly available from sources such as: Ministry of
Agrlcultu;e and Porestry Stations, the Feace Corps Resource
Center in Freetown, Rokupr Rice Research Station, Njala
University College, Peace Corps Information Collection and
Exchange (ICE).

* * *

This manual was first assembled (from a variety of
sources) i September, 1978 by a group of Peace Corps Volun-
teers including: Phil Aaker, Mark Carroll, Joe Conn, NMichael
Morris, Brian Morrison, Dan Nagengast, Dick Walker, and Lee
White. Jeff Hill later read sections of~the draft and offered
comments.. It was revised and extensively edited in April, 1980
by Michael NMorris.




CHAPTER 1 -

RICZ MCREHOLOGY

Introduction

For many of you. this will be your first exposure to
rice as a plant. This chapter provides a brief introduction
to the physical parts of the rice plant -- what botanists
call the morphology. It is intended to be neither highly
techaical nor cornprenensive. A basic urderstanding of the
physical characteris*ics of the rice plant will facilitate

. your urderstanding of the rice growth cycle and should prove
usefl in many aspects of cultivation.

Qutline of Contents

TI. General Informatior
II. Roots
Stem and Leaves
Reproductive Organs
Y.  Grain

I. Gencral Information

Rice (oryza sativ-) belongs to the family of cereal
grasses, along with wheat, corn, millet, oats, barley, rye,
and numerous others. The grasc family provides the world
with over 60% of its caloric intake and gver 75% of the
protein for develop:ng nations.

The rice plant is an annuial grass (it normally grows for
only a year and then dies) with round, hollow, jointed culms
{(stems), flat leaves, and a terminal panicle (flower cluster).
It is the only cultivated cereal plant adapted to growing in
both flooded and non-flooded soils. Grown under a wide range
of climatic and geographical conditions on all five continents,
it serves as the staple food throughout much of the world.

The parts of the rice plant may be divided as-follows:
- roots _
- stem and leaves
- reproductive organs
grain




1I1. Rootsh

As the underground portion of the plant, the roots
serve as support, draw focd and water from the soil, and
sto:e food. They are fibrous af consist of rootlets and
root hairs. The embryonic roots, or those which grow.out
of the sced when it germinates, have few branches. They
live for only a short time after germination. Secondary .
adventitious .roots (i.e. roots appearing in an irregular
pattern) emerge from the underground nodes of the young
culm and replace the embryonic¢ roots. Although a few
adventitious roots grow straight down to a depth of over
15", most upread out under flooded conditions into the
shallow oxidized scoil layer near the surface to form a
broad, dense network.

I11. Stem and leaves

a) Stem

The role of the stem {or culm) is to support the
leaves and reproductive structures, and to transfer essential
nutrients between the roots, the leaves; and the reproductive
structures, The stem is “ide up of a seriesg of nodes and
internodes in alternating order. The nede (corresponding to
the " joint” between two sections of the stem) bears a leaf
and a bud which, if it is on the lowermost node, may grow
into a tiller’, or shoot. The mature internode is hollow
and finely ‘grooved. Its outer surface is hairless., It
varles in lerigth, nerally increasing from the lower to the
upper interncdeg. / The lower internodes at the base of the
stem are short ayid thickened into a solid section. The
internodes have/the capacity tc elongate in deep water in
order to keep a portlon of the plant above water to carry
on photosynthesis. :

b) Lleaveg .

The leaves function as the principal. organs of photo-
synthesis and respiration {(i.e. they contain chlorophyll-
containing cells which convert sunlight to chemical energy
and synihesize organic "fuel” compounds from inorganic
compounds). The leaves are borne at an angle on the stem in
two rankg -- one at each node. The blade, or extended part
of the leaf, is attached to the node by the leaf sheath.

The sheath envelops the internode toward, and in some cases
cven beyond, the next node. On either side of the base of

the blade are pairs of small, earlike appendages Known as
aurirles., Just above the auricles is a tissue-like, triangular
curiciure called the ligule. Rice plants have both auricles
‘and ligules and a ligule at every internode; this character-
istic is often nelpful in differentiating between rice and

grassy weeds, which can have auricles or a ligule, but not both.
The uppermost leaf below the paniclé, the flag leaf,

provides the most important source of photosyntheti) ergy
durinyg reproduction.
L
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Fig. 1: Stem and Leaves of Rice

Leaf Blade

Leaf Sheath

Prophyllum

Intercode

—

Adventitio.s Koots
s




11I. Reproductive Organs

a) Panicle | . :
The panicle, or flower cluster, contains the reproduc-
tive organs of the rice plant. Borne atop the uppermost
node on the stem, the panicle is divided into primary,
secondary, and sometimes tertiary branches bearing the
spikelets. The branches may be arranged singly or in pairs.
The panicle stands erect at blooming, but it usually drops
as the spikelets fill, mature, and develop into grains.
Varieties differ greatly in the length, shape, and angle
of the primary branches, as well as in the weight of the
overall panicle. '

Spikelets

Secondary Branch

Flag Leaf Primary Branch

Fanicle Base -

Uppermost Internode

The Tanicle (partly shown)
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b) Spikelet .

Each individual spikelet contains a set of floral
parts flanked by the lemma and palea. The flower consists
of six stamens #nd a pistil. The stamens (which contain
pollen, or “"sperm”) are composed of two-celled anthers-
borne on slender filaments. The 2istil consists of the
ovary {(containing the ovule, or "egg"),. the style, and the
stigma. DBuring reproduction, the stigma catches pollen
from the stamens and conducts it down to the ovary, where
it comes into contact with the ovule and fertilization

oCcCcurs., .

Anther
Filament ___.I

——== Rudimentary -
Glumes

{SK g
"

The Spikelet




V. Grain.

The grain is the seed of the rice plant, a fertilized
and ripened bvule containing a live embryo capable of
germinating to produce a new plant. It is composed of the
ripened ovary, the lemma and palea, the rachilla, the
sterile lemmas, and the awn (not always present). The
lemma and palea and their associated structures constitute
the hull or husk. The embryo lies at the ventral side of
the spikelet next to the lemma and contains the embryonic
root. The rest of the grain consists largely of endosperm
(the edible portion), containing starch, proteins, sugar,
fats, ¢rude fiber, and inorganic matter.

].
|
i
i

Starchy
Endosperm

Embryo

Rachilla

Fiz. 4: The Grain




CHAFTER 2
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THE GROWTH STAGES QF RICE

Introduction

The growth cycle of the rice plant begins with fertili-
zation and subsequent development of the embryo nucleus.
With the introduction of heat and moisture, the embryo germi-
nates and develops into a seedling. Feeding initially on the
food supply contained within the grain (endosperm) and later
drawing nutrients from the air and soil, the seedling grows
into an adult plant which eventually produces flowers and
then seeds. The extension agent must be able to recognize
and understand the growth stages of rice in order to time
management practices properly (e.g. transplanting, irrigation,
fertilization, weeding, harvesting).

Outiine of Contents

1. The “egetative Fhase
i1, The Reproductive Fhase
111, The Ripening Fhase '
Iv. Chart: The Growth Stages of Rice

I. The Vegetative Fhase

The vegetative phase begins with germination and ends
with panicle initiation. inlike the reproductive and maturity
phases, which are of equal duration for all rice varieties,

" the vegetative phase varies considerably in length and can
last from 21 days to over 10 months. The vegetative phase can
be divided into feour stages:

a) Seedling Stage :

‘The seedling stage begins with the emergence of the
radizle and lasts until the onset of tillering, usually
reriod of 15-30 days depending on seed preparation practices,
nursing techniques, nutrient inputs, and climatic conditions.
During the early part of the seedling stage the plafit's root
system undergoes rapid and extensive growth; once the root
sysiem is able to draw nutrients from the soil, a substantial
growth of the leaf surface follows, In rice nursed for

13




transplanting, the appearance of the fourth leaf is generally
cvonsidered to signal the end of the seedling stage.

) The Transplanting Stage )

The so-called transplanting stage is no% really a
nataral stage at all but represents the 5-10 day period of
growth impairment caused by the shock to the seedling of
uprooting and transplanting. The transplanting stage can be
shortened significantly by gentle handling of the seedlings
and by early transplanting (younger plants recover most
rapidly from the shock of uprooting because their relatively
undeveloped root systems suffer little damage).

~c) The Tillering Stage

| The tillering stage begins with the appearance of the
first tiller or shoot from the auxiliary bud on the lowermost
internode. The tillering stage continues on through the
formation of secondary and tertiary tillers. The number of
tillers produced by a plant varies and is affected by genetic
determinants, the availability of nutrients (including water
and sunlipht), and the general health of the plant. The
tillering ctage continues up to the point of maximum tillering,
at which all effective tillers have been produced (an effective
tiller is one which bears a panicle on which the grains will
ripen fully).

d)} Zhe Fhotoperiod Sensitive Stage

The photoperiod sensitive stage lasts from the point of
‘maximum tillering until panicle initiation and may vary
extremely from one variety to the next (as much as 0-200 days).
[hotoperiod sensitivity is a natural mechanism based on ihe
. ¢lant’s ability to distinguish precise differences in
daylength/nightlength., Photoperiod sensitivity ensures that
the plant will enter its reproductive phase at the optimal
time of year, i.e. when temperature and moisture will permit
caccessful reproduction (in.temperate zones this is usually
in spring or early summer, in the tropics usually during the
"onset of the seasonal rains). The biological mechanism
causing photoperiod sensitivity is quite complex and need not
be explained in detzil. It is important simply that the
extensior agent understand the effect.of photoperiod sensitivity:
namely, that some varieties should be planted only during certain
timec of year to ensure that prevailing daylength/nightlength
conditions will trigger panicle initiation when desired.
which locally

grown varieties are DhotobPeriod .sensitive..




II. The RebProductive Fhase

The reproductive phase includes the period during
which i1he panicle forms and emerges from the base of the
tiller. The reproductive phase begins at panicle initiation,
when the panicle begins to develop at the end of the last
internode deep inside a protective covering of leaf sheaths.
The reproductive phase lasts approximately 45 days among all
varicties and can be divided into three stages:

a) The Booting Stage (Internode Elongation Stage)

By the time the panicle becomes visible to the naked
eye (as a tiny, transparent growth less than 2mm in length
buried within the leaf sheaths near the base of the plant),
the booting stage is already underway. During the booting
stage, which lasts approximately 15-20 days among all rice
variecties, the internodes undergo a rapid growth spurt and
quickly lengthen (1ike a radio aerial extending), causing
the culm to shoot up from the base cf the plant bearlng the
developing panicle. During this period of rapid growth the
plant’'s demand for nutrients is high. making the early
booting stage a crucial time for fertilization. However,
it is sometimes difficult to detect panicle initiation and
the earliest onset of booting. When in doubt consult the
farmer, who will often be able to tell when the rice has
"become pregnant.”

b) The Heading Stage

The booting stage is followed by the emergence of the
panicle from the protective flag leaf sheath. The heading
stage lasts until 90% of the panlcles have emerged from their
sheaths -- generally about 10 days in most varieties.

¢} The Flowering Stage

The flowering stage begins with the emergence of the
first anthers from the uppermost spikelets on each panicle.
Each individual spikelet flowers for only several hours
during the middle of the day on two or three successive days.
Flowering begins among the uppermost 5p1kelets and continues
“for 1pprox1mately 15 days regardless of variety as the
remaining spikeclets successively open (the lowermost spikelets
flowering last). During flowering, pollen from the anthers
is transported by wind and insects to the stigma:. which carry
it down into the ovaries where fertilization of the ovules
occurs.
(Mote: liever apply fertilizer or pesticide during periods of
active flowering, as the pollenization process is extremely
sencitive and can easily be disrupted by the presence of
agro-chemicals. )




I11I. The Ripening Phase

The ripening phase begins at fertilization :und continues
through grain filling and ripening, approximately 25-35 days
regardless of variety. Grain filling occurs as nutrients and
water are transported from one part of the plant to another;
the process ic affected by the availability of water and
nutrients, and by temperature. Grain filling and ripening
can be broken down into four stages:

a) The Nilk Stage :

The endosperm first begins to form as a milky liquid,
Rice at the milk stage is very susceptible to attack by
sucking insect pests.,

b) The Dough Stage
The milky liquid begins to solidify into a sticky white
paste. Bird pests generally begin to be a serious problem.

c) Tne kEaturity Stage

The grain is mature, or ripe, when the endosperm
becomes hard and opaque. wWhile the grains ripen, the leaves
of the plant begin to turn yellow as nitrogen is transferred
from the leaves to the seed. The full maturity stage is
reached when more than 90% of the grains in the panicles have
ripened. Uature grains usually undergo a change in color and
turn a golden brown, but under wet climatic conditions ripe
grains may remain somewhat greerish.

d) The Over-ripe Stage .

If tne grains are not harvested on time, the vegetative
parts of the plant -- stems, leaves, and roots -- begin to
die off. Then the over-ripe grains fall off the panicles
onto the #round in a process known as shattering. Some rice.
varieties are particularly susceptible to shattering, and
sericis crop lonses may occur if harvesting is not completed
on time. In rare instances, over-ripe €rains left too long
on the panicle may undergo germination {varieties exhibiting
this characteristic are said to lack dormancy).
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CHAPTER 3

VARIETAL CHARAGTERISTICS

Introduction

¥

-4 ) s

A vast number of rice varieties is grown around the world.

While it is true that no “"perfect” variety 2xists, for every
combination of environmental features, management practices,
and farmer preferences it is usually possible to select a
suitable variety. This chapter describes the kind of things
to look 2t when you select a rice variety. Like the farmer,
. you will find yourself relying both on tradition and on trial
and crror. The traditional varieties provide 'the security of
known reuponscs that have proven themselves over the years.

The trial:s and errors are what make the work creative and offer
the lope cf improvement.

Ca.tline of Contents

I. Varietal Characteristics
11. Traditional vs. Improved Varieties
ITI. Chart -- Locelly Available Varieties s

I. Varietal Characteristics

Licted below are the varietal characteristics most often
considered Ly farmerz in selecting a rice variety for cultivatlon:

a) Diration - most cultivated varieties range from 90~270 days
in duration {(gzrmination to harvest)
Importance: *determines how many crops can be
grown in one year
#*irportant in coordinating the
growing season with the availability
of water
®*important in coordinating the
farming calendar with other family
subsictence activities

15
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b) ici;ht of the Plant - rice varicties are generally classified
by height as follows:

tall 161cm - 350cm (63" - 140™)
medi im 75cm - 160cm (30" - 62")
short below 75cm (below 30%)
Imporiancet: *determines crop's ability to

withkstard deep flooding
*affects harvesting practices

c) Statae of the Plant - rice varieties are generally classified
by statare as follows: ’

sprignt w

$lightly spreading w
s;.-reading’ v
. Importance: *affects ¢pacing during planting

*determines plant’'s ability to shade
out competing weeds '

et

L |

i1 rin, Crpacliy - rice varieties are. said to be #ither:

Rieh tillering {each ceed produces 26-35 tillers)
mediam tillering {each seed produces 10-25 tillers)
low tillerirg (each seced produces 2-10 tillers)

Inmposrinrce: - *directly affects yield
*de termines planting practices
*determines amount of seed nursed
*affects plant’s ability to recover
from damage inflicted by pests or

weather
e) tanicle Sice/Grain wWeight _
' Importance: *directly affeects ylelds
£} Desistance to Toxicities
Importarce: *determiries sultabillity lo local

soil and woter conditions

¢) Regictance to Fests/Diseases

Imﬁortancé: *determires suitability to local
.pest/diszase conditions

16 -
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h) Response to Fertilizer -~ many improved varieties have been
bred to respond favorably to fertilization with
chemical fertilizers, i.e. they show a marked
increase in growth rate, height, number .of tillers,-
panicle size, and grain weight.

Importance: *should be compatible with farmer's
fertilization practices (or non-
fertilization practices)

i) Milling and Cooking Characteristics - depending on the nature
of the husk, rice varieties may be either easy or
difficult to mill., Furthermore, cooked rices vary
considerably in appearance, texture, taste, smell,
and starch content.

Importance: - *gignificantly affects farmer's
preferences .

IT. Traditional vs., Improved Varieties

Tin many parts of the world, farmers have been growing rice
for iundreds or even thousands of years. During this time, many
varieties have Interbred or mutated and gradually adapted to
ioczl conditions. Conversely, through trial and error farmers
have developed traditions of cultivation practices which assure
corcictent fair yields with relatively little management. The
majority of subcictence farmers still rely on time-~honored
manogemernt practices to cultivate their traditional varieties,
Crharacteristies typically fourd in such varieties include:

lorg duration .
high tillering :
spreading stature

resistance to drought/flooding
resistlaace to pests/diseases
competitive with weeds

adapted to low nutrient levels
high milling and cooking quality

Althougl the traditional varieties usually yield lower than
the improved varieties, the extension agent should be extremely
careful about suddenly encouraging farmers to abandon a time-tried
varietyf:i che which differs. considerably from what they are used
to growir,s. The single most important characteristic of most
traditionnl varieties is their ability to produce sustained
yields, rowcever modect. s The introdactiuvn of a new "miracle"
variely, wvvern il dvantageo: s initially., may prove disastrous
in-the lon, run if the farming system over time proves incapable

L]

17

20




of providing the nutrient inputs necessary for the production

of suztalned high yilelds., As a rule, high yields require high
(fertilizer) inputs, and it is easy to make the mistake of either
ereating a fertilizer dependency or depleting a balanced farming
ecocysten by introducing a variety which extracts nutrients
faster ll.an they are being replenished. The extension agent
should not be afraild to experiment with new varieties -- but
c/he mact be eareful not to encourage the farmer to succomb to
the chort-sighted temptation to maximize present yields. The
sraditional varietiez, however low-ylielding, have endured over
tl.ousnnds of years because they are hardy, reliable, and
ecologicnally safe. .
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III. Chart - Locally Available Varieties
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CHAETER %

‘_'//’ SEED SELECTION AND PREPARATIdﬁ - // '% a

) ' Introduction : ; : N3
:

Because better seed results in healthier seedlings
- which may lead to higher yields, the_importance; of planting
. only the highest quality seed cannot be overemphasized.
Seedling vitality in the early growth stages is largely the
result of careful seed selectiqn and preparation. Further- .
more, since seed cost #&nd availability are often tyo major :
economic constraints to small farmefs, it is' important that
they know how to calculate the precise amount of seed needed
to plant their farms. One of the most effective ways to
- improve a farmer's yield and to help derive maximum utility
. : from his limited reseurces is by- teaching him to select only
the best available seed, to calculate precisely the quantity
he will need, and to preparg a good-seed sample for sowing.

Qutline of Contents

A
I. Selecting Ricd Seed
II. - Testing the Germination Rate
IlII. °~ Soaking and ‘Incubating Seed
Iv. Calculating Seed Requirements /

A I. Selecting Rice Seed )

Only the best seed —hould be selected for planting for
v//"“-ﬂ-‘h?ﬁ‘é“-following reasons:

~ good seed recsults in healthier, heavier, and potentially
higher-yielding seedlings.

- good seed results in seedlings which recover quickly
from transplanting shock.

- good seed results in rapid root growth, enabling
seedlings to draw nutrients from the soil quickly and
effectively.

- good seed results in uniform germination and growth of - -
seedlings, making it easier for the farmer to time crogﬁh
management practices (e.g. transplanting, irrigation,
fertilization, weeding).

- good seed has a high germination rate, facilitating
exact calculation of seed requirements and thus
preventing wastage due tno nursing of too few or too
many seedlings. o1

—_—




good sample“of rice seed should be:

- genetically pure. (Genetic purity cannot always be
determined by visual inspection; the best way to
_ensure genetic purity is by obtaining seec from a

- reliable source -- e.g. the Ministry of Agricul ture, ,
.an international agricultural organization -- or by
encouraging farmers to produce their own seed.)

dried to less than 14% moisture content (since
improperly dried seed often rots during storage.)

capable of germinating at a rate of at least 80%
Isgnce it ié usually uneconomical to plant seed if
a consider@ble portion will nat germinate.)

free weed seeds )
diseases )
pest infestation

ree of ‘inert tter (e.g. chaff, empty grains, grit,
roke grains.} ‘ :

of
of

free

"Important: When dealing with seed of unknown origin, always’

. remember that it is often impossible to evaluate a seed sample
merely by looking at it. Genetic impurities, improper dryness,
disease contamination, and pest infestation often do not
manifest themselves until the seed is sown and has Started to
grow. Be sure to test a small portion of the sample (by
actually growing an experimental plot) to ensure %hat the

seed is acceptable. Never commit a farmer to growing seed
which may turn out to be of poor quality. ‘

1

II. Testing the Germination Rate

Wren the time comes to calculate how -much seed rice will
be needed to plant.a particular area, it will be important to
know what. percentage of the available seed will actually
germinate. Seed may not germinate for several reasons: it -

may be dormant {(incapable of germinating until a minimum
- interval hins elapsed after the seed matured), or it may no
longer be viable (the embryo may no longer be alive).
When .dealing with a seed of unknown age and quality, it is
always a safe bet to test the germination rate to avoid
wasting money, time, and effort in replanting if the sample
fails to germinate well. T

various germination tests can be performed to determine
gernination rates. One of the simplest and most inexpensive
tesls -~ @nd one that -many farmers can learn.to do themselves
-- is the Rag Doll Test. '




(Matprials required: several feaspoonsful of the seed to be
tested, 3-5 hankerchief-sized rags, 3-5 small sticks, several
short lengths of string.) :

1} Soak the rags ih clean water and spread them cut on a
flat surface.,

2) From the seed sample, count out exactly 100 grains for
each rag and distribute the &rains evenly around the cloth
(ten rows of ten grains facilitates counting.)

3} Carefully roll each rag around a separate stick, leaving
‘ the seeds undisturbed inside.

4) . Fasten the raés to the sticks with string and store the
finished Rag Dolls in a warm moist place for five (5) days.

5) lMoisten the cloth several times everi day {this is very
important; if the Rag Dolls are allowed to dry out, the
seeds will die.)

6) After five (5) days, unroll the rags and count the number
of seeds with roots. If each Rag Doll contains exactly
100 seeds, the number of sprouted seeds will equal the
germination rate of the sample (e.g. if 85 seeds out of
100 sprouted, the germination rate equals 85%)

7) Average out the germination rates indicated by the 3-5
separate Rag Dolls to derive a more reliable overall
germination rate.

Note: A germination rate of at least 80% is generally
considered acceptable. If the germination rate is 60-80%,
remember when procuring seed that more than usual will have
to be nursed to compensate for non-germinating‘seeds. Ir
the germination rate is lower than 60%, the rice should
probably not be used for seed {unless there is no other seed
available, or unless it is of an uncommon variety which the
farmer especially wants to multiply),

Caution: If a seed sample has an unacceptable germination

rate, do not encourage a farmer to eat it unless You and s/he
are certain that the seed has not been treated with pesticide.

23

28




III.  Soaking and Incubating Seed

-,

Rice seed should be scaked in clean water and then
incubated prior to sowing on seedbeds or directly into tilled
soil. -Soaking and incubation ensure that by the time the
seeds come into contact with the solil they will already have
germinated. Pre-germination encourages rapid, even growth
and minimizes the danger of seed being washed away (since the
emerging radicle %uickly burrows down intoc the soil to -anchor
the seed in placel.

a) Soaking

When the seed is ready to be pre-germinated (approximately
3-4 days prior to sowing), a specific-gravity cleaning method
should be used to extract all empty and partially-filled grains.
Four the seed into a bucket containing clean water and stir
gently. Discard all grains which float to the surface; they
contain less endosperm than those which sink and will tend to

. give rise to weak seedlings. (Note: many farmers will be

reluctant to discard what will seem to them to be perfectly
good- Seed. As a demonstration, encourage the farmer to sow
the floating seed separately from the rest. The two stands of
seedlings should show a marked difference in terms of germination
rate and seedling vitality.) When the floating grains have
been removed, Soak the remaining seed in clean water for 24
rours. Soaking ensures that enough water will penetrate through
the husk t0 cause germination in the embryo.

b} Incubation

After the seed has socaked 2% hours, drain off the standing
water and transfer the wet seed into a burlap sack (if a sack
is unavallable, use a basket lined with leaves Nake sure
the sack {(or basket) is filled only very loosely, to permit
expansion of the seeds during incubation. Incubate the seed
in a warm, shady place for approximately three days, making
sure to moisten the sack several times each day. WMix the seed
periodically by hand, since toward the center of the sack the
germination process will generate considerable heat. Turn the
sa_k dally to discourage the emerging radicles from growing
down (they'll try to). When the radicles lave attained a
length of approximately 3", sow the seeds. Avoid letting the
radicles grow longer, as they will penetrate the walls of the
sack and/or intertwine. When handling germinated seed, always
‘remember that the newly-emerged radicles are extremely
sensitive and succomb easily to drought stress, extreme
temperature, and/or rough handling.

—

Three days
iready for
sowing
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Iv. Calculating Seed Requirements

There exists ' no exact formula applicable to all
gitiations for calculating the amount of seed needed to plant
a given area. Several important variables affect seed rice
calculations, and they should be taken into account in the
case of each individual farmer.

. The most significant variables include:

_- size of the individual grajng
: The size of the individual seed grains can vary .
enormously from one variety of rice to the next.
Thus, a 10-1b. sample of a small-grained variety
may contain twine as many actual grains as a 10-1b.
sample of a large-grained variety (so that a farmer
will have to sow only half as much seed by weight
of a small-grained variety to produce the same
number of seedlings;.

- germination rate of the seed sample
The germination rate must be taken into account
whenever seed reqQuirements are calculated, since
even the most careful calculations will yield an
incorrect figure if only a portion of thre seed
ends up gernminating. (To.cite an extreme example,
if the Rag Doll Test indicates a germination rate
of only 50%, then the farmer must nurse twice as
much rice as us.zl to compensate for half the seed
1ot germinating. ;

i - farmer's planting practices

1 Differences 1n planting practices cannot be over-
looked diring sced requirement calculations. A
farmer who plants 2-3 seedlings/hill at a wide
spacing will make a small number of seedlings go
a long way, whereas a farmer who plants £-10

} seedlings/hill at a close spacing will require more

. rice. Remember also that different varieties may
require different spacings -- this, too, will affect
seed requirements.

- presence of inert matter in the seed

, Since farmers someiimes work with seed produced
. ' locally under less than ideal conditions, they

i ocrcasicnally must use seed containing large amounts

| . of empty grains, chaff, weed seeds, and grit.
. ’ ' Extranec.s substances such as these must be taken
into account whenever seed requirements are calcula-
ted. A farmer accustomed to scwing 20 1lbs. of
high-quality seed will experience a2 seedling shortage
if he fails to recognize that ihe 20 1lbs. of inferior
seed he nursed this year in fact contained 2 1lbs. of
chaff and grit (rence only 12 1lbs. of act.al seed).
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~ Because of these and other variables, there exists no
universal formula for calculating seed rice requirements.
Perhaps the simplest and most effective approach to the
problem of calculating seed requirements is to conduct a
small experiment with each farmer to determine requirements
on an individual basis. Begin by encouraging each farmer to
sow a small ,amount of seed ~- perhaps 5-15 lbs. Assist the
farmer in all stages of seed selection and preparation, and
at the time of transplanting offer advice about proper spacing
of the seedlings. Then measure the area the farmer was able
to plant with a known quantity of seedlings. By extrapolating,
you should be able to determine the seed requirements for the
entire farm. Record the information for future reference.

Note: Sometimes it will be necessary to calculate seed rice
requirements far in advance of actual planting -- for example,
if seed for an entire farming region is being ordered in bulk
months in advance. Under those circumstances, a useful '
"ball-park” figure to work with is 1 bushel se&d/acre of.swamp
(for transplanted rice). This rate will tend to be a bit
generous, but it is always best to play it safe when estimating
seed requirements. Leftover seed can usually be put to good
use, whereas a shortage of seed could prove disastrous should
addi tional supplies be unavailable.




CHAPTER 2

METHODS OF RAISING SEEDLINGS

Introduction

Rice which is to be transplanted into lowland puddled
5011 must first be nursed on seedbeds. The main reason for
sursing rice is simple: to give the seedlings a substantial
head staxt on weeds. Three types of nurseries are usged in
Sierra leone -- the wet bed nursery, the dry bed nursery,
and the dapog. Each type has advantages and disadvantages,
and you will probably end up using different nursing methods
depending on the situation. Always keep in mind that it is
really very easy to raise healthy seedlings if you are pre-
parcd to take enough time to do the job properly. Success
in raising healthy rice seecdlings depends mainly on constant
si7ervision of the seedbeds and proper management.

4

Cutline of Contents

I. The Wet Bed Nursery
II. The Dry Bed Nursery
III. The Dapog Nursery

I. The Wet Bed Nursery

The wet bed method of raising rice seedlings is the
moct popular worldwide. Although wet bed nursing is not
traditional in Sierra Leone, extension agents have been able
to intrcduce the use of wet bed nurseries with fair success.

The nursing of rice seedlings by the wet bed method is -
carried out on raised beds within the swamp. Select a
fertile, level plot with good water control. Soil prepara-
tion should always be very thorough. At least one Plowing
and a careful puddling are necessary to loosen the soil,
as well as to facilitate the decomposition of organic matter.
The addition of organic material to plots designated as
nursery areas can help encure seedling vitality, provided it
is added early enouga to decompose completely.
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After soil preparation is completed, peg out the
nursery beds with bush poles and string. The beds should
be approximately vne meter (im) wide. The relatively narrow
wldir. ¢nsures that any area within the bed can easily be
reacned from either side. Leave alleyways of approximately
LOcm between the beds for use later as irrigation channels.
Scoop soil from the alleyways by hoe or by hand to construct
the beds, which eventually should be raised 10cm above the
original sirface of the plot. Work through the raised soil
with your fingers, breaking up clumps and removing sticks,
roots, and stones (this will facilitate uprooting of the
seedlings later on). Finally, smooth the surface of the
bed, using a board or your flattened hand. .

Broadcast pre-germinated seed on the beds, being sure
to zchieve an even distribution.. It is very important not
to space the seeds too close, as they will crowd each ‘other
o.ut when they begin to grow. An application rate of
five (5) pounds /10m bed gives excellent results. When the
Lewds LoVe been sown, smooth over them with your hands to
cover them with a thin layer of soil. This will help
protict them against heavy rain or birds. In some cases it
will also be necessary to cover the newly-sown beds with
pals fronds, banana leaves, g£rass, or brush.

It iz extremely important to keep the beds moist at all
times. Although water is usgually not a problem with the wet
bed, make sure the farmer checks the nursery at least twice
a day If it is not raining every day. moisten the beds
morning ard e»gnlng by spla@hlng water up from the irrigation

ciinrnels bLetween the beds

Ceedlings in the wet bed nursery can be attacked by
inzecty, qlthougb pesi infestation is generally not a big
pretlem (i€ it is, encourage the farmer to make subsequent
bede toward the center of the swamp, away from the brushy
peripheries where insects breed). If it becomes necessary
to resol't to the use of a chemical pesticide, do not spray

«niil the seedlings are at least five days old.

The seedlings -hould be ready for transplanting from
14 days onwards, depending on the variety and the copditions.
Younger seedlings are always preferible, as they establish
themselvec more quickly. The "fourth leaf" stage is generally
regsarded as optimal, Remember to flood the beds completely
beforehand (submerge the soil, not the rice) to minimize
damnge to the seedlings. Uproot seedlings by holding a few
nt a time between thumb and forefinger at the base of the
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culm and pulling sideways. Always handle Seedlin&s with
extreme care. Seedlings which are handled gently during
uprooting and transporting€ recover much more Quickly when
transplanted than those which are crushed, bruised. or
allowed to dry out.

Advantages of the wet bed nursery:

situated right in the swamp -
irrigation water readily available
seedlings grow rapidly

seedlings easy to uproot

minimal disease and pest problems
excellent for dry season crops

11, The Dry Bed Mursery

. Nost traditional swamp farmers in Sierra Leone use a
form of dry bed nursery. However, almost invariably the
beds are congstructed hastily, without proper tillage of the
g0il, and the resulting seedlings tend to be of poor
quality. Don’t be misled into thinking that dry bed
nurseries cannot produce healthy seedlings: under proper
ranagement, dry bed nurseries can produce excellent seedlings.

Select a level or gently sloping area near a convenient
water source. The hillsides immediately adjacent to a swamp
generally mnke excellent locations for dry bed nurseries.
Flow and harrow the soil twice to obtain a fine till. At
least 10-15cm of topsoil must be opened up and well
pulverized. Addition of decomposed organic matter and/or
partially burned rice straw or rice husks will help in
keeping the soil aerated and will make it easier to uproot
the seedlings.

Feg out the beds in the same manner as wet beds.
Scoop soil from the »lleyways, using a hce or shovel.
Level the beds and cruch any remaining clods by hand or
with a stick, )

Proadcast the pre-germinated seed Jjust as you would on
a wet bed. The application rate should be similar --
five (5) pounds/10m bed is good. Be careful to cover the
seeds completely with a thin layer of soil. If heavy rains
or birds threaten, cover the beds with fronds or leaves.

The beds should be watered thoroughly immediately
after planting and twice every day thereafter. Soak the °
beds well (to near saturation)., If irrigation water is
available, watler can be sent along the channels and splashed
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PAFulToxt Provided by ERIC

. onto the beds; otherwise, water must be carried in by

hand. It ig impossible to overemphasize 'the importance of
constantly watering dry bed nurseries. Seedlings growing
on wrt beds can usually abSorb sufficient water from below
the surface, but dry bed seedlings arc totally dependent
or: rain and hand watering. If the beds dry out for even
one day, the growth of the seedlings may be seriously
impaired. Do not encourage a farmer to construct dry bed
nurseries wrlesc he can be depended on to water them
regularly. ‘

Dry bed seedlingsd will not grow as fast as wet bed

‘seedlings. Seedlings on the dry bed should be ready for

transplanting from 21 days onwards. Vater the beds to
saturation before uprooting to make.sure the soil is moist
and loosge.

Advantagses of the dry bed nursery:

- seediings develop excellent roote
- ceedlings easy to uproot
- beds can be made near the farmer's house

ITI. TIThe Dapog Nursery

-pug rethod of raizing seedlinrngs origifiated in the
ce and is now fairly common in Zouth and Southeast
Lo rreacticed orly vrarely in Zierra Leore, but it

cxtremrmely sseful in certain situations.

The dapoys naucery ic conctructed for the raising of
seedlings witho.t any scil whatsoever. Rice seeds contain
sefficient food in the endosperm to permit Llhe young seedling
to grow for .p to 1% days without receiving any o.tside
nutrients except air, water, and sunlight., Consequently, 1t
is peossible to nurse seadlings without actually sowing them
in soll.

The 3npog nurcery car bte located anywhere conveniernt,
iorg as 1t 15 near a reliable water supply. It ies isually
ocd iden to locate dapoz rurseries where they can be
cred at all times, since they require constant watering

are very cusceptible to bird (including chicken) attack.
struet % raised earthern bted ro.ghly one meter - -square --
exact rrape igrn't toe important -- and cover it with
snng leaves, or better yet plastic sheeting., FKeep
cf the bed as level as possible, but consiruct
;2d border tc hold the seeds in place after they
sown and to rreverit water from escaping.

i
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J0ak and pre-germinate the seed as with the other types
cf nursery. Fre-germinate a little more seed than usual,
because dapog seedlings are quite small when transplanted and
difficult tc .separate; almost inevitably, the farmer will
need more of them. Spread the seed in a solid, even layer
on the dapog to a depth of approximately 2cm (5-6 seeds thick).
Gently sprinkle water over the seeds, taking care not to .
dislodge them. As the seeds expand during the next few days,
press them firmly in place with a board to keep them
compacted. '

Keep the seeds moist at all times! Without the insula-
tion of a layer of soil, they will dry out very quickly if
they zre not watered constantly. From about the third day,
keep the bed continuously flooded with a thin layer of water.

Regardless of the duration of the variety, dapog-raised
seedlings will be ready for transplanting after 9-14 days --
by then the food material contained in the endosperm will
have been exhausted, and the seedlings will quickly begin to
die-off. ©On the day of transplanting, simply roll up the
entire seedling mass gthe roots will have matted together
to form a sort of rug/, throw it over your shoulder, and
head for the swamp.

Advantages of the dapog nursery:

- fastest method of raising seedlings
- small nursing area ' ‘
- situated near farmer's house
excellent for replacing small quantities
of seedlings destroyed by pests
dapog seedlings recover fast from trans-
planting because they are not uprooted




CHAETER &

N.ETHODS QF STAND ESTABLISHMENT

- Introduction

Two methods of gtand establishment -- broadcast sowing
and transplanting -- are widely practiced in Sierra Leone.
This chapter. describes both methods and includes summaries of
the advantages and disadvantages of each.

" outliné of Contents

1. Broadcast Sowing
II. Transplanting

I. Broadcast Sowing

a) Traditionsl:

oot traditicnal 4“pland farms in Sierra Leone are sown by
.roadcasting of angermlnated or germinated seed at the beginning
of thc rainy season. Seed ig scattered by hand at a rate of
£0-120kg/ha in soil that has been burned over, cleared, and
turned with the native hoe. Usually kitchen crops are mixed in
with thec rice -- beans, millet, sorghum, tomatoes, corn, okra,
sesame, pumPkln. and watermelon are the preferred varieties.
The seed is covered by hoe, rake, or spike-tooth harrow.
Traditional broadcact sowing is fast and labor-saving, making it
particalarly well suited to large upland farms. However, tradi-
tional broadcast sowing has several marked disadvantages:

- germiiation rates are often aneven, due to the
reliance on rain

heavy rains can dislodge and wash away seeds,
resuliing in uneven seedling stands

otelds are oxpesed to rat and bird attack

vioadecast ceedlings do not compete favorably with
weeds

- broadcast seedlings are difficult to weed
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b) Improved (Direct Seeding):

Tn areas where irrigatipn water is plentiful and easily
contirolled, direct seeding ip extensively used with excellent
results. The availablity owaater is essential because rela-
tively deep water discourages the growth of grassy weeds.
Effective water control ensures that the plots can be drained
during the seedling establishment phase.

Two methods of direct seeding are most common: broadcasting
directly onto soil that has been prepared thoroughly by plowing
and several hurrowings, or broadcasting onto standing water
{usually from airplanes). Ungerminated or pregerminated seed
may be used. The main advantage of improved direct seeding is
the low labor cost. The several operations of nursing --
pPrefpu:ing scedbeds, watering, uprooting, and transporting of
' seedlings -- are completely eliminated. In areas in which labor
costs are high, direct seeding can cut production costs signi-
ficantly. DNevertheless, there are various disadvantages:

- exposure to rats and birds

- weed control is difficult without the use of
herbicides

-

II. Transplanting

a) n“ﬂd Trans plantlng:
nnd tranvplantlng is the.most widely practlced me thod of

tand eimteblichment in small-scale, labor-intensive {wet) Iarming
yotem LhLOqghOJt the world. Seedlings arc nursed in seedbeds

an t*en iprooted for transplanting into lowlanF puddled soil..

e mwajor advantage of trancplanting is that the seedlings gain
a glgrificant hecad start over weeds. However, ‘transplanted
suedlings ternd to grow more slowly than direct-seeded plants
becauge of the root damage suffered during uprooting. Furthernore,
hand transplanting is extremely labor-intensive.

Hand transplattiing 1s done either randomly or in rows.
Random trangplanting, traditional in some parts of Africa and
most of Asia, is significantly faster, but the distance between
seedlings is not uniform, and no definite aligning pattern is
followed. Consequently, randomly-transplanted stands are of ten
uneven, difficult to weed (the use of mechanical row weeders
can be ruled out), and difficult to walk around in (e.g. for
p.rposes ¢ broadeasting fertilizer).

Strsicht row transplanting is done Wltu the use of plantlncr
g.idns {.zunlly a rope knotted at regular intervals, or a
plonting ,uhcyﬁ Straight row planting ic time-consuming, but
it offers several advantages: optimum spacing is rossivle, the
row weeder can be used, and the stand of plants is easy to walk
around in during fertlllzer and/or pesticide application.
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Transplanted seedlings should not be planted too deep
(3#"-1" is best), since tillering is discouraged when the lower-
most internodes become completely buried. Never thrust seedlings
deep into the soil in order to make them’ stand upright. For best-
results, barely cover the roots -- the seedlings will right
themselves within a day or two, and in the long run they will
tiller more vigorously and yield better.

Flant spacing is an important factor and will vary depending
on variety, soil fertility, and season of planting. Generally,
rice plants are spaced more widely in the wet than in the dry
season because in the wet season they tend to grow more profuse

. leaves and .tillers, thus increasing mutual shading. As a general
rule, encourage the farmer to plant 3-4 seedlings/hill (except
with very low-tilleri varieties, which should be planted at a
rate of 5-6 seedlings?%ill). Space the hills 8"X8" during the
wet season, 6"X6" during the dry season. JBut be prepared to
modify thege general recommendations to fit particular situations.

Note: It is sometimes difficult to decide whether or not to
advise a farmer to plant in rows. In theory row planting is
preferable to random Planting. but 'in certain situations the
extra time required will not always yield better results (e.g.
if the farmer does not own a row weeder and will not be walking
around in the rice to fertilize). Generally farmers will be
reluctant to spend the extra time to plant in rows, and the -
extension agent must be careful not to alienate them by a rigid
insistence that things be done "by the book." Often the best
approach is to experiment: offer to help plant a few plots in
rows, and then let the individual farmers decide whether or not
the additional labor investment pays off in terms of a more
uniform, easily-weeded, and higher-yielding stand of plants.

b) Broadling: 'S : ,
Broadling is z method of stand establishment practiced

in parts of Asia where rice paddies are extremely boggy, making

it difficult to walk in them. Nursed seedlings are thrown

randomly into the puddled soil from the edges of the paddies.

Nuch practice is required before uniform stands can be achieved

on a consistent basis. The seedlings establish themselves

quickly, since the roots do not get buried deep in the soil.

Although broadling can be effective in some ,very specialized

« farming eco-systems, the technique requires smaller plots than
are found. ordinarily.
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CHAPTER 7

Introduction

The yield of a crop of rice is dependent upon many
obvious factors: irrigation, fertilization, weeding, pest
and disease control. One of the less obvious but equally
important factors is land preparatinn. Because proper
land preparation promotes a good environment for seed/soil
contact {(which will promote rapid crop growth while
reducing competition from weeds), it is imperative that .
land preparation be thorough and timely. This chapter
desoribes ard jJjustifies the steps necessary to prepare
lowland soil for a successful growlng season.

L

C:itline of Comdents

I. Brushing and Clearing

1I. Repairing Water Control Structures
iII. Flowirngs and Fuddling

I'. l.ethods of Flowing

-

I. Brusﬂing and Clearing

Lund preparniion in inland valley swamps begins with
a . thoreagl. brushirg and clearing. Encourage the farmer to
begin witk the larger stumps and bushes, since grasses and
other weeds grow back very quickly and are best left until
juct before the fi. ! plowing. Bushes and tree limbs should
not be left to overang the edges of the paddies. Rice does
not grow well in the -shade, and insects thrive in cool, moiut
areas. The initial brushing and clearing should be completed
about one month before planting. '




I. Repairing Water Control Structures

Next. ¢lean anu repalir all water control structures --
dikes, irrigation gutters, drains, and sluice gates. Remove
weeds that have grown in the channels and dig out aceumulated
silt and ¢lay. The flow of water through the channels is
impeded by weeds and sediment, and their capacity lis greatly
reduced. Repair dikes that may have eroded, paying particu-
lar attention to the headbund and perl heral %irrlgatlon)
gitters. Check all sluice gates for 51gns of wear; if any
threaten to wash out, repair them now. Remember: it is
always easier 10 make repairs and alterations to the water
control system before you plant.

III. Flowings and Fuddling

After the water control structures have been cleaned
and repaired, plowing may begin. Flowing is done in inland
valley swanps for sSeveral reasons:

- Jeed Control {weeds are destroyed and
prevented initially from gompeting with
rice seedlinge)

i

Incorporation of Crganic Latter (weeds and
crep residues. cuch as straw and Stubble are
incorporated into the soil, where they become
converted into plant nutrients through decayl

Trarcf{srmatior, gi Sarface ?gil 4dnto a Fuddle
{for eace in transplanting

Tetoablishment of 2 Reduced Zoge {increasec
th: zva ilablllty of some nutrients by
raximizing contact between rice root hairs

and soil particles) /

Level?i o~ (during plowing the soil can be
moved around until the glots are_level, thus
improving water control

Pormazion of ;

a certain dnpth will create an impervious
hard layer, or plow par/ which will reduce
water losses and mlnerwl losses through
leaching)

To te wont offective, plowing muct be done thoroughly
and tiwmoed properly. In inland valley sSwamps, the ideal
sehedsle calls for iwo plowings and one puiddling. Timing
thece operation. correctly is very’important.




1) First Plowing

The first plowing, or deep blowing. should be completed
2-3 weeks before transplanting begins. There are several
reasons for such an early start:

-~ to protect seedlings against the adverse
effects of harmful substances generated
by decomposing organic materials

- to allow seedlings to utilize the nitrogen-
‘ rich ammonium (NH4) released, during the

P ... decomposition process
: to spread out the work load for the farmer
{thorough plowing is very hard work

and is best done a little bit at a time)

Flood the plot for several days before plowing to soften
the so0il and make the work easier. On the day of plowing, .
drain off excess water. Using a hoe or shovel, turn the soil
to a depth of 15-20cm (6"-8")., Begin near the edges of the
plot (so you can repair the bunds if necessary) and ‘work

- toward the center. Keep the plot flooded after the first
plowing until transplanting. If the plot is allowed to dry
out, 20-700kg of valuable nitrogen could be lost into the
air through a process known as denitrification depending on
the soil, its previous cropping history and other factors.
Note: NMany farmers will at first be reluctant to plow 2-3
weeks in advance of transplanting. The traditional practice
in many areas is to wait until the seedlings are nursed and
almost ready to plant before starting to plow. Encourage
farmers to complete the first plowing before nursing their
rice. The 2-3 week lead time will give the organic matter
sufficient time to decompose, and the toxic substances
released during organic matter decomposition will dissipate
before the seedlings are planted.

2) Second Flowing

The second plowing should take place 7-10 days after

. the first plowing. Break up the softened clumps of soil and
incorporate straw, stubble, and weeds that may have germinated.
Remove large roots that will not decompose, as well as large
stones. _JTower the water level in the plot during the second
plowing to reveal high spots which will need to be levelled.
Re-check the water control system and make minor adjustments
as needed. ) -




3) Buddling

P .
Puddling should take place 7-10 days after the second
plowing and one day before transplanting. Puddling is
usually done with bare feet (and draft animals, in areas
where they occur). Bush poles aré often used to help
maintain balance and to break up remaining soil clumps.
Puddling further incorporates germinating weeds, faclilitates
levelling, and breaks down the so0il structure inte a soupy )
mud suitable for transplanting. If a basal application of -
fertilizer is intended, broadcast the fertilizer just before
puddling so that it will be well mixed into the soil. After
puddling, the soil will be ready for transplanting.

IV. Nethods of Flowing

Flowing may be accomplished in several ways: o

plowing by tractor is generally not suited for
inland valley swamps because tractors cannct move
casily from plot to plot without destroying

water conirol structures. Furthermore, in A
flooded s0ils tractors often are simply too heavy.
I:xitial cost and operating costs are high.

- plowing by roto-tiller (2-5 horsepower) is
falning acceptance in many parts of the world,
despite high initial cost and maintenance
groblems. In broad swamps with large plots,
ti.e roto-tiller can be extremely effective and
economical. Koto-tillers cannot be used in
rece.tly-developed swamps containing many stumps
arnd laige roois.

- plowirs by animal iy extensively practiced with
cxcellent results in most of Asia, bus less
freguently in Africa (where the ise of draft
nnimalg is less widespread in general)}. fost
draft animals are able to work only 3-4 hours
per day without supplementary feeding, and they -
raquire considerable care. ' '

- glowine oy hand, though tedious and time-consuming,
iz tHe major method of plowing inland valley
cwamps thrcughout most of Africa. Yand plowing
requires the farmer %o stend many hours standing
‘n water and thus facilitates the spread of
chiglosomiasis. :
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ITAUT NITRIENTS AND THEIR EFFECT O

Introduction

Trhe growth of the rice plant in any medium (soil,
s3.d, water) depends on the availability of sunlight, water,
and various chemical elements. Sixteen elements are
recognized as essential in rice nutrition: carbon, hydrogen,
oxyegen, nitrogen, phosphorus, potassium, calcium, magnesium,
calpha, iron, manganese, copper, boron, zine, molybdenum,
ctloride., Among these, carbon, hydrogen, and oXxygen are
absorved directly out of the air and water; the rest must
be precent in the soil.

Three elements, the so-called primary elements --
ritrogen, phosphor.s, and potassium -- are ingested by the
rice plant in unusually large quantities and are therefore
partic.larly important in producing a high yield. This
chapter provides a brief, non-technical outline of the role
ofF nitrogen, phosploras, and potassi m in the growth.of the
riece plant. '

wtline of Contents

I. MNitrogen ‘
II. fncsphorus
III. Fotassium .
b,

ot In o venvidering the effects of individual elements, the
relative amounte of other c¢lements rresgnt is important.
Sor example, nltrogen alenc prroduces certain effects, bat
the effects may be quite different if there is a proper
balance between nitrogen, phosphorus, potassium, and other
elererts.  The chemical form in which a nutrient element is
present in the soil is alsc important, since the availability
of 2 nutrient to the plant varies with the roots' ability to
extract the nutrient element from the chemical compo.nd in
which it occirs. : -




I. Nitrogen

Rice grown under high management requires large amounts
of nitrogen (N). One crop consumes agproximately 20-25kg of
nitrogen for every ton of yield, making nitrogen the single
most important rice nutrient. Nitrogen's fundamental
importance as a primary nutrient element is augmented by
the fact that many improved rice varieties cultivated around
the world have been bred to show a marked response to the
application of nitrogenous fertilizers.

Nitrogen increases the vigor and enhances the growth
of the rice plant. &hen absorbed during the vegetative phase,
nitrogen:

- helps synthesize the chlorophyl necessary
for photosynthesis (as evidenced by a marked
»ereening” of the leaves)

- promotes rapid leaf, stem, and root growth
{(as evidenced by an increase in the height,
size, and number of tillers, as well as an
increase in the size of leaves)

speeds growth, thus enabling seedlings to
grow fast enough to avoid many seedling blights

#dren absorbed during the reproductive and ripening

yhacec, nitrogens

- promotes development of the panicle (as
evidenced by an increase in the number of
spikelets)

stim.lates nutrient absorption and assimilation
(ag ovidenced by an increase in size and
rumber of filled grains)

increazses the protein content of the grains,
koo improving the quality of the crop

duficiency ir rice can be recognized by:

y<ellowich color of the leaves, partic.larly
of ¥o rger leaves -

emall zize of plants
low number of tillers

clradpghtnecs, ¢liffness of upper leaves




II. TIhosphorus /

-Like all cereal grains, rice requires a considerable
amount of phosphorus ?P] for vigorous growth and high yield.
Although irn general responte to phosphorus in irrigated

rice iz less marked than response to nitrogen, phosphorus

is nonethcless a very important nutrient -- one crop consumes
approximately 1Skg of phosphorus for every ton of yleld.

Frhoecphoras is particularly important to the rice seedling
d:ring the time it is recovering from transplanting shock.
Ihogphorus greatly stimulates root development in the young
plant, thus increasing its ability to absorb nutrients from
the soil.

Jdhen absorbed during the vegetgtive hase, phosphorus:

- increases. the number of root hairs, thus
facilitating the uptake of other nutrients
(enables the seedling to recover rapidly
from transplanting shock)

stimolates extensive root growth, thus
increasing the plant's resistance to drought

promotes tillering by facilitating nitrogen
absorption
promotes early flowering and ripening (can be

exploited to offset the effects of late
planting) }

Dirizsg the reproductive phase, the phosphorus intake of
rice decreases considerably. ‘

dhen absorbed during the ripeping phase, phosphorus:

- incrcases the protein content of the grains,
this improving the food value of the crop

invigorates the germination power of the seed
(as evidenced by an increase in the germination
rete of the zeed produced)

Frogphorus deficiency in rice can be recognized by:

cmall cize of plants

short, underdeveloped root systems
low number of tillers

bl ich-green color of tie leaves

gurple color of ithe lower part of the culws
{Ilotes zome traditional varieties have
nat.rally purple culms.)

L3
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I1I. Fotassium

Becasce 0f the precence of potassium (K) in most
irrigation water, the response of rice to potassium is
eften not as marked as the responses to nitrogen and/or
phoophoruz, except in unusual situations (e.g. when certain
toxicities are offset by potassium). MNevertheless,
potassiam should not+be overlooked as an important nu.trient
clemert, since each crop requires approximately 15kg of
rotayrsiim for every ton of yield.

#dr.en absorbed during the vegetative phase, potassium:

- strengthens cell walls, thus making the
plant physically stronger and enabling it
to withstand the adverse effects of bad
weather

- increases the plant's resistance to penetration
by dicease organisms .

#hen abcorbed during the reprodictive and ripening
phaces, potacsium: :

- increases the plant's resistance to diseases
affecting the panicle and grains

increasces the protein content of the grains,
this improving the quality of the crop

increnses the size and weight of the grains

lotassi m deficiency in rice can be recognized by:
- deep, dark color of the lcaves (spreading
from the tips) '

irreg.lar dead spots on the leaves and
paniclec

droopiness of leaves, resulting in red.ced
Fhotoeynthesic and concequent slower growth

“risanl susceptibility to disease and pest
attack




CHAPTER 9

FERTILIZER SOURCES AND MANAGELENT

Introduction

any rice varieties, particularly the high-yielding

improved varieties currently being introduced into many
traditional farminf systems throughout the world, respond

~markedly to fertilization. When used in conjunction with
good management practices (thorough land preparation,
controlled irrigation, timely weeding) fertilizers can
increase yields many times over. On the other hand, if
used improperly fertilizers can damage crops, waste money,
or possibly lead to a dependence on scarce chemical inputs.
In many developing areas fertilizers are still unknown.or
poorly understood, and the extension agent represents the
farmer's only source ¢f information about safe, economical,
and effective fertilization practices. :

This chapter describes the most common sources of
fertilizer and outlines a recommended application schedule
for irrigated rice. 1Included are practical suggestions
for effective handling, application, and storage of
chemical fertilizers. .

Outline of Contents

I. Fertilizer Sources
IT. Pertilizer Management
I1I. Fertilizer Calculations

I. Pertilizer Sources

A. Organic Fertilizers
.Organic fertilizers are .ecomposed remains of plants

and animals. In the natural ecosystem, elements absorbed

. from the s0il by living organisms are returned to the soil
through decay and decomposition following the death of the
organisms. Organic fertilizers traditionally have provided
all of the nuatrients in shifting agriculture systems

where periods of cultivation alternate with fallow periods
{during which the natural regenerative process restores
organic fertilizers to the soil). Organic fertilizers also
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have traditiomally provided most nutrients to swamp
farming systems, since swamps serve as natural catchments
for organically derived nutrients which wash down off the
surrounding uplands, .

The introduction of improved rice varieties into. a
traditional swamp farming system tends to create a situation
where the nutrient demands of the crop outstrip the natural
ability of the ecosystem to replenish its organic resources.
Al though knowledgable swamp farmers can exploit the natural
regenerative properties of many so-called “"waste" products
to help maintain soil fertility (e.g. by incorporating
organic material back into the 3011§. and although they
can replenish nutrients by planting nitrogen-fixing legumes
- during part of the year, repeated high yields will inevitably
- extract greater amounts of some nutrients -- particularly
nitrogen, phosphorus, and potassium -= than can rapidly be
returned to the soil through the use of organic fertilizers
or alternate cropping practices. Thus, the swamp farmer is
faced with a decision. Either s/he opts for a balanced
farming system which will be able to sustain medium yields
over a long period with minimal chemical inputs. Or s/he
elects to try for the highest possible ylelds -- which in
most cases means relying on inorganic fertilizers.

2. Inorfanic Fertilizers

Inorzanic fertilizers are chemical compounds (either
nyhthesized or natural) which are added to the soil to
improve fertility. The most important characteristics of
irnor¢nnic fertilizers are that they can be extremely ‘
ceavonical (il.e. they can vastly increase yields and can result
in significant profits), and they are fast-acting (since the
n.trientc they contain are immediately available to the crop
and do ..ot have to be processed by microbes in the soil),

Derendirg on their chemical composition, lnorganic
fertilizers may contain only one nutrient or several:

Single-element fertilizers contain only one of the primary
rotrient clements (4,1, or F)

Incompleote fertilizers contain two of the three primary
natrient elements (M and I, M and K, or F and K)

Complete fertilizers contain all threc of the primary
r..trient clements (N,F, and ¥)

1. i fuportant to remember that inorganic fertilizers

slwoys corcist of the natrient element(s) bonded to an irert
Yecarrier®. Congieg.ently, the total weight of the fertilizer

W6
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does not correspond exactly to the weight of the nutrient

it contains; the weight of the nutrient comprl ses only a
part of the total fertilizer weight and varies according

to the chemical Pomp051tion of the fertilizer. For example:
one 100 1b bag of ammonium sulphate (20% N) contains 20 1lbs
nitrogen and 80 1bs of inert material, while one 100 1b bag
of urea (45% N) contains 45 lbs’'nitrogen and 55 1bs of inert
material. In terms of its ability to supply nltrogen. urea
is therefore more than twice as "strong"” as ammonium olehate
because it contains more than tw1ce as much nltrogen by
weight.

Listed below are the fertilizers most commonly Jused in
aierra Lecone (fill in current prices}:

1) Einple-element fertilizers

Ammonium sulphate (204 N) ) Frice:
Jrea (45% N) . Frices

Single superphosphate (18% P205) ' ‘Irices
Basic Slag (14.5% P205} Frice:

liriate of Fotash {604 KZO) Price:
Sulphate of Fotash (50% Kpo} " Frice:

Incomplote Zertilizers

N-F-K 20-20-0 (20% N, 20% L205. % ch) Frice:

m-F-K 0-20-20 (0% N, 20% I 20% K20) frice:

2040

3} Complete fertilizers
N-F-K 15-15-15 (15% N, 157 F,Cc, 157 K,0) Frices

Notes on fertilizer storage:

Great care should be taken in handling, transporting.
and storing chemical fertilizers. Altho.gh most lrorgarnic
fertilizerc are fairly inert when kept dry, many undergo
drastic chemical changeu when exposed to rain, or even
moisture ir the air. Tre resulting gasec and ligquids not
only carry off valuable nutrients, but they can csuce
considerable corrosive damage to cement floors and walls,
me tal tools, motorcycles, ete.

LT
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It is best to store chemical fertilizers by themselves
in a dry, well ventilzted room. Be sure to keep the bags
off the floor (use wooden pallets to élevate them), and
stack them so that alr can circulate between the bags.
Avoid storing food, seed rice, or pesticldes nearby.

Take the time to construct a3 proper fertilizer store.

Imprcper storaze can present a safety hazard and decreace
the power of the fertilizer.

II. Pertilizer Lanagement

There is no single recommendation for rice fertiliza-
tion which will fit all situations. PFertilizer applicatiors
willl vary conciderably, depending on crop requirements, the
availability of fertilizers, the financial reso.rces of the
farmer, and most importantly, the abillity of the farmer 1o
follow application schedules (some of which can be quite
complicated).

Tests and field experience have shown that the
application of 40 %</ha (36 1bs/acre) each of nitrogen,
phosphorus, and potassiun gives optimum results ynder most
Tocal conditions. glmﬁortant: that's 40 kg/ha of nutrient,

0 kg/ha ig the generally recommerded

not of fertilizer.
application rate. Of course many farmers will be either
unwilling or unable to purchase this amount of fertilicer,

and they will end up fertilizing at a much lower rate {or

not at 2ll). Decreasing the amo.nt of fertili.er will

seSult in rore modest ylelds, b.t keep in mirnd that ary

amc int of fertilizer, no matter how small, 'will help. If

a farmer needs to fertilize but can afford only one bag of
N-P-F 15-15-15 per acre, don't necessarily disccourage his,ner.
If applied properly, even 'this relatively cmnll amo nt of
fertilizer will affect favorable results.

Timing Fertilizer Applicationg

For optim.m resalts, fertilizer siho.ld be applicd o
the coil 4%t three points in the crop cycle:
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rapid recovery from the shock of transplanting. If '
possible, all phosphorug should be applied basally, since’
root development 18 crucial at this time. .

2) First Top Dressing

When the seedlings have fully recovered from the shock
of transplanting and have entered into the active tillering
stage (approximately two weeks after transplanting for most
varieties?. fertilizer should be broadcast and puddled intec
the soil. This operation can be combined with the first .
weeding. The first top dressing ensures rapid vegetative
growth, promotes tillering, and helps strengthen the plants
against disease attack. Nitrogen and potagsjum should be
applied with the first top dressing.

3) Second Top Dressing

Immediately after panicle initiation (the date will
vary according to the duration of the variety), fertilizer
should once again be broadcast and puddled into the soil.
The second top dressing ensures complete grain filling,
increases the size and weight of the grains, and improves
the quality of the crop by increasin% the {rotein content.
Nitrogen and potassium should be applied with the: second
top dressing. ‘

An ideal fertilization schedule thus might look
something like this:

Day of transplanting - Basal Application
40 kg/ha phosphorus

Active tillering First Top Dressing

20 kg/ha nitrogen
20 kg/ha potassium

Panicle initiation - Second Top Dressing

20 kg/ha nitrogen
20 kg/ha potassium

!

HOWEVER: it is possible that many farmers wilil have neither
the means nor the ability to adhere closely to such a schedule.
0ften you will find yourself working with smaller amounts of
fertilizer, or with only one incomplete or complete fertilizer
instead of geveral single-element fertilizers. Expect to

ad just this application schedule to the requirements of each

. ho
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situation -- "go with the flow.” You may want to devise a
separate schedule for each farmer; do the best you can to
get the nutrients to the rice when they will be needed most.

Some tips on applying fertilizers:

It is sometimes difficult to bréadcast small amo.nts of
fertilizer over a relatively large area. Since uncven _
distribution of nutrients is ineffecient and in some caszec
actually harmful to the rice, remember that fertilizer can
always be stretched by the addition of an inert filler

such asg dirt or sand.

Never broadcast nitrogenous fertilizers (ammonium sulphate,
area, N-F-K) onto standing water. Upon contact with water,
the ammonium ions are converted to ammonia gas, and much
nitrogen is lost into the air.. Broadcast all top dressings
onto drained plots and then puddle in the fertll Zzer by

. hand before re-flooding.

3e sure that water does not flow out of recently fertilized
plots. ‘Water carries off nutrientst

Always be aware of safety considerations. Try to avold
fertilizing in swamps from which water is used for drinking,
washing, or laundering, unless an alternative water o rce
is avazilable. Helping dig a well or construct a water
system is one of the most beneficial ‘secondary projects

yoir can undertake with the farmers in your comm.nity.

Additional thoughts on fertilizers:

Although it is tempting for all of us as agric.lture
extension agents o attempt to sell farmers on- the use of
fertilizers, we must always be careful not to present a
distorted picture of nothing but higher yields. The potential
benefits of fertilizer use should be described only in the
context of the potential cocts: possible dependency and
possible safety hazard. Above all, if farmers are to be
taught to use chemical fertilizers, they should be taught
to use .them efficiently, safely, and in moderation., It
is unwise to encourage a héavy reliance on inorganic
fertilizers in an era when the spiralling price of fetrole.m .
prod.cts {(and many fertilizers are petroleum Dy-prod:ucts)
threatens to make widespread use of fertilizers uneccnomicnl.
dnen working with fertilizers, try 2lwaye to remsin aware of
the fine lire betwecn the .se of fertilizers to enhnnce
yiclds and total reliance on them.
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III. Fertilizer Calculations

There are a nuhber of variables to consider when
caICJlatlpg the amount of fertilizer to be applied to a
given area. These inclvude:

il
]

the percentage of nutrient contained in the
fertilizer being used

- the desired rate of application
- the size of the arez to be fertilized

In addition, because most farmers do not have access
to an accurate scale or balance, it will often be necessary
to devise a simple means of converting amounts of fertilizer
4nto a conron volume measurement (e.g., an 8 ounce cup).

v

The extension worker can attack the problem of calcula-
ting fertilizer -for farmers in a number of ways, depending
on the degree of accuracy desired. Described below are two
approaches to the problem which have proven aseful in the
past in Sierra Leone..

1) The Ro:gh-and-Ready Method

The simplest method of determining a farmer's fertilizer
needs ic to calculate how many bags of fertilizer will be
needed for the entire swamp and then to divide the swamp and
the fertilizer into smallier units at the time of application
to encure z relatively even distribution. 1“.1_1:‘"1:. measure -
the entire swawp and calculate its area. Fracticed field
workers can sometimes make an approximate guess at a swamp's
area, but make sure the practice at measuring precedes the
guessing. Choose the fertilizer you will use -=- or in most
cases, ascess what is available. <Lsing the recommended rate
of 40 kg/ha, calculate the amount of fertilizer required with
this formula:

where

weight of the fertlllzer to be applled (this is what you
are calculating)

il

area to be fertilized (hectares or acres)

decired rate of agplication (in this case the rccommernded
rate, or 40 kg/ha

percentage of natrient contained in the fertili:zer
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1
Example:

You have measured a farmer's s&amp to be approximately
1.5 ha. How many bags of urea will!be required to fertilize
the entire swamp with nitrogen at the recommended rate?

Using the formula W=4xR, | where:
—F

?

1.5 ha

40 kg/ha '

453 or .45 (determined from the fertilizer chart)

Ehels # = 1.5 ha x 40 ke/ha
s

60 kg
45
133.33 kg
approximately 130 kg urea

Each bag of urea wei%hs 50 kgs therefore, to convert
kg into bags, divide 130 kg by the welght of one bag:

P

130 kg = 130 kg-'= 2.6 bags
50 kg

Tr.e problem now is to ensure that the 2.6 bage of ares
ot Jistributed evenly over the, 1.5 ha cwamp., Toy dividing
the swumy into ten small sections. Then ol together wilith
the farwer and, using a local unit of weasure, cdivide the
fertilizoer into ten equal piles.  Lake certaln L.ct the
farmer understands exactly what you are doing together,-
beca'se in the future g/he will be doinyg the same orerailo:n
without your assicstance. Above nll, keep thingc siuple,

2) The Fertilizer Tables

Developed swamps are divided 1into plots smeller tran &
hectare, acre, or even half acre. A more exact metihoed cf
calczlating fartilizer applications is by the indiviiual plot.
This method lends itself well to swamps in which menagement
practicec have reached a more sophisticated level, or irn
which only a few plots are planted at a time. ///




Then simply multiply this figure -- the multiple of
the standard area -- by the figure appearing in column 6
{since we are working in English measurements here) to
determine the cups of basic slag needed:

2.5 x 4.8 = 12 cupg of basic slag

Now suppose the farmer checks the storeroom and discovers
that there is no more basic slag. But there is a quantity of
another phosphoric fertilizer -- single superphosphate.

How many cups will be needed to fertilize the plot at the
recommended rate with single superphosphate?

Since you have already measured the area of the plot
and calculated the multiple of the standard area -- and
recorded this information op a map of the swamp -~- a Juick .
reference to the fertilizer tables will enable you to determine
- how many cups of single superphosphate will be needed.

Multiply 2.5 (the multiple of the standard area) by the
figure appearing in column 6 opposite the line marked "single
caperphosphate”:

2.5 x 7.4 = 18.9 cups of single superphosphate




The use of the fertilizer tables requires a detailed
area survey and a fair amount of math. However, the survey
need be performed only once, since the measurements and plot
area calculations can be preserved for future reference on a
gsketch map. The same map can later be used for a number of
different purposes: fertilizer calculations, Sseed reguirement
calculations, pesticide calculations, and yield comparison.

How to use the tables

columns in the téble are as follows:

column 1 -~ name of the fertilizer

1 . _
column 2 -~ number of B ounce cups (filled to overflowing)
in one 50 kg bag

column 3 - weight of the fertilizer in one cup in grams/(ounces)
col.mn 4 - weight of the nutrient in one cup in grams/(ounces),

culuin § - number of cups needed to fertilize 100 n? at the
recommended rate of 40 kg/ha

colimn 6 - number of cups needed to fertilize 1000 f2 at the
’ recommended rate of 36 lbs/acre

If the area of the plot to be fertilized is known,
columns § and & will enable you to calculate rapidly the ,
amo:nt of fertilizer necessary to fertilize at the recompended
rote. CSimply divide the known area of the plot by 100 mé (if
yo. are uSing metric measurements) or by 1000 £2 (if you are
.sing English measurements) to get a multiple of the standard
arca .sed ln column 5 and column 6. (Be careful to keep to
the same cystem, metric or English, throughout each calculation.)
Then maltiply this figure -- the multiple of the standard area --
by the figure appearing in either célumn 5 or column 6 (which-
ever ig appropriate for the units of measurement you are using)
to determine the number of cups of fertilizer needed to
fertilize at the recommended rate. ‘

Example:

. You have measured a plot to equal 2500 f2. You want to
.make o basal application of phosphorus using basic.slag as the
source of F. The desired rate of application is 3% 1bs/acre.
liow mony 8 ounce cups of fertilizer are needed?

Pirst, divide the plot area (2500 £2) by 1000 £2 to get a
m:ltiple ¢f the standard arez:

2500 f2 = 2.5
1000 f£°
Sk
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FERTILIZER TABLES

Note: ON€cup = 8 ounces

Column 1 Column 2 { Column 3 | Column 4 | Column 5 | Column &
Nuﬁber of] weight of‘Weight of] # cups/ # chps/
FERTILIZER TYPE cups/ | fert. /cup nutr. /cup 100 sq.m | 1000 sq.5§
: 50kg bag | grms (oz)l grms (oz)| @40kg/ha | @401bs/a
UREA :
(45% Nitrogen) 190 263 (9) 120 (3.8) 3.4 3.5
AMMONI UM
SULPHATE 147 340 (12) 61 (2) 6.5 6.8
(18% Nitrogen) .
SINGLE SUPER-~
PHOSPHATE 160 312 (11) 60 (2) 7.1 7.4
(18-20% P,0c)
2-5
BASIC SLAG 103 485 (17) | 70 (2.3)] 5.6 5.9
MURIATE OF
POTASH 145 345 ¢12) | 207 (7.3) 1.9 2.0
(60% KZO)
SULPHATE OF
POTASH 125 400 (14) {200 (6.5) 2.0 2.1
(50% K,0)
N-P-K 15-15-15
(15¢ each N,P,K) 150 333 (12) 50 (1.6) 8.0 8.2
N-P-K  20-20-0 160 312 (11) | 62 (2.0)] 6.4 6.7
(20% N,P ~ 0%K)
Conversion rates used: 1 kg = 2.2 1bs 1 ha = 10000mé= 2.47 a
- l 1b = .453 kg l a = 43560s3q. feet
l oz =31g = .405 ha
\ lg = .032 oz
55

38




CHAPTER 10

INSECT PESTS OF RICE

Introduction

In Sierra leone, as in most regions in the developing
world where irrigated rice is grown, insect pests can
be & major problem. Tropical conditions favor the year-round
proliferation of insects, and double-croppling practices
provide a steady habitat for feeding and breeding. In order
to take preventative measures against insect pests, the
farmer must be able to recognize crop damage and identify |
which insect pest is responsibtle. This chapter provides a!
brief introduction to the major insect pests of rice in .
Sierra leone, grouped according to the type of crop damage:
they inflic t. !

i
\

b

Cutline of Contents

I. Stem Borers
II. Leaf Cuatters/Leaf Feeders
. Leaf Scrapers
. Root Fe:lers
Grain Suckers

I. Sten Borers

a) Crog Comage

Rice steir borers are one of the most destructive types
of insect pests of rice, occuring regularly and afflicting
plants from seedling to maturity. Stem borers are the larval
stage of any one of several species of winged insects which
lay their eggs on the leaves or stems of the rice plant.
When the egs hatches, the larva emerges, bores into the
inzide of ti.e culm, and feeds on the interior of the stem.
Jrile feeding, the borer cuts off the growing part of the
plant from the bace, causing the tiller to die. Farmers
ienerally cannot see the borer unless they cut the stem open.
Iho precence of stem borers ic most often determined by signs
of erop drmage.




To determine the presence of stem borers, look for

the following signs:

- dead hearts {young tillers which have dried
up and died after borers have cut off the
growing part from inside) :

white heads {empty, whitish panicles resulfing
from stem borer attack after Panicle initiation
had already occurred

holes in the

entered the st

presence of adult insects

Mame

Striped stem borer

Tirk stem borer

Jhite stem borer

Yellow =ztem borer

Diopcis:, or
Stalk-eyed fly

II. Leaf Cutters/leaf Feeders

n) Crop Damn.-e

*

b) Species Most Common in Sierra Lecne

Larva

light brown larva
with 5 thin stripes
length to 17mm

pink larva with a
dark head; segmented
length to 25mm

¢reamy white larva
length to 17um

yellowish larva
length to 17mm

white larva witﬁ
rets of "feet”
length to 25mm

temg {indicate where the borer
em)

Adult

dirty brown moth,
(dark spots on
wings)

dark brown moth
{witi te band across
wings ‘

f

white moth

straw-colored moth
{pointed head)

rust-colored bug
with eyes at the end
of gtalks

. Leaf ¢ :tters and leaf feeders include a wide variety of

2ifferent specles of insects.

Although they can attack at

any point in the crop cycle, damage is generally moct heavy
during the cseedling and tillering stages, when the leaf tissues
nrc tender znd cucculent.

To determine the presence of
leok for the following Slgns:

leaf cutters/leaf feeders,

- irregular holes eaten into the leaf surface

- skeletonizing of leaf

eaten down to the midribs
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cut-off -leaf tipg
pieces of leaves floating in the water (also
cases -- see note on caseworm below)

presence of insects {(many species of leaf

cutters/leaf feeders are easily observed, e.g. -
caterpillars, grasshoppers)

b} Species kost Common in Sierra Leone:

fName Larva Adult

Caterpillars various sigzes and “butterflies and
markings mothe

Grasshoppers various sizes and
markings

Arny worms black worms hairy, brick-red
length to 3S5mm mo th
(appear periodically
in mass concentrations)

Caseworis® pale green larva dirty white moth
length to 25mm (nocturnal)

#lste ONn chCewolm:

Caceworm is a pect specific to irrigated rice and
represents the single moct destructive insect pest of rice
ir. Sierrn Leone (with the possible exception of the occasional
invasions of army worms). fZaseworm infestation can be
extremely widesrread ir newly transplanted rice, and crop
logs can approach 100% if control measures are not taken.
Tr.e worms feed on the lecaves and stems and in many cases cut
o{f tiie leaf tips, resulting in a "mowed" appearance of the
rice. :

Ti.e worm 1s semi-aquaatic in hatit and needs to live in
water ! crder to draw in oxygen through its gills. It
carrics a weter oupply with it by living inside a water-filled
"case" which it constr:cts by cutting off a leaf segment and
rolling fteelf up inside. This case sérves as a portable
environment. It also do:bles as a boat: when the caseworm
wants to move to arother rice plant, it drops into the water
and fleats inside the case to a new source of food. Each
caceworm attacks several plants in this fashion and constructs
many cacel before it is fully grown. '
{(for contrcl meacures, see next chapter)




III Leaf Scrapers

a) Crop Damage

leaf scrapers are g€enerally present in moderate numbers
in Sierra leone.and habitually cause relatively minor damage. -
However, in certain instances they can represent a really
serious threat to a crop. Leaf scraper damage occurs most
frequently during the seedling and early tillering stages,
while the vegetative tissue is still succulent and easily
attacked. As the name implies, leaf scrapers damage plants
by scraping off the chlorophyl-containing layers of the leaves.

To determine the presence of leaf scrapers, look for
. the following signs:

- pale, colorless areas on the leaf surface
Ewhere the chlorophyl-containing tissues have

been scraped off)
- presence of ingegtg

b) Specieg lost Common in Sierra Leore:

vame Arv Adult

Crasshoppers various sizes and
markings

Epilachna, or or?nge. black-épotted_
Lady-bird beetle beetle
oval, length S-6mm

I¥. Root Feeders

2) Crop Damage

Root feeders attack the roots of the rice plant and
feed on the living tissues, causing eltherstunting or death.
Damage generally proves serious only during the seedling
establishment and early tlllerlng stages, when the plant’s
root system is just beginfting to develop extensively. Root
feeders breathe air and consequently are found only in plots
which are not flood:zd. Often root feeders make their homes
ircide the bunds, venturing forth into the plots only to feed.

To determine the presence of root feeders, look for
the following signs:
- dead seedlings (no other visible damage)

- turnel tracks in the goil leading to affected
rlants .

- presence of insects
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L) Specicy poct Commorn in Sierra lLeone:

T

Adult "
iole Cricket brown or charcoal-gray .-
cricket {(length to 35mm) - -
front feet developed !
for tunnelling

riame Larva

7. Grain Suckers

a) Crop Domose

Grain suckers have been known to cause severm crop loss
in Sierra leone, especially in areas where continuous
cropping ocenrs. Often the damage caused by grain suckers
iz not immediately apparent, since many empty grains are not
discovered until harvesting has taken place and winnowing
berins. GCrain suckerz attack the rice plant during the milk
ctare of the ripening phase and suck out the liquid contents
of the grain, leaving only. the empty husk.

To dctermine the presence ‘of grain suckers, lock for the
following cigns:
- empty grains with tiny holes bored through
the husk

erect panicles (indicating empty grains
that have been sucked dry ‘

prasence of incects

L) Speciaz rost Compon in Zierra Leone:

Lane AT Ad.lt
Saahbls
‘Rice g : tiny, green . lonz, clender insect
{rice colored) greenisi.-brown
al30 $UCKS 3afp length 14-17mm




CHAPTER 11

FEST IREVENTION

Introduction

Irrigated rice must be protected against serious
damage from permanent or sporadic pests. In many. develop-
ing regions, the tendency is to rely on control of pests
{through chemical pesticides), rather than on prevention
of pests {thro.gh management practices). It.is ur to the
extension agent to make the farmer aware that pest control
in its broadest sense incl:des everything that makes life
difficilt for the pest, kills it, discourages it from
rofroduacing, or prevents it from spreading. This chapter
describes some of the management practices. which can help
prevent pest infestation from reaching the stage where
the farmer will be forced to resort to chemical control.

Catline of Contents

I. Educating the Farmer
I1. I'reventative Fractices/Insects
I1I. I'reventative Fractices/Birds
V. Treventative Fractices/Rats

I. gducéting the Farmer

The key to effective pest prevention lies in a complete
and accurate nderstanding of the pest, its life cycle and
habi tc. Altho:gh most farmers will usuaally be able to
Qertify the pest cauvsing damage to their crops, often they
lack a detalled knowledge of the relationship between the
rest and the rice growth cycle. This ig hardly svrprising,
since most pest activity occurs at night, or in places in
which it iz difficult to observe (e.g. inside the stem of
the plant).

Ferhaps the most important contribution the extension
agent con make toward pest prevention is to educate the
farmer obo:t the life cycle and habits of the pest. Teach
the farmer to lcok for signs of crop damage. Foint ¢ t as
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many pests as you are able to identify, and explain as
much as you know about their life cycles. Ask questions
which will start the farmer thinking regularly about pests.

II. Preventative Practices/Insects -

With one or two exceptions, it is difficult to eliminate
inscct pests completely simply with management practices --
but there is no question that preventative practices can have
a significant effect in ‘controlling or reducing insect .
populations. And since crop damage occurs in direct propor-
tion to insect population, it is %mportant to know which
management practices will help keep down the numbers of
harmful insects. Freventative practices which have been
effective .in Sierra Leone include:

2) Flooding

. After the harvest, many species of insect pests enter __
into the pupating, or resting stage. Flooding the plots ¥~
immediately after harvest can drown many pupating insects,
ecpecially stem borers. Flooding alsc effectively contreols
air-breathing insects, such as the mole cricket.

b) Draining

Draining the plots represents an easy, inexpensive, and
effective control against caseworm. Encourage the farmer to
drain the affected plot(s) dry for 7-10 days to prevent the
cpread of caseworm. (Note: be sure not to drain the water
o1t of one plot and into another, since this will merely
rectlt in the spread of the infestation. ;
¢) Burning

Burnirg sff ctraw and stubble after the harvest drives
awny any remaining insects, kills pvpating insects in the
s0il, and helps control disease as well.

d) Tlowine

Removal of paddy stubbles and wild grasses after harvest
vy plowving them under will minimize the next generation of
insect pesis by killing larvae hibernating in the soil and
eliminating a ratoon crop (which serves as a host environment
for rice-specific pests). .

o) 3Sroshiv Zond3 znd Feritherieg

rary cpecies of insect pest emerge from the plots during
in faruming operations (e.g: brushing, burning, plowing)
cex refnge in the weeds growing on the bunds and along
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I

the edges of the swamp. . Brushing the. bunds and peripheries
deprives many insects of a valuable habitat and, can .
significantly reduce their numbers.

f£) Crop Rotation

Crop rotation can be extremely effective against
certain insects, especially rice bugs. 1In a heavily pest-
infested area, encourage as many farmers as possible to
plant a rice pest resistant crop {e.g. groundnuts or
cowpeas). If deprived of a wice environment, many rice-
specific insects will move elsewhere or die. :

g) Uniformity of Planting

If sufficient labor is available, encourage the farmer
to plant the entire crop at one time. Since the entire crop
will subsequently undergrow the same growth stages at the
same time, certain pests which attack only during certain
growth stages (e.gz. rice bug) will have a very short
attack "window." '

h) liost Flant Resistance

Mo rice variety has been found to be immune:from
incect attack, but certain varieties clearly are more
cusceptible to attack by certain insects. Teach .the farmer
to be aware of such susceptibilities (most farmers will
in turn be able to teach you about such things). Advise
against the continued use of varieties which local insects
seem to prefer.

‘111, Freventative Fractices/Birds

Sirds, reprecent the single greatest pekt hazard to rice
furmers in Sierra leone. Bird attack during the final stages
of crain ripening can cduse losses of up to 90% in unguarded
standy -- in a matter of|days. MNost farmers are well aware
of the bird problesm and rely on traditional methods of
%revention ard conirol. £ Thege include bird-scaring apparati

consirocted of cticks, vineg, tin cans filled with pebbles,
re;z, etc...}, £lings, and snares.

i‘cie: Zone Ffarmers attempl to poisor birig by baiting them
with rice treated with pesticide. Needless to say, this
practice ic extremely dangerous, all the more so because
pecpic hiave been krown to eat the birds killed by the poisoned
bait. Alwzys discourage this practice, which in any case
affectc orly a few birdas,

1
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I7. Ireventative Fractices/Rats

Rots also can pose a major pest problem -- and they
can be extremely difficult to control. Two types of rat
are commor: in Sierra leone. The cutti grass is a large
noc burnal aninal (weighing up to 40 lbs) which causes
extensive damage to rice by feeding on the bases of the culms.
Althosgh many farmers believe that cutting grass will not
crues broad irrigation channels or enter into flcoded plots,
the animal in fact ic an excellent swimmer. Maintaining .
g"-2" of standing water on the plots will slightly.discourage
feeding, but the only effective control is to fence off the
swamp and deny the animal entry, or hunt it.

Anothicr rice pest is the smaller field rat (actually |
several different species). These 8"-10" animals live in
nosis constrycted ingside the bunds and attack the rice
daring 211 growth stages. They are extremely difficult to
control as they make their homes inside the swamp itself.
Ti.e moct effective way to control their numbers is 1o tear
apart the bonds and destroy the nests.




E
3

———— S——————

57 EESTICIDE SAFETY AND AGRO-CHEMICAL USE

Introduction

The use of chemical pesticides in developing countries .
ic subject to considerable controversy. Pests destroy up o
to one third of the world's food crop every year. An even
greater percentage is lost in developing countries, where
safe and effective pesticide use is rare. '

Fart of your job as an agriculture extension agent
will be to teach farmers and agro-technicians how to control
insect damage through a combination of preventive management
ractices and pesticide use. This chapter provides a brief
introdyction to the basic safety measures which sho.ld always
accompany the use:of chemical pesticides.

C.tline of Contents ' - i
' - /
I. Testicide Toxicity

ITI. Safety Giidelines ,: .
III. Sympione of Foisgning 3
I/, Firct Aid neasures

I. Tecticide Toxicity
Tuesticides are usef.l for keeping farm animals healthy
ard for ¥xiliing incects, weeds, and plant diseases. ‘When
Jzed improperly they can hurt or kill other things in the
environment. incl.ding you or the people you work with.

A1l pecticides are toxic, ranging from the most
drnngerous {(Category I} to, the least dangerous (Category IV).
The IDgp-rating (1D refers to lethal dose) indicates: the
ano it of presticide that will kill 50, of test animals (male
rats) in terms of milligrams of pesticide ‘per kilogram of
body welght. If the IDgg of 2 rat poison’is 148, then 148 mg

~f %o .poizon vill kill7cre of every two rats that weigh

1> ¢acht. 1Den val es provide a feirly good measure of the

relotive toxi@llies of pecticides ¢ humans. Each type of - | ;
pezticide 15 generally assigned two IDgg values, for dermal

contact {contnct through the skin) ond for oral contact -

(irne3tion throgn the moath). '
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The LDgg rating gives no information on the cumulative
effoct of repreated exposure. Organophosphates such as
Thosdrin (mevinphos) . and Farathion interfere with the
iransniscion of nerve impulses by inkibiting the enzyme .
crolinesterase, and because the body cannot rid itself of
hese polizons, their effects ¢can be cumilative. Several
small,. non-lethal doses can add up to a lethal dose. &J/

Even relatively “safe“'pésticides such as Malathion or
Sevin cah cause severe poisoning if enough of the pesticide
is ingested or spilled on the skin, particularly in concentrated
form.

Toxicity of Common Festicides
(IDs0 values in mg/kg)

Texzticide Use® Dermal

-1 - Logt Danferous

. (vavinphes) I

Dangerc s

Sithanc D-14
faraguat {Sramoxone)

Jowmneon .
Vagona {Dichlorvor)

Cateyory IV - Ieongt Dangerousg

Car tan ) F
Daccnil (Erave) F
~alathion I
Tosir {Zartorryl) 1
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. L y .
/ IT. Safety Guidelines '

il

1) laws and Rggglqtlonﬂ

: Lake surs you are using, storing. and dlSposing of
pP;blClde” in accordance with the laws and regulationq of
thie conhitry in which 5ou,11ve and work.

/
2) lend nnd tnderstand/the Label - ;

I
All persons using Pesticides should underétand the

dircetions arnd precasiiont on the label beforé opening the
container. The label} shoi:ld ctate the name of the pesticide,
m: nt of ~stive ingrcdiant, uses, svggested dosages,
precavtions, and fiyst aid instrocticne. If the label is
Vag e or un leqr. try to obtain a descriptive pamphlet.
"aver Uiy or uge pesticides that come in unmarked sacks or
vatilen.  Any '7.9./labels which lack the above listed
1n orn1t1or chou:ld be reported, with a copy of the label if

~itle, to the}feﬁcb Corps Information Collection and
qu}an*e (ICE), Washington, D.C. 20525. All this information
i= *oq ired cnfxﬁe label by law, and any fallures to comply
will be brodb to the attention of the U.S. EBnvirornmental
Trotection Agéney.

’ S

?) Irotect Yourcelf |

The praper use df safety equipment and protective
¢lothing i cesential ir hondling and applying chemicals.
Rubber ;loves and boots, trousers (outside of boots), long-
cleeve?d shirt, waterproof hat and coot, and proper
mLens:. rﬂrL eq.ipment are the minimum reguirements when
reckticidas are 1pplled. In many instances a respirator is
recesonry ag well. Thoro.:lly wash all clething before
wearing it azain. ~“Avoid handling chemicals when wearing
lerther shices, since chemicals .are eas ;ily absorbed by leatter
ard ule very diffic.lt to remove,

k) gatleiory I Category II Eggt;c1dg

aner, \O"Llhb with farmers, avold using Category I and
Catepory, II pesiicides, particu.larly Bidrin, Fhosdrin, -
ILO;LLawidoh. and Trithion. If you or other pesticide
experts ever find it necessary to use pesticides in el her
Category I or Category II, be sure to wear the required
protective clothing, rebardlegs of how uncomfortable it
nay get. Incist that farmers who use these pesticides
{zlmoct invariably they sho:ld not be) are trained to use
proteciive clothing.

-

ey e e Tt a3
T EL LM el oo icides

" Tu o handling pny pesticide, avoid repeated or prolonged
curtact with the skiin, or inhalatiorn of dust or spray.
Cleiidng sﬁauld be chanrged and hands and face washed before
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eating, smoking, or going to the bathroom. Wash immediately
with'detergent and clean water when your hands, skin, or
any part of the body become contaminated or exposed.

.t

€) Safe Working Area

Frepare pesticide solutions in a well-1lit, well-
sentilated place, preferably outside. Keep livestock, pets,
and people ou:t of the mixing area. UWear proper protective
clothing =nd read the label before opening the container.
~1x the solution carefully to .avoid accidental splashing.

If a spill occurs, soak vup the spill with sawdust or soil
and bury the contaminated material in a hole at least 50c¢m
~deep in an izolated place where water supplies will not be
affected. Cover the material with dirt.

7) Yindy Days

licver spray or dust on windy days. Do not spray
pesticide if people or animals are nearby. Avoid treating
crops while bees or other pollinators are active in the
field. Do not apply pesticides if apiaries (beehives) are
near eno.gh to be affected adversely; notify the beekeeper
50 he can move the hives if necessary.

?) Irotecting Fassersby

Jo rot permit unprotected passersby to enter treated
£iz1do 1:til the spray has dried or the dust has settled.
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icidec in a dry, well-ventilated place out

¢hiliren =nd away from food and animals.
i the original, laubelled containers,

o prevent the releace of harmful vapors.
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pesticide contairgre are never put to
1 all cxply bags, as well as cardboard
irers, Do this in an jisolated place, when
: ca :Se contaminated smoke to drift among
livestock, or crops., Xeep well out of the
Z.ry the aches 50cm deep in ar. isolated place where
watel o opplies will not be contaminated.” Break all Zlass
colitrinerys, cr.osn or punch holes in metal cans, and burn
and bory oo oabove.

Lo Y R TS - -
Lo aCC s

cur.taminate ctreams, swamps, or other water
Yer dauring application or when cleaning equipment.
r -3 leftover spray mixt.re should be porred into
in the ro nd, never into a ctiream or swamp.
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I11. Symptoms of Poisoning

Symptoms of pesticide poisoning vary depending on
. the chemical group of the pesticide and the severity of
the exposure. Repeated exposure to small amounts of some
pesticides can cause sudden severe illness. Poisoning-
ca:sed by synthetic organic pesticides (organophosphates,
chlorinated hydrocarbons, carbamates) may cause one or
more of the following symptoms:

[ild poigoning:

irritation of the skin, eyes, nose, throat
weakness, dizziness

navsea, stomach cranmnps or dlarrhea
excessive cweating and salivation

chest discomfort

blurred vision

numbniess of hands and feet

| I T R B B |

odernte volconing:

- difficuvlty talking and breathing

- puor muscle coordination

rapid pulge, flushed skin

congtriction of pupilc

xucle twitching

- 3, creased ceverity of carlier symptoms

Sevare peisoning:

:nconscio sness

- cevore Constriction of popils
corvuleions

inability to breathe

necretiony from the iouth and nose
- death

Sympioms may be delayed ceveral hours following
expos.re. Appenrance of come of the symptoms does not
nece"‘orily indicate poisoning -- other kinds of sickness
say casce similar vywsptoms., Always consult a physician
to be certain. _




iid Neasures

3 the viciim to g doctor or hospitzal as soon as
ocsivle. Take the pesticide label along for the

doetor's information. Do not carry the pesticide
ccntainer in the pascenger space of a car or truck.,

If the pesticide has been swallowed, check the label

to see 1f the victim should be made to vomit. Yomiting
can be induced by giving the victim one tablespoon salt
dissolved in half a glass of warm water. To avoid
dehydration, however, the preferred method ic to stick
2 finger or spoon down the victim's throat. Focition
th2 victim face down or kneeling forward to avoid
choking and/or strangulation. After vomiting has been
ind~ced, make the victim lie down and keep warm.

Mever induce vomiting in a person who is unconsciouds

or having convuleions. :

If 2 pecticide gets on the skin, immediately remove
a1l contaminated clothing and wash the affected skin
with detergent and weter. Don't forget hair and
Fincerrelle,

If a pecticide gets in the eyes, wash immediately and
Tor ot lzast five contincous minutes with genercas
azoints of vater. '‘ave them cliecked by a doctor.

If p peaticide Las been inhaled, get the victim to

frosh air immediately and have them lie down. loogen
clotiing and keep the victim warm ard quiet. If

“breathing stopes begin artificial respiration. Summon

micdicz2l ascistance immediately.
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ARTIFICIAL RESPIRATION

Flace the victim face up.

Remove all foreign matter from the victim's mouth w1th
your fingers.

ILift up under the neck and tilt the head as far back as
pousivble, until the chkin points up. This position is
important to keep the air passage open.

For an adult victim, pinch the nostrils shut and place
yorr mouth tightly over the victin's mouth. For a child
victim, place your mouth over the mouth and nose. A
Lhankerchief should be placed between your lips and the
victim's to prevent your coming into contact with the
pecticide.

™ .
Take a breath and exhale into the victim until you see
the victim’s chest rise. Uscé shallower breaths for
ciildren.

Remove your mouth and releace the victim's nostrils.
Listen for the sound of air coming out.

reyeat - every 5 seconds for adults
- every 3 seconds for children

B:lging of the stomach may make brezathing more difficult.

srn the head of the victim to one side and press gently
on tre ctomach. This will force air out of the stomach -
Lt nay cntice vomiting,

If vomiting occurs, quickly. turn the victim on their side,
wipe oot the mo:ith, and then reposition them.

Jontin ¢ artificial respiration :ntil the victim begins
to breathe mnascisted, or until a doctor pronounces the
viciim dead, or until the joints stiffen.




CHATTER 13
FESTICIDE CALIBRATION

Introduction

voct pesticide application in Sierra leone is done
with backpack, pump-type sprayers. The main function of
a sprayer is to break the liquid pesticide solution into
droplets of effective size and distribute them uniformly
over the surface or space to be protected. Another function
is to regilate the amount of pesticide to avoid excessive
application (which might prove harmful, wasteful, and costly)
or insufficient application (which would fail to give
effective controlg. This chapter describes the common
form.ilations of locally available pesticides and explains
step by step how to dilute them to obtain the desired
cencentration for field application.

Qutline of Contents

Y. Pecticide Form: lations

TI. Testicides Available in Sierra Leone
III. Sprayer Calibration

IV. Iesticide Dilution

I. Tezlticide Formvlations

wort comnon pesticides are zvailable commercinlly in one

or more of the following forws: d.ci, wettable powdcr,
ciw:loifiable concentrate, ov granules.

1. D gto .
2-.is are widely .sed in agriccltore, especially

¢ it is difficult to obtain large volumes of water
dil ting cprays. The toxicant is mixed or dil.ted
;. 1 carrier, guch as talc, and mechanically tvlended
the xan-factirer. A low conccntration of the
Losderrnt 1o relpf il in making an even applicaticn.
Dol rce oppliad dry with hand dosters, groond dusting
Hprneri, or aerial equipment, and are not intended to
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be mixed with water or oil. 1In order to .avoid drift
it is best to use dusts when there is little or no ‘
wind, and the crops are wet from dew or rain. Because
they contain a minimum of solvents and no emulsifiers,
dusts arc least likely to harm delicate plants.

2, Emulsifieble Concentrates

An emulsifiable’ concentrate is an oil-based
liquid compound containing a high concentration of the
toxicant. These concentrates contain emulsifiers
(agents which facilitate mixing with water), as well
ac wetting and sticking agents to make them readily
emulsifiable in water and liable to adhere to plants.
Before 1use, th&y must be diluted in water. They can
be applied. as ground sprays, or with aerial spray
equipment. $

Wettable FPowders

Wettable powders, although similar in appearance
to dusts, contain a wetting agent which permits them to
become dispersed and suspended when mixed with water
and applied as a liquid spray. Since powders do not
dissolve but rather stay in suspension, spray tanks
must be equipped with agitators ito keep the particles
in suspension. Wettable powders contain no oil or
solvent, and they are consequently safer than some
emulsificble concentrates for use on plants with
delicate foliage.

Cranuleco

Granular pesticide formulations consist of free-
flowing grains or inert materials elther mixed or
impregnated with a toxicant. Granules offer these

~advanitagest they do not need any further mixing or
Jil.ting; they present no drift problem diring appli-
¢ition; 2nd they can be broadcast directly by hard
witho.t expensive equipment (since almost invariably
they age made vp of compounds showing low toxicity to
homans

All of these different forms of pesticides have their
place in insect control because of differences in weathering
properties, uptake characteristics, life cycles of insect
pests, and/or growth characteristics of crops.




II. Pesticides Available in Sierra Leone

*

MAL ATHICI 1D50 Values Orals 1375 Dermals U4h4ll

Crganophosphate (contact insecticide)

Formulation: emilsifiable concentrate, wettable powder
Active Ingredient: 25% or 50%

“se:s Insect control in rice, vegetables

IDgy Values Oral: 600 Dermal

Chlorinated hydrocarbon (systemic insecticide) '
Formulation: wettable powder

Active Ingredient: 25% ..
Use: Insect control in rice, vegetables

PLCSDRIN - 1Dy Values orals 6 Dermal: 4.7

Crganophosphate (contact, systemic insecticide)
Formulation: emulsifiable concentrate

Active Ingredient: 24%
Use: Insect control in rice, vegetables
EXTRENELY DANGEROUS - NOT RECOMMENDED

50 Values Orals 21 Dermal: 43

Organophosphate (contact, systemic insecticide)
“ormulation: emulsifiable concentrate

Active Ingredients 24%
'ses Insect control in rice, vegetables
SXTRENELY DANGEROUS - ‘NOT RECOMMENDED

YCCIDE 10t ID50 Values Oral: Dermal :

Active Ingredient copper (contact fungicide)
Toraclation: wettable Eowder

Active Ingredient: 544
""se: Control of black pod disease in cacao




111. Spraver Calibration

If and when it becomes necessary to apply pesticides,
it is 1likely that application will be made with a pump-type
backpack sprayer. These sprayers are relatively inexpensive, .
simple, and easy to operate. It is important that the
extension agent be well versed in the use and ocalibration -
(calculation of the rate of spraying) of the backpack sprayer.
Even - if the extension agent does not actively encourage
farmers to. apply pesticides, it is quite possBible that s/he
will be approached by farmers owning their own equipment for
instruction in the use of the sprayer. One of the best ways
to help decrease pesticide abuse is to provide accurate
information about the proper calibration and safe use of
spraying equipment.

Before each application of pesticide, it is necessary
to calibrate the sprayer to determine the exact rate of
spraying. The rate of spr is the amount of liquid
emerging . from the sprayer (in normal use) to cover a given
area. This differs significantly from the rate of pesticide
application, which is the amount of pesticide appliéd per
unit area. The .rate of spraying varies according to the
physical characteristics of the sprayer and has nothing to
do with the properties of the spray itself, but the rate of
pesticide application varies according to the rate of
spraying and the concentration of the mixture in the tank.
(This is an important distinection and should be understood
clearly.) 0:?; once the sprayer has beeh calibrated (to
determine the rate of spraying) will it be possible to
determine how much pesticide to mix with water in the tank
to achieve the desired rate of pesticide application.

The rate of spraying depends on four majbr factors:

1) Pressure in the spray tank

"Keep the pressure in the tank as constant as
possible. A pressure regulator or pressure .
gauge is ideal, but usually these are lacking.
Smooth, even pumping will help keep the pressure
relatively constant. -

Size of nozzle orifice

The size of the nozzle orifice regulates the
amount of spray passing through the nozzle.

The nozzle orifice wears with use and therefore
must be recalibrated regularly. :

.

Spray swath

The spray swath, or "path" covered by the
droplets, varies according to the height at
which the tip of the nozzle is held. Keep the
swath as constant as possible. :
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4) walkigg speed of gprayperson -

Walking speed directly affects the area covered
per unit time, which in turn determines the
amount of spray applied per unit area. Maintain
an even walking speed when spraying, to the
-axtent poaaible.

|
When c&librating a sprayer, it ig important to keep in
mind that the calibration will be valid only for that pggt;gular

gsprayer in %ngg ticular gwamp with that particular spray-~
person, since a change in any one of these variables will afect
a change in the rate of spraying.

To calibrate a sprayer, follow this procedures

1. Prepare spraver
a) Rinse supply tank and fill with clean water.
b) Remove nozzle? check and clean if necessary.
c) Flush pump, hose, and lance with clean water.’

d) Apply pressure (i.e. pump) and check sprayer for
lesdks. '

2. Determine walking Speed of spra¥berson
a) Pill tank with clean water.

b)- In an actual paddy, mark starting point with a’ atake.

¢) Using your wristwatch, begin 1 minute trial. Walk at
a constant and normal speed, carrying the filled
sprayer on your back. Pump the sprayer handle with
one hand to maintain pressure agnd direct the nozzle
with the other hand to obtain a spray swath of
approximately 1im width.

d) Stop walking at the end of exactly 1 minute and mark
the stopping point with a second stake.

e) Measure the distance between the starting and stopping
points. Record the distance in meters. Walking speed
can be expressed in terms of m/minute )

f) Repeat trial at least three times to obtain an average
. walking speed.
3. Calculate area sprayed in one minute

If the spray swath was kept at (approximately) 1m, the
area sprayed in one minute can be calculated easily using
the known walking speed:

Area Spraged in one minute = spray swath (1m) x walking speed
(m/minute The answer-is expressed in terms of m /hinute

~ TS
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\ L, Determine _&ZZIM L‘gn_ minute ) L

a) Fill sprayer with clean water and pump sprayer
handle to build up prlaalemre.i _

'K- b) Dip end of nozzle into a graduated cylinder.

| c) Using your wristwatch, begini i minute trial. Open i o
the cut-off valve and spray into the graduated
cylinder. Make.sure none of the spray escapes.

d) Cut off the discharge at the end of exactly { minute.

¢) Note the volume (in liters) of liquid collected.. N J
This is the nogzzle discharge,. expreased in terms of \ : |
\ liters/minute (1/min). N
\ f) Repeat trial at least three times to obtain an
\ average nozzle discharge.

“Now you can easily compute the rate of spraying: —;

Rate of sgraylng - ho digch s (1/min]
\ area sprayed (m</min

+

\ Since most pesticide application rates are given in
‘.terms of 1/ha, the rate of spraying should be converted
| to the same units of measurement: N
E t
ﬁ . _
‘Rate of spraying = __1_ x 10000m% = _1 . \
1 me tha ha

i.e., simply multiply the rate calibrated for 1/m? x 10000,

\

IV. Pesticide Dilution

n i ,

Once the sprayer has been calibrated, it is very easy to
calculate the amount of pesticide which must be diluted with
water to achieve the desired mixture., Since the rate of
sPraylng has been calibrated in terms of liters (spray)/ha, .
and ‘S§ince pesticide application rates are given in terms of _
liters (e.c. of pesticide), the desired ratio of emulsifiable
concentrate to water can be determined by simple d1v1sion: /

r "

Mixture = desired rate oflpest1c1de application Lliters e. d /hg)
callbrated rate of sprayling liters water/ha)

= liters emulsifiable concentrate
liters water

80
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j
DISEASES OF RICE

Introduction

Like many countries‘in the humid tropics, Sierra

Leone has a climate particularly conduclive to the develdp-
ment and spread of plant diseases. High humidity. rain,
and heavy dew are associated with increased activity of
disease- cau51ng organisms As a result, virtually every
crop of rice grown in Sierra Leone is subject to at least
mild disease infection. 1In some instances. infection
becomes severe, leading to heavy crop losses. This chapter
describes several the most common diseases of rice '

found in Sierra one)and touches upon management practices ' ¢

which may help to prekent them.j :

Outline of Contents

I. Disease Considerations i
I1. Diseases Common in Sierra Leone
nagement for Disease Control

I. Disease Considerations

The three 1ngredients“ of plant disease are 1) the
host plant, 2) the pathogen, or disease organism, and
3) the. environment. Taken %o ether, thesea comprise the
components of the so-called dlsease triangle.

Host Plant

Environment Fathogen -

It is important to recognize that the three components
are interdependent. Fresence of the host plant and the
pathogen does not imply occurrence of the disease. The

J : . 81
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environment plays a crucial role as well: it must be
conducive for the two biological systemt -(the plant and
the pathogen)‘to interact in a way that infection may
take place and disease follow. Consequently, disease
control can involve manipulation of. any one, or all three,
of fhese ‘components.

Dicease infection can be div1ded into stages: 1) entry
of the organism into the plant, and 2) spread of the infec-
tion through the plant. Pathogens. can enter through weak
or injured roots, through mechanically or insect-damaged
stems or leaves, through weak outer cell walls, through
dead -tissue, or through succulent and easily brPised
1eaves _ :

' {
II. Diseases Common ig Sierra Leone

Listed below are several of the diseases of rice
occurring most frequently in Sierra Leone in irrigated
Crops:

1. ‘Blast (including Neck Blast and Leaf Blast)
Fathogen: Fyricularia oryzae (f.ngus)

Infection takes place at any stage of grgwth Lé31ons
are typically oval or spindle-shaped, with a graylsh
center and a brows halo. When sevéral lesions Jjoin, the
infected leaf appears blighted. Mild infections of blast
occur regularly in Sierra Leone. Although in most cases
the disease fails to kill the affected plants, farmers
should realize that lesions on the leaf surface inhibit
the plant's ability to photosynthesize and thus reduce
yields. Blast is often associated with riutritional
imbalances. Note: some varieties (e.g. CCA) are particu-
1ar1y susceptible to neck blast; crop losses of up to
100% have been recorded in some instances.

2. Brown Spot
Fathogen: Drechdlerlg oryzae (fungus)

Brown Spot can affect the crop at any stage of
growth and often appears as early as the seedling stage.
Brown spot starts as small, circular to oval, dark brown
lesions with a light yellow halo around their outer edge.
(Brown spot can be distinguished from blast by the absence
of a grdyish center :in the lesions.) Infection can
spread to cover the entire leaf surface, partlculaﬁly in
stands of upland rice. The disease is often associated
w1th nutritional deficiency and/or drought stress.

32
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. Narrow Brown Leaf Spot

. FPalse Smut '

Fathogen: Sphaerulina oryzae (fungus)

Narrow brown leaf spot resembles brown spot, except
that the lesions are shorter and distinctly more linear.
Some lesions have slightly broadened centers. They
occur most commonly on the upper leaves and often increase
in namters duoring the latter stages of growth.

Sheath Blight
Fathogen: Rhizoctonia solanii (fungls)

-Initial symptoms of sheath blight infection appear
as grayish-green lesions on the leaf sheath between the
gurface of irrigation water and the leaf hlade. Adjoining
lesions often merge, weakening the entire stem and causing
it to topple and break. The lesions may also extend to
the leaf blades, egpecially among susceptible varieties.

Taticgen: Ustinaginoidea virens (fungus)

Infrction by false smut occurs after headlng and
2ffctc tte ripening grains. Infection results in the
woarforiration ef the individual grains into greenish

cpore talls of velvety appearance., The balls are slightly
flﬂz*c;o smooth and yellow, and covered by a membrane.
AN uouth tlhe membrane swells and bursts, exposing the
san e cotitent of the bell., Infected grains are rendered
ingldivla,

athogen: Rhynchospori, oryzae (fuingus)

Igﬁ’ scrld ic quite common on mature leaves. Tre
infzetion formg otlorig—r diamond-chaped blotchec These
ircrence dnte longe 0111r901d olive areas which ltimately R
ry .t Rrrd tirn gray. Often the entire leaf tip succolls
Lo the coald, which can be recognized by its characteric-
tic Lailed patterr. of alternating lignt and dark [rays.
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III. Management for giseagg Gontro;r__

, Because strong plants and a healthy environment can
rule out disease even in the presence of pathogens, it is
easy to see why management practices play 'an important role
in combatting plant diseases. Encourage farmers to adopt
as many as possible of the following management practices
to decreasc the incidence of disease in their crops:

_é) Sélection of Resistant Varieties - ‘ -

As a method of rice disease control, the selection of 1

resistant varieties is often the most practiced method.
The rcasonc are obvious when one considers the simplicity
cf the practice. It represents the most economical and
sensible approach, and 1t appeals best to farmers because
it is cheap, effective, and within the reach of their means
and technical skills. Work with farmers to keep track of .

— which varieties seem most disease-free under local conditions
and suggest that tfey be planted exclusively.

—

i o ———

b) Balanced Fertilization

flutritional imbalances -- both deficliencies of nutrients
and excesces -~ render rice plants much more susceptible to ‘
attack by pathogens. Deficiencies result in a general
' decline in the plant's health, while excesses can cause a .
¢ sudden growth cspurt leading to a weakening of cell walls. 1
"Either condition-invites attack, as evidenced by the clear !
relationship between diseases such as blast and brown spot
and nutritional imbzlances. Balance fertilizer applications
{i.c. apply fertilizer in several upl1ts instead of all at
once) to minimize the risk of nutrition-related disease. f

- ¢) Zrop Rotation

2 Crop rotation can disrupt the life cycle of some

| pathocens (e.z., fungi) by removing from the environment the
necescory host plant. Crop rotation can also discourage
iiltiplic:iion of soil-borne organisms which live among the
rools of the rice plant.

- w————

1) rdng of Crop Residues

Discnue organisms do not die when rice is harvested .
“toey either produce spores which linger on in the paddles .
: to infect C.bsequent crops, or they seek alternate hosts
among nearby weeds. Encourage farmers to burn residues left
over after the harvest (chaff, stubble, refuse) to kill
i dizease-c» :3ing organisms and~to destroy alternate hostc.




Introd. ctign
—_—— c o
Weeds constitute the cingle greatest cause_of crop f

lose in Sicerra Leone. Because thelr effect on yieléds
tends to be .nderestimated, tieir presenge is often
tolerated. Weeds are defined simply ac "plants out of
place.” This definition may be expanded to include any
plants that interfere with the cultivation of desirable
plants, that cause economic loss through increased produc-
tion coct:, or that reduce the yleld ard/or quality of the
¢r'sp. This chapter describes the nature of weed conmnpeti-
tion with rice plants, briefly reviews common weed tygpes,
ond recommends management practices which can tielp control
weede in rice. :

%

Q.tlire of Contents

I¢ decd Competition
II. Cumron Typec of Weeds
ITI. Venagement for Weed Control

I. ced Competition

The most obvicusn action of a weed is competition -
witl Qecirable plantc. Competition denotes a relation-
chip belweern ‘the same ot different species which lecds
to the flo rishing of one At the expense of the other
(or at-the expense of both). While weed competition with
rice deces not nermally lead to the death of either zpecles,
it almezt invariably results in decreased yields in rice.
deeds are kaown by everyone, bot the extent of the problem
ihey poeue ie not necessarily recognized. Farmers terd to
acknowledge the weed problem in their swamps, but tle high
labor cost of hand weeding (the predominant form of weed
centrol) disco.rasus adeqQuate response.

-
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Tt.e precise nature of the competition between weeds
and ricce depends o1 the following infliences:

a2) relative growth stagee of rice and weeds

b) nat:re of stand establishment (transplanting vs.'
direct ceeding)

) dencity of planting
d} rice variety (suort variety vs. tall, leafy var+et3
e} wmoictire and nutrlont avallablllty

In most irrigated swamp farming systems. rice scedlings
e *angplanted intoe puddled soil. This practice gives
.0 2 ¢ bstantial head start on'weeds, and cowpetltlon is
nlmal illtlally. Fowever Lompetltlon greatly increases
nS rewlh progresses (Thiq ig particvlarly true in stands

0 direct-zecded rlce, since weeds germinating at the same

tima2 compets for 1ligrnt and nutrients with the rice seedling:.)

<

Jdeed ceompetition gernerally takes thi.e forms:

1. Sozpetition for Iizht

Yeedy that are snorter ihen rice thro.guhout

21l ctages of growtl dompete little or not at all
witl rice for light. llowover, weedc that are taller
s orediee $he light availlable to rice by as much az

Cince sunlight provides the main source of
vy stilized by plants for manufacturing food .
rial {turough photosynthesis), shading ty tall
Loean cignificantly stunt growth and red.ace

3
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2, Competiticn fur Jnkon

Jrder leowland conditions where water 1o
plentiful, competition Detweern rice and weeds for
walar 1o minimal. 2ot whenever there is a chortage

of water ~- darirg the dry seacon in some swamps,
and on wie plands generally -- the situation ig
q-ite different,. If weeds consume a sigrificant
portion ¢f the available water supply, processes
c.ct. as tillering, flowering, and grain filling
¢on be delayed or impeded,

2. Competitio:n forr K-otrients

deede rave a large nutrient requirementi. They
. are voracio s feederc and carn, if left nnrcorirolled,
abrord noere of the zeil nitricernts than the crop.
T:oreaces in fertiliiy &rooght about through ferti-
tization generally are accompanied by invreasec in
woedl, which can result in larger yield reductions.
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® Notes In addition to competing with rice for sunlight. ‘
water, and n. trients. .weeds pose ahother problem for the
swamp farmer. Many weed species act as __$gggg;g hosts
for insect pests and disease-causing organismg, and the
presence of weeds among the crop or along bunds and swamp
peripheries can significantly increase crop losses due to
insect and/or disease attack.

II. Copmon Types of Weeds . - L

- It is important that the farmer be able to recognize
ard identify different types of weeds, because effective
weed control measures may depend on this knowledge. ' Four
main-types of weeds are common in swamp farming systems:

&
1. Grasses
Gracsses are characterized by long, narrow leaves
with parallel veins; the leaves arise alternatingly at
sclid nodes between hollow internodes {(similar to rice,
except for the absence in grasses of both auricles and
’ ligule)., Crasses are generally the most difficult

+ weeds to control becavse during the early growth stages
-they are often mistaken for rice seedlings. .
.

r 2. Sedges

Sed.es are similar to grasses, but they have three
ranked leaves, trianguvlar solid stems, and closed leaf
‘sheaths, lost sedges are semi-aguatlc, preferring moist
"or flooded so0ils siuch as are common in rice paddies,

»nd they are a frequent problem in swamps. Some of the
moct common sedges have razor-edged leaves and therefore

are very difficult to handle, ~

3. EBrozod-lenf Weeds.

A the name implies, _broad-leaf weeds are broad-
lcaved plants with net veins (as opposed to parallel
veins)., In lowland ecosystems they can further be
disting.ished as floating or rooted types. The-latter
can be a particular problem to .the rice farmer, sirnce
hand weeding tends to leave behind in the soil root
sections which later regenerate. Broad-leaf weeds are
- commonly found choking water control channels.

L. Algae

ﬁ?gae r orise a large and diverse group of simple

rhoto®yrnithe . .c plants., All are aquatic-or semi~aguatic.
T‘ey geceuar particularly where water is extremely s5low-

- mqunt or. stagnant. and they compete with rice plants
c.m.e;.l.y for nuirienis. ‘
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III. Management for Weed Control

5

Weeds can be controlled in irrigated rice through %

the use of monagement practices, including the application S ewn

of herbicides. DlNost weed control in Sierra lLeone is i -

affected throagh non-chemical means, which although labor-

intensive can be extremely effective. MNanagement practices
for weed control include:

1. Land Freparation

Thorough land preparation can 51gn1flcant1y -(
:decrease the incidence of weeds in rice by a) destroying
all weeds and weed seeds to provide weed-free condltlons
at the time of planting, and b)providing a good environ-
ment for rapid growth of rice seedlings.

T - w

v

2. Hater Management

liany weeds cannot germinate and/or. grow in flooded i
gsoils, making water management an extremely effective ;
tool for controlling weeds -- particularly grasses and .
gedges. When the transplanted seédlings have established '
themselves (approximately one week after tranSplantlng). ,
completely flood the plot to a depth of 3"-4" to inhibit !
weed growth. As the rice grows, gradually increase the :
depth to 6”. Important: the soil must be submerged
completely and uninterruptedly if flooding is to be
eifectle

3. Hand VWecding
i‘and weeding, although time consuming and tedious,

remains the most important weed control method currently :
in uce ia Slerra Leone. When the weeds are large ' i
encuzh to be gripped, they are pulled out of the soil !
and digcarded. Smaller weeds can be hand puddl.Jd deep , ¢
into the scil. The earlier hand weeding is carried out ;
the bettiar, since any delay will enable the weeds to :

v absorb n;trlents. 5 common fallacy among swamp farmers o
is that cmall weeds do not affect the rice -- but they

. cert: inly do, a8 a simple weediny demonstration will

chow.

L. ond Hoeing ,
lard h-eing is used widely as a method of weed
gontrol in several rice-growing couritries, partic.larly
vhere line-planting is practiced. Mend hoeing is
faster ilan hond weeding and works well ageinst creering
perennlzls .




5. Brushing Z .dg/Feripheries

All weeds originate somewhere; many, particularly
annual grasses and sedges, reproduce by wind-spread
seed. C(ne very effective means of controlllng the
spread of weed seeds into rlce paddies is to brush.
b.inds and swamp peripheries. ' If brushing is carried
out reg:larly, annual weeds will be prevented from o
completing their reproductive cycles, and the production
of weed seeds will be inhibited.

€. Crop Ro ggtlog

Since every crop has itsHEWn cbaracterlstlc weeds,
continued -cultivation of the same crop in one plot
a2llows these weeds to build up. Rotation of swamp rice
with an upland crop {during the dry season) may résult
in reduced infestations of water-tolerant weeds in the
subsequent rice crop(s).

7. Herbicides

Ferbicides are chemicals used for killing or for
inhibiting the growth of plants. In fertain instances
they can be zed effectively and economically “or weed ° N
control but 2s with any pesticide the use of herhicides AN
pos PJtentiql health and environmental problems. '

Fe:bicides are divided into three grouvps, depending
en the Lime of application:

o) Ire-planting (application before crop is planted)

b) Fre-cmergence (application after planting, but
prior to emergence of weeds)

¢) Tost-eme:rgence (application after emergence of

weeds ) ‘
Yerticides also can be distinguished according to
- the mede of action: Py
- ' 1) Contact pherbicides - kill plant tissues at or

. very vlese to point of coniact.

°Y Srycteni: rerbiclides - move withir the plant to
exert affects away from the point of contact.

2) Zelective herbicides - kill or stunt come plant
species, with little or no effect on others,

. G Zccazee of a lack of knowledge about the long-term
. effeCug of rerblcides in swamp farming systeme, thelr use
gehernZly cho:1d be dlaCOhraéed in 3ierra Leorne among
local farmers.
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CHAPTER 16

: MANAGEMENT OF FLOODED SOILS

vt

Introduction

Under continual flooding, swamp soils develop
characteristics which are fundamentally different from
thoge of upland soils. Although it is not essential
that the farmer have a complete technical understanding
of the differences between the two types of soils, it is
important to know about some basic properties of flooded
goils s0 that management practices will be appropriate’
for local conditions. This chapter describes basic
properties of flooded soils and recommends measures
that may be adopted to help overcome the sorts of soil
problems most often encsuntered in swamp farming systems.
In addition, the problem of iron toxicity is discussed.

Outline of Contents

1. Characteristics of Flooded Soils
I1. Management of Problem Soils
III. Iron Toxicity

I. Characteristics of Flooded Soils

Three major changes -- physical, biological, chemical
-- occur when a soil is flooded. A brief review of these
changes will help lead to a better understanding of soil
management practices which will maximize yields in irrigated
rice. :

" 1. Physical Changes

Upon flooding, the pore spaces (air spaces) in
the soil become saturated with water. As a result.”
the soil swells, and hard cldds soften and break
into small aggregates. Puddling completely
destroys the remaining structural aggregates
(clods and clumps) and transforms the soil into
a sludge, or soupy mixture. -This slows the
drying of the soil, since the exchange of air

o1
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between the atmosphere and the soil is impeded,

. and since the water particles are held by soil.

particles and prevented from percolating downward
and escaping.

Biological Changes ! _
The absence of soil air (and particularly -

oxygen) in flooded, puddled soils causes & change
in the varieties of microbes,'or microscopic : )
organisms which live in the soil. Microbes
existing in the absence of oxygen are known as

microbes, and they tend to be much : v .
slower, less efficient decomposers of organic :
matter than their aerobic’cousinsg. Consequently,
the rate of decay of organic matter tends to be ;
slow in flooded soils. Also, the end products "
produced by anaerobic¢ decomposition differ; sgome ‘
are toxic to rice, particularly those released
during the first two weeks after decomposition

~begins. This can be important in timing organic

matter incorporations between plantingss if the
farmer plants too early into a flooded plot
containing plowed-under stubble and/or chaff,
the toxicities produced during normal decomposi-
tion may stunt the growth of the rice.

Chemical Changes

Flooded soils develop two distinct chemical
zones. (see figure below) The upper 2one, a thin
1-10mm, absorbs oxygen from the water, turns brown
in color, and reacts to nitrogen }i?e an unflogded
soil. - This 2one is called the oxidized zone, in
reference to its chemical condition of being
oxidized. The lower 2zone, which extends down as
far as the water, is extremely low in available
oxygen, turns dark blue or gray in color, and
takes on chemical properties Quite different from
those of the oxidized layer above. This lower .
zone is known as the reduced zone. '

When a soil is flooded, the nitrogen in the
incorporated plant (and animal) residues is
changed to the ammonium form (NH4), which is
stable under flooded conditions and will later y
be used by growing rice plants. If the soil is .
allowed to dry thoroughly (e.g., when it is drained
for plowing), a microbacterioclogical change
takes place during which the ammonium form of
nitrogen is changed to the nitrate form (NO5).

W
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When the soil is later re-flooded, part of the

nitrogen held in the nitrate form is changed into

nitrogen gases (N,,N03) and escapes into the air,
 Between 20-700kg/ha 0% nitrogen can be lost through

this process, known as depitrification, so it is
extremely important to keep ﬁ?g t thoroughly
flooded at all times gfter initial irr n has
t

taken place.
’ nitrogen Ny, N,0
fixation
- Eapae W, A e . P .
/_ oxidized -zone
_ - { ’
organic A
material —> (s?:%le) : . reduced 2zone

NO 3 —_—) NOz"

¢

* ' . Pigure: Flooded Soils and Denitrification

II. Management of Problem Soils

All swamp farming systems are not created equal.
Although swamps tend to look the same from the ground,
' often they vary considerably below the surface. Some
- swamps are shallow and sandy, others deep and peaty,
. still others filled with rock or clay deposits. Because
soil characteristics significantly affect plant growth,
‘the farmer: should know what steps should be taken to
minimize soil-related problems. :

The key to managment of problem soils lies in anti-
cipating potential problems before they occur and taking
the steps necessary to head them off. Problem soils can
- : . be attacked three ways: 1) through the selection of an

approgriate variety, 2) through proper swamp development,
and 3) through effective management practices. Never
wait until after the crop is in the ground to begin
thinking about soil problems, since by then it will be
too late to change varieties or modify the water control
system. . .
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Always begin thinking about the soll early in the
development process. The very first time you visit a
farmer's swamp, take the time to dig a few sgattered plts
to reveal local soil characteristics. Quesggon the
farmer about the depth of the topsoll, about the type of
underlying material, about the presence of undecomposed
organic material, etc. With a little practice, you will
learn to identify problem soils long before planting time,

. and consequently you and the farmer will be able to devise
an effective strategy involving development, varietal
selection, and crop management. .

A. Sandy Soils

Many swamp systems in Slierra leone are extremely
shallow and sandy. The main problem with sandy solls
is leaching: water percolates through sand very
easily, carrying away nutrients and brinfing in toxic
materials. Effective water control is difficult,
because sandy solils do not retain water well} as a
result, drought stress is common among crops &rown
in sandy swamps. Nutrient deficiencles occur
regularly, as evidenced by stunting, yellowing of the
leaves, and low tillering.

To treat sandy sollc , jﬂ‘i
1) Development practices i

Develop the swamp so0 as to discourage leaching.
There are several ways to slow movement of water
through the soll: :

- keep the main drain shallow (so it will not
"suck" water from the plots

- dig deep peripheral gutters (to intercept
groundwaters percolating down from adjacent
hillsides).

2) Varietal Selection

Select a variety which does well under relatively
difficvlt conditions, 1.e. & variety which can
wit~ . ' an irregular water regime, nutrient
defiv...acies, and soll toXxicities.

3) Management Pract’:ces
To minimize leaching and the damage it causes: -

- keep a constanty, slow-moving or non- moving
flood on the plots.

- spread out fertillzation by applying top
dressings in many small splits.

To improve the structure and fertillity of the soil,
as well as to improve its ability to retain water.
incorporate large amounts of organic material

before and, if necessary, after the growing season. .’

-
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B. Peaty Soilg : ! l ' L -
Swamps which remain permanentlylflooded often L

contain large amounts of undecompoaed|organic matter i
(because the soil never gets a chance to dry, which o
means that aerobic decomposition never occurs). d
Peaty soils are characterized by high/acidity and the
presence of numerous toxic materials,'both of which
gseverely affect crop growth. Peaty swamps are easgily
recognized by matted clumps of undecomposed organlc _
materialm noxious gases, and mineral slicks. Rice /

L. - grown in' peaty soil is usually’ﬁtunted browning, : o
and low tillering. . ' : |

To treat peaty solls:

1) Development Practices

When developing the swamp, be sure to dig an \
effective drain. The main drain should be extremely
deep -to draw water pot only from the surface of the

plots, but from beneath the surface as well.

2) Varietal Selection : f

Select a variety which does well under conditions . '
". of high acidity:~;An iron toxicity-resistant / . -
variety is usually a good bet, or a native variety

3) Management Practices

T» enable aerobic decomposition of organic material
- 1., the so0il: ‘

- continually drain the plots.

- till the topsoil during the dry season ta a
‘depth of geveral fest, if possible (encoprage
the farmers to construct vegetable mounds).

To prevent incorporation of additional organic
material into the soil, burn all grasses, weeds,
and crop residues (stubble, chaff, etc.)

C. Clays

Clays have a high natural fertility, but often
they - resist giving up their nutrients to plant root
systems. Furthermore, because of their dense structure
(they are composed of extremely small, tightly-packed
particles), they tend to be difficult to work. There-
fore, 1mprov1ng the structure of clays should be the
farmer’s primary goal. When the ¢lay is fairly dry
(just before it starts to crack), begin tilling to
increase aeration. Incorporate 1arge amounts of

o organic material, and practice crop rotation to help
gy maintain fertility.
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III. Iron Toxicity

Iron toxicity is a soil-related condition caused by
the presence of too much iron in lowland rice paddies.
Occurring in virtually all regions in Sierra Leone, iron .
toxicity results from a complex set of chemical imbalances
(in the soil and in the plant) which in mahy instances
severely inhibits yields. The condition occurs most
commonly in sandy areas of swamps adjoining upland slopes,
or in peaty areag where drainage is poor.

The symptomg of iron toxtcity are numerous und varied%
but the most typical indication is a marked bronzing of
leaves andistems, generally occurring 4-7 weeks after trans-

.planting. In addition, roots are stunted, coarse, and,

reddish brown or dark brown in color ( a coating of iron

. oxides reduces root surface and decreases capacity to absorbd

soil nutriénts). Plants are stunted and tiller poorly. In
extreme cases, black or.brown spots appear on leaveg and
gstems, and leaf edges turn dark brown and roll in toward the
midrib,. .

The ¢ ausgs of iron tox1city are technlcally complex
and hence difficult to describe succinctly. Very simply,
the presence in .the soil of excessive quantities of iron
inhibits nutrient absorption by the plant and leads to .
severe nutritional imbalances which manifest themselves
in the tVNical symptoms. The intake of phosphorua and
pota551uq is espec1a;1y inhibited, and it is the relative
lack of these two primary nutrients (in conjunction with
the relative abundance of nitrogen) which causes many of
the symptoms.

Treatment of iron toxicity can take several forms. _
Swamp development measures which oan help prevent development
of a 31tuht10n favorable to iron toxic conditions include
deepenlnq peripheral gutters in sandy swamps (to decrease
percolation of iron compounds down ‘from the uplands) and
improv1ngﬁ§rainage in peaty swamps- (the mineral. slicks in
peaty swamnps are often associated with iron toxicity).
Fertilization with large amounts of phosphorus and
potassium can be effective, although application of
nltrogenoas fertilizer generally aggravates/ the symptoms
(since nlLrogen is relatively available: to/the plant
already, land the presence of nitrogen in the absence of
phosphorus induces the symptoms). The mhost effective
treatment in any case is selection’ of iron~toxicity-
resistant varieties.. Certain varieties (often tradltighal
varieties) are able to flourish in iron-toxic soils, ahd
they offer the most practical and economical solution; to
the problem. i
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CHAPTER 17 | - / Lo
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HARVESTING, THRESHING, DRYING, STORAGE

+

, Introduction ;
P

The final steps in pro cing a crop of rice --
harvesting, threshing, drying, and storage -- often are
taken for granted by the extension agent. It is natural -
to assume that the major part of the work lies in
the| crop, and that farmers will know what _to do once the
grains have ripened, But this is a mistaken asgumption.
The! fact is that a large percentage of the crop can be
(andjoften is) lost throligh improper harvesting, thresking,
drykhg, and storage practices. This chapter describes the
traditional methods of processing and storing rice and’
includes ideas for improvement. ‘ -

i

/ Qutline of Contents. /
| I. Harvesting f -/
II. Threshinf
III. Par<boiling
IV. Drying
V. Storage
t - | . a
I. Harvesting. '
Most harvesting problems in Sierra Leone ca. oe ‘ s

attributed to the fact that irrigated rice tends to ripen
irregularly. At the end of the rainy season, when most
varieties mature, frequent rains and ‘a lack of continuous
sunshine protract the grain ripening process and make ‘
difficult prop:I timing of harvesting, since grains even
on e same:panicle ripen at varying rates. If the crop

is- harvested ftoo early, many green grains will be lost,
because the high water content will lead 'to rotting. If,
on the other hand, the crop is harvested too late, the
rice will over-ripen and easily shatter. Furthermore, -
the unnecessary delay. will expose'the grains to increased
bird attack,/ which can be d%yastating. S




As harvest time approaches, the plants should be

" inspected daily, particularly the panicles on the most
mature tillers. .The proper time to harvest is when
approximately 85% of the panicles are ripe. “Ripe" means
that 90% of the spikelets are golden and hard, yet not so
dried out as to shatter easily. The lowermost spikelets
on each panicle will ripen last, dbut even they should be
at least at the hard dough stage.. The color of the leaves
and stems should not be used as an indicator of the ripe~-
ness of the grains, since many varieties tend to have some
green stems and leaves even when the grains are fully
ripened.

Although grain ripening cannot be fully controlled by
the farmer %climate and varietal characteristics will

always be the major determinants), drain the plots 7-10 days
before anticipated harvesting, i.e., when most of the

grains are at the hard dough stage. This will contribute

to even drying and facilitate harvesting by making it easier
to walk inside the plots.

The traditional method of harvesting practiced through-
out most of Sierra Leone invelves panicle cutting. Harvesters
grasp each stem several inches below the lowermost spikelets
and cut it with a small straight knife. The panicle is
retained and added to¢ the growing bundle held in the hand.
When the bundle becomes awkwardly large, it is tied together
with a wisp of straw and carried out of the swamp. The
chief advantage of panicle cutting is that the straw remains
behind in the field. Bundles of rice produced by panicle
cutting are easy to transport, easy to store, and easy to
thresh. However, panicle cutting has several distinct
disadvantages: it is very time-consuming, and since each
panicle is handled frequently many grains shatter {(fall to
the ground). :

L]

In some areas of Sierra Leone, harvesting is done with
the sickle. Sickle harvesting, popular in Asia, is very fast,
since entire bunches of stems are grasped and cut in one
swift motion. However, sickle harvesting requires the use
of threshing machines =-- either the pedal thresher or the
threshing table. At present few farmers possess threshing
machines or know how to build them. so sickle harvesting
remains relatively unpopular.

II. Threshin

Rice that has been harvested by traditional panicle
cutting is very easily threshed, since very little straw
remains with the grains. The harvested bundles of rice are

pPlaced on a clean, hard surface and beat with sticks to
separate the grains from the straw (dried leaves and stems).

Frequently the, threshers will walk over the bundles to speed
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the process. If any grains-remain clinging to the straw,
they are separated by pounding in wooden mortars.

Rice that has been harvested by sickle cutting must
be threshed by other means, g8ince the grains must be
separated from a relatively large amount of straw. Usually.
a threshing machine is used to increase efficiency. The
pedal thresher is a revolving drum {often an old oil drum)
studded with nails or wire hoopg which strip the grains
from the panicles when bundles of rice are held against the
moving drum, The pedal thresher is effective and fast, and
- it can be moved from plot to plot to eliminate extensive
transportation of the cut plants. The major disadvantage
of the pedal thresher is its price (about Le 150, or $150),
which mrakes it too expensive for individual private owner-
ship. However, farmers associations have been known to
share pedal threshers with good results, since in most
cases each individual's entire crop can be harvested and
threshed in a few days. Another threshing device, the
threshing table, is a slatted table constructed of bamboo,
wood, or any sultable locally-available materials. Sheaves
of rice are beaten against the table surface, dislodging the
grains to drop through the slats into the collection area
below. Threshing tables work best with those varieties in f
which the grains separate easily from the panicle, but the e
crop must be extremely dry for threshing to be effective.

III. Par-Boiling

In some parts of Sierra Leone, an intermediate step in
the processing of rice is par-boiling. Par-boiling improves
storage quality of the grain and consequently is.popular
among farmers who produce rice for market. Although techniques
vary, par-boiling usually involves soaking the grain in water
and steaming over a slow fire in covered pots. Par-boiling
has several effects:

- cracks in the grain are "melted” together,
leaving fewer broken grains and resulting
in reduced loss during milling.

- several of the thin protein layers underlying
the hi 3k are boiled into the endosperm, thus
incrensing the protein content of the crop.

- the grain becomes significantly hardened,
making par-boiled rice less susceptible to
insect attack.

- the grain’'s tendenc& to absorb moisture from
the air decreases, so that par-boiled rice
keeps longer in storage.

- the husk soften and cracks during par-boiling,
making it easier to mill.
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But par-boiling also has disadvantagess

- par-boiling is labor-intensive

- par-boiling alters the sight, smell, taste,
and texture of the rice and generally
decreases its eating-quality.

- par~boiled rice is harder and therefore
takes longer to cook.

Wrh2n it comes to the question of whether or not to
parboil, there is no such thing as a "recommended” practice,
Depending on the circumstances, par-boiling may or may not
be economical and/or desirable., If grain loss during milling,
protein content, or storage quality are important to the
farmer, par-boiling may be preferred. If labor considera-
tions, eating quality, or cooking time are important, the
rice may best be left rough. -

V. Drying

Before milling and storage, rice must be dried thoroughly.
Rice which is not dried properly may crack during milling, or
spoil during storage. At the time of harvesting, rice usually
has a moistufe content of 20-26%. -This must be reduced to
12-14% before milling or storage can safely occur.

After threshing, the rice should be spread in the sun to
dry. Constant turning is necessary to ensure slow, even
drying and prevent cracking. Two to three days uninterrupted
sunshine will suffice, Farmers often bite the grain to test
for dryness {and usually they have a pretty good sense of
what they're doing), but the extension agent may want to
resort to this simple test:

1) Place in a small glass jar (with a screw top)
a handful of grains.

2) Add a spoonful of ordinary salt and seal the top.
3) Store 24 hours. '

4) After 24 hours, examine the contents of the jar.
If the salt clumps together, the rice is too wet
to mill or store, If the s8alt remains well
dispersed, the rice has a moisture content of
15% or less and can safely be milled or stored
in bags. : p

N
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V. Storage

Rice harvested by panicle cutting traditionally is
stored up in the rafters of the farmhouse or kitchen. The
bundles are transported from the fields and stacked on reed
mats high up off the ground, often over the c¢ooking area so
that smoke will sift in among the grains to assist drying
and discourage insects. Where bags are readily .availablie,
the rice is often threshed and bagged for storage.

Rodent attack is generally a major problem. Since
storage facilities are constructed ¢f mud adobe and/or wood,
rats easily gain access to #@ed on the rice. It is difficult
to estimate accurately the annual crop loss to rodents, but
15% seems reasonable. In some instances, the loss is
probably a good deal higher. .

The key to effective grain storage lies in the con-
struction of prraer storage facilities. A good storage
facility should be:

plastered ingide and out
well ventilated

well 1lit

dry

clean

cool

rat-proofed (heavy screen over
windows and ventilation shafts)

After proper drying, thresheé rice should be packed in
bags and stored on wooden pallets in the storage facility.
Instruct the farmer to stack the bags sq as to allow good
ventilation, since free air movement between the bags will
prevent mildew and/or spoilage. Do not allow the bags to
come into direct contact with the floor or walls, since
moisture tends to condense where there is contact. If they
are available, set rat traps (or get a cat!). Encourage the
farmer to check the rice periodically for signs of spoilage
and/or pest infestation.




CHAPTER 18

YIELD CALCULATION

Introduction

Through analysis of comparative yields, the farmer
and/or extension agent can determine which of the available’
rice varieties is best suited to local swamp systems and
farming practices. Farmers are generally very shrewd at
estimating yields, but they rarely quantify their estimations
into standardized units of measurement. This chapter descri-
bes a straightforward, quick, and reasonably accurate method
of yield calculation which will enable the extension agent
to keep track of local yields for purposes of comparison
and planning.

-

Qutline of Contents

I. Farmers; Estimations
II. Yield Calculation

I. Farmers' Estimations

" Just because a farmer may be unable to perform mathe-
matical computations, do not assume that s/he has no accurate
sense of crop yields. Never make the mistake of underestima-
ting the knowledge of farmers, who after years and years of
growing rice tend to become shrewd economists in their own
right " Farmers pay very careful attention to yields (their
livelihood and in fact their very survival depend on them),
and although often they develop their own particular system
of accounting, generally they know exactly how each crop
yielded relative to other crops grown in other years. Some
farmers count the number of bundles harvested, others keep
track of numbers of bags filled, still others measure in terms
of bushels of grain. Whatever the methodology, the farmer
ends up with a pratty good idea of how well the crop yie%gsd,
and this information helps in planning for the future.

The extension agent requires a more auantitative and
standardized method. It is important that yield calculations
be quantitative (expressable in precise numbers) so that
"actual values may be compared from swamp to swamp, year to
year, variety to variety. It is important that the method
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be standardized so that in every case measurement is made
in exactly the same way.

II. Yield Calculation

Note: Since the method of yield calculation described

below requires a certain amount of mathematics, it will

not always be possible %to teach it to farmers. Nor will
this be necessary, since for their own accounting purposes
farmers can perfectly well continue to rely on their time-
tried methods. However, it may be a good idea to teach the
method to other extension agents. As agriculturalists, they
will be working in more than just one farming system, and

it will be useful for them to know how to calculate yleIds

for comparative purposes. -
e

Calculating yields is a two-step process involving
.sampling the crop and calculating the yjeld.

1. Sampling the Crop

Sampling a crop of rice means measuring the yleld
of a small fraction of the total crop area. The sample
should be representative of the crop as a whole (i.e.
taken from an "average" section, not from a noticably
lush section, nor from a sectién in which there has
been unusual crop damage) The sample should also be
large enough to be® accurate -- generally i0m< is
considered satlsfactory For eage of measurement,
harvest ten "mini- ssmpl of im¢ each to add up to the
total sample of 10m Within the crop arga to be
sampled, peg out ten "mini-samples" of im“ each. Cut
all the panicles within the "mini-samples"” and collect
them in one place. Thresh the grains, being careful not
to lose any %a small error in sampling may lead to a
large error in calculating the yield). Sun-dry the
griins for 2-3 days, or until the moisture content is
close to the i4% considered suitable for storage (It
is 1mportant that the grains be well-dried, since undried
grains are considerably heavier and will produce 1naccurate
yield figures). Winnow out all unfilled grains and care-
‘fully weigh the remaining rice.

2. Calculating the Yield

If taken exactly as'descglbe above, the sample
will contain the yield of 10m“ of e total crop area.
Since yields are generally expressed in terms of kg/ha
{kilograms of grain per hectare), the problem now is to

10L
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convert the yield figures derived from the sample (kg/10m?)

into the stapdard units of measurement (kg/ha). Since

lha = 10000m¢, the sample area constitutes _10 ha, or _1 -ha.
‘ 10000 1000

Therefore, to determine the average crop yield in kg/ha,

simply multiply the weight of the sample by 1000.

Examples Careful samplirg of ten 1m2_”mini-samplea” results
in 550z (.55kg) of dry grain. What is the yield of the crop
in terms of kg/ha? .

Weight of sample = 35555

Area of sample = 10m

Yield in kg/ha = ,55g§ x 1000 = 550kg/ha.
) 10m

ni"”}f‘()

Note: Yields measured-'in kg/ha can be converted into

1bs/acre or bushels/acre using the following
conversion rates: :

1 kg = 2.2 1bs 1 ha = 10000 m?
11b = ou53 kg 1 ha = 20“’? acres
1 bushel = 60 1bs 1 acre = 43560 £2 .

1 bushel = 27.18 kg - 1 acre = 405 ha
»
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Glossary of Terms

BUND - A raised dirt bank built in a swamp to block water.

HEADBUND ~ A large earthen dam constructed at the head of
a -developed swamp.

. PADDY - A bunded, well leveled field with almost perfect
water control. A paddy is the ultimate land
development goal for high level rice production
by individual farmers.

PUDDLING - A leveling process used to break down the
structure of wet soils.

SWAMP - A depression in the landscape which can vary

from a shallow~to a deep waterlogged area which
may or may not dry out during the year.
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