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op=d by Pzace Corps Volunteers, their co-workers, and their '
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Scme are reprinted "as is"; others prcvide a source of field

based information for the production of manuals or for re-

search in particular program areas. Materials that you sub-

mit to the Information Collection & Exchange thus become

part of the Peace Corps' larger contribution to development.

Information about ICE publications and services is available
through:

Peace Corps

Information (ollection & Exchange

Office of Programming & Training Coordination
806 Connecticut Avenue, N.W.

¥Washington, D.C. 20525

(202) 254-7386
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244 your experience to the ICE Rescurce Center. Send ma-
terials that you've prepared so that we can share them
with others working.in the developent field. Your tech—
nical insights as the basis for the generation of
ICE manuals, reprints and resource packets, and also
ensure that ICE is providing the most updated, innovative
problem-solving techniques and infermation available to
you and your fellow development workers. _
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" muthor's Foreword

e

Agriculture estension work requires more than geod intentions and -
rapport with farmers. The resal thallenge is usually establishing )
credibility in the agriculture skills area. ‘5%§u

Agriculture at the small farmer level in a developing country is
a complex endeavor. Farmers have much they -an teach You when it comes
to land preparation, planting, harvesting, using tools, and other

. manual skills. Likewise, there are many vield-boosting skills you can
show them, especially in the areas of scil conservatior, organic and
chemical fertilizer use, and the safe and appropriate uyse of agricultural

v - chemicals. )

This manual has been designed as an on-the-job refsrence for soil
management and fertilizer use: hcpefully., 1t will help you along that
sometimes bumpy road to credibility.

I would_like to give a special thanks to Susan Cass for the
illustrations'%n this manual.

Pavid Leonard

—_— -.A
Please Note: Any suggestions for revisions or additions are welcome.
Write to:
’ Information Eollection and Exchange, OPTC
. Feace Corps
- 806 Connecticut Avenue
Washington, D.C. 20525
&
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'WHY DO_SOILS VARY SO MUCK? .°

PART I , T—
STARTING FROM SCRATCH

r

Some Important Soil Basics

WHAT IS SOIL ANYWAY?

Most soils evolve slowly over centuries from the weather-
ing of underlying rock material and decomposing plant matter.
Some’ solls are formed from deposits layed down by rivers and
seas (alluvial solls} or by wind (loess soils)e.

Soils have 4 basic components: 1. Mineral particles (sand,
. silt, clay)

2. Organic matter °
3. Wateﬁr ) '
4, Ajr

A typical *sample of topsoil contains about 50% pore
space with varying proportions of air and water depending on
the soll's moisture conténte The other 50% of the volume is
made up of mineral particles (sand, silt

clay) and or%anic
* matters mcst mineral soils range from 2-%% organic matter 1in

the topsoil by weight. Organic soils like peats are formed

in marshes, bogs, and swamps, and contain 30=100% organic (.
mattere : . : )

.
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' Climate tigé of Earﬁnt rock, tgg%graghg vgéetation, ~

management, 2 me ail InfiuencCe go orma&ion and inter=

. a€t in countless patterns to produce an amazing variety of
soilse. It's not uncommon to find 2 or 3 differeént soils withe=

in oné small farm that differ markedly in management problems .
and crop yield potentiale. 3




TORSOIL. Vs, SUBSOIL
E A o~ LOF

Dig down a couple feet in most solls, and you’ll nctice
2 distinct layers. The TOPSO1L 1s the darker, upper layer
about 6=-12" thicke Most of a crop's roots (like 60~80%) ave
found here, since topsoil of fers much better conditions fof
root growthe That's because: 3
1. Topsoll is more fertile than subsoil because of lts
higher organic matter content (that's why it's darker) —
and because most fertilizer nutrients don't move down~
ward after belng apglled to the toprscil layer{

Topsoll is lgoser (less compacted) than subsoil because:
plows and hoes usually don't reach the subscily organic
matter alds looseness; subsolis tend *o be more clayey.

50 what good 1s SUBSOIL if most of the action takes place
in the topsoil?: -

1, An average subsoil 1s much thicker than the topsoil
and.provides a yltal moisture reserve during dry
spells, It's estimated that about half the moisture
needed to grew a crop of corn in the Corn Belt is al=~
ready in the subsoil at planting time, while average
rainfall during the crop's growth provides the other
half.

2« Subsoll characteristics like draindge ability and
nutrient content have a big influence on crop yleldse.

Making topsoll out of subsoil: Exposed subsoil (ie.ee due to

erosion} can be converted into productive topsoil over several

years through large additions of g#ggnig_mggtgg (compost, ani-
mal manure, etces) as long as there's enough total depth left
(at least le" or so). ~More on this in Part VI,

N

THE MINERAL SIDE OF SOILS: SAND, SILT. AND CLAY

It would take about 10,000 average size clay particles
to equal an inch vse ©Only about 125 average sand grainse
Silt is midway between in size.

1
4

Sand and Silt

Both sand and silt are jusf broken down rock fragments,
mainly guartz (silicon dioxide)s Silt particles are miniature
sand particles. They don't usually contributz much soil fere
tility since quartz contains no plant nutrients and the par-
ticles carry no negative charge like clay and humus {see be-
low)s Some sands contain sizeable amounts of micas and feld~
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: spars which aid soil fertility, pui *%his is uncoOmmone Des-

~ pite their lack of nutrients, sand and the larger of the silt

‘ : particles are very beneficlial tc soil il%h (ease of working),
drainage, and aeratlion if present in moderate amountse .

Clay

~ Aside from t heir much smaller size, cliay particles are

. " uniquely different from sand and silt: .
/1 ¢lay particles have a negative charge: They act like :
. I magnets by attracting and holding those plant nutri- ~
- ients that have a plus (+) charge like ammonium nitro-

en (NH}), potassium (K+), calcium (Ca++), magnesium
Mg++), "and several otherSe This greatly cuts down
on nutrient losses from the downward movement of rain

or irrigatibn water (called leaching losses),

2+ They have. a tremendous surface ea: Each:.clay par=
ticle is a laminated structure of platelike units.
This lattice makeup plus small size means a huge sur-
face area for attracting plus charged nutrients. One

cubic inch of clay particles easily has 200-500 sq,
fte of surface areaes

* 3+ They furnish some plant nutrlents: Unlike the sand
~ and silt particles, clays are aluminum=silicate minerals
and also contain varying amounts of potassium, calcium,
magnesium, ironi and other nutrientse. A good part of
fert

. a solil's natura ility comes from its clay fraction, -
but this varies a lot with the type of clay (see below).

e gt

How Clays Differ

»

There are a number of different clay types, and most soils
contain at least 2. The clays found in most temperate zone
solls differ in several important respects from those that
_ predominate in many tropical soils where weathering has been
. ‘ more intensee T

-

-

‘ The 2:1 silicate clax? dominate the clay portion of most
- . temperate zone soils (the ratio refers to the proportion of
- silicate to aluminum)e Soills with a high content.of 2:1
clays are very sticky and plastic when wet and fay form large

_I' cracks upon dryinge ey also have a relatively high negative
- QEQE%E (good, for holding large amounts of plus charged nutri-
ents)e i .

fn many well drained and weathered tfobical and sub—tropical,
soils, the clay fraction is domina -by the 1:1 silicate clavs -

and the hydrous oxide clays of iron #nd aluminum, That's be=
cause centuries of weathering and leaching have removed a lot
of silicate. Unlike the 2:1 clays, these "tropical clays® -
are much less sticky and plastic and have Better tilth com-
paratively. wever, they tena to have much lower natural -

u
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rgertilitj {a 1ot of their mutrients have bean leached out) —
and a much lower negative charge (less nutrient holding ability).

) IMPORTANT POINT!: Note that good drainage (favorable to leach~ -

7 ing), lots of rainfall, a werm climate, and centuries of weather-
ing are neecded to form a true treoplcal scil (one whose clays
are mainly 1:1 and hydrous oxides Many scils in the tropics
and subutr0p¢cs are relatively young, poorly drained, or have
formed ‘under low rainfall; such soils are more likely to con- .
tain mainly (:1 temperate type clays in their clay portion;

“some may he & mix of both kindse A distinct red or yellow .
color, esp=cially in the subsoll, 'is a sign of extensive weather~ -
-ing’ under good drainage and usually means that "tropical”™ clays
dominate the soil's clay portion.

s

P

SOTL ORGANIC MATTER

Most actively cropped soils contain only 2~4% organic
matter in the topscil (by weight)e Despite its small propor-
tion,: organlic matter plays a yital role in crop productioni

l, It greatly improves go0il physical cdgdi;%on (tilth) .
- by lcosening up clayey s0ils and tightening up sandy v —
solls. Benefits are very noticeable at about the 5-6%
’ level,

2. It markedly increases the HAIQI__QIQLDQ_EQQQQLIX of “ L
T san@y “lice »

{/ 3, It's an important mem

" (especially nitrogen, phospiorus, and sulfur) which
. are slowly released as organic matter decomposes. It's
estimated that for =ach 1% organic matter in the top-

soily, a yield of 10 bushels {560 1bss) of corn can be

obtained per acre (600 kKgse./hactare) without additional
.fertiiizero

.4+ The tiny particles of partially decomposed organic
matter are known as HUMUS aad have a very high n%gative
charge compared to most clayse Humus Can accoun or
a large share of a soil 3 nutrient holding capacity,

. ) especially in sandy solls or true "tropical" soilse.

‘It can hold up %o 30 times more nutrients than claye.

‘5.‘Humus helps protect phosphorus and other nutrients
from becoming tied up-in the soil (see p.46 ).

6. It cuts down soil erosion by binding soil particles
Ainto a crumb 1ike sTructure that resists . belng carted
away by flowing water. It also lessens water runoff
by making the soil more permeable to rainfall. —

12 S,
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Organic Matter Does Wonders .
for Soll, BUT there's a Catch

A virgin forest or grass s01l has a healthy organic mat-
ter content (like 6-9%) in the topsoile Trouble is, once
you start cropping it, this level can decline rapidly for

-

3 reasons®” ) :

l, Plowing and hoeing aerate the so0il, and this stimu-
lates the microbial breakdown of organic mattere
Sure, it may be thrilling to watch old roots, leaves,
and stalks gradually turn crumbly, but the process

keeps on going right past the humus é?age il there's
nothing lefte ‘ : :

2« Porest and grass recycle high amounts of organic
matter back to the soil through leaf drop and
dead roots, but most cultivated crops can't come
close to matching thise

3, Crops grown in rows expose the So0il to higher
temperatures which accelerate organic matter
breakdowne : ; :

So whaf's to keep you from maintaininé or building up
~~ organic matter levels by adding compost, manure, etc? It

usually isn't feasible except.on small areas like home
vegetable* gardens because: .

1. It takes a huge amount of organic matter to
raise the humus level by even one percentage
point (i.,e. from 3% #o 4%)e Each 1% s0il organic
matter equals 20,000 lbs,/acre (22,000 kgse/hectare),
It takes 40,000 lbse of fresh organic matter to
end up with 20,000 lbse of humus (partially de-
composed organic matter, o,m.},

' 2« The problem of organic matter breakdown is es~
. pecially ¢serious in the tropics due to higher
: temperatures; decomposition takes place 3 times
as fast at 90°F than at 60°F, That's one big
reason why the vast majority of successful or=-
T ganic gardening projects are located in temperate
climatese For large areas, though, it's no picnic
- trying to raise Oome leveis even in a cool climatee
—- In an experiment in New York, adding 25 tons of
K stable manure per acre per year ralised the topsoil
Oeme level Only 2 percentage points after 40 yearse
o The trick is to concentrate On smaller areas where
' : you can apply higlh amounts without hiring’a -
supertankere ' : ' '

Despite the uphill battle, there are a number of things
you.can encourage your farmers to do to at least minimize

*Vegetable will be shortened to vegie'fOr‘thg rest of this
manual. o
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organic matter losses. We'll get into the nitty‘gritty de=
tails in Chapter VI ybut here's some general advice:

L3

1, Encourage farmers to return all cro residues
.to the soil except in the case of special dis-
ease or lnsect problems.

2« Don't prepare land by burning if another method
is feasible. -

Make applications of manure and compost; uniess
a farmer can buy manure or has a'EEEE'ﬁumber of
animals in confinement, it'l11 be hard to come
up with enough for anything but a small area.
More on this on p.57. Compost is practical only
for small areas.

Limit +illage operations (plowing, disking, hice-
ing) to the minimum needed for adequate seedbed
preparatioq and weed control.

Rotating low residue crops like - vegics and cotton
with medium residue (corn, sorghum, rice) or

high residue (pasture grass) crops will help, but
few small farmers have this type of flexibility.

‘If liming is needed to lessen soil acidity (raise
the pH), avoid excessive applicatlons since they
increase microbial breakdown of oems. Never lime

a soll to a pH above 6.5. Chapter 8 is devoted to
liming. -

. Green Manure Crops: That'’s a term used for growe
Ing a crop like cowpeas, Soybeans, oats, etc.
and plowing it under in the green, immature stage
to add organic matter (legumes like cowpeas and
soybeans will also add nitrogen to the so0il).
In some cases it's a good idea, but here's the
problem: .

a. Not many small farmers will want to tie
up their land growing a non-cash Crope.

be The effect of green manure crops is short
lived in the tropics.

cw» The gféen manure crop-may use up soil mois-
ture needed for the next crope

In short, you've got the best chance for maintaining or
raising soil O.ne content on small areas. It'll be a real
battle on larger fields., ) -




_ MORE OMN..SO¥L MICRO-ORGANISMS

The so0il is a tremendous biclogical lab with a teaspoonful
containing easily a billlon micro=organismse Some cause plant
diseases, but most are beneficial:

le They make humus: Many kinds. of soil bacteria and
fungi break down fresh organic matter into crumbly
- humus (partially decomposed oeme that does all those
_great things for soil)e

2e They release Plant nutrients tied-up in o,me: Most
of the nitrogen, phosphorus, and sulfur in fresh
plant residues is tied up in the organic form which
plant roots can't usee S0il microbes convert these
tied~up nutrients into the in-organic (mineral) form
in the process of breaking down oeme and make them
avallable to plantse For example, microbes convert
unusable organic nitrogen to the available ammonium
and nitrate forms like so:

microbes

ORGANIC NITROGENTSCEORES AMMONIUM (o y————3 NITRATE (o= °
(unavailable) . NITROGEN NITROGEN 3
(available) (availabie)

3¢ Nitrogen Fixation: Several types of bacteria can
"fix" nitrogen from the air and convert it to a form
that plants can usee The most important type is the
Rhizobia bucteria that form pea=like nodules on the
roots of lequmes (plants that produce their seed in
pods like peanuts, beans, peas, clover, alfalfa, soy-
beans)e The Rhizobia have a symbiotic %mutually bene=
ficial relationship with the legumes; they get fed wikh
Bugars from the roots and supply the host legume with
N taken from the aire Most pasture legumes like
alfalfa, kudzu, clovers, and siratro need no fertilizer
nitrogen thanks to the Rhizobiae Soybeans, peanuts,
and mung beans nee@ 1ittle or no extra N as long as
the proper strain of Rhizohia is presente Beans,
peas, and lima beans are less efficlient N fixers and
usually need some fertilizer N.

Aside from Rhizobia, blue—green algae can fix useful
amounts of N in floodec rice soilse Azotobacter are
free=living N fixing bacteria commonly found in warm
climate soilss Even so, non-legumes need nitrogen

supplied from chemical and/or organic fertilizerse




P PART II

SOIL PHYSICAL PROBLEMS

How to Spot Them and Fix Them

DOWN TO EARTH: Getting to Know your Area's Soils

It's very hard to make any useful generalizations about
the soils of the tropics and sub~tropicse Remember that cli-
mgte, parent rock, topography, time, vegetation, and manage~
ment interact in countless patterns. ion ¢ surprise o
find several kinds of soil on one small farm that vary marked-
ly in depth, slope, drainage, water holding capacity, texture,
tilth, pH, and fertilitye. Here's how to get -to know your
area's soills:

l, You'll usually get the most useful info on local
soils by talking with the fg;mgrﬁ who earn their
living from them and by examining them yourself.

2. Get hold of any sgil survey reportg or other

soil studies on your areas .

3, Get a competent extension agent or agronomist
to spend some time in the field with youe

This chapter focuses on soil PHYSICAL PROBLEMS that can
cut crop yields; they're every bit as important as soil FER.
TILITY PROBLEMS (i.e. nutrient deficiencies, too acid or alka-
line a soil) which we'll cover in Part IV.

16
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Some Common S0il Physical Problems

Shallow soil

Excessively rocky soll
- T o—— - ——- —Soil-compaction-and -hardpans - ———— - - — o
Low water holding capacity
Poor drainage

Crustling of surface soil that prevents
seedling emergence or water intake

S0il erosion

HOW TO SPOT AND TREAT SOXL PHYSICAL PROBLEMS

Using a shovel {(or soil probe or auger) and a homemade
slope meter you can check out the 6 vital signs of soil
- - physical health: TEXTURE, TILTH; WATER HOLDING CAPACITY, -
e DRAINAGE, DEPTH, and SLOPE.

Let's take them one at a timee Hey, walt a minute, we
haven’t said anything about SOIL COLOR; where does it fit inv

>

what About Soil Color?

The darker the soll, the richer it is, right? Not always.
In some areas like Pprairie grasslands of the Great Plains
there is {or was) a direct relationship between color and
humus content ~ the more black, the more humus, However, in
many other areas, especially the tropics, there's often litt.e o
connection between blackness and humus contente In warmer
climates; humus doesn't often have a black color but tends
to be brown; parent rock can make a soil brown too. Some dee;.
black solls in the tropics owe thelr color not to high humus
content but .to a reaction of calcium in thelir limestone pare:rt
material with only a small amount of humus,
How about red and yellow colors? They usually indicata
extensive weatheéring and oxidation (ie.ee good drainage);
| - dull grevys and blues,especially in theaubsoil, are a sign
— of poor qrainggé?f—ﬂérg_gn that on pelke. %

sl . L —_— - .. e = ¥

0K, so let's talk about the 6 major features Of soil
rhysical health.

I. SOXIL_TEXTURE

Texture refers to the relative amounts of sand, silt,
and clay in a solli it has nothing to do with humus. Tex=—
ture has a blg influence on soil productivity and managemen:t
needs, since it affects tilth, water holding ability, drain-
age, erosion potential, and soil fertility.

17
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Texture Usually varies with depth:. The subsoil tends to be

more Clay=y than the torsoil, though the reverse may sometimes
QOCCUr »

There are 3 basic texture groups: SANDS, LOAMS, CLAYS.
They can be sub~divided fusther: '

SANDS CLAYS
(Coarse textured soils) (redium textured) (Fine Textured)

Sands Sandy loams Sandy clays
Loany sands Loams Silty clays
Gravelly sands . 3ilt loams - Clays
Clay loams Gravelly clays
Silty clay loams Stony clays
Gravelly loams

Here are the relative %'s of sand, silt, and clay according
to soil texture:

(s = sand, si = silt, cl = clay)

=Y.

R

cl C]é
J

SILTY CLAY CLAY
LOAM LOAM
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Checking 01t Soll Texture in the Pield

Don't worry about distinguishing all the textural types,
but you should be able to tell the difference between a SANDY,
LOAMY, and CLAYEY soile. You can do that and then some by using

Visuai .
SOIL TYPE Appearance Sauceze Test Pael When Moi ¢
Loose, single When dry and sqgueezed,
SAND grained it fa:ls apart when T Sritty
relezsed. If wet, it
crunmples readily wnen
touched.
SANDY Loose when dry and squeezed,
LOAM it falls apart readily
when releasede If wet, Gritty
. & if forms a cast that
' crumbles w/o careful )
handlinge. B T
LOAM Few Clods When dry and squeezed, ‘
' it forms a cast that. A bit gritty
needs careful handling. but siightiy
If wet, the cast can be plastice.
freely handled w/o
breakinge.
SILT Clod:iy but Same as above. Only slightivy
LOAM clods are eas= gritty ard slase
ily broken. ; " ticg has a tal-
cum like feel,
CLAY Cloddy and when wet and squeezed, Plastic:; fe-sis
LOAM lumpy when it forms a cast that a ribbo= whina
drye. helds together under pinched bLeTwec
heavy handlinga ' thumd and fcre- -
finger vt ¢
breaks easi vy
CLAY Hard lumps or The wet cast can bhe Very sticiy «
‘ clods when dry. tossed and caught re- plastic..oras

peatedly w/0 breakinge. a ribbon casv.

_THE PROS AND CONS OF SANDY, LOAMY, AND CLAYEY SOILS

" Sands (Coarse Textured Soils) ¢

Sandy soils are easily tilled, resist compaction, and heave
good drainage and aeration = 211 good qualities for encourading
root growthe. However, they have a }low water holding capacicy,
fend to dry out quickly, and are likely to be low in nacurzl
fertility. Thev tend to be low in clay and humus, making Ic.-
little negative charge to keep pPlus charged nutrisnts fror

leaching (see pe37) s Another ieason leaching is a ‘seriocus

LT




_problem in sandy secils is that water passes througs thrsm s
“rapidly. However, this does make them more resiscant to s<i.
crosion losses by rainfall, since water tends to penetrate
ratherthantx)ruaoff as it does on clayey S0ils.

Despite the long list ol ceons, sandy aOll are amonyg
~the-most.productive vegetahle soils due to their good drainage
(fewer disease problems) znd tolerance of freéguant machinery —————
traffic without COmpactlon vronlems.

Loams {(Medium Textured Soils

A true loam soil combines the good points of both sandy
and clayey soils without “he bad ones. Sandy-loams show the
negative traits of sandy soils to some deqree, while clay
loams tend to have some of the problems of cliay soilse

Ciays {Fine Textured Soils)

Pros: 1. High water noldinag capacity; they hold at least
twice as much available water per foot of depth
than sandy soiis. That makes theén more drought .
resistant and less prone to leoachinge

They tend te have a higher negative charge than
sandy soils for 7 reasons: more clay particles,
and they also tend to have more organic matter
Than sandy soils. This makes for less leaching
of plus charged nutrients (see ps39). However,
true tropical clays have a much lower charge
than temperate type clayse

They tend to have higher natural fertility
than sandy soils, but not &aiwave.

They're more prone to poor drainage.

They're easilveompacted by wachlnery, animal,
or foot traffice

They’re harder to plow or hoe, not only in
terms of power. sut in term: of iaeal moisture
range. If workea when too wetk, thay Coupatt
and sticke If tilled when too div., thay're
overly hard ana cloddye

Seoils high in clay tend to crust over and
inhihit seedling emergence {(gilt can do this
+oo) ..

Most clayey sc¢i:s have a slow water absoimiion
rate, making pﬁsm more suscepvinie to eros;en
oy water runol:.
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~the 3—groups, - ._

~ HOW TO IMPROVE CLAYEY “AND SANDY¥-SOTLS- . I

.. Cloddy, 3nd absorbs wa

13

CAUTTON! Don't Over~generalize!

Don't take the above comparison of sandy, loamy, zng
clayey soils too rigidly. Clayey soils aren't necessarily
poorly drained (especially if on a slope) or high in natural
fertility. All sandy soils aren't low in natural fertility
eithers Clayey solls are probably the most variable of

There's lots of hope if you're working with a small
area:

l. Add sand to clay or clay to sand.

2. Add organic matter to both. Compost, manure, rotted
coconut husks, seaweed, and sugar mill filter press
cake (cachazas will loosen and fluff up clayey soils
and help tighten up sandy soils and increase their
water holding capacity. They also supply plant nu-
trients. Sawdust, rice hulls, and cottonseed hulls
will help loosen a clayey soil but don*t do much for
sandy solls or have much fertilizer value. Don't
expect gquick results; it may take several years
of high application rates (like 1 1b./sqe foot
or about 5 kgs./sq. meter). We'll cover organic
fertilizers and soil improvers in part VI,

2, Use a 2=3" layer of mulch between the plantse Rice
hulls, peanut hulls, rice straw, grass,sawdust, etc.
all make good mulche. It'll keep sandy soils from
drying out quickly and encourage earthworm activity
(good for loosening up clays)s Mulching has man
other benefits, and we'll cover ‘em all in Part VI,

4, Keep animals, machinery, and feet off clayey solls
when they're wet to avoid compactiones

Se In poorly drained clayey solls plant crops on raised
or ridges during the high rainfall seasone Plant-
ing on the flat or in a furrow bottom is usually recom-
mended for sandy soils when moisture is likely to be
... short. -

- — .

AN

II. S0IL TILPH

Tilth refers to a soil’s physical condition. A soil in
good tilth is easily worked, crumbly, and can readily take
in water when dryes soll in poor tilth is hard to work,

er slowly when drye Texture, @fdanic. . .. .

-BEST CCPY AvAILABLE
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matter, and moistufe content all influence tilth. Soil
£31&% isn't statlec like texture either; the tilth of a clay-
ey scil changes markedly with molsture contents

Tilth is mainly a probhlem of clayey soils, though the
overly loose condition of sandy solls might be considered
a poor tilth factore.

T HOW TO MAINTATN-OR- TMPROVE.-SOIL TILTH

Apply Organic Matkter

Crganic maifer is the big key to good tilth, since it
Tluffs up clayey soils and »inds together sandy soilss FProb-

leim is that it takes regular additions (likeseveral times

a year) of hefty rates to do much goode Few farmers have

/{‘ Aaccess to enough oeme to cover anything more than a small
area adequately. S1lo%t treatment is one way around this (pe5i),

Limit Tillage Operations

Tillage can be good and bad for tilth. Under favocrable
moisture conditions, plowing or hoeing breaks up clods into
smaller aggregates and loosens soil for a morc favorable
seedbeds  However, stirring and shearing the soil stimulates
the microbjial breakdown of oe.me Repeated machinery ovr animal
traffic compacts the soil. Farmers using mechanized equipment

" tend to overdo tillage (especially harrowing and rototillingl.

ZType of Crop

Crops like cotton, tobacco,- peanuts, potatoes, and vegies
require frequent cultivation and machinery traffic and also
return a relatively small amount of c¢rop rasidue to the
soile Soil tilth will suffer unless additional o.Mm. is
supplied or a crop rotation usede Corn, sugarcane, sorghum, and
rice are less harmful to soil tilth since they return more
‘residues {unless burning i1s used) and usually require less
seedbed prepacation and cultivation,

Putting land into temporary grass or grass-legume pasture
w1ll greatly improve tilth; however, the effects are likely
to be short=lived in the tropics and may only last a year
once land £s revertad to row Crops againe Anvway, few small
farmers have ‘this type of cropping flexibility (iivestock are
a costly and long term investment).

2 — —— —
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IIXe SOIL WATER HOLDING CAPACITY

How Soils Hold water

About half the soil's volume is pore space occupied by
- air and watere Soils hold water much like a spongee If
you soak a sponge in water and then 1lift it out, some of
the water will drain off even if you don't squeeze it. The
same thling happens with soll after a rain or irrigatione
Like the sponge, a good .deal of water remains in the soil
after the excess has been drained off by gravitye The soil
is now said to be at FIELD CAPACITY, and the retained water
is held in the form of films which are attracted and held
to the surfaces of soll p¥rticles (this has nothing to do
with negative chargele. - -

The catch is that only about HALF the wyater held at
field capacity is actually available to plants; they'll
wilt and die long before. the soil is completely drye That's
because much of the water is too strongly held to the soil
particles for plant roots to utilize. As soil moisture gets
used up by roots and evaporation, the water films get thinner
and the force of retention strongere If more wafgr isn't
added, plant roots reach a point where they can no longer
counter the force by which water is held by the soil EVEN
THOUGH THE SOIL STILL CONTAINS ABOUT HALF THE WATER IT HAD
AT FPIELD CAPACITYe This 1s called the PERMANENT WILTING
POINT, and plants will die unless water is addede.

AVAILABLE WATER is that portion held between field
capacity and the permanent wilting point:

N
€ Total Water v

Unavalilable Avallable
water . watgr

Permanent Fil;d
Wilting Point Capacity

How Soils Il.ose Water

Soils lose water by plant transpiration, surface run-
off, surface evaporation, and dralnages ©Drainage {gravity)
removes oniy the surplus water-EETH_EE%!g field capacitye
The rest is too tightly held by the goll particles to be
drained offe. o

Plant trangpiration uses up lots of water; something like
25~75 galse. of water transpired into the atmosphere for
every pound of dry matter producede

23
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Soil surface evaporation losses may sometimes equal
transpiration losses in high rainfall regions and usually
exceed transpiration losses in drier regionse All the
more reason to use mulch whenever possible (see pe67.

Surface runoff losses are important on slopes, especially
on clayey soils with low intake ratese One important side

‘benefit of soil conservation measures like contour planting
and terracing is that sloping fields retain more water for
crop growthe Many Volunteers have reported crop yield in-
creases due to soil conservation practicese

. 'How Soil Texture and Ordganic Matter
Influence Water Holdina Capacity -

Y
Texture has a big influence on water holding capacity:

Inches of Available Water
Held per ft of Soal

Sands 0e25= 075"
Loamy Sands 0e75 = 125"
Sandy Loams 1400 = 150"
| Fine Sandy Loams 1e50 = 175"
| Clay Loams 1e75 = 245"
Claysw 2¢00 = 245" ‘

Humus (partially decomposed organic matter) increases
water holding capacity, especially in sandy soilse .

Now take a look below:

Depth to which 3" of water
will refill a soil to field .
capacity from permanent wilte

ing pointe.
0 SANDY LOAM LOAM CLAY 0
1 £# : =t 1 ft.
2 £t : FﬁL 2 fte

g 3 fe 3 fte.

~

.
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HOW MUCH WATER DO PL&RTS NEED? HOW OPTEN?

That depends on soil texture, stage of growth, rooting
EEEED' temperature, relative humidity, and wind. Here's some
baslc guidelines: \ Pt

le Sandy soils need wore frequent (about twice as often)
but lighter waterings than clayey soils since they

can store onrly about half as much water per foot of
dﬂpth - .

The shallower the root systam or the soil, the more
‘often watering is needad. Tiny veqie somdlinas with
roots only an inch or so deep may need waterina 1.2
times & day on a very sandy soil or once avary l.2
days on a clayay soil. As roots drow deepar, watering
intervals can be spread out. However, welli.astablished
lettune >r othar naturally shallow rooted crobs will
need more frequent (but lighter) waterings than fleld
corn or o*her deep.rooted crops. -

- #ooctina Depths of Cropa When
Thera'g no B ) P ‘

-

(18-24") (36-48") (More than 48%)
Shallow de Deap - Daeep

Broccoli Beans : Agparagnus
Brussela sprcouts =~ Beet - Bean, 1ima
Cabbage - Carrot Parasnip
Cauliflower Chard - Pumpkin
Celery Cucumher Fi=1d corn
Chinese cabbage Eggplant Soarghum
Garlic Muskmelon. Squash, winter
lettuce Mustard Swastpotato
Onion Pea ~ ‘Tomzto
Parsley " Pepper Watarmeion
Potato Squash, summer Suqarcane
kadish Turnip

Spinach Rice

Sweet Corn '

3« Plant demand for water increases with growth and reaches
a peak arocund flowering or frulting time (maisture
stress at this time can really hurt yields)e. In warm
weathes; niost very young crops will use asbout 3~1"* of
water per week (3um of soil evaporation + plant trans~
piration). Peak usage rates for old crops run around
13-23" a week, depending on crop type, temperature,
wind, and relative humidity.(high wind, temperaturae,
and low relative humidity raise crop water needs).

Most common mistake is to overwatar young plants and
underwater older ones. Shallow watearing uncouraaes a

shallow root system; roots won't penetrate into dry soil.

*A layer of water 1" deep = 7 gal/mz,

SR REARABL
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Overwatering can cause drainage problems.-and leaching losses -
." of nutrients like N, Parmers in low rainfall, irrligated 4(
areas wili often pre-irrligate the soil to full rootiag depth
before planting to avelid getting behind later in the seasone. -

4, Once roots are well éitablishod, shoot for a watering ap~- |
plication of 124" per irrigation devending on soil tex-
ture, plant demand, and depth of rooting.

|

How to Measure the Depth ¢ Watering: TUse a 1/2" diameter
iron rod slightly tapered at one end and about 2.4' long.
Wait about a day aftar a reinfall or irrigation and push the
rod into the soil; it’11 penetraze readily ¢il it strikes dry
soil (unless there's a hardpan)e ’ "
i 4 >, '

You can measure the smount of gater appyied by rainfall
or sprimkler irrigation using a tin can or rain gauge.
Amounts below a quidrter inch aren’t too useful since they
can be quickly iost by evaporation from the upper soil sur-
faces Keep accurate rainfall records!i

%

Deciding when to Water: Don't wait for plants to show visible
moisture stress signs. Wiiting, leaf rolling, or in some crops
(iike beans). a blue-green color are all signs.of water need

and can cut ylelds, especially at flowering or pollinatione.

A good gulde is to apply water before gne half of the
root zone's available water has been used up. Plants take P
about 40% of their water needs from the top quarter of the .
root zone; once this top quarter gets down near avallable
water, it'll soon be time to apply more. You can estimate
the,K percentage of available water by squeezing the soil in
youf hand and using the table in the hpperidix (p. 152)e Don't -
confuse this test with the texture test! , .

- A reascnably aé%urate method is to .figure that most well
established crops will use about 2 inches a week. {It will take
7 gallons rer square meter to apply 1 inct of water, i.e., 0.6
gal/sq. ft.]

- L]

-IVe SOIXL DRAINAGE ' ' \,

All major crops except rice need oxygen from the soil
so they can take in waker and nutrients. A poorly drained
soil lacks enough oxygen in its pore spaces for good growtie
Drainage is the soil's ability to get rid of axcess water '
{both surface and subsurface wqter?‘and is affected by b
topography, depth, texture, and hardpanse. ﬁ?&

How to Svot -Drainage Prodlexs

1. Topography: Solls with a slope seldom Have drainage -
problems; .flat soils or the depressions in undulating
fields should be suspecte

. ol & - = - +
— QEET aodos = par e
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4
bl

2e Crop Appearance: Crops in poorly drained portions
of a fleld will be noticeably shorter and yellower
and have standing water ~around them for a day or more
after a good rainfall or irriaation.

Testina for Poor Drainage: Dig a hole 2=3 ft. decp
and fill with water; allow to drain, and refill it
again; the water level should drop at lgast 1" every
hour and disappear in 24 hourse If not, only shallow
rooted crops are likely to grow well,

&

4. Subscil Color as a Drainage Indicator: Red, reddish-
brown, and yellow subsoil color usuallfﬂﬁggns good
drainage; it means that the soil's iron and manganese
are in the oxidized form (leee oxygen is present)e.
Lull greys and blues mecan pboor drainages Some soils
alternate between good andl poor drainage (like wet
secason vse dry ‘season); if so, the subsoil will have

- alternate streaks of bright and.dull colors {called
~ mottling)le :

5. Hard pans can restrict drainage.

_Coping with Drainage Problems

1. Surface drainage problems (i.e. standing water) can
often be cured by digging drainage.ditches or by
land leveling to smooth out depressions.
Subsurface drainage problems aren't as,egsily cured.
Planting crops on raised beds or ridges is a big help.
Subsurface tile drain systems are used in.the U.S.
Sometimes deep tillage can break up a hardpan ltaycr
that impedes downward water movement. Sometimes rice
is the only feasible crop where there are no drainage
remedies. - . .
1f hard pan restricts drainage, double digging or
other form of deep tillage may be eifective, though
benefits may be temporary.

4
4

0 B
Seed Boxes have Special Drainage Problems

ey - .

-

" shallow containers only a few inches deep are used to
start out some vegie seedlings that are to be transplanted.
Unless you use a super coarse soil mixture, drainage problems
are likely. That's because there's no suctipn force to &id
in drawing water down once "it reaches the botton of the con-
tainerx. The same thing happens when yot hang wet clothes
on the line. A If you use normal soil in a shallow containcr,

e - |
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at the very lexst the bottom half will pe to0 poorly drained
for root growthi/ even thé so0il in the =seed zone can remain
s0 wet that germination is severely affected. We'll get
into making a good container soil in Part III. e

¢

V. S80Il OEPTH

There's often a big difference between soil depth and
useful soil depth. Compaction, hardpans, and poor drainage
can all restrict root growth even on very deep soils, If
you're working with a soil that's 6 ft. deep but the water
table is only 3 ft. below the surface, you've barely got
3 ft., of useful s0il. High subsoil acidity can limit root
growth too {(see p.41).

Here's a semi-helpful depth classification:

: Depth

{Topsoil + Subsoil’
Deep so0ils 36" or more
Mode. deep soils 20-36"
Shallow soils 10-20"
Very shallow _ less than 1C"

Of course, it makes a big difference what lies beneath’
(iees SOlid rock vse gravel vs, porous limestone) in terms
of drainagees ' _

Coping with Depth Problems

On a small area, you can always add more soil to build
up depth. If stuck with a very shallow soil, you're . usually
better off growing shallow rooted crops {(see tablec on bel7)
Potatoes, onions, radish, cabbage, and lettuce are likely to
cope with shallow soil better than field corn, tomatoes, or

okrae

Remember that just because a crop is deep rooted doesn't
mean that its roots will grow deep (even in a deep soil).

»

VI+ SLOPE AND EROSION CONTROL

Slope is usually measured in terms of percent rather
than degrees. Land with a 10% slope has a drop of 10 ft,

-,fon every 100 ft, of horizontal distance {(or a 10 meter drop

per 100 meters of horizontal distancel)s. A 100% slope has
one foot of fall per one foot of horizontal distance and
equals 45 degrees. 2 8 ,

BEST COPY AVAUARIF
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A field's slope has a big effect on the amount of water
— runoff‘and"soil erosions In hidgh rainfaiil arcas, soil con-
servation measures are needed once the slope gets over 1-2%.
An unprotected soil with a 4-5% slope can easlly lose 50 TONS
of soil per acre yearlye Here's some more scare figqures:

1.-?gggling the slope increases erosicn losses by

. 2e Doubling the iength of slope increases soil 1osses
by 50% (more chance for water flow to build up and
_ gain speed). The soil iransporting power of flowing
- water varies with the 6th power of its velocitye.

Soil Erosion's Toll

1. It carts away the best part oi the topsoii, The small.
est soil particles are the ones most easiliy moved, and
that means the glay and humus particles that have so
many nutrients and other benefits. The eroded
material is usually 2-5 times richer in nutrients-than
the topsoll from which it came. , '

2e It destroys productive crop and forest land through
soil removal and gulley formation.

3. It silts up rivers and streams and hydrc-electric dams.

How #o Measure Soil Slobve

No need for a store-bought inclinometer; you can measure
slope accurately enough using one of these 2 methodss

Method 1: Get hold of a carpenter's string level ("nivel de
pita” in Spanish) and hang it on a string at least
100 inches longe

Anchor one end of the string to the ground using
a small stakej; hold the other end of the string
"directly downslope from the string and raise it
i1 the string level shows a level grade.

Measure the vertical distance between the end of
the level string and the ground. That gives you
the ‘vertical drope Determine the slope % like so:

% slope = _Vertical drop {in inches or cmse)
3:zring length (in inches or cmse)

It's really easy if the string is 109 inches long,
because the vertical drop in inches eguals the

"% slope directly. However, 100" is “co short for
an accurate measurement unless the slope is very
uniform and smoothe 200" would be bettere Whether
you use inches or centimeters, picking a round
number makes division easier@2Q :




Even 1f the slope is fairly
uniform, take several readings at
different locations.

Sample Problem: Suppose your string is 400 centimeters
long (4 meters) and that you measure

a vertical drop of 36 centimeters. The
slope would be:

% slope = 36 cmse = 9 _ 9%
400 cnrce 100

Method 2: Phis one gives you.the slope in <egrees which
- You'll then need to convert to percent, but it's
.8till pretty easye

Ao Grab a flat piece of board about 10-12" long,

4~6" wide, and %-1" thick, Glue a 6" long
plastic protractor to it like so:

=

Anchor a nail in the center of the protractor's
flgt sides Suspend a thin string or thread
from the nail and tie a small weight on the
end so that it clears the degree quadrant
. and the boarde Afix 2 nall at each end of the
. board's topside to use .as sights, and you're

' "
!
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C. You'll need 2 assistants. Stend face to

face with one assistant and find what part

of her/his body your eye meets, e.g. nose,

forehead. Send her/him directly upslope

from you about 20 feet or so. lold the ‘

slope indicator up to your eye. Aim it at

your assistant. Align the nail sights at

the same part of the assistant's body where -
- your eye height had reached, e.g. nose,
forehead, Assistant #2 then reads off the
degree mark crossed by the hanging string.

D. 1f the string rests on the 84° mark, then
the actual slope angle is 69 (i.e. 900 -
84° = 6°). Use the table on page 153 to
convert deyrees slope to rercent slope.

THE DYNAMIC DUO: Raindrop Splash and Surface Flow

Before getting into soil conservation methods, it helps
to know your enemye Raindrop splash and surface flow are
the culprits when combined wi th soil Slopes

Ralndrog Splash: Raindrops act like miniature bombs whose
ammer-like action does several masty things:
le It compac the soi]l surface which reduces intake

and increases run-off of watere

2+ It breaks down clods and crumbs and moves the separ~
ated particles by splasne

3. It keeps particies in’ suspenszon which helps surface
flow cart them awaye :

\ _ Raindrop splash is no big deal on flat cround as far as
Q erosion, but when GOMblHEd with slope it's bpad newse

ERIC 91
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Surface Flow: One acre«inch of water weighs 113 tons. ©On 2-4%
qgéntle slopes you're more likely to see sheet erosion, a
uniform removal of soll. As slope and rainfall Increase, water

11 and yulley erosion

flow tends to channelize and cause
(a rill is just a small mini-gulley),

Most erosion control methods are geared to reducing
surface flow, although there are ways of minimizing rain-
drop splash twe'll cover both).

Is Siope the Only Factor in Erosion Susceptibility?

Slope is definitely the biggie, but there are several
other factors: _

Rainfall Amount and Intensity: Intensity 15 much More

——

important than rainfall total, and the tropics are
notorious for torrential cloudburstse.

l.

2+ Amount of Ground Cover {(crop cover or mulch): Row crops
leave much of the soil exposed, resulting in much more
erosion than denser crops like small grains, sugarcane,
and especially pasture. Take 'a look at the results of
a trial run in Puerto Rico on 40% slopes and 80" yearly

rainfall: {next Page)

Annual Soil Losses

Cropping Pattern

Bare soil

in Tons per Acre

126 tons

Rotation (sweetpotatoes,

corn, etc.)
Sugarcane

Pasture grass

17.5
7.5

1.2

Mulching (see p.67) is another highly effective way of

combatting raindrop splash.

One studyY showed a 75% decrease in

erosiqn from leaving 750 lbs. of straw Per acre ©n the surface.
Mulching also cuts down water runoff by preventing raindrop
splash from compacting and sealing off the s¢il surface.

3. S0il Tilth and Permeability:

Soil organic matter helps

maintain a crumbljike structure that resists being brcken
down by raindrop splash and also keeps s0ils more

permeable.

Sandy soils have lower erosion losses than

clays since their large particles are more resistant to

transport.

They’'re also more permeable.

32




SOTL CONSERVATION METHODS

Under small farmer conditions, there are 4 conservation
methods of varying effectiveness Iaside from mulching and
crop rotation)e They 2ll invoive soil engineering:

1. Contoux Cropping: This means running your plow furrows
and crop rows on the contour instead sf up and downe
It's most effective on 2-8% slopes no:t more than 300
feet long and will reduce, soil losses by.about 50%.
On slopes’ over 8%, contour plowing by itself becomes
increasingly less effective unless combiner with a
terracing or ditch-bank system,

e ere g
ALY e p p R

, Contour Stripcropping: Strips of dense crops such as
grass and small grains are alternated wich strips of
row crops; it's most coffective on 2~.2% slopes less
than 400 fte longe

‘ ur & Barrier System: This system is rea-
3 ggg;gly gégggt ve up to slopes of 45%. Small ditcges
running on the contour are dug at 19tervals down g e)
slope (the steeper the slope, the c.oser the ditc e: .
The excavated soil is placed on the downhill side 2
the ditch to act as a dikes A foot-wide live barrier
of coarse growing grass (elephant, guinea, etce),
pineapple, or sisal is planted just above thecupper
side of the ditch to aid in soil retentione. ropslx
are planted on the contoure. The ditches have a %—
slope o aid water flow and lead to a grassed waterwaye
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4. Rock Walls: Soll conservation PCV's in El Salvador
have successfully used rock walls on hilly farmland
thatt's full of rockse The walls are built on the
contour at intervals down the slope and collect scil
that would otherwise be loste Over time this system
helps lessen slope as the soil piles up in front

of the walls which are about 1%=2 ft. wide and 3.4
ft. high. £ ) .

Note that all 4 methods act to shorten slope length
and therefore decrease water flow volume and velocity. They
not only fight erosion but increase water intake by soil as
well; this will bpoost crop yields in a dry year.

All 4 methods also involve being able to mark out cone
tour lines, so let's talk about that.

HOW TO LAY OUT CONTOUR LINES
There are several easy-to-make devices for laying out

contour lines with the needed accuracy, but the A-frame is
one of the best and easiest to make.

uild & calibr

L

A. Build the A-frame as above using either lumber (1lx2's
or 2x 2's) or poles cut from brushe Nails or twine
can be used to hold it togethers The crosgs—arm 1is
placed about half-way upe The string with end weight
should be hung from a nail placed midway in the juncture
where the 2 legs meet.
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B. Calibration: To find-the level mark ‘on the cross-arm,
choose a semi.level spot of ground and pound a couple
& 6-8" stakes halfway into the soil a2t a distance equal
to the spread of the A-~frame's legse Place the A=
frame on the stakes and make a pencil mark where the
plumb-line comes to rests. Then reverse the legs and
make a 2nd mark. The true level mark should be halfway
in=betweene To double check your calibration, adjust
the stakes so that the plumbe-line rests on the level
markt then reverse the A<frame, and if the plumb-line
. returns t0 the level mark, your calibration is OKe
Ce Using 2 level instead of a pl: : You can use
a string levei or small carpenter's level instead of
the plumb=line; it's cquickers Before tying the level
to the center of the cross—arm, make sure the A=frame
‘legs are resting on level ground (i.e« the plumb=line -
should indicate level), You may have to whittle away
at the cross-arm to get the level positioned so that
the bubble rests between the 2 cross hairs.

How to Lay Out Contour Ditch-Banks with an A-Frame

The contour ditch-bank system (ditch & barrier) can be
easily layed out with an A-frame. Here's how:

1. Measure the Field's Slope: The spacing of the ditches
depends on the slopee. Determine the slope and then
use the table on p«l53 to find the correct spacinge

2¢ Stake Out the Ditch Intervals: Start at the top of
the field and proceed straight downslope the distance
indicated in the table. Suppose the slope is 30%3
the interval between ditches would be 19*' 8", so
the first ditch would be placed 19 8" downslope from
the tope Place a stake to mark the first ditch and
continue downhill marking the location of the other
ditchese If the slope noticeably changes, you should

measure the variations and adjust the ditch spacings
according to the table.
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3. Mark Out the Contour Ditch Lines with Stakes: You'll
need lots of stakes, since they'll be spaced at intervals
equal to the A-frame's leg span. Begin at the top or
the bottom ditch location and place one of the A-frame
legs next to the master stake. Move the other leg up
or downhill ¢il the plumb-line reads level and pound

. in a stake at that point., You've just gtarted a con~
tour line, Now move the A-frame so that the leg that
rested next to the first master stake now rests next
to the 2nd stakej move the stake-less leg up and down
til the plumbe«line marks level and pound in & third
stake flush with that leg. Continue across the field
repeating the process ¢il you reach the ende. Do the
same fcr the other ditch locationse. You can save stakes
along the way by taking out every other stake once a
contour line is well established and using them farther
alonge : '

.

4. Even Out Irreqularities: You don't want to end up with
ditches full of zigs and zags, so try %o smooth out -
any ragged portions by slightly altering the stakese.




Se Digqing the Ditcheg: Begin by tracing out the ditch
line with a hoe or animal drawn wooden plow to give
you a guideline, A plow will save some digging. Beé-

gin by making the ditch 12" (30 cmse) wide and 12"
deep like so:

To prevent the ditches from eroding, the sides should
then be tapered like so:

A live barrier (or use rocks) should be installed immedi- " v
ately ‘above the uphill side of the ditch to prevent

soil from £filling it in. A live barrier should be

about 12" (30 cms.)} wide; a close growing grass like

elephant;- guinea, or jaragua works gresatj; so does pine-

apple or sisal. . . '

\

6e %igés or no Dikes?: Some experts recoumend building
xes every 5 meters (16°) in the ditches.to prevent
excessive flow in the ditches. Others feel flow won't
be excessive if the ditches don't slope more than 1%,
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7 Makino a Grassed Waterway: It's unlikely that the
ditches won't have runoff on the enés. The runoff
water can do lots of damage unless it runs down an
ercsion-proof grassed waterwaye Dense, semi-short
grasses like kikuyu, centipede, carpet, and Bermuda

work well if you can keap them from spreading into
the field. .

or

Remember that crops are planted on the contour using

the ditches as guidelinese 1It's a very effective system,
especizlly Af the Crops are grown on ridges or hille

during the growing géason %o provide further arosion barrierse
Always recalibrate an A-Frame on each new occasion you use it.-

’ How to Build a 1% Slope into an A-Frame

Many bulletins recommend that the contour ditches have a
k-1% slope to facilitate water movement gso the ditches don't

overflow. Here's how to build in a 1% slope {(don‘t go over
that)'

l, Place the A-frame on a level surface s0 the plumb-line
rests on the level marke Raise one leg up a distance .
equal to 1% of the leg-span (i.e. 1if legs are 72" apart,
1% would-egqual about 3/4"). Make a mark where the —_—
piumb~line rests, and draw a short arrow from the mack '
pointing toward the ‘unraised lege

LT

3

' m— * -
Return the A-frame to level and ralse the otLer leg
. the same distancee. Make another mark where ;the plumbw-

line rests, and draw another arrow pointing ‘toward
the unraised leg.

e
Using the 1% Slope A-Frame: The arrows refer to the d_rection
in wﬁIch the ditch wiil run downhill at 1% when the plumb-line
rests on the mark adjacent to ite When laying out a ditch line
across the field alwavys use the game mark from start to finishe.
Some bulletins recommend zunning half the ditches one way and
half the other to avoid over rloading one waterweya

what about an A-frame with ca: nenter s 1avel:- pest way to

* build a2 slope into 4t is to meke one leg shorter than the
other by an amount equal to %-1% of the .., span Draw an
arrow on the. cross-Yar pdintinG towaré the longer leg; that's
the direction in which the di: cn\will gently slope downhill.

!
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PART III

' SEEDBED PREPARATION

Getting Crops Off to a Good Start

THE WHAT AND WHY OF TILLAGE

Tillage is the use of implements to preparé-tand for
planting and has 4 purposes:

"1

SOME COMMON TTiL.AGE EQUIPMENT

2e

3.
L.

To break up cldds and loosen the soil to favor.
seed germination, seedling emergence, and root ™
growthe !

To chop up and/or bury the previous crop's residues
so they don't interfere with the new crope

To control yeeds.

To shape the kind of seedbed most suitable for the
particular soil, climate, and crop (i.es raised beds,
ridges, flat beds, etc.}e.

e,

ﬂgldﬁoard Plow: Depending on size and soil conditions, it

1

penetrates 6-10" and inverts the furrow
' slice it cuts through which makes it very
\ effective for burying weeds and residues.
_Both animal drawn and tractor drawn models
are usede  It's used for the initial tillage
operation, though bulky residues like corn
+ stalks hawe-toug‘ cut up with a disk harrow
- firste E
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5\
.

Disk Plow: Better suited than the moldboard to hard, clayey,
or sticky ground but doesn't bury’residues as

- + effectlively; handles rocky ground wellj comes in ' -
tractor and animal drawn models. .

Wooden Plow: Designs go back many centurles; some have a
metal tip} aninial drawne. The wooden plow
doasn't invert the soil or bury residues
but basically makes grooves through the soilj

) ¢ffectiveness depends a lot on soil type and
moisture content.

Disk Harrow: Usually used after plowing #o smooth and pul-

verize the soilj also used to chop up coarse
> residues before plowinge .Models having sgal-

loped disks {(cutaway disks) cut crop'resigues .
better and penetrate deeper. Large, heavy
duty versions (often called Rome plows) can
sometimes substitute for plowing. Animal and
tractor drawn disk harrows are available. Also
used to.kill weeds immediately before plantinge.

Rototillers: They come in self-powered and tractor-drawn
o (and powered} models and thoroughly pulverize

St the soil’andlhandle crop residues; power re-
3 ‘quirement is high; heavy duty models can be
used for a once~over complete tillage job. -

Hggé Implements: The hoe, shovel, tdrning'fork, and rake
do a highly effective job on small areas;

by using a double-digging system (see pbéG’,
you can even loosen the gubsoile "

-

A Quickie Way t5 Eftimate the Amount‘of Land
»that can be Worked by Farm Equipment in a Da

Al

s ) '
, Acres ver Hour = Speed {(in m h X width of Imblemernt P
: 10

Hectares per Hour = Speed (kms;[hr,) X width (1n‘metér§2 

. , 12 , .
Example: Hqw many acres/hr. gééybe plowed by a tractor
pulling a 3 disk plow with a 42" cut at 4 m.peh?

Kcres/hf. = 4 X 33 = l.4 acres pPer hour
- 10

. The formula }Qg;udes a 20% time allouan&e,fpr turning at row
endsge ’ '

¢ * ” : . = o

*l, 88 ft, per minute g;lfm%pfﬁ.; 55 ft;yper minute or 17 ' —

meters per minute = 1 Xme. per houre .

<40 BESTLOPY ppenamie | L
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THE ABUSES OF TILLAGE AND HOW TO AVOID THEM

Tillage can either enhance or destroy good soil tilth.
Sure, plowing and harrowing break up clods and loosen up
the topsoil, but the stirring and shearing agtion stimulate
microbial breakdown of beneficial organic matter and may
also pulverize the soil too muche Machinery, a2animal, and
foot traffic compact s0il under clayey and wef conditions.

The 2 implements most likely to harm tilth are the
disk harrdw and the rototiller; most farmers overdo it
with the disk harrow by making repeated passes to suppress
weeds or smooth the soll. Harrowing kills one stand of -
weeds but enccurages another by bringing pmore weed seeds
closer to the surface where they can germinate (the Supply
. of weed seeds is inexhaustiblel). It's very easy to over~
pulverize the soil with a roto-tiller. -

The Ydeal Seedbed: The only part of the seedbed that needs
-0 be reasonsbly clod free is the narrow row zone where the
seeds are plantede Your're better off keeping %ﬂe spaces
between the rows in a less worked, semi-cloddy condition
it'11 discourage weed germination and help maintain tilth.
. . _ ) |

In the past 15 years, minimum tillade systems like' plow-
ing and planting in one operation have gained favor in the
States and Europe; one big side benefit is loweired machinery
costs, ’ : ,

A

MAKING THE RIGHT SEEDBED FOR THE CROP, SOIL, AND CLIMATE

Seedbed Fineness /

It's the Lype of seed that mainly determin A how fine

the row zone soll needs to be for good germinatione.
.!‘J .

Small vse Large Beeds: Large seeds have more power than small
ones, and many can handlé a fairly rough seedbed. 8Small seeds
(i.,e. cabbage, eggplant, turnip, etce.) are more delicate and
need a finer seedbed for' 2 reasons: 1. They don't have the
strength to handle clods; 2, They require wvery shallow pPlant-
ing (1/4-1/2%) and cloddy soil doesn't allpw this precisione.

I

Monocots vse Dicots:  Monocot seedlings (éorn, sorghum, rice,
wheat, oats, grasses, onions, and garlic) break through the

soil in the shape of a spike which lessens the need for a
fine seedbeds Dicots (beans, peas, peanuts, and nearly all
vegies) have much less clod handiing power since they don't
emerge as spikess Large seced dicots doﬁ't need as fine a
seedbsd as -Small seed oneses ;

*1, Monocots have one cotyledon iseed leaf) and long narrow
leaves with the veins running parallel the long waYe. -
Dicots have 2 seedleaves and broader leaves wlth velins
in a feather type (pinnate) pattern,
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" seedbed Shape

The ideal seedbed shape varies more with the climate
and soil than with the €rop. .The common one2 are:

FLAT SEEDBEDS: Used where soil moisture is adequate for
crop growth and there are no dralnage problemse. It's
comnon for corn, sorghum, and beans to be flat planted and
then hilled up with soil as the season progresses. '

RAISED SEEDBEDS: In areas of high rainfall and/or poor
dralnage, cyopPs are usually planted on raised up beds or
ridges %o keep them frow getting "wet feet". Raised beds
are eggent\2l when Crop#® are furrow irrigatede They're
uited for vegie growing, since they kaep the
looserjand make for less bending over. Soil«borne
dfsease proiems are less likely too. They can be used
on sandy soilk, or under low rainfall conditions, but some
type of mulch (Ssee pe 67 ) 18 needed to cut moisture
losses. You can also vary the height of the beds to con~
£rol moisture retention (low beds for the dry season, high
ones during the wet)le

f

SUNKEN SEEDBEDS: ?‘.\dé'r low rainfall or sandy soil conditions, °
.crops can be planted in slightly sunken beds or in the bottom
of furrows where moisture is higher. Under these conditions, .
shallow rooted crops like onions with frequent watering needs
are grown in shallow basins a couple inches below normal soil
level, Field crops like corn can be sown in the furrow bottonm,
and then soil from the ridges is thrown into the seed row

for weed controle.
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A WORD OF ADVICE: You'll find that local farmers have plenty
of seedbed savvy, s0 beware of tampering with time-tested
methods without first considering all the angles.

SOME HANDY SEEDBED SKILLS

How to Double Dig

Double digging is a great way to deep till small areas of
compacted s0il, since it enables you to loosen up some of the
denser supsoil too. It'll benefit deep-rooted crops like
tomatoes, eggplant, pepper, beans, and sgquash more than shallow
growing crops like cabbage, radish, onions, garlic, and lettuce.
You can double dig with just a shovel but a turning fork helps.
Here's how. Doing it is the easiest way to understand. Get
a shovel and follow these instructions on u 4 ft, x 4 ft. plot.

. L . "m
1+ Divide the plot in half and mark the centerline.
‘Start by digging a 2 fte wide trerch down to the ~
depth of- £the shovel blade, running from 6ne corner
of the plot to the middle, Pile the soil just outside
the plot and near the centerline (it'll be used to
£ill in the final trenchle

If available, spread an inch or two layer of compost
or manure over the undug portion of the plote

Use the shovel or a turning fork (better) to loosen
up (not invert) the soil in the treach bottom.

Push into the trench bottom the compost or manure .
that's on top of the next 2 ft. strip and then work™
it into the loosened subsoil. '

Dig the next 2 ft, strip and invert the soil into
the first trench to fill it up. Then treat the
2and strip as per steps 3 and 4,

Continue on around the entire plot; the final trench
will be adjacent to the f£irst one but on the other
slde of the centerlinej it's filled with the soil
you dumped outside the plot in step 1. '

7

The compost and manure help condition and enrich the
subsoile Try t6 avoid mixing the subsoil with the topsoil.

How to Cope with Soil Crusting Problemsg .

Some £oils high in clay or silt and in poor tilth tend
to form a cement like crust at the surface after rain or
watering; it can seriously affect seedling emergence, )
especially the blunt dicot seedlings (see p.32). Using a
post=planting mulch over the seed row helpa a lot. It
absorbs raindrop .splash and keeps the soil surface moist®l

- *1, A healthy soil organic matter content is the best defense
against crusting;j compost and mqggfe ars a big help.
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and less crustye A "“grow through™ mulch like gawdust or
rice hulls is best. Straw Or grass can be used but if )
not removed as soon as seedlings start emerging, they'll
quickly become leggy and prone to dgmping-off diseaao.

How & Seedbox 8§50 1 Mix

Straight goil by itself just doesn't cut it as a plant-
ing wmedium for seedboxes. When confined in a shallow con-
tainer, it's usually too poorly drained.- gravity isn't strong
enough to pull the excess moisture out (see p.l g) Here
are a few recipes for seedbox s0il mixes used for growing
transplants: (all mixes except #4 need heat or formaldehyde
sterilization to prevent damping off disease?

le 1:1:1 Sand-Soil-Compost. Modify the ratio to

gsuit the soil you're using (if already sandy,
use less sand)e.

2¢ A 211 rice hulls:soil mix., One advantage is it's
light weight, but it may dry out quicklye

% A 1:3 sand-compost mixe Rotted coconut husk fibers
run through a 1/4" mesh screen make a great composte.

4. You can make an excellent mix called Peatlite if
sphagnum peatmoss and vermiculite {made from heat
popped mica) arelavailable at a reasonable price:

"2 galse. sphagnum peatmoss (shrédded)

2 galse horticultural vermiculiée
. (#2 grade - semi-coarse)

1k 0z« dolomitic limestone (contains both
celcium and magnesium); 3% oﬁw = 2k tba.

2 teaspoonfulslof superphosphate (0-20~0)

4 tablespoonsl(1/4 cup) 5-10-5‘fertiIizer‘2
or equivalent.

The mix’ contains enough nutrients for 6 ueeks
(should be plenty of time) except maybe N °3,

*l1. Refers +#o level teaspoonfuls and tablespoonfuls; 1 level
tspe = 5 cece; 1 level tbse = 15 cece

*2e USe a 1:2:1 ratio fertilizer if possible; 4 tbs. 5«10~5

tsps.of 12=24-12, A 1:12:2 fertilizer like 10-20-20

is more ikely to cause burning unless vou cut the rate
back a third or soe.

*3, If plants start to Yellow from N deficiency (due- to
leaching losses), water ’em with a solution of 1 tbs.
ammonium sulfate (1% tsps. urea) per gale of waters
wash Off leaves with plain water afteirards one applica-
tion should do it. .

f




PART IV

SOME IMPORTANT SOIL FERTILITY BASICS

For most PCV's, fer#ilizer use is one of thc more eso~
teric aspects of the ag scene. How and when ao you apply
them? How much and wvhat kind? What about the chemical vse.
organic controversy? We'll try to cover it all in the next

few chapters, but first on to some important soil fertility
bagiese. '

HOW PLANTS GROW

Plants grow by enlarging their cells and developing new
ones at their shoot and root tipse. Growth requires sugars
and proteins. Sugars are made in the green cells by
synthesis when carbon dicxide from the air combines w _

water from the soll with the aid of gunlight and chjorophyll
(the green pigment in plants).

§Eﬂ£§g are used for energy and to make cellulose (for
cell walls) and starch (food storage)e Proteins are formed
by combining sugar and nitrogen and are U seéd tc make protoe
plasm (a vital part . of cell fluid), -

"Role of the Plant Nu;gggn;g: The plant mineral nutrients are
supplied by the soil and fertilizerss they're absorbed through
the Eggﬁ hg&gg (tiny delicate protrusions from the root sur-

face the form of ions (molecules with 2 plus or minus -

charge)es Some, like potassium and magnegium, are needed for
sugar formation, while nitrogen is an essential ingredient

of protein, )
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AVAILABLE ws, UNAVAILABLE FORMS OF NUTRIENTS

Aside from water, oxygen, and CO lants need some
14 other nutrients: NITRCGEN, PHOSPHORUS, POTASSIUM. CAL-
CIUM, MAGNESIUM, SULFUR, IRON, MANGANESE, COPPER, ZINC,
BORON, MOLYBDENUM, SODIUM, AND CHLORINE (these 1ast two
are rarely deficient).

Each of these mineral nutrients occurs in roth avail-
able and unavallable forms in the soil. Only egbout 1-2%
of a s0il's potassium is actually awailalle to plants; most.
of the other 38-39% 1s tied up as part of rock fragments
and clay particles and is very slowly released by weather-
ing; some potassium is temporarily trapped between the
plate~like units that make up clay particlese.

Likewise, only about 1-2% of a soil's nitrogen is
readily usable by plantse The rest is in the organic form
which is unavailable until it's been mineralized into
ammonium or nitrate by soil microbes (see pe7 e

The same goes for each of the other nutrienis in vary-

ing degrees, depending on soil conditions. Soil pH (acidity
or alkalinity) has a big effect on nutrient avEI!EBl

litYo

THE NUTRIENT HOLDING ABILITY OF A SOIL: Why it's Important

Some soils are much more prone #o© losing nutrients by
leaching (downward movement of water) than othersj leaching
losses vary with a soil’s fexture and negative charge. Sand
89ils are very susceptible ¥o leaching losses because water
passes through them quickly,and they have a low negative
charge due to their lack of clay and humus particles (see
pe 3)o Even clayey solls vary a lot in leaching potential
since clay type and humus content determine the amount of
negative charge. Leaching also varies directly with the
amount of rainfall. _

How Ne Ch e lps Hold Nutrients

Remember that the ﬁvailfglg forms of the nutrients exi:
as ions (molecules with a plus or minus charge). That mea

that the plus (+) charged ions (called cations) such as

K* (potassium), Ca** (calcium), and Mg**(magnesium}) are
attracted and held to the negatively charged glay and humug
particlesj this helps keep them from leachinge Just like a magnet.

The negatively charged nutrient ions (called anions)
like W03 (nitrate nitrogen) and S0% (sulfats) sren't so
luckye ~Since like charges repel, %hey're not heid by the
clay and humus 'Darticles and flozt around in the soil water.
That's why-negatively charged nutriente are much more easily
lost by leachinag than plus charged ones.

46
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Here's some common plant nutrients and their leaching
susceptibility:

+ Charged Nutrients (Cations) - Charged Nutrients (Anions)
(falrly resistant to leaching) (easily lcst by leaching)

Ammonium nitrogen (NH} ) Nitrate nitrogen (NO4™)
Potassium (K +) Sulfate (S0,=)

Calcium (Ca+t)
{(leaching losses of K can be a problem
on sandy soils or under heavy rainfall)

Magnesium (Mg**)

What about Phosphorus?: It's an exception; although it's
available forms have a minus charge, it hardly moves at all
in the soil since it easily forms insoluble compounds with
jiron, aluminum, and calcium. Sure, it keeps phosphorus

from leaching, but also keeps it from plants. This "tie-up”
is called phosbhorus fixation and can be a serious problem
on many so0ilse How you apply fertilizer Phosphorus makes a
big difference in how much gets used (we'll get into that
later)s DON'T confuse P fixation with n&ﬁ:gggg_:i;gﬁign
(the conversion of atmospheric N into usable forms by
Rhizobia bacteria that form nodules on the roots of legumes;
see po, ) IS

The Ex¢hande Capacity of a Soil (Only the Soil‘'s Lab Knows
for sure)

The exchanﬂﬂ.capggisx of a soil (also called cation ex~
change capacily or Ceb.C.) is a measure of its negative
charge or the amount of plus charged nutrionts it can hold
agEIgst leaching.

: The C.E.C. depends on the clay and humus content of the
soil, since they're the only two components with a minus
charge. Soils with a low C.E.C. have poor nutrient holding
abilitye Even soils with the same texture can vary Jreatly
in CeEeC. due to differences in humus content and the type
of clay they containe Compare the variation in C.E«Ce between
humus and Clay types:

_ - CeEeCa
Humus 150-200.
Common tamperate type 15100
clays '

L

Common tropical clays 2~15

. The table on the next page shows the great variation
-"in exchange capacity among soils of the same texture.

*1, Remember that both temperate and tropical clay %tvpes
are found in the tropics and subtropics! See Pe 3e
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CsEsCo of
Soil Nema ihe T 1

Hilo Clay (Hawaii) 67
Cecil clay {Alsbama) , \ 448
Susquehanna clay {Alabama) 3442

Greenviile sandy loam (Alabama) 263
Colma sandy loam {California) 1761

Don't worry about what the actual numbers meanj it's the
relative comparison that countse (If you're famiilar with
chemistry, the C.E.C. is measured in terms of milli-equiva-
jents of cations per 100 grams of soil)e

some Needed Clarification: Although nutrient cations like
potassium'Efﬁ‘ﬁ@:ﬂ—ﬁ?=ﬁizy and humus particles, they're still .
available to plant roots. Another point is that despite the
soils negative charge, there's .still spme.lgggg;gg of plus
charged nutrientsj they can get bumped off the clay and humus
particlies by hydrogen ions (#*) or by each other (that's part
of the meaning of cation gxchange capacity)e.

Unless you're an ag science teacher, don't spend a lot
of time trying to get all this down pate Just remenber that
some nutrients leach more readily than othersj that sandy
's0ils have more leaching than clayey soils (espacially of
minus charged nutrients 1ike nitrate)s that the highar the’
CeEeCo, the lower the jeaching losses (especiaily of the
plus charged nutrients).

You can greatlyY cut leaching losses of fertilizer,g%E%gA '
ge o

en by knowing when and how often to apply itj we'll
%ﬁE& farther one ) :

'$OTL pH AND HOW IT_AFFECTS CROP GROWTH

Soils can be acid, neutral, or basic (alkaline) and this
is measured in pH.units. The pH scale runs from 1 ¢maximum
acidity) to 14 Emax. alkalinity), but most soils fall in
the range of 5 5 or so with extremes. from 4.0 to 9.0,

NEUTRAL : S

-

' TNCREASING ACIDITY ) INCREASING ALKALINITY

S f { | very | very
s stronq mediumlslight s1ight! slighyslight medium| strong
565 60 6.51*_ 'NoT 7.8 B.O ‘ 8,5 9

oG

|

— ¢ (Conmon pH's of soils in
arid orlsemi-arid areas)
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Aclialty is caused Dy hyir.gen ions (H+), and alkalinity
is caused by nydroxyl ions U7 )e A pH of 7.0 is ngutral,
meaning that the B* ions 3us: balance out the OH- ionse.

As pH drops below 7.0, the ' ions begir to outnumber the
O~ iong, and aclidity increczsose

An important gointl: The pH scale is logapithmic, meaning

that a soll wlth a pH of 4,0 is 10_timeg more acid than one
with 2 pH of 5.0 and 100 time:s more acid than a soil with

a pH of 6e0s¢ Likewise, a pH of BeS is 10 times mgre alkaline
than a pH of 7.5 but 10 times less alkaline than a pH of 9.5
A pH of 3.9 is 1000 times more acid than a pH of 6.9.

Ay Do Scils Vary in pH?

Climate, ambunt-of leaching, parent rock, and farming
practices all affect soil pHe.

" 1e¢ CLIMATE & LEACHING: As the chart on the previous page

2e

3.

points ouf, soils of wet climates are likely to be on
the acid sidee That's because a good deal of calci
and magnegium (the principal bagseg in the so0ilY have
been leached out over time by rainfalle. It's a slow
process, since these two bases have a plus charge and
are held by clay and humus particles. However, the
acid forming HY ions produced by the breakdown of organic
matter and acid rocks can bump the ggggﬁggg (adhered)
calcium and magnesium off the clay and humus particles
back into the soil water where they can be leached.

As H* jons gradually replace the bases on the clay and
humus, the scil becomes more acide

In contrast %o humid region soils, those of arid or
semi-arid regions are likely to be alksline or only
slightly acide That's because there's less leaching
under low rainfall so calclum and magnesium levels are

" highera

Dry region soils aren't always basic, since parent
rock and farming practices can modify the influence of
climates Wet region soils aren't always acid, either,
but they tend to bee.

PARENT ROCK: Soils formed from like limestone
and basalt tend to be iass acid i(or more basic) than thosc
formed from acidic rocks like granite and sandstone; how-
ever, even soils formed from limestone may be acid if leath~
ing has been intense. :

FARMING PRACTICES: Liming tihe goil will lessen acidity (raise
the pH). Manure, most composts, and many chemical fertilizers
will increase soii aciditry Lf used over a period of yearse
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Why Worry sbout pH Anvwew?
Soil pH can have a big effect on crop yields. Most -

rops grow »aest within a pH range of 5,5.-7,5 (moderately
acld to slightly alkaline or basici; a pH of around 6.3
or so 13 ideal for wost. Some crops like sweaetpotatoes,

potatoes; coffee, pineapple, watermelon, and rice are
more tolerant of greater acidity. '

Fow 30il pﬁ Affedts Crop Yields

1. The tie-up of phosphorus is greatly affected by pH.
P is mest available to plants within a pH range of
about 6.0-7.0. As pH falls below 6.0, increasing
amounts of P get tied up in insoluble compounds
with iron, aluminum, and manganese. Above pH 7.0
P starts forming insoluble compounds with calcium
anéd magnesium., Because calcium and magnesium exist
in much larger quantities, they remain available.

2. Micronutrientg: pH has a big effect on the avail- m )
ability of micrenutrients (see p.49. Except for -

molvbdenum, the other micronutrients (iron, manganese, -
copper, zinc, and boron) become increasingly less

avzilable as acidity dacreases and alkalinity increases.

Iron and manganese are the most affected and can some-. =~
times become deficient at pH's as low as 6.5.

The chart below gives a good visual idea of the
effect of pH on nutrient availabilicy, etc.:

£ .

. - %azzz::::ggéeficigl bacteria,nitrogen T

{

L
;-::T’“—'—E;;;;um & magnesium _:::>

— e phosphorus __________...*"'""‘"'.....::

iron,Manganese _
_molybdenum . 1
I :
- —_=__—1
e . boron —
- . | - : : _1:
pH 4.0 5.0 6.0 700 8.6 9.0 ~
BEST CGPY !:H‘! et
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3, ¥ s b P : Aim% "
an ganese bhecome more soluble as acidity reases

and can actually become toxic to plant roots at pH's
below 5.0~5,5 (varies with the soil).

4, Bgfgg;gifl soil g%crghgax Most can't thrive in very
aclild 8olls, and this slows down bthe conversion of
the unavailable organic forms of nitrogen, phosphorus,
and sulfur to the available mineral (inorganic) forme

Se gg*;ni Alkali Problems: Very high pH's (8.0 and
up) usually indicate salinity amd/or alkali problems.
They're almost entirely confined to arid or semi-arid

areas, especially in irrigated soils. Both godium and
other salts are toxic at high levelss We'li cover.
saline and alkali soil problems on LPe 143=149.

You Measure S H?

The soils lab determines pH as a routine part of soil

testings Youm can make fairly accurate readings right in

the field using a color sensitive liquid indicator kit
or a portable electric tester. Read the instructions
carefully,

When measuring pH in the field, be sure to take separate
readings for topsoil and subsoil = they're usually different.
Very acid subsoils can prevent full root growth.

shooting soil pH problems, but they don't tell
. you how much lime is needed to treat excessive-

1y acid soils. That varies g lot with the

"soil's texture and exchange capacity. Only

a reliable scil testing lab knows for sure.

Overliming a soil can be worse than not liming

at'alle We'll cover liming in Part8 »

CAUTION! Portable soil pH test kits are handy for frouble-*

Do Y -\ - 'pH?

Liming will lepsen soil acidity and paise pHe. -
atone (calcium carbonate), dolomitic limestone (combination
of calcium & magnesium carbehates), and 1 (cal-
cium oxide) are common'liming materialse calcium
sulfate) and sulfur are commonly used to lowaer pHe.




o

IMPORTANT FACTS ON THE PLANT NUTRIENTS

The plant nutrients fall into two broad groups: MACRO=
NUTRIENTS and MICRONUTRIENTS ¢

MACRONUTRIENTS :
Primary Macronutrients Secondary Macronutrients

NITROGERN (N) CALCIUM (Ca)
PHOSPHORUS (P) MAGNESIUM (Mg)
POTASSIUM (K) SULFUR (S)

MICRONUTRIENTS
IRON (Fe) ZINC (Zn)
MANGANESE (Mn) BORON. (B)

COPPER (Cu) MOLYBDENUM (Mo)

Macro= !gg;niqrgnntrienta

MACRONUTRIENTS uake up about 99% of a plant's diet.
N, Ps and K account for about 60% and are definitely the

BIG 3 of soil fertility in terms of quantity and likelihood
of deficiency.

That doesn't mean that the secondary maeronutrients or’
' the micronutrients are any less essential; zlthough their

deficiencies aren't as common, they can have just as serious

an effect on crop ylelds.

As shown below, the micronutrients are used in much
smaller amounts than the macronutrients:

WE_&@M:
100 Bushel Yield of Shelled Cozn (5600 1bse)

Macrorutrients Lbs, __QE.QMM Lbs,

Nitrogen 157 Iron 4,2
Phosphorus (P,0g) 60 Magganese 1.0
Potassium (K,0) 124 Zinc 0.30
Calcium = 29 - Copper 0.07
Magnesium 3 25 Boron 0.07
Sulfur 17 Molybdenum  0.0075
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Tie-up of Added Fertilizgr Phcsphorus

7~ Only about 5-20% of the fertilizer P you apply will
be available to the crope The rest becones "filxed" (tiedw
up) as insoluble compounds, Not all this tied-up P is’
lost forever; depending on the soil, anywhere from a little
to a lot will slowly become a"ailabie to future crops;
high and low soil pH'as increase the amount and permanence,

-~ of P fixation; the clay type :.2 important too} some hydrous

oxide clays of the tropics can eie-up 99%+ of the added
P unless unbelie%ably high rates are appiied.

Application Method is Vitally Impgfgant. The application
) method you use will largely determine how much of the
- ' added P gets tied up, especially when using small to0 medium

amounts (that's all your farmer clients can afford) and
working with high tie«~up soils. See PP- 7879,

Phosplorus Déesn't Leach

P is virtually immobile exc2pt in extremely sandy soils.
Many farmers and PCV's place fertilizer P way tooshallow,
and very little ever gets to the rcoots. See p. 79

-
POTASSIUM (K)

K promotes starch and sugar formation, root growth, dis=
ease resistance, stalk strength, and general plant vigor.
Starch and gugar crops like sugarcane, potatoes, cassava
{manioc, yucal), sweetpotatoes, and bananas have relatively
high K needs. Corn, sorghum, rice, and other grasses are
more efficient K extractors éhan most broadleaf cropse

Volcanic Soils Usually High ip K: Most volcanic soils tend
s to have good K contents. Many Central American soils fall

into this category and won't give economical responses to

K except with starch and sugar crops or after years of

heavy croppinge Only the s0ils lab can &all for sure.

2 Available VS, Unavailable K

Only about 1-2% of a soil's total K is in the available
form (See p.37)e Some soils have a high enough K tie-up
ability to cause problems, but this is confined to a minority
of temperate type claya. _

Leaching Losses are Usually Minor

The available form of K has a plus charger go leaching
losses aren't seriocus except on sandy s0ils or high rainfall
conditions on IO’W CsEsCs 8Cilss

F£g§g£§ Consumption": Plants have a tendenty to teke up
; more than they need; especially if other nutrients aren't
Q [ | B}
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in balance. Some agronomists feel that this is definitely . ~
a problem with pasture grasses where high K can lower .ol

.macnesium intake enough to cause deficiencies in poth ¥

the crop and livestocke

H
i

THE SECONDARY MACRONUTRIENTS (Ca, Mg, §)

Fd
CALCT ‘

Calcium is not only an important plant nutrient but
is also used as a liming material to raise so0il pH (lessen
acidityle It takes large amounts tc paise pH compared to
those needed for plant nutritione Even very acid sgils
usually have enough calcium as far as plant needs, but soil
pH may be too low for good growthe The available form of
calcium has a plus charge and leaches sSlowlye

MAGNESIUM

. - Magnesium deficiencias are most likely to occur 1n'
sandy,apid soils (usually below pH 5.5)s Like calcium,
it's ﬂelatively resistant to leachinge TN

The Calciume=Magnesium Ratig: If there's tou -much Ca relative
to Mg In the soll,. some crops will develop Mg deficiencies .

even though the s0il appears to hav2 enoughe This us ly is
more a problem on sandy soils with low exchange capaci ”

where it*'s easy to upset the nutrient ratiose. When liming ?
a soll, it's a good idea to use dolomitic (a 50-50 B
mix of calcium and magnesium carponates)e , - . ‘

potassium Induced Mg Defiéienéie&: (see top of page)
£otasslum Induced Tg DeliclencleS

L1

SULFUR . : -

Sulfur is needed for protein synthesis aad by the Rhizo~
bia bacteria that fix N for leégumes. It forms part of severs .
al vitamins and is also used in o1l formatione .

Cabbage family (crucifer family} crops like cabbage,
turnip, radish, mustard, broccoli, etce, and onions and
asparagus nave very high S requirements; tobacco, cotton,
and legumes use a lot of S tooe .

-Where to Su;pect_Dgficigggieg They're nog very common
but most likely to otcur in coarse textured soils under

high rainfall where leaching has been highe. Many E_@g_ ~~

soils tend to be low in S. Parmland near ;g%pstgi areas
- usdually receives enough S from the aire : nued use of

low sulfur types of fertilzzerl may lead to deficiencies
(see pe 76}, ' i
- ,54 N
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e Leaching Losses of Sulfur: The availaﬁle form of sulfur 1is
the S04® ion which is readily leached; especially in sandy
soils or under high rainfalle A good part of the soil's
sulfur is in the g;%fgég form which microbes convert to -
the available miner orme This 1s an important reservoir
of sulfur, since organic S doesn'’t leache.

Work has shown that appreciable amounts of sulfur can
be retained against leaching in subsoils high in tropical
type clays; this sulfur is available once the ‘'roots reach
it. (sSee pp. 3-4)

THE MICRONUTRIEEES

The micronutrients perform many vital functions but are
needed in super small amounts (see table on ped3)e ' The
difference between c and gg;ig;gn& levels is often
smalle As little a3 1 ounce of moiybdenum per acre might
cure a deficlency for several years, but 3-4 1lbs. might
severely injure plants. Boron 1is another touchy onee.

wmoﬁ& molvbdenum, and bopoqn

are the importan cronutrie and chlorine are

P sometimes included but are rare ;x e c

' Prevalence of Degicigncieg. They 're much Légs common than k/

macronutrient deficiencies but can bhe gefious uhqn they occur.

Where to Suspect pDeficiencies
1, Highly leached, acid , sandy soils.
2e Peat solils. ;
3+ Soll pH's above 7.0 (see §.41).

4\ Intensively cropped solls fertilized uith MACK Ow
: nutrients onlye. S

Vegles, legumes, and troe crOps are more subject to
micronutrient deficiencies than grasses and grain crops;
gorghum, however, 1s very sensitive to iron deficienclies. -
Micronutrient Toxicities: Iron and mandanese may become :
toxic to plants iIn very acid soils (below pH 5.0-5.5). ' t

Poor geration and drainagg increase severity.
%

le égigggigg_gg' o;xbdgg deficiencies can often be
more effectively correGted by.raising soil pH if
very acide- Raising pH.is_about the only way to
correct iron and manganege toxicities (aluminum too).

2+ Sol icat -9f microny nts: The ef fective--
ness of soll applications varlesj iron and manganese
are very readily tied up when soil applied. Special
chelated forms a:e_much 1ess subject to tie-up.

L
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3, Foliar AEELI§§t1°ES‘ Since such small amounts are
needed, spraying the plants is practical and also
avoids soil tie~up problems,  Usually, saveral appli-
cations are needed. In some cases, common d
.1ike Maned (contains manganese), Zineb (contains
zinc), and Cupravit (contains copper) are used to
supply micronutrients to vegie and orchard crops
in conjunction with fungus disease control.




PART V

DETERMINING FPERTILIZER NEEDS

—

The amount of nutrients different crops must absorb
from the soil to reach a given yield is fairly well knowne
o~ So why not just add what’s needed?

1. You need to know what share of the nutrients Yyour
soil can supplye.

2. A plant's ability to recover nutrients from applied
fertilizer depernds on:

A Type of crope

f; : be The particular soil's capacity to tie up
3 different nutrients.

Ce Weather conditions (sunlight, rainfall temper~
‘ - ature), leaching losses, and s sical fac-
! - tors like poor drainage and com tion;_insect
e and disease problems too. '

N ’ \\
- . ) N

. "Rose Fertilizer"? “Tomato Fertili Way 1: . Think

bacﬁ to your typical Stateside garden sEop. Remembei those
i boxes of fertilizer labelled "TOMATO FERTILIZER™, “R0§E FER-
TILIZER", etc? There's really no such thing. Sure, \\
we know that starch and sugar crops have higher potassium .
needs than others, hut your soil's K level might already be
high enough sSo that little or none is needede Solils vary
so much in fertility that no one fertilizer could possibly .
be the right kind for all types of soils, even for one type

! of crope

.

On a small garden plot, Ycu can usually get away with
being generalg but when it ccmes to the larger scale

- 57 -
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commercial crops, your farmers shouldn't be wasting their
money on fertilizers whose nutrient contents may be arossly
inappropriate for their soil,

Sg What's the Answer?: Here are 5 basic methods that can
give a falrly good idea of fertilizer needs on a particular
soils

l, Soil testing, preferably by a reliable soil lab
rather than a3 do=it-yourself kite.

2« Plant *issue testinge

3. Pertilizer trialse.

4. Spotting visual "hunger signs" in cropse.
5. An educated "guestimate",

Soi) testing is the most accurate but should be supple-
mented by one or more of the other methods for best resultse

I. SOIL TESTING

Hopefully, your country has on? or more soil testing
labs run by the ministry of ag or H>rivate outfits; here's
what you can expect from sending in soil samples:

a. Most labs routinely test for avallable P and K

and measure soil pH and exchange capacity (see
. gp. 38)e Most usually don't test for avallable
*:*'N, since results are often dubious (see below).

Le Many will be able to test for the zecondary macro-
nutrients (Ca, Mg, S) and some micronutrientse. Tests
for most of the micronutrients and sulfur are of
varying reliability, depending on the sophistication

of the equipment.

Ce They'll usually be able to tell you how much lime
your $0il needs if it's overly acid; most can test
the salinity and alkali hazard of the soil and irri- .
gation water (most common i1 arid or semi=arid areas)e

de At the very least, the lab will give you an N=P.K
application recommeéndation for the crop and maybe
include other nutrients. The better labs will tallor
the recommendation to more 2r less suit the particular
farmer's capital and management situation (you supply
this info on the sheet accompanying the sample),

Soil Tests Va

As you've already guessed from the above, soil tests vary
in reliabilitys. : :

ae ro Sampl is probably the biggest culprite.
e half a pound or so of soll you send in may repre=

58
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. sent up to 15,0 TONS of soll and is suppoéed to
be a com made up of 10-20 sub-samples
taken over #n area that's similar in color, texture,

topography, and past management (they all affect fer=-
tility). Many farmers and PCV's aren't taking samples
correctly. We’ll get to this belowe

be In order to make reasonably accurate fertilizer recom~
mendations, the lab has to make numerous field and greenw
house trials on the soils involved to correlate test
results with actual crop responses to fertilizers;
some countries are way ahead of others in this.

Ce Mlcronutrient tests aren't routinely run by most
labs and they vary in accuracy, The test for available
nitrogen is more of a guestimate, since the amount of
N a s0il relecases from the organlc form during a crop's
growth davends on temperature and moisture conditions
which affect microbial activitys

de Even if tests were 100% accurate and you followed
the results, the crop might still suffer from a
deficiency due to excessively hot, cold, wet, or
dry weather, etc. which can slow nutrient uptakee

— Still, soil testing by a reliable lab is invaluable.

wh °) h ortable Soil K, : Those portable kits
you see advertised in gardening magazines supposedly measure
soil pH, N,P,K, and maybe other nutrientse. Even the expensive
tnes are a poor substitute for lab testinge They're not nearly
as accurate and the reagents don't keep well. You're much better
off encouraging farmers to get used ¢ sending in samples to

an astablished soils lab.

HOW TO TAKE A SOIL SAMPLE

Proper sampling is the most crucial part of soll test-
ing (given a good lab, that is)e Before sampling, read
over the soil lab's instructions (usually printed on the
sampling box or én a separate sheet). Here's the general

procedure: \
. 1. pivide the n 1 : Start by drawing
; up a map of the land ¥o be sampled and divide it accord-

ing to so0il color, texture, topography, and past man=-
agement (fertilizer, liming, etce); each sampling unit
should be as uniform as possible in these combined
characteristics (i.e. don’t lump red soil and black
soil or hill soil and flat soil in one sampling unit).
Be sure to get the land's thorough fertilizer and lim-
~ ing historye The finsl map with numbered sampling .
units might look something like this: (see neaxt pagele.

*1. In a recent Stateside training program, we tried out one
popular kit that's supposed to measure NPK and pH; even the
colors in the color charts varied from kit to kit due to

, cheap printing; the inséructions have some bogus ag info tco.
El{fc : - 59.
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Most labs like you to limit a single sampling unit ¢o
no more than 10-15 acres (4-~6 hectarei); 3if you're working
wigt small farmers, you're more likely to have pretty small
UNnicse

2« Taking the Samplesg:

ae¢ If the farmer has 3 samplin? units, he'll end up
sending in 3 bhoxes of soil (about 1/2 1b. ezch) to :
the labe Each sample is made up of 10-20 sub=samples /
taken randcemly within the same zampling unite Don't .
. take sub-samples from fertilizer bands, under animsl -~
. groppings, on headlands (row ends) or along a fence o
ine, ;

be %§n§9_2§_5§ag%ﬁng: Most labs want only topsoil samples

=9" deep), though some ask for separate subsoll samples -
tooy some want only 2" deep samples when sampling pas- _
ture land. Never mix topsoil with subsoile

Ce Eakigg a subegsample: A shovel aiad machete work fine,
ough 2 soil auger is eagier on hard grounde If

using a shovel, make a 45° hole to the right depth,
and than try to cut out a slice about an inch or
two thick to the correct depths Holding the face
of the soil slice with one hand will keep it from
crumbling aparte Trim down the width of the slice
with the machete til it's a couple inches wide and
dump it in a paile Scrape off any surface litter
before samplinge ‘

During and after collecting the sub-samples, mix
them thoroughly in the pail, ard then take out

enough s6il t¢ £ill up the sampling boxe Never

pmix soil from different sampling units! Don't oven

dry wet samples; it'll cause a falsely high potassium

"readinge Air dry them insteade Make sure the pail

you're using is thoroughly cleane A galvanized pail

may make a zinc test invalide. ' ~
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3. Fill Outﬁ‘ﬁrﬁ Informztion Sheet: It asks questions about
soil zlope and drairage, cropping histcry, crop to be
grown, yield expected, and past appilications of ferw
tilizer and lime on each saapling wnli,

When te Taze Saoplees: Send them in at Least 5 weeks or more
before veu need the rasultsy in zreas with a well defined
cropping sSea3on, Jarmers tend o walt until a week or two
before planting: the soils lab can't cope with the rush.

How Qffen is Tecting Needed?: Under low to moderate rates
of fertiliizer use, the fieid should be sampled about once
every 3=4 wears, Most of vour farmers can't afford encugh
fertilizer to markedly affect the soil's fertlility on a
year tc year basis; they should be concentrating on feeding
the crop rather than building up the soil.

TT. PLANT TISSUE TESTS

The crop itself can be tissue tested in the field for
N-PuK levels in the plant sap; kits cost about $20-340, but
some of the reagents need to be replaced every year.

Tissue tests are bést}used to supplement soil test data,
but the results can be tricky to interpreti sometimes plant
sap nutrient levels aren't related to those in the soil,
since w2ather extremes, insects, and diseases affect uptake.
Deficiencies of one nutrient like nitrogen can stunt crop
growth and cause a "pile up" of P and K in the sap,
giving a falsely high reading.

Total Plant Analvsis: Some labs can run a total nutrient

analysis of plant_leaves with a spectrograph, but it may
cost $10-315,

One advantage of tissue~tes~1n? is that it may be possible
to correct dliagnosed deficiencies especially N) by adding
mera fert;..izex:a

CAUTION: The tests are Qeared to much higher yield levels
than mo-t of your farmers can reasonably shoot for; their
management and affordabie fertilizer levels may show up as
semi-deficieni N-P.K tissue test results, despite following
soil test recommendations; yet the yield increase attained
by these moderate fertilizer rates may be the most profitable
on a return-per-dollar basis. (See ps 88).




IIT. FERTILIZER TRIALS

Properly conducted fertilizer trials are very helpfulj
here's 2 kinds:

Test Strips: Run several test strips through the field

to try a couplie different ratez or nutrient combinations;
you'll need two or more test strips (azbout 3-4 rows wide
each) in different parts of the field for the same treat-
ment to cut down the influence of fleld variation (it should
be the same type of soil visually and past mariagement-wise),

Don't rely on one year's results alone since weather and
rests can influence yields.

Farm§1 Trialg: The different treatments are gg%ggm;g%? and
replicated as small plots within one bloci each.plot is usual-
iy only a few rows wide and several meters long§ plot size,
plant DPopulation, and fertilizer rates are carefully measured
as well as vielid differences, and they're run over 2=3 years.

This 4s the only kind of trial that is gtatigticallv sianifi-
gant. Itz tedious worke

Trizls vsS. Demonstrations

Txials are used to help determine fertilizer rates. Demon-
8trations are used to show farmers the benefits of appropri-
ate rates. The simplest and most effective demo uses two
plots, one with and the other w/o fertilizer; you should
scil test first and/or use trlal info to determine rates.

Some ¢uideliinesg:

1. Dop's try to usge a trial as a-demonstration; results
may iook confusing and contradictory to farmers.

2e Do set up a demo plot without basing fertilizer
rates on soll tests and/or other datae.

3. Do involve the farmer whose land is being used. Dop't
run it on your own land. If you do ali the work your-
self, farmers are likely to wiew the demo as some com-

plicated and mys*erious Amer&can ritual beyond their
abilities. |

4, When setting up a trial or demo, be sure to control
serious iimiting factors like 1nsects which could
wipe out or mask fertilizer responsee.

Se Fertilizer demos give the most spectacular visual
response on poorer landj don’t use a field that's
been heavily fertilized in the past, vet don't locate
it on atypically poor land.
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IV, SPOTTING VISUAL "HUNGER SIGNS™

Severe nutrient deficiencies often cause character-
istic changes in plant appearance such as size and leaf
colore Spotting hunger signs can be a useful tool, but
be aware of several drawbacks:

l. Some hunger signs are easily confused with each~
other or with disease and insect damage; 1if more
than one nutrient is deficient at once, the hunger
signs may be vagquee.

Hidden Hunger: A nutrient deficiency may be serious
enough to cut yields by 30-60% without the appear-
ance of hunger signs; in most cases, plants have to
be really starving before showing hunger signse.

The crop may look good during the growing season,

yet hidden huriger can result in unnecessarily low
yieldse

3¢ It may be too late to correct deficiencies by the
time hunger signs appeare

Learning the Hunger Signs: Hunger signs for common crops
are described on ppe 155=59 ¢ A picture is worth at least
1000 words, though, so try and get hold of a copy of:

Hunger Sigps in Cropg, 4th ede, edited by HeWe
Spraguee David McKay Coey, New Yorke It's a
great general reference on hunger signs and
has numerous color platese

-

Ve AN ED TED GUESTIMATE

If no soil test info is available for the farmer's soil,
you can make an educated guestimate based on:

1. Available soil test results from nearby farms with
the e soil type, though past fertilizer applications
can change resultsg fertilizer trial data on the same
'soil type can bz used tooe

2+ An extension pamphlet on the crop with fertilizer
recommendations for your zone (these vary in accuracyle

3, The particular crop's relative nutrient needs (pe89 ).

4, A thorough examination of the sQil for depth, drain-
age, tilth, slopej pH too if you can; these may limit
fertilizer responsee

5 Yield history and past management of the field.

6. The farmer's management ablility and wiilingness to
use complementary practices like improved seeds,:
insect control, etce. . o

We'll get into all ‘this in Part VIe 63




PART VI -~

ORGANIC FERTILIZERS & SOIL CONDITIONERS

THRE CHEMICAL vs, ORGANIC CONTROVERSY

Chemical (i.e. "synthetic" or “inorganic®™) fertilizers
have come under fire, being accused of everything from "poiw
soning™ the soil to producing less tasty and nutritious
foode. Should you encourage your farmers to-for?et about

. chemical fertilizers and use only organic ones (compost,
manure, etCe)? o '

The "organic way" is basically very sound since organic
mattetr (in the form of humus) is a fantastic soil improver
(see pe 4 ). But over the years, some misleading and illu~
sory claims have been tacked onto the organic approach.
(The Complete Book of Composting, an epic 1000+ page tome e

that rivais gaf_ang'ggggg, even has a chapter titled "Com-
post and Mental Heaith")!)

Let’s take a look at the key issues:

1. Age Opganlc PFertillzers Better for the Soil than ’ - \
Chemical Fertilizers? - !

Chemical fertilizers supply only nutrients and exert
no beneficial effects on soil physical condition; organic -
fertilizers do both. -

2e Forg Fertili 2

, Compost and manure are relatively low-strength fertili-
zers (100 1lbs. of 10-5-10 chemical fertilizer has about the
same NPK content 22 one ton of avgra?e farm manure.) They

- need to be appiied in large amounts (like 12-20 tons or more
per acre Yearly to make up for their low analysis and to
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supply enough hunus to significantly ixprove gedil Rhysical
condition. Except for raiatively smali areasy id'n ALLTie
cult for mogt farmers ts obtaln and apply these hefty quane
tities. Addad %o this is the problem of rapid organic mat-
tor breaidown; espaclally in the tropics; which often makes
its benefiits chortiived., Nearly ail the successful projects
that rely solely on organic fertilizers are confined eithar
to small parceis or to cooler climates like Vermont, Ore~-
gon, the Cuatemalan Highlands, etce

T™he overvhelning verdict is that chemical fertilizars
and organic szoil improvers applied together are more effec-
tive than elther alone. OCne study done at the Maryland Agric. .
Expt. Station showed a 20..33% yleld increase when chemical
fertillzars and organic matter were apriied together, come
pared to applyiny double the amount of either alons.
hemtczl Fe

2+ D¢ 11

Many organic enthusiasts claim that chemlcal fertilizers
"poison™ the 3cil and turn it into a sterile, lifeless medium —~ v 7
incapeble of producing good crop ylelds without continual b
chemical applications. Beneficial soil microbes (see p. 7) and
ezrthwormg thrive on organic matter, it's true, and thefr
nuzbers will drop as organic matter declines. Once virgin
ground {(high in o.me) is put under cropping, organic matter
leve.s decline whether or not chemical fertilizers are used.

It tpltes large and frequenht additions of organic matter to
maintain a good soil humus level, Evidence that chemical fer-
tilizers hara earthworms is conflictinge lack of ¢.n. is much
more 2 factore

Chemical fertilizers themselves don't spemad up the loss
of organic matter but usually increase crop yields- to well
above those obtained 1f 2 virgin soil is first put undar ' P
no-fertiliser cropping, Hydroponic and greenhouse cropping \
uses sterile artificidl soil and chemical nuirient solutions, \
yot record Yielids are obtained. 5Still, patural outdoor soils
hsually need both organic matter and chemical fertilizers
for best yields. - '

4, Are Ordanicaily Grown Croes More Tast

Numevous studies have shown no differences in protein or
vitamin contents.- Nearly all home-grown produce, whether
organically op chemically grown, tastes better than the
less fresh, supermarket fare., The vitamin content of a leafy
vegic (esps. vitamin A) depends mainly on leaf exposure to sun-
lighte That's why leaf lettuce averages about 6 times higher -
in vitamin A than head lettuce. '

Whether from chemical or organic sources, fertilizer. nue
trients usually help increase vitamin content. Plant roots
can't distinguish between the two sources; that's because

‘ in order for an organic form of nutrient to de absorbed,

it must be first converted into an inorgan*isfi.@. chenical)

S 9
.-
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forms Plant roots end up taking in a nutrient in the sqﬁe
jonic form whether it comes from an organic or inorganic/
source o :

Y

I

\ ORGANIC PERTILIZERS AND SOTL CONDITIONERS

i
We'll cover manure, compost, other organic sources,
green manure Cropsy earthworms, and mulchinge

I, MANURE °

Fertilizer Value : ;

Animal manure is a great source of organic matter, but
how about its fertilizer value? That depends a lot on the
type of animal, quality of its diet, kind and amount of
pedding used, and how ‘the manure is stored and appliede.
Pcultry and sheep manure usually have a higher nutrient
value than horse, pig, or COy manures

On the average, farm manure contains.about 10 lbse N,
5 lbse P,0g, and 10 lbse. K,0 per ton along with various
amounts gf the other nutriénts (this takes wLitbo account
normal storage and handling losses which’.run about 25=50%) «
This works out to a 0.5-0425-045 fertilizer foxmula (see
pe 70 ) BUT cnly about 50%'of the nitrogeti, 20% of the phos-
phorus, and 50% of the potassium is readily available to
plants during the first couple months since most is in the
organic form and has to—be-mineralized -by the soil microbes
first, It does mean that farim manure has good residuial \
fertilizer value even, though itls very low strength com=
pared to chemical fertilizerse. e R

Here's a table that compares  the éﬂative N, P, and K
contents of different -animal manuressj emember that actual
values depend a lot on the diet, storagd, and handling:

‘Type of Manure A ?2505
_,P5u1§ry | 1.C% 0e8%
Sheep | 0495% 0,35%
Horse R
Cow ' 0e5%
Pig 045%
Rabbit 2.4%
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FParm Manure is Low in Phosphorus: It tends to have too
little available phosphorus in relation to N and K, If

— using it as the sole source of fertilizer, many experts
suggest fortifying it with 50-6C 1lbs. of single superphos-
phate (0~20.0) per ton; it mo: only beefs up the P content
but reduces the loss of N as 2mmonia; usually it*1ll be mucﬁ
easler to apply P directly toc the soil instead,

Amount of Manure Produced

. It's a surprising amount per animal if you can collect
it3 (note that total dry matter is very similar)

Tons of Manure Produced Annually
, Per 1000 ibss iive weldaht |

(Presh wWta) . (Fresh Wte) .
Animal Solids Urine Total Total Dry matter
Horse 7¢2 tons 1.8 tons o tons 2.0 tons
Poultry 442 0 4,2 2014
Cow - 9eC 440 1345 - 1e9
Pig 9l 6ol 1542 240
Sheep 41 2el 6e2 - 240
@_
How to Store Manure :
Store manure in piles with steep sides to shed water
and good depth to reduce leaching losses by raine It'’s
far better to store it under a -ocof or in a covered pite
Aoplying Manure . S
When: It's best applled a couvnle weeks to a Few days before
planting time. If applied touv far in advancey, some N may be
lost by leachinge 70 avoid Lurning crops, fresh manure (as o
. opposed to rotted manure whics has less burning potential) i
g ~ should be applied a week or nwre in advancee

How* Manure should be plowed, disked, or hged under soon

f : atfter application; a delay of just one da ay result in =
- _ ' 25% N loss as ammonia gas (50% in 2 days)e

Hdow Much to Appiv?: Rates of 13-15 tons/acye (22,000-33,000,
-kgse/hectare) are a dJgeneral figure; but limit poultry and
sheep manure o 4-5 téns/acre (9000-11,000/k gf;a.). This
. works out' to about 0e5=0,7 1bs./5qe foot {2e kgs./sqe
meter) except for poultry and sheep manure (Ce 2—0.25 iose/5q.
foot or about 1 kg./sq. meter}, You can probabiy double
these rates, but you're better off using & moderate rate
. over a larger area rathey than a high rate on a small
area (if quantities are llmlted). Large amounts of fresh
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manure may burn roots and seeds (esp.:pig, poultry, sheeple
Very strawy Ranure may cause a. temporary N deficiency unless
supplemental N is added to the soil (see p.44).

Some Other Methods & Guidelines- for Using Manure

"le You can mix pilg or poultry manure, etce 50-50 with
water and use it to side-~dress growing crops (like
once every week or two)}, but it may burn shaliow
rooted crops .(cabbage, lettuce, onions, etce)e

DON'T use pig manure on vegies whose edible parts
touch the se¢il (onions, cucumbers, carrots, lettuce,
etce)$ many swine parasites can be passed on to humans
this waye Don't use human manure on any crop for the
same reason (even if composted)e.

Cattle manure from commercial feedlots (confined, con-
centrate feeding) is-1likely to have an overly high
s3it content and may easily injure crops (espe seeds
and seedlings)e

Use the strip or Slot method if manure is scarce,‘con-
fining it to the crop row or hille 1Unless well rotted,
avoid contact with seeds or seedling rootse

Even high rates of manure won't always satisfy a crop's
entire NPK needs s¢ some supplemental chemical fertilizer
{or 'high analysis organic source like ‘Fottonseed meal)
may be needed, Manure does contain a good distribution
of trace elements though, something most NPK chemical
fertilizers lacke Remember that manures have a rela-
tively low nutrient content, much of which isn't readily
availablee

<

IT. COMPOST: How #o Make it and Use it

'/
<y

What is Compost?: 1It's made by letting plant and animal
.. wastes partially decompose in a compost pile or pite Tpe

"end product is well on its way‘to becOmin? dark, earthy

smelling humus, that great soil improver (see pe 4),

What's it Made Oug of?: Garden and crop residues like leaves,
stalks, grass, weells; manure is a good additive; table scraps

are OK, but meat attracts flies and makes for maggotse

68 BEST Loy pene «na
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What Goes on in a Compost Plle?

Bacteria and fungli break down the residues into compost
by feeding on it, They use carbon for energy anc nitrogen
for protein and also need aires They produce a lot of heat
in the process: a properly made pile will reach iS8°F ir
2 couple days ané then gracdually drope The pile sarinks to
about half its size during composting, since the microbes
"burn™ up a lct of the carbon.

The_Socrets_of Rapid Composting

Mos%: compost piles take 2-6 months to break down; that's
becazse it's damn hard to meet all conditions for rapid com=
posting:

1. Finely Chopped Material: This gives much more sur-
face area for the microbes to work onj you need a

%gﬁgﬂdg; o0 do a good enough jJob for rapid composting
~17 days); ideal size is less than 1%“.

2. Aeration: The microbes thrive on air, so the more often
you turr. the pile, the quicker the process: turning a
large pile with any type of frequency (1-2 times a
week is %deal) is a lot of work.

3. Enough Mois t The pile should contaln about 50%
water; ig 1tis too dry cr too wet, the microbes don't
thrive. It needs to Ye :emoistened periodicallv..

It should feel wet but not soggye

4, Enough Insulation ta Hold in Hedt: Do this by using
a bin (wood, c ement, . etc.) or hole or make the pile
large enough so it's self~insulating (about 4=6 ft.
high X 5 ft, wide X 6 ft. longls

S. The Right éAREQE;E;TRQQgN ratior The microbes need car-
bon for eneEgy and N for proteine §§;Q!g_or tough resi-
dues (stalks or' tall old grass) usually have too much
carbon compared to nitrogen, which makes it difficult
for the microbes to break it down (not enough protein-
available)e Sawdust has the same problem. Young
grass clippings or other immature green vegetation

~1s the opposite -it's ot more N than needed, so the
gicrob:s turn the excess into ammonia gas which can P
e lost. . :

- The ideal carbon—nitrog n ratgo is around 30:1 bn 35:1,
The trick is to blend in strawy materials (*oo wide a
C:N ratio) with less cozrse on~2s (too jean a C:N ratio)
for a more balanced mix. Here's the C:N ratiq of some’
common materials:

Sawdust (fresh) 500:1 . Fresh manure 15:1to 20:1
cawdust (rotted) 210:1 Strawy manure 50:1 or more
3traw 50:1 to 130:1 Young grass clippings 12:1

Sugarvcane trash 50:1 Leaves 40:1 to 80:1
) T ¥
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Some Other Compostine Guide! Lrnes

le How about adding iirsc.Scne psople Insist that lime
or wood ashas are nceced o V@ﬂp acidity downs not
so, though you might want %o add a bit when using
an aspncially acid matericl Yike oak leaves (about
a pint or sc per sge. vard ﬁ?’each layer), -
Wnat about adding soil?: qut methods include adding

-

ann inch thick 1ayer of soil every so often while '

" building the pile; 1:f’: supposked to supply needed -
microbes, but studies choy that they're already there
in sufficient numbers -i on tiie verY organic stuff
ycu’re addinge So0il mav /help, absorb any released
ammonia thoughe Some retommend scratching up the
ground under the pile-to-be to promote soil contact
%ith the pile bottom. /

Arﬁ Chemical Fertilizedg Needed?: Some N fertilizer
27 be needed if yoi/;ﬁn t get enough organic material

witﬁ a narrow C:N ratlo; a touple pounds per layer

will doj; you can use/an NPK fertilizer for a general
nu:rient beef~upe

- Wnat about those compost “aCtivators" vou see adveg—
tﬁﬂed:' Studies have shown[they‘re unnecessary.
J"

' /
/

*.
1

HOW TO MAXE COMPOST \H
'a.

Therz are countless methods, ranging from using ventilated
garbage bags or homemade rotating\barrel composters to using
plles or piitse The speed of cOmp sting depends how cliose
you come o meeting all the requirements on pe6 Jt*'1l1l take

from 2 wmoks 0 5 months, You can use it long he%ore it becomes
completely crumblys \ :
The Pile Method

There are némerous variations, but hexe's an old standby:

IL Start with a 12“ thick lzayer of organlc material,
ﬁhoo it up if novsible.

2e Th“ow on a 2" 1ayer of manure if\aVailab;e and

then 2 1" 1ayer of soile %

3. Repeat steps 1 & 2 til the pile is 4-56 ;t. higho

‘Be sure to moisten ecch layer (fresh green material

' " will have enough ndleture alreadve' Don’z allow
heavy rains to.leach cur the pile; %keep it covered
with piastic or s;ooe the sides to shed water,

The more often yof turn ity the qu;dker it*1l compost;
1-2 times a weekx ideal but i1~2 times a month will
"helpe You may have to remoisten thepilé periodicallye
\ |
. b i
~ | 70—\ IBESTO0PY puenanic
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" T T 77 This helps hold in heat. Dig 2 adjacent pits (dimensions
unimportant) and fill one as zer the plle method. Cover
the top with earth or plastic. To turn the compost, just
transfer it from one pit to the othery if you don't turn
it at least once a week, oxygen is likely €0 run short,.

what 1f it Doesn't Heat Up?

Check back to the 5 composting essentials on P62
Most iikely it's lacking N or has too much or too little

watere Compost made by the pit method needs frequent turn-
ing fer aeratione

HOW TO USE COMPOST

LWhat's its Nutrient Value?

That depends a lot on what it’s made from and how much
(if any) chemical fertilizer yo. added. Like manure, it's
definitely a low-analysis nutr:¢nt source, especially since
much of *he N and P aren't immediately usable. It also con=-
tains micronutrients, but manure is probably a better source.
Common N-PoK ranges for composts are like so: (wet weight basis)

N: 0 - 75%“"1 .5%

9205: 0.?5%-0.5%

K20: 0aS5%ela 0%

Look at compost primarily as a soil improver (like manure)
with the added side benefit of some fertilizer value.

Aprlying Compost

Unlike manure, vou don't have to worry about N losses
from leaving it on top of the soil; it can be used as a
‘mulch, but to have effect as an :mmediate soll improver,
it should be trcroughly worked into the topsoii.

Haw Much?: Larce zmounts are n=edad to be effective, say
acound 10~15 tons/acre $0.:-0,73 1bSe/SGe £00% O 2o5«3.5
kgs./Sqe meter'. Don't go over cobout a pound per sq. foottl
An eveball application wouild be a %-x" thick lover over the
soil surfacee iUse the strin or 3lot methcc when fcarce
confining it tc the crop row or Nill, A gallon o fres
compost weighs about 5 ibs, (zlout 3 lbse when 3ryde

°l. Per epplicaticn: there's nc harm usiag nigher rates, but
ou're betier o0ff using mclerate amounts to allow a
ikely limited supply <o cover mor?frea.
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IIl. OTHER'SOURCES OF ORGANIC FERTILIZERS AND SOIL IMPROVERS

] P—

You'll find other organic fertilizers and soil improvers
in your areae Some soll improvers like rige hulls, sawdust,
and cottonseed hylls have little or no fertilizer value,
while some of the more concentrated organic fertilizers
like klogd meal and gottonseed meal aren't usually applied
at high enough rates to improve soil physical condition
(they're valued as animal feeds and are likely to be exe
pensive). )

Here's the NeP=K content of some common sources of ore
ganic matter: (these are averagesj actual values vary widely)

N 9205 K20 i

Bat Guano 10% 4% 2%

Blood Meal 12 2 1

prgeilianl 2 15«20 0

Coffee Grounds 2 Oel Oe3 .
Cottonseed Meal 6 3 1 f'\\w
Feathers 15 ~0 0 |
Fish Meal 10 4 0

Hair 12«16 0 0

Peat Moss 1 0 0

Seaweed 0.3 1.3 203

Wood ash 0 trace 2=10%

The "High Analvsis" Organic Fertilizers

Bat guano, blood meal, bone meal, cottonseed meal, fish
meal, etc. are fairly high ahalysis and are used at much lower
rates than compost, manure, and other weaker sources of nue _
trients. Rates of 25 1bse per 100 _sqe fte (10=25 kgss/100 sq.
mtse) are commonly recommended, Bope $egl is a very slowly

. available form of P, and most agronomists don't recommend ite.

Blood, cottonseed, and fish meals are especially good natural

-sources of micronutrients. :

Other Organic Fertilizers and Soil Imggg!ggg‘
* Cottongeed Hulls: A by=product of making cottonseed meals They N\

. have little fertilizer value but are good
for loosening soil. -
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—- 777 peat Moss: Likely to be unavailable or expensive in your area.
It has no fertilizer value but is a great soil conditioner
~ with a high water holding capacity; it's a common ingredient
of most potting seil mixes in the Statese Most peat is on
the acid side, especially Sphagnum (pH 3.5) so lime must be
added  (see pe35)e Sphagnum has a natural ingredient which
inhibits damping-off disease of young seedlingse .

Rice ﬁulis: No fertilizer but a great scil conditioner and
mulch material (makes a great "grow through” mulch; see pe 35,

Rotted Coconut Husks: See pe 25

Sawdust: Very low in N and P but a great source of organic_
matter for scil conditioning and mulchinge CAUTION: Sawdust
and other low N additives like rice hulls ¢an cause a tem-
porary tie-up of N unless fertilizer N is added; use about -
1 1be of 16=20-0 per 8 galse of sawdust (it'll help make up
for the low P content tool)e Or mix 4 parts sawdust with one
part chicken manuree

Seaweed: A great mulching materigl and soil improver; fair

nutrient valuee Apply at rates Up to 125 1bse/100 Sqe fte

Sea Cucumberg: The PATS ag trade school on Ponape (Eastern
Carollines) uses them as an effective fertilizer on veglese
They let them ferment in a drum for ~ c~ple weeks and then
Pame apply Iin a 50~50 mix with water as a =dressinge

L

IV, GREEN MANURE CROPS

Crops like clover, cowpeas, soybeans, oats, and even
. weeds can be plowed under in the green, immature stage to
increase soil organic mattere If the green manure crop
is a lequme, considerable nitrogen may be added.®l

Despite these advantages, it's unlikely that green manur-
ing will be feasible for your farmers:

lo Most farmers won't want £o take their land out of
° production to grow the green manure crope

2¢ In drier areas, a green manure crop can seriously

deplete soi} moisture needed for the succeeding cash
Crope .

3¢« The increase fin s0il humus can be very short-lived;
due to.their/narrow C:N ratios and tropical temperatures,
the green manure's organic matter breaks down quickly,

4+ The amount of N added by a legume green manure crop
varies a lot and can often be more economically sup=
plied by chemical fertilizere

. *l, Early flowering stage is the best time to plow under S
mest green manure Cropse : - " : .

19




VI. MULCHING: It Could be Your Soil‘'s Best Friend

N

Mulching consists of covering the soil surface with a

~ Tlayer of organic matter (or plastic) and is an especially bene-

ficial prractice for vegies. The big advantages of mulching are:

l, It cuts down soil water loss by evaporation and
is ideal for sandy soils or raised beds which dry
out quicklye

2e It suppresses weedse.

3+ It insulates the soil from temperature extremesj ore .
ganic mulches like sawdust and straw help keep soil ) |
cool in hot weather (helpful to "cool season" crops
like lettuce, broccoli, cadbage, etce)e.

4, It keeps vegetable fruits like cucumbers and toma=
toes off the ground to reduce rottinge

Se It adds organic matter.
6e It protects soil from erosion lossese
7+ It encovrages earthwormses

Common Mulching Materials: Rice hulls, sawdust, chopped corn

cobs, manure, rice straw, grass, leaves, newspaper, salt N\
marsh hay, compost, Plastic sheeting is a common mulching
material in the States§ black plastic suppresses weeds.

)

wWhen and‘How to Mulch

Maulch can be applied shortly after the crop comes up, but
avoid getting it too near the young plants at firste Fine
materials like sawdust and rice hulls can be put on about
1-2" thick, while‘a 2-4" layer is better for fluffy stuff
like strawe A newspaper mulch should be about 4-6 pages
thicke ' ' .. s T

Plastic Mulch: Both clear and black plastic can be used;
clear plastic may warm up the so0il too much in hot weather
and also won't control weedse

Using Mulches o Prevent Seed "Washout®: See Pe 35,

~ Problems with Mulches

Spails and s;g%s are more common with mulches; baiting
may be necessary (moisten bait with stale beer; it's twice.
as effective)s Keeping the mulch 3=-4" from the plants helpse.

Mulching is recommended even for very rainy climates (i.e.
on raised beds); the PATS ag trade school on Ponape island N
uses mulch successfully on raised vegie beds (elay soil)——
under 190" annual rainfally even very wet climates can have
yield stunting dry spells, and mulch is good protections Coco-
nut yields on Pac fic atolls have been increased 100~200% by
using cut undergrowth as mulch instead of burning it.
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How They Benefit the Soil

1. They eat soil in order to burrow and to feed on its
organic matter; this speeds up the conversion of or=-
ganic forms of nutrients into usable mineral formse
Earthworms don't manufacture any nutrients themselves,
but the excreted "castings" have excellent fertilizer
and zoil conditioning vslue.

2« They help mlx and ;gﬂ;aj;;#n:. organic matter; under
favorable conditions, they'll transport 20 tons of
soil to the surface per acre Yearlye

3. Earthworm channels improve soil aevation and drain-
ageé.

Can Earthwo, Si y One?

A s50il with lots of earthworms is sure to be a super
healthy one, but it's no simple matter of cause and effact.
' Adding the little wrigglers to a lousy soil will get you
nowhere; they won't survive, let alone multiply, unless the
soil is reasonably healthy to begin withi 1It's a Catch-22.
The best approach is to promote their natural presence by
shaping up the soil; here are some guidelines:

'1le Earthworms don't like very acid scils {(below pH 5.5).
2¢ They like lots of organic matter.

= 3. Mulching really helps by keeping the soil moist and
. Providing feed.

4. Good drainage is important.

" 5+ Insecticides (especially those applied to the soil)
and  some herbicides are toxic to theme

6; Very high rates of cherical fertilizers (mainly N and
X) will discourage them, though there's iittle evi-
dence that moderate rates are harmfule -

;=
<

A
Earthyorms for Composting and for Feed

Eafth m Compost: You can raise earthworms in wooden-sided
_Qggs:ggoux—iis'deup‘“‘ in shallow pits (gravel in the bottom
T . for drainage) filled with a high organic matter mixture, Most

fresh manures should be allowad to partly decompose to pre~
vent excessive heat; leaves, crop residues,. and shredded

Q " . ' ' W '75




cardboard are also good worm fcod. It'll take a month or
two for the worms to work over the material and make a
valuable compost-like product., It's important to keep.the
beds moiste.

wWorm compost can be made out of rabbit droppings right
under the hutches using bins or shallow pits; a starter mix
of 1/2 droppings and 1/2 fine compost gets them off and
running; a couple inches of limestone is place at the bottom
to counteract the manure's natural acidity. Keep the pits
moist and turn the mixture every 2-3 weeks sSo it doesn't
get packede It's bhest to use a commercial breed of worms
éred variety) that iz faster breeding than the usual soil

Ypes.

ggggg_gg_gggg They're very high in protein (about 70% or
s0 on a dry-weight basis) and have been used in poultry
feedinge.

wh to G n_ W

Write to ICE (IXnformation Collection & Exchange), ACTION/
PEACE CORPS, Washington, D.C. 20525 for specific info on
earthworms. PC/W has also shipped worms overseas. One
recommended guide is E P , Earl B.
Shields, Box 472, Elgin, IL 60120 (cost is $2.00 U.Se).

RERT fnDY AW ADIE
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PART VI

N

CHEMICAL FERTILIZERS -

I. SOME IMPORTANT ODDS & ENDS

Chemical fertilizers (also called "commercial", "inorgan-
ic", ‘or "mineral" fertilizers) are much higher strength than
compost or manure but lack their soll improving gqualities.

AS we've seen though, most of your farmers won't have enough
organic materials to cover more than a part of their land.
Chemical fertilizers are usually a necessary ingredient for
producing profitable crop ylelds on a commercial scale, Des-
pite their ever-increasing cost, they can still easily return
$3~$5 for every 31 spent, especlally when combined with other
complementary practices like improved seeds and pest controle
Remember that chemical fertilizers and organic materials tend
to give the best results when applied together rather than
alonee

Types of Chemical Fertllizers

Granules, Powders. Liquids: For soil application, ggéguleg
are the most common, though full-strength liquid ones are availe

able tooe There are also foliar types (for spraying on the
leaves) that come as low=strength liquids or seluble powders
(see pe 85)e

~ Nutrient Content: Most granular fertilizer's contain one or
more of the "Big 3" (N, P, K), varying amounts of sulfur

and calcium (as carriers), and v§§x lg¥ or pll amounts of
micronutrientse. Some like ammonium sulfate or superphosphate
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have only one of the "Big 3", while others like 16=20-0 and -~
14=14=14 contain two or all 3. An NPK fertilizer like 12-24-12

is often called a "complete" fertilizer, but that's a misnomere.
Anyway, these NP or NPK fertilizers can be either mechanical

or chemical mixtUres.

HOW TC READ A FERTILIZER LABEL

%,

All reputable commercial fertilizers carry a tag or label
that gives their nutrient content, not only of NPK but also
any significant amounts of sulfur, magnesium, and micronutri-
ents. ; .

The 3-~-Number 3ystem: It gives the NPK content in that order,
uswally in terms of N, P anag K 0. The numbers always re-=
fer to percend. A 12-24-13 fertilizer contains 12% N, 24%
P205, and 12% K20, that's the same as 12 1lbse N, 24 1bs. P50g,

and 12 1lbse. K,0 per 100 b, sacke A 0-21-0 fertilizer con-
tains no nitrogen or potassium but has 21% Py05.

The Fertilizer—-Ratio: It's the ratio of NPK that the fertili-
zer hase A 12-24-12 fertilizer hag a 1:2:1 ratio and so-does
a 6=12=63 15=15=15 and 10-10.10 both have 1:1:1 ratios.

Reading the Label: A typical one might look like this (I'm in-
cluding English and Spanish in this one, but most are in just
one language): . _

NET WEIGHT 100 lps.
(Peso Neto: 100 lbse )

10=20-10

Total Nitrogen (y) 10%
Nitrogeno Total °

Acido Fosfdrico Asimilable 5)

Water Soluble Poté&sh

Potasa soluble in agua (K50) 10%

N, P50, Ki0 vse N, P, K: What Gives?

Note that the N content is expressed in terms of N but
that the P and X content is listed in terms of P 05 and K20

this N;P205-K20 system, though a few are switching to a

straight NeP-K basise Either way, a fertilizer's nutrient’
content is the same in terms of strength (i.e. a given dis-
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PART VII

CHEMICAL FERTILIZERS

I. SOME IMPORTANT ODDS & ENDS

Chemical fertilizers (also called “commercial” "inorgan-
ic”, or "mineral" fertilizers) are much higher strength than
compost or manure but lack their soil improving qualities’s
As we've seen though, most of your farmers won't have enough
organic materials to cover more than a part of their land.
Chemical fertilizers are usually a necessary ingredient for
producing profitable crop yields on a commercial scales. Des-
pite their ever-increasing cost, they can stiil easily return
$3-3%5 for every $1 spent, especially when combined with other
complementary practices like improved seeds and pest control.
Remember that chemical fertilizers and organic materials tend
to give the. best results when applied together rather than
alone.

Types of Chemical Fertilizers

Granules, Powders, Licuids: For soil application, granules

are the most common, though full.strength ligquid ones are avail=-
able too. There are also foliar types (for spraying on the
leaves) that come as low-strength liquids or soluble powders
(see pPe B5)e ,

Nutrient gontent Most granular -ertilizers contain one or
more of the fBig 3" (N, P, K), varying amounts of sulfur

and calcium (as carriers ), and very 1g¥ or nil amounts of
micronutrients, Some like ammonium sulfate or superphOSphate
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have only one of the "Big 3", while others like 16-~20-0 and
1l4-14-14 contain two or all 3. An NPK fertilizer like 12=24-12
is often called a "complete" fertilizer, but that's a misnomere

- Anyway, these NP or NPK fertilizers can be eithpr mechanical

or chemical mixtures.
\' N
HOW TOXREAD A FERTILIZER LABEL

All reputable commercial fertllizers carry a tag or label’
that gives thelr nutrient content, not only of NPK but also
any significant anounts of sulfur, magnesium, ond micronutri-

_entse '\I’*‘_

The 3-Nu£ber tem: It gives the NPK content in that order,
usually in terms of N, P, 03, and K,0. The numbers always re=

fer to percent. A 12-24-1 fertil’zer contains 12% N, 24%
P,05, and %2% K,0; that's the same as 12 lbs. N, 24 1bs. P505,
and 12 1bs C per 100 1b. sacke A 0-21-0 fertilizer con-
tains no nlgrgaen or potasslum but has 21% P,0s5.

The Fertilizer Ratio: It's the ratio of NPK that the fertili-

zer hase A 12=24=12 fertilizer has a 1:2:1 ratio and so does
a 6~12-6; 15415~15 and 10-10~10 both have: 1l:1:1 ratiose

Reading the ngel' A typical onemight look like this (I'm in-
cluding Eng h and Spanish in this one, but most are in just

one language):

\ NET WEIGHT 1GO 1bs,

4 {Peso Neto: 100 1bse )

\ 10-20-10

' Totaa Nitrogen (N) .f _ 16%

N*trogeno Total f :
Awailahle Phosphoric Acid (p.0.) 20%;
Acido Fosfdrico Asimilable 5

3 Water Soluble Potash ¢ K .
5 Potasa soluble in agua ( 20) . 10%

'
1

E N .
N, P,O_, K,0 +vse N, P, K: What Gives?i
; 2

fNote that the N content is expressed in terms of N but

thqt the P and K content is listed in terms of 9205 and K 0
(called phosphoric acid and potash)s ‘Mest countries use
this N—ons-K 0 system, though a few are switching to a

strdight N~P-K basis. Either way, A fertilizer's nutrient
content is _the same in terms of strnngtr (i.e. a given dis-
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7 tance is the. same, whether it's in miles or kilometers), Just
"in case your country uses a straight NPK system for fertilizer
labels and recommendations, here's how to convert between the ;
two systemsi .

-

-
-

50¢ 9205 X 0sd4 = P . “

K X le2 = K20 K20 X -0.83 = K

. Here's 2 sample problems to {:Iear up any confusion: .

PROBLEM #1l: Suppose your country uses the straight N-P-K
- system and you see a fertilizer labelled 16-10.5-6 oSa
what would its formula be on an N—P205-K20 basis?
SOLUTION: Since P 05 = P x 2.3, multiply thc fertilizer's P’
content by 2.3; convert K to K,0 by multiplying

»Lne fertilizer's K content by I.2. You should end
up with 3 16-24-8 formula on an N-F,0¢-K,0 basis.

PROBLEM #2: Suppose you receive back soil test results that
recommend applying 30 lbs. actual P per acre,
_ but the phosphorug content of your fertiligzer
— is expressed in térms of P205. How much Péos

would be needed Ho supply 30 1lbs. of actuaA P?

SOLUTION' Since P205 = P x 243, you'd multircly the 30 lbs.

- actual P by 2.3 and find out that about 69 1bs.
P 0. will supply 3 lbs. ofajﬁtual phosphorus.

i 275 .
! P ?
|  DON'T worry a lot about this, becadse you're unlikely to o Cy
- run into it. Again, the N-P, Oawxao system is by far ‘the most .

common, and it's the one this al uses.
e
" .. . \‘\_‘

WHAT'S CHEMICAL FERTILIZER MADE OUT OF?

. Most of the N comes from cghbining ammonia gas with
carbon dioxide or nitric ac¥d; Jphosphorus fertilizers are
made by adding sulfuric or phdéphoric acid to phosphate rock;
-potassium comes from mining tassium chloride or sulfatea

Why don't the 3 numbers in a fertilizer formula add up to
1007: Ammonium nitrate (33-0-0) contains 33% N, but what
about the other 67%7? Its formula is NH N0, which shows that
the rest ogfthe weight is made up of hy aen (H) and oxy-
gen (0);_there's no way to find a sack containing 100% N,
since pure N is a gas (and plants can't use it anyway).,-

Let's take another examples Single superphosphate con-
_tains about 20% phosphorus on a 9205 basis'(o-zofo); its

-
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chemical formula is Ca(H,P0 )ZOCaSO4, S0 you can see that-
the rest of ‘the weight is made up of calcium (Ca), hydro=-
gen, oXygen, and sulfur (S)e

#
i

A RUNDOWN ON COMMON CHEMICAL FERTILIZERS
! . .

Te NITROGEN F.ERTILIZERS

Nearly all N fertilizers contain either ammonium (NH4+‘
-or nitrate (N03 nitrogene Nitrate:N is quicker acting’
aad more mobile ‘and easily’leached, but don't forget that

ammenium N is pretty quickly converted to nitrate N 1n
warm soils (allof it within 7-10 days).

Ammonium N;;g_;g;j33-34% N}t A 50-50 mix of ammonium and ni~
trate N3 quick acting but quickly becomes slushy in high
humidity ?keep the sacks’ sealed)e- If left on the soil sur-
face at pH's aboyve 7.0, some will be lost as ammonia gase
Can be explosive if mixed with oil or osed to fire. It
has an acid effect onr the soil (sec pe 76).. o

' . J
Ammonium Nitrate with Lime (20-21%N): Same as above but it's
coated with dolomitic limestone to neutralize acidity and
reduce absorption of humiditye. O

Amponium Sulfate (20-21% N): Als, cortains sulfur (about 23% S
or 69% 50,}; good handl ng and storage properties' has an acid
effect on the soil; some N may be lost as’ dfiimonia gas if ap-
‘plied to the soil surface above pH 7.0 w/0 coveringe

Urea (45-46%N): Has the chemical formula CO(NH5)n, and it’s N
is in the amide form but is quickly converted to ammonium

‘and then to nitrate by soil microbese. . Reqardless of soil pH,
some N will be lost if it's left on the soil surface, especi—
-ally when applied to pastures {up to 35% loss)e 1t's the most
high-strength source of N available in solid form. Car cause
"burning® if placed to near seeds or seedlings. May sometimes
contain excessive amounts of biuret which is very toxic o
rlants, but this is rare and due to faulty manufacture. Has
an acld effect on the soile’' Can be fed as a protein source
‘to ruminant animals (cattle, sheep, goats); the rumen bacteria
convert it to protein BUT it can be very toxic at anything but
low levels (vinegar is the antidote) and must be fed in combi-
nation with certain other feeds. Tends to absorb moisture.

Sodium git;g;e (16-0-0)¢ Also called Chilean nitratej tends
to be high cost per ' lbe of N due.to its low strengthe Can
easily "burn" seeds; or seedlings because of its high "salt"
content (see pe 86 ). Has a basic effect on soilse Absorbs

humidity.
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Pogaésium‘Nitrate (13-0.44): See under K ferttliiers.

Ammonium Phosbhate Fertilizers: See under P fertilizers,

Mixed Fertilizers: Lots of mixed fertilizers like 10=20-10,'
14=14-14, 20=20-0, etce contain N.

i
! —-

l -
Anhydrous Ammonia (82% N): The highest strength N fertilizer
available; it's stored under pressure as a liguid but reverts
to gas upon exposure to air; it's applied with a special ap-
plicator under strict safety precautions (it :an cause blind- ’
ness and fatal lung damage); has an acid effect on the soile

what about "Time Release" or "Slow Release"™ N Fertilizers?

They're coated or mixed with substances that slow down
their solubility anc the speed of microbial conversion to
leachalkle nitratee Trouble l1s, they're usually too expensive
to be used on a commerclal scalee ' |

.

II. PHOSPHORUS FERTILIZERS : -

~ single Superphosphate (16-22% P205, 8-12% S): A common P fer-
tilizer and also a good sulfur sourcee Nearly all the P is
"water soluble" but that doesn't keep it from being tied up
in the soile Has no effect on soil pH.

Tripie or Concentrated Superphosphate (42~48% P205): A higher

strength source 0T P pyt low in sulfur (1-3%)e Its P is”
nearly all water soluble but still subject to soil tiee~upe

Armmonjium Phosphate Fertilizers

le uoﬁo-ammonium PhosPhate (11-48-0, 12-61-0): Tends to
give better results than di—-ammonium phosphate on alka-~ -
line (basic) soilse Low in sulfur. ’

2¢ Di-ammonium Phosphate (16-48-0, 18-46<0, 21-.53=0): Good
P source but may injure the seed be ammonia release if
placed too close, esp. on basic soils, MAP is less likely
to burn, but DAP is safe 1f applied correctly (see pe86 Je : g

- 3. Ammonium Fhosphate Sulfate (16-20-0, 13-39-0): Both are
i . also good sources Of sulfur (9-15% S in 16-20-0, 7% S

1n\13—39—0). — T

All the ammonium phosphate fertilizers have an acid effect
. on the soile. _ : - ' '

e Mixed Fertilizers: Numerous kinds have P (20-20-0, 15-15-15,etc.):--

Heat Treated Rock Phosphates: :Theseﬁvary in P contents made
by heat treating natural phosphate rock to increase its P
availability (very low)s none of its P is water qsluble,

- 83




76

although most will-become slowly availahle under , .
e a | . - acid condi-
tions; may be a cheap P 'source in courtries ywith phosghatz ~~
deposlts but is only recommended for :zcid coils and should
. be fingly groundi don't ?Se it as the sole source of P for
able fast enough.®l ’ won't become avail-

Basic_Slag (15~25% P,0g): A by-product of steel o
readily available source of P best used i ;, making; a
as a basic effect on solls, : in acid soils;

Bone Meal: See dnder Organic Fertlillizers.

//

What'’s the Difference behween Water Scluble Phosphorus and

- Water Tnsoluble Phosphorus?

' Don't be confused by the term "water soluble" plosphorus,
, It just means that the P is readily soluble in wster and
will move out of the granules into the soll quickly; it
doesn't mean-that it'1l be 100% available to plantse that
depends on the soil'’'s ability to tie up P, For annual crops,
at least 50% of the fertilizer's P shculd be water soluble
(it"11 saY on the label). Heattreated rock phosphate cone
tains only citrate soluble P~ that's why it's only recommended
- for acid s501ls where it can be dissolved, Raw phosphate rock
* and bone meal are worse off, containirg only insoluble P
which hasfvery low availability.

i

III. POTASSIUM FERTILIZERS

Potassium chloride (muriate of potash, 0-0=60), potassium
sulfate (0-0-50}, and potassium nitrate (13-0-44) are common
K sources as well as mixed fertlilizers like 14-14-14, Tobacco,
potatoes, and sweetpotadoes are sensitive to high amounts of

chloridies.

. IV, SECONDARY NUTRIENT SOURCES (Calcium, Mag:iesium, Sulfur) -

-Calcium & Maagnesium

They're most commonly suppli?d as limestone {only Ca) and
dolomitic limestone (Ca and Mg) when raising soil pHs Gyps
Tcalcium sulfate) nas no effect on pH and is used to suppgy
plants with a high Ca requirement tha prefer an acid soil
(like. peanuts).

' _ Magnesium sulfa%e (Epsom salts, 9~11%Mg) and potassi '
magnesium sulfate (11%.Mg) are other souries of Mg and have
no effect on soil pHe The Mg content-of fertilizers is of- :
ten expressed in terms of MgO (magnesium oxide); the conver- SN

sion Is m X le66 = MgO, MgO x 0.6 = Mge

atter soilss

*l. $eat;treated rock phosphates work well in high organic

R — o4 . "
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Supplying Sulfyr
o~ uprlvin SFlf | f
\ Some common fertilizers are goodj;/;ources like single
super (8-12% S), ammonium sulfate (23.24% S}, 16.20-0 (9-15%

S), and potassium sulfate (17% S).~Usually, the higher the
NPK content of a fertilizer,k$¥g/¥ower its & content (i.e,
triple super has l=3% S). Sul deficiencies are on the
increase in non-industrial areas, due to the growing use of
high analysis fertilizers. Ii's a good idea to include a
- sulfur bearing fertilizer in vour program, especially on
: acid, sandy solls. Organic matter is a good source of S.

The S content of fertilizers is often expressed in terms
of S04 (sulfate); 3 1bse S04 = 1 1b. actual S, '

Y

V. MICRONUTRIENT FERTILIZERS

Some mixed fertilizers may contain varying amounts of
micronutrients (check the label) but usually too little to
correct deficiencles; 1f a meaningful amount is present,
it may appear as a 4th number in the fertilizer formula, re- "
ferring to the particular micronutrient.

Separate micronutrlent fertilizers like copper sulfate,
7~ iron sulfate, zinc sulfate, manganese sulfate, and borax are
-‘available for soil or follar applications; remember that soil -
tie up of added Mn or ¥e s often a problem on deflcient soils
- (see ped4l)s Chelated forms that greatly ~ut soll tie up are
avallable tooe ome fungiclidas like Maneb. (contains Mn) and
Zineb (contalns 2n) can supplY micronutrients in conjunction

wit? disease control. -

¥hat sbout Foliar Fertiligzers, Anvwav2: See pe85 ,

HOW SOME PERTILIZERS AFFECT SOIL pH AND WHAT TO DO 1T
FPertilizers can be acid, basic, or neitral in their effect

on soil pHS : .

‘ 1: All N fertllizars (except ammonium nitrate with

lime/ are acld formings that's because the conversion of
ammonium (NH,;) to nitrate (NO3) releases acid forming
hydrogon ions. The same goes for U and most mixed
fortilizers (15=15=15, 20=20=0, @tCele '

2olaéiﬁjﬂg N fertilisere that have the nitrate combined

- a strong base have & slightly basic effect (cal-

o~ o elum nitrate, potassiup nitrate, sodium nitrate).

- 3. The straight P or X fertilizers have no effact on 01l
pH: petassium chleride, potassium sulfate, superphos-
Phatese.

" 4. Large applications of mznure and gommosts have an acid
effect. - 8 5 ’ . kA
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So What's this Mean?

Continued use of acid forming fertilizers over the years
will eventually lower soil pH enough to require liming, unless
the soil is very alkaline, The rate of pH drop depends on .
the kind and amount of fertilizer applied -and the huiggging
capacity (exchange ca%acity; see pe 38) of the soile ince
clayey soils tend.to (but not always) have a higler buffering

capacity, they're usuzlly more resistant to pH change than
coarser sollse :

L3

. % :
So why use acid forming fertilizers?: they're usually the
most available and econonomical and are actually beneficial

on alkaline sollse .

Why not Add Lime to an Acid Fertillzer?: DON'T! You'll lose
a lot of N as ammonia gas. Many fertililzer labels state the
amount of lime needed to neutralize the acidity per 100 1bse.
of .ne fertilizer, but that's just a legal requiremente Don't
add lime to the soil each time either; it's unnecessary and

time consumingj most of your farmers can't afford high enough
fertillizer rates to markedly change pH in a year or two anywaye

The table below compares the reiative acldity of acid
forming fertilizerss you'll See there's quite a difference
among them: | , N

Relative Acidity of Acid Forming Feptilizers

vieBl e . 11 L ' X
produced per: BEE _
FERTILIZER % Nitregen 100 1lbs, fertilizer 1lb, of N

Ammonium nitrate 33=34% ‘ 60 1bse " 148 1bse £
Ammonium sulfate 20-21% 110 1bse. Se3 1lbse

Ammonium phosphate 26% £8 1bse ' Se3 lb;o

sulfate o -

Urea . 45=46% 84 1bse. = le8B 1lbs.

Mono=ammonium _ . <
‘%% phosphate (11-48-0) 11% 58 1bse S¢3 1bse

Di-ammonium phosphate 21% 74 1bse . 345 1b-

.a*?‘)

The far right column is the most relevant whern comparii
the fertilizers, andyyou can see that ammonium sulfate, am-
- monium phosphate sulfate, and mono-ammonium phosphate are
nearly 3 times as acid forming as ur2ea and ammonium nitratee.
Many =xperts feel that these figures are too conservative L~
and that the figures for urea and ammonium nitrate might
well be doubled and the others ralsed by 30%. Read over

‘the chapter on liming. NI 86 - BESTCOPY AVAILABLE -
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IT. HOW %0 APPLY CHEMICAL FER"™ILIZERS

ey
b

by

N
You can't expect good results from fertilizers if you

don't know HOW and WHEN to apply them and HOW MUCH to uses
It's a common weak point among PCV's, farmers, and a surpris-
ing humber of extension ajents and pamphletse Yet Zhe basic
guldelines are pretty straight forwarde Read over the next
few pages, and you'll go a long way toward helping your farme
ers maximize their refurn on fertilizer use.

Let's start off with sfme impertant How and When appli-
cation guidelines for the nutrients: _

ITROGEN

L

Even though ammonium N is fairly resistant to leaching,
it's converted to leachable nitrate within a or so under

. warm, molst soil conditionse The coarser the soll texture and

the higher the rainfgll, the greater the leaching losseSe

%gg to Combat Leaching of N: As a general rule for annual crops
corn, sorghum, tomatoes, etce), apply 1/3-1/2 of the total
N at {(of near) planting (or transplanting) time, usually as
part of an NP or NPK fertilizer. Apply the remaining N as

one or more *later on in the growing season when
the plant's demarid for N picks upj use a straight N fertilizer

-1ike urea, ammonium sulfate, or ammonium nitrate.

How Manz“Sidedresgiggs ¢ For crops like corr, sorghum, and
dryland rice, one sidedressing is usgyally OX except on sandi.r

soils under high rainfall (use two) The single sidedressing

_* applications of fertilizer along thé crop row of growing plants
. ' o *

-
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is made 30-40 days after planting (corn is about knee high)e
The longer season crops like tomato and eggplant normally get
2-4 N sidedressings at 3=4 week intervals. Grass pastures
are cormmonly topdressed with N 3=6 times during the wet sea-
son, following a once a year NP or NPK applicatione

Where to Place Fertilizer N

Ags an Np or NPK Fertiiizer: Wwhen applying N at pianting or
transplant time as part of an NP or NPK fertilizer, he sure

to place it 3=6" (745~15 cmse.) deep; reason is that P and use
uaily K move very little in the-spil-and need to be placed in
the root zone at the start; not Yy roots grow in the top
inch or two of soil=-it's not confinually moist enough (unless
rmuiched} for roots to prosper (pastures can absorb surface
appliec P and K though )e Here’s 3 effective methods of apply-
ing an NP or NPK fertilizer: '

le In a cogﬁiéugys band that runs 2-3" out from the seed
row and 2-3" below seed depthe :

2¢ In a halfwcircle 3=6" deep and 46" out from the trans-
plante

3¢ In a hole 4«6" deep and 4=-6" away from the seed hdle
or transplante Not as effective as #1 and #2.

As an N si .dressing: There's 10 need to place a._straight
"N fertilizer deep since rainfall will move it down into the
root zonee Work it in a bit (like %=i"} to keep it from
being carried away by surface water flow; urea should aiways
be worked in to avoid ammonia gas loss. . Ideal time to side-
. dress is right beiore a weed cultivation- the culitivator or
hoe can work it into the soil. Here'’s 2 effective sidedress-
ing methods:
- :

l, In a continuous band lalong the row about 4" o more
out; crops with spreading root systems like corp and
sorghum can be. sidedressed midway between the rows
wl no loss of effect, '

2e Crops with wide inw-the-row spacings like tomatoes, egge
plant, and pepper are commonly sidedressed in a half-
circle about 6" or so out from the plante Or use a
continuous bande -

PHOSPHORUS APPLIC&TION GUIDELINES

Remember these 4 vital facts on P: _ .

1. It's virtually immobile in the soily, s0 deep place=-
ment (3-06 s essentlzl (pastures are the exception).

. *1le No need to make 2 wide band; the N will spread out as it
. moves downward through the 8oile ,

~

C e
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RESERNHA HJNU\BL‘::

2. Tt's easily tied up by. the soil; only about 5=20% of
the fertilizer P You apply will actually be available
£0 the crope Application method has a big in¥luence
on tie-up (see below).

Young plants need a high concentration of P in their
tissues for good rocot growth; this means that P should
pe applied g or near plantinc or fransplant time,
There's no yvalue in makirg adcitional P appiications
after the initial ones, yet lcts of farmers waste money
by sidressing with l2=24-12, 16=20-0, etce Besides,
you'd damage the roots trying to get P down 3=6" on a
growing crope. Splitting P applications won't cut down
on soll tie-up either. _

[

How to Minimize P Tie~up

1. Use localized placemeng (bandl_half-cigcle, hole): The
low t6 medium rates (20=60 lbso f g/acre or 25=65 .kgse/

hectare) most of your farmers wil e uslng are nmuch

better utilized £f locally placed instead of broadcast (p.83).
. This applies o P, s. and NPK fertilizerss Pastures

are an exceptione -

2« Co:ipost and manure help"decreése 8cil P tie=up.
3« Maintain soil pH within the 5.%=7.0 range if possible.

4. When applied along with P, N helgs increase P avalg-
abilityv and uptake.

»

——— —

Ehoulq P Ever be Broadcast?

Broadcasting maximizes.P tie-up by spreading the fertilizer
toco thin and exposing each granule to full soll contacte. To
overcome the increased tie-up, broadcast rates may need to be
2«10 times or more higher than with lotalized placement, Broad-
casting is a good way to build up the soil's general P content,
but few farmers can afford the huge amount needed, Here are
2 exceptions:

L]

ie Broadcasting can be used on‘xggxﬁgmall plots end is
the best method for seedboxes; shoct for rates of at
least 200 1lbs. P,0c/2cre (220 kgse/hectarel.

2« Broadcasting works fine on gastures, even at low to
medium rates, '

Zxcept on pastures, broadcast. P must De worked into the soil
at least 3«4" deep (preferably into the whole topsoil),

ot 4
POTASSTUM GUIDELINES

K ranks between N and P in mobilityw, so leaching losses
aren't usually important except on coarser Solls or under
very heavy riinfall. K should be appiied at or near planting

N L .89
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or transplant time asg part of an NPK fertilizer and should

be placed 3«6" deep (7.5-15 cms.)s Where leaching losses

are likely to be hich, K can be applled in 2«3 applications;
this is also recommended 'for pastures to help raduce “luxury
consumption” of K (see p.46), K tie-up is a prcblem on some °
s0ils but nowhere near that of P tie-=upe

Broadcast avplicakions of K: Farmers in the States and Europe
commonly make periodic heavy brc¢ dcast applications of K to
help build up soil levelss; they can be very effective and

may last for several years but aren't recommended where there's
high leaching losses or where K tie-up is a problem (see p. 46).
Such heavy K applications may induce magneslum deficlencies

in some crops on soils with borderline Mg levels,

Save those Crop Residues!: About 2/3 of a plant's K is found
- in the leaves and stems Vs. about 1/3 in the ear, pod, or
fruit; however, about 1/2-2/3 of the K in root crops is found
in the harvested roct itself. Burning residues does not
destroy K but only N, sulfur, and organic matter.

\
SULFUR i

Sulfur is usually appliled as a sulfur bearing fertilizer
like single super, ammonium sulfate, etc. 50 the application
method is:dictated by the principal nutrients in the fertllizec.
Sulfur is mobile and readily leached.

&

CALCIUM & MAGNESIUM \a
l. Ca is more often appliedvas a limlng material to

lessen acidity than as "a nutrient; even very acid solls
usually have enough Ca for plant needs. Some crops
like peanuts and t{omatoes have extra high Ca needs,

and deficiencies can be cured bY liming (if the pH-is
too low) or by applying sum {(no effect in pH) in

a band near the row (it%smobile) or sprinkled over the
peanut plants.

A liming material like limestcne or burned lime must

be evenly broadcast and then vorked into the topsolil.

Dolomitic limestone will cure an Mg deficigncy while
. Tessening aciditye -

Epsom salts (magnesium sulfate) or potassium magnesium
sulfate have no effect on pH and can be applied using
thz same methods as for NP or NPK fertilizers. 20-25 lbs.
actual Mg/acre (200-250 lbs. epsom salts) will do it. 1

H

MICRONUTRIENTS

Soil applications of iron and manganese are often ineffeC-
tive due to soll tie-up, especially at pH's above 6.8 Using
chelated forms will avoid this or you can make foliar appli-

*l, Or spray plents using 15-20 1lbs. epsom $alts/100 galg. water

o

BEST CoY Avapapye

: _
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cationse All the micronutrients can be applied as foliar
sprays which is often mqre convenient, but high applications
will burn leaves. 2Zinc can be mixed with fertilizer and -
banded or broadcast. Boron maY be broadcasi or mixed with
other fertilizers and banded near the seed (rates of more

than 1 1b. actual B per acre may injure germinating seeds
of some crops).

rd

GENERAL MICRONUTRIENT RATES FOR DEFICIENCIES®]

Boron: Household borax at tablespoon (15 Ceze) per 100 sqe
feet on sandy soils and up to 3 tbse o2 clayey soilse.

T Don't Q«De the s0il ~it's harmful to plantse Or use

! 10=25 1ibse borax/acre (11-27 kgse/hectare),

Molybdenum' Use 1/2 teaspoon (25 cece) of sodium molybdate
per 100 sqge fte {(mix with fertilizer); or spray
f plants with a solution of 1/4«1/2 1b, sodium
molybdate per 100 gals. watere Liming the soil
(if pH.is too low) will often cure a deficiencye

—

-

Zinc: 10=40 lbse/acre of zinc sulfate (23% Zn); band low rates
or broadcast high onese You can sprar plants with a
1-2% solution of zinc sulfate (1.25=2.,5 ounces per gala
of water); use a wetting agente

anganese: Spray plants with a 1-2% solution of manganese
sulfate (1425-245 0z¢/gal. of water) plus a-
wetting agent. Use a special chelate form if
applying it to the soil,

Iron- A 1-2% spray of ferrous $ulfate (1¢25-2.5 0za/g2als}
plus a wetting agent “ut may need repeating every few

weekse Chelated irc should be used for soil appli-
cation (18.36 lbse/acre)de

Copper: Use 1%=2 teaspoons (7e5.10 c,c.) of copper sulfate
per 100 sgq. ft. of seile Mix with your regular
fertilizere

If using foliar sprays, they usually require more than one
applicatione. _

"1, Hhen using foliar sprays a wetting agent' ("spreader") is
important to assure uniform coverage; if a commercial
spreader isn't available, use a mild "~ tquid detergent
like "Lux"™ or "Ivory" at 1=2 teaspoons per gale
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FPERTILIZER APPLICATION METHODS CéMPAR@Q

Let's check out the effectiveness and suitabilicy of
4 common application methods for your farmers:

. l. Broadcasting _
2« Localized placement: band, half-circle, hole.
3. Poliar applications
4, Through the irrigation water

I. BROADCASTING

The fertilizer is uniformly spread over the soil and
then hoed, disked, or plowed in. ? and K -should be worked 6=
8% into the topsoil. Topdressing refers to surface applications
on pastures while they're growing. Except on small plots,
seed boxes, or pastures, your farmers are a lot better off
using localized placement instead. The cons outweligh the '
pros:

Pros .

1. Gives a better distrikbution of fertilizer in the root ~~
zone compared to localized placement; most high capital
Stateside farmers combine' broadcasting (for large appli=-
cations of ¥ and K) with banding a small amount of NPK
fertilizer near the seed to get plants off and runninge. ;o

2. Little danger of fertilizer "burn".

3., Labor .needs may be better distributed, since the fer-
tllizer is applied before planting time; broadcast ap=
plications of P and K may last several years if high =
rates are used.

cons

l. It maximizes soil tie-up of P (K also).

2. Low to medium rates of fertilizer (esp. P} are
spread too thin.

3. Your farmers can't afford th= high rates of P and K
needed to overcome #1 and #2; 2-10 times as much P and
K are needed when broadcast to equal the effect of
localized placement. '

4, You fertilize the weeds'as well as the crope.

wds_Farmers may lack” equipment for uniform spreading -
and for working in P ar K deep enoughe Plows and- 7~
_ hoes work fine, bub dis harrows usually don't work :
it in deep encugh.

. - '923 o | ‘ .
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o~ II. LOCALIZED PLACEMENT (Band, Falf-circle, Ho],é)

Seyeral Ways to Band Fertilizer

The continuous band method is ideal for close spaced
crops like carrots, radishes, ard beets or for drill seeded
(one seed 2t a time instead of in "hills") corn and sorghume
Here are feveral ways to do it:

. _ © 1f~Best placement of the banc is 2=3" t0 the side of °
= ' and 2-3" below the seed rcwe This lowers tne risk
of "burn" and also gets the fertilizer down deep
ardinto the path of the rootse Tractor and animal
drawn planters with fertilizer band applicators are .
available; otherwise this Method can be pretty tedious
on anything but small plots. One band/row is as good as 2.

2e The farner can make a 4=6" deep furrow with a w\é den
- pPlow or hoe, apply the fertilizer along the bottoit,
and then kick in soil to fill the furrow up to plante
ing depth. This gives a band of fertilizer running
under the seeds and a little to each side; as long as
there's 23" between fertilizer and seed, thepe?s little
danger of burning, even at healthy rate"s.'lﬁ

3« A less satisfactory method is to make one furrow at
planting depth and place both seed and fertllizer in
o~ , it; 1¢£'11 work OK with corn and sggghg? with little
risk of "burn™ at low to medium rates (1like 175=250
lbse/acre of 16=20=0 or 14.14w14 or Up to 100 lbs./
acre of 18-46=0, 16-48~0}., Make the furrow wide so
the fertilizer can be spread out a bit to dilute ite

Flacement Under the Seed: One danger of placing an NP or
NPK fertilirer directly :nder the-seed or transplant is

that the N and K salts may move upward through the soil

as it dries and cause injury (P doesn‘'t burnl), Straight

P fertilizers are safe to use this way but should be separ-
ateé€ from the seed by an. inch of soil. Placement of P di-
rectly under the seed or transplant often giwves great re-
sulte on tap rooted crops like tomatoes, onions, and cottone
Side=band placement cf P i$ better for fibrous rooted crops
like corn, sozghum, and small .grainse :

Half.Circlé Method

Very effective on crops spaced too far apart to warrant
banding (tomatces, peppers, hill planted corn, eggplant, etcele
The half=circle should %“e loucated about 3=4"out from the seed

group or’ transplant and 4-6" deep (if using an NP or NPK fer—
tilizer). '

"Hole" Method e

o~ B _The least effective of the 3 since it concentpétes the -
fertilizer in a pretty small areszj. st}ll, it's fatr better

0, Sandy soils are more prone to fertilizer burn problbms.§

- 93
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than ﬁo fertilizer at all. Make the hole 4-6" deep and 3" "‘}
or sO away from seed hills or 4-6" away from larger plants.

Using a Liquid "Starter" Solution

Starter solutions help transplants recover from the shock
by providine a readily available source of fertilizer (esp.
P for root growth)s They're made by mixing 2-4 tablespoons
of a high P fertilizer like 12-24-12, 10~30-10, or 14=14-14
with a gallon of water and theh pouring about a cup into
each transplant hcole before putting the seedling in, Let
the solution disappear into the soll first. See under
"Vegetables" for more info. - B

Pros and Cons of Localigsed Placement (LP)

The "LP" method is usualiy the best one for”farmers whose
capital or managemnent situation limits them to low or medium
rates of fertilizer; the pros far outweigh the cons:

Pros - : Ly Coms S
l, Small to medium rates of fertilizer (esps P) are much -
more efficiently used than if broadcast. GClives maximum . AN
\) return per dollar spent. -

2+ It minimizes the tie-up of P (K too).
3¢ It doesn't feed the weeds as much.

4, Especially good for crops with less extensive root .
systems like lettuce, cabbage, onions, radish, pota- /
toes, and cotton. " / A

Cons . ;

l, On low fertility soils, it's hard to produce top yields

N with the "LP'" method -alonej coRfining the fartilizer A
i+ - to a small area doesn't stimulate ad extensive root
developments Most of your farmers won't have the money

or the management skills to shaot for top yields anywaye.

IiIo FOLIAR APPLICATIONS -
: /

Foliar applications are mainly sulted for applying micro-
nutrients since such small amounts are needed; it's a good
way to avoid the soil tie~up of manganese and iron (unless
chelates are usea). '

what about Foliar NPK Fertilizers?: Many liquid und soluble . _ o
powdepWPK foliar fertilizers are avallable; some advertise- - TN
ménts aim large yield increases over using soll fertilizers )

alo Research has shown that foliar NPK fertilizers can
"green up" a crop but that yileld increases are unlikely as )
long as enough15011 applied NPK is useds Some of these products

| 94 - .
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contdin various mlicronutrients but in such low concentra=-
P tions that they're useless for preventing or coutrolling
S deficienciese The NPK foliar products are hichly expensive
‘ per 1b. of nutrient compared to regular fertilizers. Numerous
: C applications would be needed to supply a good amount of N, P,
)/ or K without burning.

. APPLICATION THROUGH THE IRRIGATION WATER

Urea and ammonium nitrate dissolve readily in water }
and are often applied by sprinkler irrigation; don't &ry
this using furrow 1rrigation-1t‘" too wasteful and non-
om uniforme. - L S

SOME SPECIAL ABVICE FOR FURROW IRRIGATED SOILS
H K o .
When using én "LP" method on furrow irrigated soils, be
- sure to place the fertilizer below the level that the irri-
gation water”will reach in the furrow; placement below the
high water mark enables mobile_ nutrients like nitrate and
sulfate to move sideways and downwards towards the roots; .
if placed above the water line, the upward capillary rise
of water will carry these mobile nutrients to the surfacees

. £
S L

»
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'HOW.TO AVOID_FERTILIZER BURN 5 : | ;

: Fear of feﬁtllizer burn .terrorizes many a PCV, but it's easy
to avoide "Burning" is caused by .a high concentration of
soluble salts dround the seed or roots which prevents them
from absorbing water or anything else (remember osmosis?)e
Either the seeds germinate poorly or the leaves start to .
turn brown, first at the tips, and the plant eventually dies.
The N and K fertilizers are the real culprits, since they
have a much higher "salt index™ than P fertilizurs.

- First Aid for Fertilizer tns If you're lucky an ugh +to be.

able %o 1rrigahe, libefally apply the water to leach away the. i
salts. Otherw1 e, pray .Jfor rain! ] o

How to Avoid "Blurn": Separate the seed and thé. fertilizer by | * |
, . 2=3" when banding and 3-4" from the seed or transplant when : -
+ 4 using the half-gircle or' hole methodi burning ;is more likely [
Yo .on sandy soils than clayey solls; soils in arid or semi-arid ' /.
-irrigated arsas| are likely to have a high sabt content to f

" begin with-burl ng is even more 11ke1y hered ! {

!

¢t It’s the salts associ- /
at do the burning; P has li%4tle burning,
e on the next page gives the ;elative _
on fertilizers per 20 1lbs. of plant . -

1be of fertiliz%r).= '

Fer ilizers V
ated with N and K t
potential. - The t
~—"Salt Index" of ¢
nutrients (not pe,
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Relative Burn Potential
of Different Fertilizers
- Sal

Pertilizer - Fo ulg 0_1b of Pl Nyt
Sodium nitrate © 16w0=0 | 640
Potassium nitrate 14-0-46 | 5.3
Ammonium sulfzte 21-0-0 1 - 3e2
‘Ammonium nitrate 33-0-0 ! 2.9
gggggggggnluﬁ 11-48-0 y 2.5
Potassium ,aénesium
sulfate ﬂ'

Potassium chloride 0=0-60 ~e93
°1 4520=0 1.6
Di-ammondum phpsphatél 18-46-0 . 146
Potassium sulfate 0=0-54 085
Single superphosphate 0=20-0 V.4
Triple superpnoqphate 0=48-0 B . Oe2 ]

LEAST
Gypsum - 025

Om0=22 . 1497

Urea

*l. Urea and DAP may cause more injury than ammondum
" sulfate since they release free ammcnia.
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IIT. HOW MUCH TO APPLY?

WHAT'S THE MOST PROFITABLE RATE_OF FERTILIZER
FOR A _SMALL FARMER?

That depends on:

l. His management ability and.cagital situations does
he have the money, desire, an Lity follow

recommended practices in fertilizer use, pest cone:
trol, use of improved varieties, etc?

2. Limiting factors other than fertility and how well
they can pe controlled: low pH, shallow soil, poor
drainage, weeds, insects, diseases, rainfall & jirri-
gation, suitable crop variety, etc.

3. The fertility level of the soil

4. Type of crop and probable prige; perishadle vegies
usually have a higher profit potential than storable
grain crops, but much more risk is involved due to
greater price fluctuations and more sophisticated
growing techniques.

S.. The cost of fertilizer, .

Looks like another. complex issue, but we can still arrive
at some very useful ‘guidelines. Read on.

Small Farmers Should Usually Aim for Maximum Returp

Per Dollars that Means Low %o Moderate Fertilizer Rates

As shown by the fertilizer trial results beiow, crop
response to fertilizer follows the Law of Diminishing Re-
turns: (N was the only deficient nutrient in ¢this trial)

Lbse of Nitrogep Yield ip Xjeld
Added per Acre Bughels per Acre’l Increase

0 12 -

4C 54 42

a0 84 a0

120 104 20

160 119 i5 -

200 129 i0

240 136 gl

280 141 5

320 144 97 2

*1. 1 Bushel of corn = 56 1bse. (shelled and at 14% moisture)
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Since the efficlency of fertilizer response declines a8 rates
go up, a small farmer who's short on capltal should apply low
to medium rates of fertilizere He'll end up with a higher
return per dellar spent on fertilizer, be able to fertilize
more land, and have money left over to invest in other yield
improving practicese

As a farmer's capital situation improves, he can afford
to become less efficient and aim more towards marimum profit
per acre by appiying higher rates of fertilizere That's like
the blg supermarket that offers lower prices than the Mom &
Poo outfits but makes a much higher total profit due to its
larger volumee

A capital-short small farmer 1s uSually better off fer-
tilizing a larger area of land at low to medium rates than
2 small area of land at a high ratee For example, in the
fertilizer trial on the previous page, 160 lbse 0of N produced
119 bue 0f corn vhen applied to one acre; if the same amount
were spread over 4 acres, a total of 216 bue would be pro-
duced (4 x S4}e

The amount ¢of fertilizer that will give the best return
per dollar spent depends a lot on the crop, soil, climate,
etce, but it's usually on the low tc medium side. A high
value crop lilke tomatoes often merits a higher rate than
a lower value crop like corn, but the risk is higher and the
price fluctuation much greatere

Substitution ot Fertilizer for Land: Another factor is that
fertilizer can substitute for land by allowing the farmer to
produce more corn and beans on less lande That cuts costs
and permits more diversity of productione

—_

HOW ABOUT SOME GENERAI, GUIDELINES FOR LOW,
MEDIUM, AND HIGH RATES OF N, P,0g, and K,0?

0Ky but bear in mind the many factors that datermine fer-
tilizer rates (see top of previous pagele The table below
gives a veryY deheral guide to LOW, MEDIUM, and HIGH rates of
the "BIG 3" (N,2,K)] under small farmer conditions and using
localized placemeqi of P and X (except on pastures):

Low 1 MEDIUM HIGH
Lbse/acre or (Lbs./acre or (Lbs./acre or
Kgse/hectare) Kgse/hectare) Kgse/hectare)

35-55 60-95 100+

25-35 40-60 | " 70+

30-40 50.70 80+ -
38

Now check out the gualifications on the next page:

*1,Kgse/Hae and Lbse/acre are virtually the same (within 10%)e
Lbse/acre x lel2 = kUse/Hae




&l

91 - ‘ .

Q“Bl n " L " H n

—~ 1. YOU MUST CONSIDER THE FERTILITY LEVEL OF THE SOIL
YOU'RE WORKING WITH as well as the type of crope.
A soil high in K would need 1little or no fertiligzer
Ke  Most cropped soils tend to be low in N and low
to medium in P; K deficiencies are 1e88 commone. Grasses
and cereal crops (corn, rice, etC.) usually sShow less
response to added K than root crops, bananas, sugar-
cane, and legumese

"~ 2¢ The N rates are geared to high users like corn, sorghum, °
rice, pasture grasses, lLeafy vegies like lettuce, cab=
bage, mustard} scme fruit vegies l1like tomatoes (apply
less N on eggplant, pepper and cucumber), and
potatoes. ) .

3¢ Most other root crops aside from potatoes have lower
N needs than those above; this includes carrots, radishes,
beets, onions, manioc {(cassava, yuca), and taroe.

4. Lequmea like peanuts, mungo beans (Pe. ), soybeans,
cowpeas and tropical’pasture legumes are alf very effi-

cient N fixers if properly innoculated or grown on a
soil with a good natural population of the right strain
of Rhigobias they need little or no fertilizer N, but
moat extension pamphlets recommend a starter application
of 20~30 kﬁsolaa. or Lbse/acre of N (along with the usg~
e~ ual P and K) to feed the plants til the Rhizobia begin
- to fix N (takes about 2-3 weeks).

Ordinary beans, lima beans, and peas aren'’t ag efficient
N fixers and can use up to 50-60 kgss. N/hae. or lbse/acree

Se Don't forget to take the farmer's management ability
into accounte You're wasting your time encouraging
a farmer to use a "High" rate ¢of fertilizer 1if he's
not willing or able to use other complementary yield
™~ improving practices§ also remember ¢o’'check out soil
\ limiting facfors like drainage, dezth, etc.

Y A
\ Specific Crop Recommendations

Pages 10835 give more detailed fertililzer recommendations
and related guidelines for common cropse. Mhenever passible,
get the soil tested by a reliadle 1lab.

39




v, FAULTY FERTILIZER PRACTICES
How to Spot Them and Fix Them

Faulty fertilizer practices are all too common among farm~
ers‘ PCV'g, and a surprising number of extension pamphlets.
Let's run through some of the more common mistakes:

(NOTE: Since lbse./acre and kgse./hectare are close equivalents,
the fertilizer rates below apgly to bothj i.e« 100 kgse/ha. is
pretty close to 100 lbse./acre _ .

EXAMPLE 1l: 125 kgse (1bse) of Urea (45-0«0) per hectare (acre)
applied when corn 1is ?lanted, followed by a side-

dressing of 200 kgs.
at knee-high stage.

WHAT'S WRONG?2: It's backwards! The NP or NPK fertilizer should
always be applied at or near planting, never as a sidedressing.
Besides, only 1/3-=1/2 of the total N should be put on at plant-

ing to minimize leaching losses. What about the total NPK dos-

age? It works out to about 88 kgse.{(lbs.) N, 40 kgse. (1lbs.)

P05, and no K,0 per hectare (a re).‘“TQg N and P rates are in thc ac-
ceptablc range “(see table on P. 89), but some K may be needed un-

less the soil has a medium to high test level.

1bSe) 16=20-0 per hectare (acre)

EXAMPLE 2: 250 kgse./Hae (1bs./acre) of 14~14-14 broadcast and
left on the soll surface a couple days before plant-
ing vegies.

WHAT'S WRONG?: What's riy::t? Broadcasting is a lousy way

to use a small amount of fertilizer, especially P, To add in-
sult to injury, it's being left on the soil surface; the P and
most of the K will never reach the roots, . The fertilizer should
be banded instead.
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- EXAMPLE 3: 300 kgs./Ha. (or lbs./acre) of 15-15-15 applied in .
a band at corn planting time and placed 2" (5 cmse)
deep and 6" (15 cms.) from the row, followed by a-
sidedressing of ammonium sulfate {20-0-0) at 300
kgse./Ha. (1bs./acre) when corn is tasselinge. G

WHAT'S WRONG?2: The NPK fertilizer is being placed oo shallow .
and oo far away from the rowe It should be at-least 34" .
7.5-10C cnse) deep and no farther away than 2-3" (5-7.5 cms.)

£ror the rows The N sidedressing is being applied about 3-4

weeks too late; corn and sorghum need the N sidedressing about

knee high stage. The soil also may not need any K. Rates are OK.

EXAMPLE 4: 150 kgs./Hae (lbs./acre) of 12=-24-1? applied at to~
mato transplant time in a half circle 10" (25 cms.)
away and 2" (5 cms.) deep, followed by a sidedress-
ing of 200 kgs./Ha. {lbs./acre) of 14~1l4-14 3 weeks
later. '

WHAT'S WRONG?: ‘romatoes are a heavy NPK feeder; 150 kgse./Ha.
isn't enough (2 to 5 %imes as much is needed, unless soil
K level is high)s. The half-circle is too shallow and too far
away from the plants; it should be at least 3-4" deep and about
4" or s0 awaye There's no benefit from sidedressing with an
NPK fertilizer like 14-14-14; all the P and K should go on at
o~ transplant time (sidedressing K only pays onsandy soils -or
under a lot of rain); only N should usually be sidedressed. 1I°'d
aim for a total N application of 100 or more kgse/Ha. (1bs./
acre)ls See P 123 for suggested NPK ratese

EXAMPLE S5: 200 kgse./Hae (1bs./acre) of 0-20-0 applied when grain
"sorghum” is planted, followed by 400 kgs./Ha. (lbse/acre)
- of Urea (45-0-0) as a side~dressing 25 days later.

WHAT'S WRONG?: Some N should always be applied at planting to
most crops (except maybe peanuts, soybeans, cowpeas, mung beans,
" and peanuts and pasture legumes). Otherwise, you're apt to run-
into an N deficiency well before sidedressing time. Young plants
don't need much N, but soil microbes can cause a temporary N
tieup while decomposing the previous crop's residues. The Urea
sidedressing is being applied at the right time, but it's much
too high a2 rate except for super farmers with super soil and
lots of capital. I'd cut it down to a total of 80-100 kgs. (lbs.)

of actual N per hectare (acre) (planting plus side=dressing)le.
P rate is in the OF range though K may be ‘needed,

EXAMPLE 6: 250 kgse/Has (1lbs./acre) of 12=24~12 applied in
a band when peanuts are planted, follcwed by a side-
~dressing of ammonium sulfate (20-0-0) at 300 kgs./Ha.
(1hs./acrel. : '

WHAT'S WRONG?: Peanuts are a very efficient N fixing legume so
- little, if any, N is needed 1f the proper Rhizobia bacteria
are present in the soil or 1f the seeds were properly innocu~
lated with the richt Rhizobia culture. However, a starter
amount of 20-30 kgse/Hae. (1lbse./acre) N is often recommended

to £111 in ti1 the Khizobla start functioninge Anyway, you'ad

101




94

*2
never sidedress peanuts or other efficent N fixers with N; get
them to fix thelr owne it's far cheaper and usually makes the
difference between profit and losse '

PROBLEM 7: 100 kgse/Hae (1bse/acre) of 16-48-0 applied when
corn is planted, followed by 150 kgs./Hae {1bs./acre)
3 applied on the soil surface at knee

of Urea (45=0-0
high stagee.

WHAT'S WRONG2:

1. He (she) is putting on a total of 832 kgse (1bs.) of N in
the 2 applications (16 + 67) which is an acceptable total rate.
BUT remember that 1/3=~1/2 of the total N should be put on
at planting; only 16 kgse (lbse) are being put on in this
case or about 20% of the totale That's too littlee. As
a general rule, no less than 25-30 kgse./Hae (1lbs./acre)}
of N should be applied at planting or you may run into
an N deficiency before sidedressing timee.

The 150 kgse (1lbse) dosage of Urea is OK BUT it’s being
left on the soil surfacej; up to 25-30% may be lost as
anmonia gas (see pe 73) or it may be carried away by
surface flow of watere Work it in about an inch deep
to avold thise '

«3; The soil may need K alsoe

PROBLEM 8: Miguel makes up a "starter® fertilizer solution for
his tranplants by mixing a cecuple tablespoonfuls of
Urea in a gale of water and applying about 1 coffee
cupful per transplant hole, No more fertilizer is used.

WHAT'S WRONG?: Urea won't help much as a starter solutlon;i the
transplants need a high P fertilizer like 12-24-12, 10=20=20,

or 16=-20=0 to help tiieir roots perk up again. The starter solu- ~
tion isn't meant %¢ replace the normal NP or NPK rertilizer
application in solid form and only has enough nutrients for

the first .few daySe :

PROBLEM 9: Juan is planting mustard, Chinese cabbage, and
radishes in the field and is applying i15-15«15
in a band directly below the seeds but separated
by 1" (2.5 cms.) of soile He's app1¥§ng it at
the rate of 1000 kgse/hae (1lbse/acrele.

WHAT'S WRONG7:

1. Placing an NPK fertilizer directly below the seed is
risky at any*hing but very low rates; when the soluble
N and K salts dissolve, they move upward when the soil
dries and may injure the seeds. You could be alright
at 250 kgs./Ha., but seed and fertilizer should be -

separated by 2=2%" {5=7,5 cmse),

2. 1000 kgse/Ha (1bse/acre) is way too high a rate of NPK,
especially N (much will be lost by leachingi~ Cut it
back to about 300-400 kgse/Hae i

*l, Actvally, an N sidedressing may be necessary if the plants
=+-v N hunger signs, but that should never happeén under.
oof mansgemente. 1 O 2 .




Pactors that Affect the Rasoonse You'll Gt

le m_mgsﬁﬂmunumt Make gure you under-
stand the dasics of fertilizer appllication methods _

2 and till.‘lng '

2e 3Egzﬂlshs_!§:£}:n&_§l&ansg: If 2 or more nutrients are
deficient simultaneousiy (very likely), adding only one

. may have little effect, Check out this fertilizer trial
on corn in a 20il where both N and P were low:

Yield Yield
None . 4 bushels .
N only 12 8
P only 21 17 ’ 5
N+ P 58 / 54 g

In soms casas, an excess of one nutrient relative to
another can ceuse uptake problemss

A. A high ratio of potassium or anmonium to mRegnesium
can casuse a deficiency of Mg in susceptible crops
like tobacco and pastures.

B, A high ratio of K to calcium may cause a Ca defici-
ency in peanuts.

C. Large applications of P can cause iron or zinc
deficiencies in soils where they're at a borderline
level.

D, A high ratio of Ca to Mg can ceuse Mg deficienciles.

E. Overliming a s0il can cause micronutrient deficien-
cies (except for molybdenum).

F. Excess soluble copper and manganese can cause iron

dgﬁtciencios an ce-versas., ‘Eappens in very acid
solls agometimes’., )

3. Type of Crop: Corn, sorghum, short strawed rice varietlaes,
. Ssugarcane, bananas, pastures, and most vegies are more
likely to give good fertilizer returns than coffee, cacao,
and most tree crops (unless they're suffering from a real
deficiencyl. Soybeans and peanuts oftan respond better
to residual fertility than to directly epplied P and K,

4. !g£1§§1= Improved varieties and hybrids (if adspted to the
area) usually. give a much better response to fertilizer
than native ones. In a fertilizer trial in India.with
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corn, a hybrid and a local variety were compared at the
same fertilizer rate; the hybrid yilelded 800C 1bs./acre’
and the native variety only 2000 1bs.

Whatever the variety, be sure it's adapted to yonr
area (i.e. don't blindly use those free CARE 3ggd3
the PC office - chances are that the wvariety isn't well
suilted to your areal. Likewlse, don't expect cool weather
crops like spinach, potatoes, broccoli, celery, caulifiow-
er, peas, carrots, beets, head lettuce, and turnips to
vield well in hot weather.

5 Insect & Diseases: Thay'll easily wipe out profits if
not controlled. ' ’

6. Wesads: They rob water, light, and nutrients and also
harbor insects and diseases. Dest time to contreol them
is when thev're tiny; sloppy or delayed weeding can sas-
ity cut vields by 50% or more.

7« Soil Limitigg Factors: pH problems, poor tilth, hardpans,
poor drainage, shallowness, etc. will all lower response;
before advising a farmer on fertilizer use,check out his
land - it could be a no-win situation.

8. Migisture and Temperature: - Adequate water is vital for
a full fertilizer response; fertilizer dces increase
drought resistance somewhats Unusually high temperatures
can hurt yields, especially if they occur at vollinatjon
time (i.e. corn, fomatoes).

Use the "Package" Approachi

. You'il make far greater progress ralsing yields by intro-
“"ducing a "package™ of improved practices rather than relying

on fertilizer aione. The package apprecach not only markedly

boosts vields compared to a on” input strategy but also cuts

the risx to the farmer. Improved practices have a remarkable
way of interacting with 'rach other:; take a look &t this trial
on wheat in Mexico: }

Treatment Yield Increase

. Irrigetion 5%
" Fertilizer 135%

Irrigation + fertilizer 700%
Any viable ﬁé&kage must usually include an improved varietyv,

proper plant spacing and population, fertilizer use, and
contrel, of insects, diseases, and weeds.
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- VI. COPING WITH FERTILIZER MATH
There's some math involved in using fertiiizers; it's
straight forward but takes some practice. We'll cover these
5 areas: i -
1. Converting fertiiizer recomnendations ‘from an N-P,0 ,-Kzo
basis to actual kind and amount of fertilizer(s) necedede
2e Choosf%g the most. economica fertiliizere.
' 3. Mixing fertilizers.
/"\

4, Determining how much fertilizer 15 needed per plant,
per length of row, or per areae

5. Converting fertilizer dosages from a weight to volume basis.

-
r

I. CONVERTING FERTILIZER RECOMMBN&ATIONS FROM AN N-—P 0 - K,0
BASIS TO ACTUAL KIND AND - AMOUNT OF FERTILIZEﬁtS) NEEDED

Fertilizer recommendations, especially.those from soil tests,’
are often given in terms of the amount of N, P 0 X and K,0 need-
ed per acre or hectare, etce I:'s up to you to pick tﬁe kind
and amount of fertilizer{s) needed to match the recommendatione

PROBLEM #lz-Soil test results recommend that Angelita fertilize

h ~ 11 0
er corn like s (1.BSe PER ACRE)
KILOSRAMS PER HECTARE

N N PZOS K20
At Plantigg 40 50 i O
At knee hicgh 60 0 o

sgage 4

If the local ag store has the foliowing fertilie
zers on hand, which ones should he use, and how
much will it take to zover one hectare?
Fertilizers Available
18=46=0 12«24w-12 Urea (45.0«0)
16=20=D 14~id=14 O=0=60
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SOLUTION: - . C
Letls take the 40+=50-0 planting recommencation firste . The o
easiest approach Is to pick the fertiYizer whose N:P20g5:K»50 . N

ratio comes closest to that of the recommendation (40=50Q«0 =
1:125:0), You know right off that 12-24-12,:14-14-.14, urea,
. and 0-~0=50 won't work, which leaves only 18-46-0 and

16-20~0e 1B~46=0 has a 1:2e55:0 ratio which jig too high in
- P50g; that would mean having to gut on 102 kgse (ibse) P,0g.

in order to supply 40 kgse (1lbs.) of N, 16=20~0 has & 1%1,25:0
ratio which is just what we're lodking for. -

To ¥ind out how much 16~20=0 is needed to supply 40 kgse _ B
50 by 20% (0.2) which gives you 250 kgse (1bse)e S0, if Angelita
applies 250 kgse. (1bse) of 16~20~0 per hectare (ZTure) he'll >

supply the 40 kgse (lbse) N and 50 kgse (ibs.) P05 called

for by the recommendatione.

Now what about the sidedress recommendation of 60 kgs.
(lbse) N? Urea is the obvious choice, since it's the only fer=-
tilizer on the list that has just Ne To find cu* how much urea
it takes to supply 60 kgse (lbse.) per hectare (acrel), divide
60 by 45% (0.45) and you'll get about 133 kgse (1bse)e

IS il

You won't always be able to follow a . récommendation exact-
ly, since the right fertilizer might not be on hand. Anyhow,
fertilizer recommengdations aren't anywhere near 100% accuratee =~ “N
Do try to get within 15~20% of the amounts recommended thoughe '
If you have to put on extra P to supply enough K or viceé~versa,
don't worry! K, and especially P, aren't readily. leachead,.
Look at problem #2 below:

v
o

PROBLEM 2: S0il test results advise Ben to fertilize his toma=-
— toes like so: (LBS. PER ACRE) oy
KILOGRAMS PEF HECTARE
o N P05 Ky0
At transplanting:r €0 100 40

Sidedressing every 40
4 yeeks

If the leccal ag store has the followiny fertilizers
on hand,; which ones should he use, ard hnw much will it
take to ccver one hecﬁgre?

F

. Fertilizers Available
w - 16e20-0 14~34=14 . 13-13=20
10m20~:0 18-45=0 Ammonium sulfate (20-0-0)
SOLUTION: - 5. )
Let's take the transplanting recommendation first. Of the -
3 NPX fertilizers above, 10=20-10 has the nutrient ratio closest ~~~ .

to that of the recommendatione 500 kgse. (lbse.) of 10~20-10

*l1e To save spack, each problem is given in terms ¢f kgé./Ha.
and lbs./acre. Since there's only about a 10% difference be=-
tveen them, they can be, used interchaﬁieably for our Purposese.

=
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would supp;y 30-100 50 on a kqs /Ha. (lbe /acre)J‘~
'“basis. That puts us a bit low on N and high on K0, but 1£%3 no .
reblem The extra X won't leach much, and Ben can make -

— the irst sidedressing of N a few days early to make up for -
- being slightly low on the transplanting application. .

» - . 200 kgse {1lbse) of 20~0-0 would supply 40 kgs. (1bs.) of
oL N for-a sidedressinge Ben could put on a bit more the’ first
- time (say 250 kgse or 1bs.) to make up for the 10 kg« {1lb.)
deficit at transplanting or he could put the first aidedressing
on a bit earlier (1like at 3 weeksl.

'y

IX. CHOOSING THE MOST ECONOMICAL FERTILIZER

At times you'll find 2 or 3 different N sources availdble
. and will want to know which one is the best buye. When compar- =
ing different fertilizers, what counts is the cost Eer kge OF
lb, of nutrient not the cost per sacke

B ) }
PROBLEM: which fevtilizer below is the most economical source
wl of N2:
it - COST IN DOLLARS -
FERTILIZER % N "PER 100 1lbs,. PER 50 kgs
. : Urea, =~ - 45% ' $1345Q . .y , $14.85
““MMJ Ammonium iy ‘ by )
— ‘ nitrate 33% . $11.55 _$%2.70 _
Ammon i um 21% $8440 - $9.24

sulfate -

SOLUTION: Trick is to find the -cost per lb. or kge. of N; a 10C, .
1b, sack of urea has 45 1lbse N and a 50 kg« s3ck has 22.5 kgse -

N so:s
$13,50 $14 ,
$13,50 $14,85 . 66¢/kqge of N
45 .1bse = Ve/lbe of N 22.5 kgse 0

Ammonium nitrate works out to 35¢/1b. of N or 77¢/kge. of N,
and ammonium sulfate works out to 40gz/1lb. of W or 88¢/kg. of N,

That makes urea the cheapest .source of N in this cases Usually,
the higher analysis fertilizer will be the cheaper due ‘to lower
shipping cost per unit of nutrient.

Other factors may be important: Even.though ammonium sulfate is .
usually more costly per unit of N, it does suprly shlfur and
might be the best choice on a sulfur deficient soil unless
Another sulfur tearing fertilizer was used at planting time. On
the other hand, it's considerably more acid than urea in its
long term effect on soil pH (see pe 77 ). Ammonium nitrate 1is

a quicker acting N source than urea since half its N is in the
readily mobile pitrate form; it might be the hest choice where
the crop is showing N deficiency sy oms or vhen sidedressing
has been delayec. '
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CAUTION: You can't compare 1l4-14-14 and 10«20-10 on a cost: o
per unit of nutrient basis. A 1:1:1 ratio fertilizer may
give better results than a 1:2:1 fertiliger or vicewversa, o~
depending on the soll and crop. bDon't try adding up the lbs,
or kgse of N, P?505, and K»0 per bag and dividing this into the
cost; each of the nutrients has a different cost per lb. or kge
You can compare fertilizers with the same nutrient ratio (1.e.
5=10-5 and 12-24~12).

IIX. MIXING DIFFERENT PERTILIZERS

PROBLEM: Suppos? you need a fertilizer with a 1:3:1 ratio, but-
the local ag store only has 14-14-14 and 0-21-0. How
cou-d you combine the 2 fertilizers to obtainm a 1:3:1
ratio, and what would its formula be?

SOLUTION:

-~ 100 lbse. of 14-14-14 contains 14 lbs. each of N, P»0s5, and:
Ky0; if you added another 28 lbs. of P20g using 0-21~0, you'd
end up with a 1:3:1 ratio mix. Divide 28 by 21% and you'll find
that 133 l1bse 0f 0=21-0 will supnlyp+ge 28 lbi.OOf 9205 needed.

N 2%s i T
100 lbsq 14-}4-14 = 14 l1bse ° 14 1lbse. 14 l1bse .;;‘\
133 1bse 0-21=0 = o 28 - 0 .
233 1bs. 14 C 42 14

Hold on now, "the formula of the mix is not 14-42-14; those 3
numbcrz refer to how much Ny Po0g, and K50 are in 233 1lbse of
the ri.-, not 100 ibs. To get the trvue formula (i.e. lbse. of
nutrients per 100 bs. of fertilizer or kgse of nutrients per
100 kgse of fertilizer), you'd have to reduce the 14-42-14
figure down to a 100 lb. basis ‘like so: . :

' 14-42-14 '4 2.33 - 6=18=6 (actual formulal

CAUTION: Not all fertilizers can be mixed!

Lime in any form should never be mixed witn ammonium N
fertilizers or urea; it reacts to form ammonia gas. Don't
mix lime with the ammonium phosphates, superphosphates, or
any mixed fertilizer containing P, because it will make
part of the P insoluble.

The table on the next page shows the mixirg compatibility
of common fertilizers. _
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FERTILIZER MIXING GUIDE

® .

Q0 i
- S &
~— h AP § ®
e Y B
55 R
B E w E B ‘n R,
o0 b B e D A a
Wy e X Q v E o » X! Q
e o W o o b JETEY D O WL
LN i 28 s 2y 3 Q
N 8O0 8% 9 %mwdy O g >3 o @ K 4
Se 8% £330 ha Y I% 55 ok
NS Mo < o GBd Of S 6o Sa 9
“ Potassium
chloride X X X
Potassium N
sulfate ' X X X '
Ammonium X X X _ 0
sulfate -
Sodium nitrate & ,
Potassiumnitratd X X X 3 N X X
Calcium
—~ Urea | x X | x X | X X | x X
Single & triple , x | o X N o
superphosphate ;
Mono= & Di-amr- :
monium phosphate : R 0 X 0
Lime 0 X X 0 0 .

= Fertilizers which can be mixed.

Fertilizers which can be mixed only .
shortly before¢ usee.

Fertilizers which cannot be nixed
for chemlcal reasons.

5
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IV, DETERMINING HOW MUCH FERTILIZER IS NEEDED
PER PLANT, PER LENGTH OF ROW, QR PER AREA

Fertilizer recommendations are usually given in terms
of so much per acre or per hectare; you and the farmer are
more interested in knowing how much fertilizer to apply per
lapk, per lenath of row, or per areae Here's a relatively
easy way to work it out:

A. AMQUNT NEEDED_ PER AREA

PROBLEM 1: Soll test results advise Miss Lee to apply 250 kgs.

(METRIC) of 16.20.0 per hectare to her corn field at planting
times How much 16-20-0 should she buy if her field
measures 20 x 40 meters?

' . ~
.SQLUTION: Easiest way is to set up a proportion; here's 2 ways:

WAY 1: Find the plot's area in sq. meters (20 x 40 = 800
sq. metersle A hectare has 10,000 sqge meters so:

800 sa, mEs, x k

10,0005q. mtse ~ 250 kgse -

Cross multiply like so:

10,000 X = 200000 kgse
. »
ANSWER: X = 20 kgse. of 16~20=0 necded 1

250 kgse _ _Xk
10,000 sqe mtse 800 sg. mtse

10000 X = 200000 kgse
ANSWER: X = 20 kgse 16-20-0 needed

If you can't cope with proportions, try this approach:
Find cut what fraction ot a hectare the field 1is,

and then multiply that fraction by the kgs.{hecta;e
dosage 1like so: - -

The 20 x‘40 meter field = Tﬁ%%gﬁ_thsof'a hectare

LA

,357%8% X 250 kgse = 20 kgse 16-20-0 needed

*], Fertilizer is usually packaced in 100 1b., 112 1lbes or
50 kg bagse Miss Lee is better off buying 50 kgs. and storing
or sharing the excess, rather than buying it in lesser
quantities {usually a lot more expensivele.

110
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PROBLEM 2: fTom is advised to broadcast 14-14-14 at 300 1bs.

{({ACRE, LB. per acre on his stargrass pasture at the start of

BASIS the wat season. How much fertilizer will he need
to cover his 80 ft. x 100 ft. pasture?

SOLUTION: Easiest way is to set up a proportion; here's 2 ways:

WAY 1:
Find the plot's area: 80 x 100 = 8000 sqo fte.
An acre has 43,560 sqe. ft., so:

8000 sqe ft. _ __ ¥ 1bs.
43,560 5. ft. 300 ibs.

Cross multiply like so:
43,560 X = 2,400,000 1bse.
ANSWER: X 55 1lbse 14=-14-14 needed

i

WAY 2: 200 1ibhs, X 1bse
43,560 sqe fte. 8000 sqe fte

43,560 X = 2,400,000 1bs.
ANSWER: X = 55 1bse. 14~14-14 needed

WAY 3: If you can't cope with proportions, try this approach:
Find out what fraction of an acre the field is, and
then multiply that fraction by the 1lbs./acre dosage.

The 80 x 100 ft. fielg = 800
43,560ths°f an acre

800
43 560tn " 300 1bs. = 55 1bse 14-14-14

B. AMOUNT NEEDED PER LENGTH OF ROW

When you apply fertilizer in a band, you'll want to know
how much tc apply per row or per certain length of rowe.

PROBLEM 3: Moumen has been advised to apply 10-20-10 at 400

{METRIC kgse per hectare using the band method when he plants
BASIS) his Chinese cabbage (direct field planting). His field

measures 10 % 15 meters with the rows spaced 50 cmse.
apart (100 cms. = 1 meter) and running the long waye.
How much 10-20~10 should he apply to each 15 meter
long row?

SOLUTION:

WAY 1: Find out how many meters of row length a hectare would
have with rows spaced 50 cms. @part; then find out the
fertilizer dosage needed P8E meter of row length by
dividing the dosage per hectare by total row length

. 111
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Per hectare. Multiply the per meter dosage by 15, and
get the dosage needed for a row 15 meters longe

Base you calculations of a square hectare like so:

100 METERS

TOTAL ROW LENGTH
HECTARE = number
1 HECTARE rows per hectare
their length .

METERS
o 400 MEYERS....,

To find the total row length in a hectare with 50 che rows:

50 cmse = 05 meters

Number of rows/Ha. = 100 = 200 rows

Oe
5

BEach row is5 100 meter ong so total rcw length is:

200 rows x 100 meters = 20,000 meters of row length

AMTe OF 10~20-~-1G NEEDED PER METER =_ 400 kass -

20’000 mtSe = OongQSQ ‘

20 grams

AMT. NEEDED PER 15 METERS OF ROW = 15 =« 20 grams = 300 grams

HELPFUL HINT: Instead of having to deal with decimal places,
start out by changing the original kgse/hectare
dosage to grams per hectare by multiplying by
1000 (i.e. 400 kgs. x 1000 = 400,000 grams).

WAY 2: As in Way 1, start out by finding the total row length
per hectare, and then set Up a proportion like so:

15 mts. row length - X grams
20,000 mts. row length 400,000 grams
Cross multiply and you'll get:

20,000 X = 6,000,000 grams

X = 300 grams per 15 mts, of row 1ength.

WAY 3:

15 _mts, row lengkth - ‘
30,000 mtse row length X 400,000 grams = 300 grams




WAY 4: Find out how much fertilizer is needed on the area
involved fin this case, 150 sg. meters):

150
10,000 sgs meters x 400 kgs. = & kgsf - ggoghgr§gsxn§§ded

meter plot.

Then find out how many rows the plot has by dividing plot
width by row spacing:

10 meters
0e5 meters

Finally, divide the plot dosage by the number of rows:

= 20 rows

Gggofgis = 300 grams 10-20=10 pex 15 meter row.

AN IMPORTANT POINT!: As long as you know the fertilizer dosage
. in terms of amount per hectare, You don't
need to know how big Moumen's plok ise
All you need to know is the raw spacinge.
However, if you want to know how much fer-
tilizer he'll use on his plot, then you
need its dimensions,.

PROBLEM 4: prora is advised o apoly 250 ‘Ibs. per acre of

(ACRE, LBs 16~20=0 in a band. wheén she plants ﬁer grain soraghum.

BA5155 She. tells you her rows will be 120 £¢, long and 3
ft. wide and wants to know how much l1l6-20-0 to

apply per row. -

SOLUTIQON:

WAY 1: Since the dosage is given in 1lbs./acre, find out
' how many feet of row length an acre would have with
rows 3 ft, apart; then find out how much fertilizer
is needed per foot of row length by dividing the
per acre dosage by total row length per acre., Finally,
multiply by 120 to find cut how much fertilizer is
needed for a row 120 ft. long.

Base your calculations on a square acre like this:
—d0 feet ‘
TOTAIL, ROW LENGTH PER ACRE =

number of rows/acre X

(Actually, an
__their length.. .

acre is closer

to 209 ft, on a
side, but it's
much easier us-
ing 210', and the
error is very
tiny.)

210 FEET
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Total row length/acre = number of rows/acre X their length

Number of rows/acre = ' i -
e ws/ acre 2%0f§f. = 70 rows o~

-

Each row is 210 ft. long so: 70 rows x 210 ft. = 14,700 ft, of
. row length per

: .~ acre
Now find the amount of 16-20.0 needed per foot of row, but

first convert the 250 1lbs. to ounces to avoid messing with
fractions of a pounde 250 1lbse X 16 = 4000 ounces

0 o2, :
2,?80 ;t. = 0.27 QZD/ft. of row

120 X 0427 02a = 325 0ze 0f 16~20-0 per 120 ft. of row

WAY 2: As in Way 1, first find the total row length per acre,
and then set up a proportion like so: '

120 £t. row length - X
14,700 £t. row length ~ 2000 oz.

14,700 X = 480,000 oz.
X = 3245 0Ze 16-20-0 needed per 120 f¢. row

WwaY 3:

120 ft. row length : L
4,700 rt. row length X 4000 ozf = 3245 OZe

AN IMPORTANT POINT!: Note that you didn't need to know the
size of Pora's field to work this prob-
lems All you need is the dosage per agre
and hls row spacinges As long as her rows
are 3 ft. apart and she applies 32.5 oz. of
16-20~0 per 120 fts., cshe'll be applying 250
lbse per acre no matter what her fileld size
or shapes In this case, Pora's field size
is needed only for figuring out how much
total fertilizer she'll need.

IV. AMOUNT NEEDED PER PLANT (OR PLANT GROUP)

When using the half-circle or hole method of placement,
the farmer will want to know how much fertilizer is needed
per plant (or group of plants if in a "hill"), The trick is
to calculate the number of plants you'd have in a hectare or
acre, etce and then divide this into the ferfilizer dosage ——
per hectare, acre, etce

As in the last section, You're better off converting kgse .
to grams and lbse. to o0ze right at the start to avold lots
of decimal fractionss

114
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- ' - PROZLEM 5: Soil %4ests advise Lam to apply 600 kgse 0f 12-24.12

.l o Per hectare when he transplants his tomatoes; his T
SASIS rows are 1 meter apart with 80 cmse between plants
T in the row. He'll use the half circle method and
wants to know how much 12-24~12 he should apply
per plant. T
SOLUTION:
Base your calculations on a square hectare (100 meters x
100 meters. \\\

W¥T. OF FERTILIZER/PLANT

[}

Pertilizer Dosage/Hectare
Rows/ﬂectgre x Plants/Row

. Rows/hectare = 100 metesrs = 100 rows (each cne is 100 mtse
1 meter iong?

2Lants/row = 100 meters = 125 plants
0.8 mtse.

225 plants/row x 100 rows = 12,500 plants/hectare
600 kgse 12«24-12 = 600,000 grams

£0,000
§T§f§55_g§§?§ = 48 grams 12-24-12 per plant

g PROBLEM 6: Suheyla is advised to apply 300 lbs./acre of
(ACRE; LBe 14-14.14 at corn planting time. She'll plant 3
BASIS seeds/hole, space her rows 40 inches apart, and

make the seed holes every 24 inches ir the rowe She is
going to make a separate hole for the fertilizer :

next to each seed hole and asks you how much
14-~14-.14 each fertilizer hole should receivee.
SOLUTION: (Use a square acre of 210 ft, x 2i0 ft.)

find out how many seed holes an acre would have at
this 40" x 24" spacing and divide that into the per acre
fertilizer dosage.

seedaholes/Acre = rows/acré x¥ seed holes/row

rOWS/acre = % = 63 rows (P.S. 42" = 3.33 fto)

seed holes/row = 210 ft.= 105 seed holes/row

: 2 ft. ,
62 rows x 10% seed holes/row. = S615 seed holes/acre
300 1bse. x 16 = 4800 oz. ‘

4800 oz, =_about 3/4 o0ze 14-14-14 per seed group __
661% seed holes

Mixing Acres and Centimetaers: No- problem since an acre is close
© to 4000 sqe. meters; if spacings are gilven in meters and centi.

meters, base your figuring oxn a 50 X 30 meter acree

1135
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A Special Note on the Central American "MANZANA"

In most of Central America, the "Manzana" (1.73 acres
or 0.7 hectares) 1is the standard unit of land measure. It
contains 10,000 sq. "varas™ (one vara = 32.8") or._about
7000 sq. meters. Here's a couple tips for working with fer-—
tllizer recommendations on a lbs./manzana basls:

l. If row spacings and plant distances are in terms
of "cuartas" (4 cuartas = 1 vara) and varas, use a
square manzana with 100 vara sides for determining
row length/mze or plants/mze PFor example, if Juan
spaces his corn rows 5 cuartas apart, he'd have 8000
varas of cow length per manzana (80 rows x 100 varas)e-

2« If row spacings and plant distances are in terms
of cms. or meters, use a rectangular manzana measur-
ing 70 x 100 meters. For example, if Themba plants 2
corn seeds per hole with 50 cmse between noles in
the row and 1 meter between rows, he'd have 14,000
seed holes per manzana (140 holes/row X 120 rows)e

V. CONVERTING FERTILIZER DOSAGES FROM A WEIGHT TO VOLUME BASIS

It's not much help telling your farmers to apply so many
.grams or ounces of fertilizer per length of row or per planta
They'll want to know the dosage in terms of tablespoonfuls,

handfuls, or other volume measurement like a tuna fish can
or julice cane The different fertilizers vary a lot in their
weight per volume or weight in relation to water (1 c.ce of
water welghs 1 gram, 1 liter of water weighs 1 xilo, 1 U.S.
gal. of water weighs 8.3 1lbs.).

) The most accurate way to convert fertilizer dosages. from
a weight to volume basis is to use the local pharmacy's or
post office's scales to determine the density of the par-
ticular fertilizer. If no scales are avallable, use the
table below, although a fertilizer's density will vary with
the brand,

APPROX, WEIGHT OF

FERTILIZER - 1 Level Thse 100 cece 1 Cup
: (15 cec,) - (8_£1. 0z)
Ammonium sylfate '

& Superphosphate Ueb 0Z., 17 Fe }18 Je S5 0?0, 270 grams

NP, NPK fertili-

zers, potassium 0.5 o0ze, 14 g, 100 ge 8.0 0zZe, 225 ge ,
chloride ' - o - -

Urea & ammonium
nitrate Oe4 0z., 11 g. 80 g 6.5 Ozey 185 Qg

~
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VII. PERTILIZER GUIDELINES FOR SPECIFIC CROPS

This section gives specific fertilizer guidelines for
t*e following crops: -
- Corn (maize) Cassava (manicc, yuca) -
Sorghum (grain & forage) Sweetpotatoes ’
. Rice Potatoes .
N Beans Vegetables
) Soybeans Pastures
Peanuts Coffee
: Bananas

o~ CORN (MAIZE)

Some Imbortant Facts on Corn You Need to Know

Dependihg on varietzhand temperature, corn reaches physjo-
logical maturity (iee. e kernels cease accumulating starch,
protein, fat, and minerals) in about 90~130 days in the 0 -
3000 fte zone of the tropics but may take up to 8=12 months
at high elevations (7000 ft. on up)e At this stage, kernel
. moisture has dropped to around 30-35% which is still teohigh
- for mold-free storagee Most small farmers let the corn con- n
- tinue drying on the stalk in the field for several weeks bew
- fore harvestinge Some supplemental drying by sun or grain
dryer may still be needed; a 12~-13% moisture content is neCessary
for safe storage of shelled grain, while ear corn can be put
into. a properly designed crib at 24-28% molisture. Storage
insec like weevils and grain moths are an ever-present
problzr;l&and can he controlled by fum:lgat:lon or coating kernels
with speCial secticides.

—— A large e cf corn may have 1000 kernels, but a normal
ear has about ~600e The shelling percentage is about 80%
(70 lbs. of ear.cc:\\yields about 56 lbse or 1 bushel of
shelled grain).
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¢rowth stades: In the 0-3000 ft. zone of the tropics, it
takes about 50-70 days from seedling emergence to tasseling o~
and about 50-60 days from tasseling to maturity (varies with
Variety and temperature). About 1-2 days before pollen shed,
. the tassel is thrust out of:the leaf whorl; pollen shedding
begins 2-3 days before the silks emerge from the ear and
continues for 5-8 days. Corn is crogs=pollinated (95% or
more of the kernels on a cob are pollinated by other plants)e
Under favorable conditions, all the silks will emerge within
3-5 days, and most will be pollinated immediately. Shortage
of pollen 1is rarely a problem; poor ear fill or skipped ker~
nels are almost always due to.delayed silk emergence or ovule
‘abortion, both of which are caused by drough%t, overcreowding,
or a shortage of N or P.

. Pollination is a very critical time with a high demand
for water and nutrients, especially N, Nutrient and water
Use is heavy from about 3 weeks before to 3 waeks after
pollination.

Yields: Average ylelds of shelled grain (14% moisture) under
varying conditions are shown below:. :

Lbss/Acre Kas./Hectare Lbse/Manzana

Top farmers in - _ ) _
U.S. Corn Belt 9000_ 12,000+ 10,000~13,500+ 15,500~ 21,000

UuSe a.verage‘ 5000 5500 8500

S ine count - - 15002200
developing countries 850 1250 950 1400 -

N

Fertilizer Responge

when starting from a low base like 850-1250 lbs./acre,,,
yields of shelled grain should increase by roughly 50-100
lbs, for each 2 1lbs. of N + 1 1b. of P,0g applied if moisture
and other nutrients are adequate and tﬁere are no serious
limiting factors as far as insects, diseases, weeds, pH,
soll drainage, and depthj use of a suitable improved variety
or hybrid and an adequate plant population are importante.
This yleld response formula applies to NPK rates within the
"low", "medium*, and "high" ranges of the taktle on pe 89 ,-

EXAMPLE: You set up a fertilizer demo on cornj; the fertilized'
plot receives a total of 80 1lbs. N, 40 lbse P.O.,
and 40 1bs. K,0 and ylelds 2500 lbse/zcre, whfld _
the unfertili%ed plot yields 1500 1bs./acree Should
you be satisfied with the response? -

SOLUTION: According to the response formula, £0 lbse N and
40 1bs. 920 should have increased the yield b¥
2000-4000“1Bse/acre for a total yield of 3500 {(i.ee
1500 + 2000) lbse to 5500 (1500 + 4000) lbse/acree

*l, On a metric basis, each 2 kgse N + 1 kge P20g should
increase yields-by 50-100 kgse of shelled graine
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i Since only a 2500 lﬁsolacre_Yield was' obtained, one or
~ more- limiting factors were present. o
NoP.K_Needs'

Use the table on p. 89as a guide. Corn and other grass
family crops like sorghum, rice, wheat, and pasture grasses
are more efficient potassium extractors' than most other
cropse On many loamy to clayey sgoils of volcanic origin

.. little or no K may be needed, but send in a soil sample to
make suree. Studies have shown that corn utilizes banded
"or hole placed P (see p.84) efficiently up to about 50-60
C . 1bs./acre (kgse/Hae) oOf 92050 .

e
Sulfur, Calclium, and Magnesium: Sulfur deficiencies are rare
in corn but most likely in coarse textured soils under high
rainfall, in volcanic soils, or in cases where low sulfur
fertilizers nave heen used for several years (see pe76).
Magnesium deficiencies are uncommon also except in very _
acid soils (see pe47 ). Calcium deficiencies are very rare
and only occur in yery acid soils (see p«i7).

Mig;onutrieg;sz Except for ginc, corn isn't especially
susceptible to micronutrient deficiencies (zinc, copper,
iron, manganese, boron, molybdanum), 'Such deficiencies are
~ most likely to occur above a pH of 6.8 (except for Mo) or
in sandy or organic soils (peats, mucks). Large applications . -
of P may lower zinc uptake below the critical level in low
zinc soilse To confirm zinc deficiency, spray 10-20 plants
with a solution of X teaspoon zinc sulfate in one gallon
of water plus about a teaspoon of liquid detergent as a.
wetting agent, If zinc is deficient, new leaves will be a
normal green when they emergee. See pe82 for ballpark micro=-
nutrient ratese. '

Hunger Signs in Corn: See ppe 155=159.

. Application Guidelines -for -Corp-

Apply 1/3~1/2 of the total N at planting along with all

- the P and K3 sidedress the remaining N at knee-high stage.
T Under high rainfall, especially with sandy soils, apply no

more than 1/3 the total N (but at least 25 lbe/2cre ) at

planting; if leaching losses are likely to be high, 2 N

sidedressings may be needed (1/3 of total N at knee high,

1/3 of total N at silking)e Ileaching losses of K can be

- a problem under these conditions,. and you may want to make
2 applications (at planting and knee-high)e.

P 1st Applicption: Use antﬂP or NPK fertilizer with a ratio
that allows you to put on all of the P and K but only 1/3-
1/2 of the total Ne Apply the fertilizer at planting time
using one of the band or hole methods on p«84 , Don't
broadcast the fertilizeres If working with furrow irrigated
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'soils, check over the plaéement guidelines on p.89 .,

Sidedressing: when making one N sidedressing, knee-high stage

is the best times Use a straight N fertilizer like urea,
ammonium nitrate, or ammonium sulfate. Ammonium nitrate is
ideal when sidedressing has been delayed or to cure N hunger
signs since half its N is already in the Jobile nitrate form;
however, leaching losses might be higher than for other ammonium
type fertilizers. Deep Placement of the sidedressed N is not
only unnecessary but might result in pruriing the roctse Try .
to get it down about J=~1" deep (just enough to prevent iy from
being washed away by heaVvy rains 1f the ground is sloped?jalso, -

urea will lose some N as ammonia ga$ unless coverasd by a big

of soil. BY knee high stage, the roots have usuallyY reached’
the row middles, so placement of the fertiiizer right down
the row middle is fine and just as effective as Gloser place~
ment. When usinfj furrow irrigation, the fertilizer must be
placed below the high water line to avoid the N being carried
upward and away from the roots by capillary water movement.

Use the "Package Apvnroach®!

Don't expect fertilizer use alone to markedly increase
corn yields. It usually takes a "package" of improved prac-
tices to do the tricky and this includes use of & suitable
improved variety or hybrid, control of insects, weeds, and
diseases, the right plant population and spacing, and good

w

storage practices. ,

L2

Some Guideliﬁ;s for Plant Population & Spacing

RECOMMENDED PLANT POPULATIONS

Per Acre Per Hectare

Low fertility and/or moisture 5000 . 10,000 12,500 - 25,000
Adequate fertility & molsture 14,000~ 18,000 35,000 - 45,000

Adequate moisture, high fer—

tility (100+ 1bss N/acre

top management, and use of an 19,000~24,000 47,C00-.60,000
improved variety or hybrid

adapted to high populations.

To achieve these populations, you'll need to overplant by
15-20% to allow for germination losses, etc.

Corn has a lot of buffering ability when it comes to
populations A populaticn 40% below optimum may only lower
yields by 15-20% or so, since the plants respond to the
greater amount of space by producing more and/or larger ears.

Ear Size is a good indicator of how adequate the plant
population was for the growing conditions. Dry, husked ears
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welighing more than 10-11 ounces (280.300 grams) usually )
mean that plant population was t 0o low and that yields might
be 10-20% higher. However, overly high plant popul ations
increase lodging (tipping over) an¢ are likely to produce
weak stalked plants with small ears. Edr size of prolific
varieties (those producing more than one ear per plant) won'*t =
vary as much with population as with single eared varietiess
instead, the number of ears per plant will decrease as popu-
lation increases.

Plant Spacing:s "Many small farmers plant 4.5 seeds per hole
with the holes a yard or more apart. This greatly cuts down .
the labor of hand seeding, but yields suffer since the plants
compete for water, light, and nutrients within a small area.

A good Gompromise is to plant 2 seeds every 16~18" (40-45 cms.)
or 3 seeds every 24-27" (60-68 cms.) with rows 36-40% aparte
That'1l -give you about 15,000-18,000 plants/acre (37,000~ ’
45,000/Ha.) as a final stand. .

GRAIN & FORAGE SORGHUM

. Grain sorghum plants look a lot like corn when young; the
plant produces semi-round seeds about an 1/8" .size on a seed head
rather than an ear¢ Sorghum is A '
high heat than corn yet also more tolerant of poor drainage.

Tt owes 1ts drought resistance to an extensive root system,

a relatively small leaf area per plant, and its ability to

go dormant during periods of moisture stress., Grain sorghum }

varieties are usually short (3-5 ft,). while forage types are

taller and more leafy with sweeter stalks. :
Grain sorghum matures in about 90-120 days in the 0=3000

ft. zone of the tropics. Some native varieties are sensitive

to day length and won't mature until the shorter days of October

(April below the Equator) no matter how early they're planted.

Forage sorghums and many grain sorghums will produce sevéral
cuttings of forage or grain from one planting; new stalks will
sprout from the base of harvested plantse -

Leaves and stalks of young sorghum plants contain roison-
ous hydrocyanic acid (prussic acid), Cattleaﬁhd—ﬁheep are o
very susceptible to poisoning though horses and pigs seem o

be immune. -

Grain sorghum yields approximate those of corn when moisture
is adequate, though high rainfall and humidity promote grain
rot (using open headed varieties helps). Sorghum will outyield
corn considerably under low moisture conditions.

f . 1 2 1 : A | - ~-
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During the 6 month rainy season, small farmers in El %al~ ~
vador have harvested 3 cuttings of fgorage gorchum (or sorghum-
sudan_ztosses) for a total wet weight yield of 43 tons/acre
(75 ®ofis/manzana, 96000 kgs./Ha.)e Best time tp harvest in N
terms of nutritive value and yield is at the early heading
up to the soft dough stage. ‘ _— 3

Fertilizer Guidelines

The NPK needs of sorghum are similar to those of corn.
Sorghum is especlally sensitive to iron deficieuncies which
are most common above a pH of 6.8 Deficiencies can.be-
treated by applging 10-15 1lbse Of ferrous sulfate per acre
(10-15 kgs./Ha.) in 20=50 gals. of water (use a wetting agent
to enhance uniform coverage) per acre 10-15 days after seed-
ling emergence; repeatixlabout %padays if symptoms porsist.
Bee p.l155 for hunger signs in sorghum. L e

Sorghum seeds and seedlings are more easily burned by

. fertilizer than corn so avold fertilizer contact with seed. -
Follow the NPK guidelines on p. 89 , and use the same appli-

cation methods .as for corne. If harvesting more than one .

cutting from a ﬁingle planting, apply all the P and K at . '
planting time along with about. 30-50 1lbs. N/acre; sidedress ‘
another S0-70 1bs. N/3acre 30 days later; after each chtting

apply 30-50 lbs. N/acre followed by a sidedressing of 50-70 _
lbse. N/acr&725 days latere. P

RICE

£y
Rough rice (includes the hull) yields average about 5500
lbs./acre (6000 kgsSes/Hae) in the developed countries but only
about 1400 1lbs/acre (1550 kgs./Ha.) in the developing countries.
Yet yields as high as 21000 1bs./acre (12,500 kgs./Ha.) have
been obtained in both ‘areas. .
]
L
Rice matures in about 110~150 days, though some native
varieties may take 6 months or moree 100 lbss of Pough.rice - .
" after milling will yield: 64-68 lbse whole and broken kernels,
20 1bs. hulls, 10-13 1lbs, rice brari, and 3-4 1lbs, rice polish
(a mixture of the ipner bran layer with some of the starchy
interior plus pact of the germ)a

lowland (Flooded) vse Upland (Dryland} Rice

Dryland rice. relies entirely on rainfall or periodic - o~
irrigation for moisture ‘and 1s grown mainly on clayey soils
with slow subsurface drainage where a high moisture content
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can be maintalnede. However, flooded rice yields are usually
P - 50-60% higher than dryland yields because: .
b

l. Flooding provides a more ideal environment for
the roots. N

2+ It increases the availability of certain nutri~
ents, especlally phosphorus,

3. It helps control weeds.

‘ The catch i1s that flooded rice production requires level
= land, plenty of water, a system of canals and dikes, and
soils impermeable enough to maintain a 2-6" layer of water
over them without axcessive leaching. ‘

High N Response va, Low N Resgponse vgxi_;;gg

Nearly all the native tropical varieties of rice are
low N respopse vagpleties which are tall growing fover S5 fte)
and leafy; they respond to increasing rates of N by growing
still taller and produting more-tillers (stems from the same
plant}e This causes lodging (tipping over) plus a mutual . :
‘competitive shading of the added tillers whitch cuts down the . &
number of se¢ed heads. Such varieties seldom respond .well to '
more than 20-30 1lbse N/acre.’ . .

Most of the temperate zone varieties aze high N responders
and are short strawed (3-4% ft.) with a high number of seed
_producing tilleras. Many of the improved tropical varieties
are crosses between the 2 types and show & profitable response
to up to 100 1lbse N/acre or more without lodging.

Tgansglanting vse Direct Planting

] In the troplcs, rice is most. commonly started out in a -
; " nursery seedbed and then transplanted to the field 2030
: _ days later.. Transplanting gives the plants a jump on weeds,
makes it easier to raise healthy seedlings in a confined
space, and allows optimum plant spacing in the fielde. On
the other hand, direct seeding speeds up mavurity by 7-10
- days and eliminates the labor involved in caring for and
transplanting the seedlingse. ' However, di:ect seeding allows
‘more ‘opportunity for rat and bird damage and makes weeding
difficult if the broadcast method of seeding is used (un~
less herbicides are avallable and cost feasible).

Nutrieat Needs of Rice:. N needs depend 6n whether a low N -
or high N response variety is used. The P needs of rice are™-,
unusually low compared with other grain crops; dryland rice
often gives more of 2 response to fertilizer P than flooded
rice since flooding increases P availability. Oc rates

on flooded soils seldom exceed 40 lbs./acre (kggoﬁHao). -
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Responses to added potassium are most likely on sandy soilse.

The rice straw itself contains about 80-90% Of the plant's

total K so returning the residues t0 the field is a good way

to recycle K (this is also true of most crop.residues). Sacopn~ ,
darv and microputriept deficiencies are uncommon, although ~
4rog hunger is occasionally seen above a pH of 7.0.

Placement and Timing of Fertilizer

Dryland Rice: Apply an NP or NPK fertilizer at or shortly

before planting (dryland rice is direct planted). If applied
baefore planting, it can be broadcast and then harrowed or

plowed into the soil. When applied at planting, it can be

placed in a band slightly below and to the s8ide of the seed

row. Deep placement of P and K isn't necessary with rice sing®e it
has a lot of roots verynear the surface. Apply about a third

of the N at planting and sidedress the rest about 50 days

laters Total N rates can go as high-as 100 lbs./acre (kgs./Ha.)
when using improved varieties,

Transplanted Flooded Rice: Most seedling nurseries aren't
fertilized, but you can try applying about 40 grams 12-24-12
or equivalent per sgq. meter (broadcast it and rake it in
lightly). ,

‘An NP or NPK fertilizer should be broadcast and harrowed
in shortly before transplanting. Urea or an ammonium N ;
fertilizer should be used and placed about 2" deep to avoid _~
N loss by denitrification or leaching (see below)e Most
of the M can be applied at planting, followed by the remainder
about 60 days befcre harvest; for short maturity varieties
that are N responsive, all the N can be applied at planting
on clayey soils. '

Placement of N under Flooded Conditiong: It's important to:
remember that urea or an ammonium form O0f N should be used
with flooded rice and placed about 2" deep to avoid losses.

by denitrification (conversion t0 nitrogen gas) or leaching.
That’s because a flooded 501l has two layers: one with oxy-
gen (aerobic) and one without oxygen (anaerobic). The aerobic
layer is confined t0 the top quarter inch of so0il, and below
that is the far larger anaerobic layer. Ammonium forms of N
and urea (which geis converted to0 ammonium) are heid by the
clay and humus particles; nitrate N is readily leached. If
ammonium N or urez is placed in the aerobic’ zone, there's
enough oxygen for soil dacteria to convert the fertilizer into
nitrate (NO3). The nitrate then leaches down into the an-
aerobic zone where oxygen hungry bacteria steal the oxygen (0)
from the NO3 and convert it into nitrogen ges (N:;) which is
lost to the atmospherea. However, if the ammoniwi N or urea

is originally placed in the anaerobic zone, it'll remain as
ammonium and be kept from serious leaching; the ammonium N
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— (nu't) doesn't contain oxygen, so there's no danger of deﬁitri—
- ficition. '

When applying N at planting time to direct seeded lowland
rice or at transplanting time to lowland rice, the soil should .
be flooded within 3-4 days to prevent excessive conversion of
ammonium N o nitrate due to non-flooded aserobic conditions.

Numerous studies have shown that bfo&dcasting N ferti-
lizer over the water is only about half as effective as
placing it a couple inches deep in the anaerobic zone.

An important point about urea is that it's mobile until

it's been converted to ammonium (takes a couple days) and
this requires oxygen; hold off reflooding for a couple days
after application to allow the conversion to take place.

In very acid, highly leached soils low in iron, ammonium
sulfate may cause a toxic accumulation of sulfide under flood-
ed conditions. - )

Fertiliser use on flooded rice is pretty technical as
You can see, so be sure andé consult reliable sources of

info in your country.

D a_Flooded Rice Soil
P water levelv-v«‘_. — T, - ~em sy e e e Rammiem Attt w et R afe erwmar s rmenen
 Soil syrface
Beiob.on thick) NH——NO3 NO3 |
. + .
aerobég layer 36;—)» gas (—.-yo; ]’:ﬂhl’;:;:gm
no oxygen . L _
EIELD BEANS as NH,,

Field beans {kidney, navy, pinto, etc.) and other types
like cowpeas and mung beans contain around 22-26% protein
and are an important source of this nutrient in most Peace
. Corps countries., Average yields in most developing countries
are around 600 lbs./acre (650 kgse./Hae«) but this could be
doubled or tripled using improved practicaes and varieties.

Although they're legumes, beans vary a lot in their nitro-
gen fixing ability. Cowpeas and mung beans are falrly efficient
as long as the proper strain of Rhizobia bacteria is present
in the soil; only around 25 1lbs./acre (kgs./Ha.) of N is '
usually recommended as an at-planting application with no
further sidedressings. .Fleld bean types are less efficient
N fixers, and rates of 40-60 1lbs. N/acre {(kgs./Ha.) are
usual (in high rainfall areas sidedress akout half the N
about a month after planting). Occasionally, it may be
necessary to innoculate cowpea or mung bean seed with the

proper Rhizobia (see peanuts) if cowpea Rh;zobif family crops
haven't been grown on the soil ywithin 3 years o8, mUNg

1
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beans, peanuts, cowpeas, lima beans, Cprotalaria).

Phosphorus rates for 'beans are usually in the 30=40 1bs.
P20 /acre (kgs./Ha.) range, while potassium rates range from
0 20 1lbs./acre (kgse/Has.) of Ky0. o

Beans are sensitive to manganese and ging deficiencies
which are most likely to occur at pH's above 6.8. See p. 82
for controle On the other hand, manganese toxicity becomes
increasingly llkely at pH's below 5,5.

When applying an NP or NPK fertilizer at planting, use
the band method but avoid fertilizer contact with the seeds
(beans are especlally sensitive to "burn®).

-~

SOYBEANS

Mature, dry soybeans range from 14-24% in oil and 30~45%
in protein (usually, the higher the oil content, the lower
the protein). In the Western Hemisphere, soybeans are grown
mainly for their oil which is used in cooking, margarine,
and industry. Many of the high yielding varieties are also
high in ¢il and not very palatable for humans. The soybean
mea) which remains after oil extraction (done by crushing
or with solvents) is an important high protein feedstuff
used in pig and poultry rations. Raw soybeaans have a trypsin
inhibitor |(trypsin is an enzyme needed for protein digestion)
which first must be deactivated by heating before they can -
be used for food or feed; this is done during the manufacture
of soybean meal. '

Soybea# varieties are extremely photosenslt in that
flowering and pod formation are stimulated by short day lengths.
If a variety is moved ¢o an area of shorter day length (i.e.
toward the Equator), flowering and.pod formatism will begin
while the plants are still small, and ylelds will be poor.

Many soybean varieties grown in the tropics come from the
Southern Ufs. since day length differences aren't serious.

A .

The average soyYbean yield in the U.,Se is about 1800 lbse.
acre (2000 'kgse/Ha., 3000 lbs./manzanale Yields of 2500-3000
lbs./acre are commone. A realistic yleld goal for the tropics
would be about 1800=2400 lbs/acre (2000-~2700 kgs./Hasde

Fertilizer Guicelines : )
-:Soybeans are an efficient N fixing legumeQ Pertilizer
N usually gives no response to properly nodulated soybeanse. 7~

LS
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Some sources recommend applying a small amount of N fertilizer
at planting (25 lbs./acre) to get the plants off to a good
start until the Rhizobla start functioning but this isn't
universale.

Soybeans grow best within a pH range of 6,0~7.,0, More
acid soils depress the activities of the soybean strain of
Rhizobla and can also cause manganese and aluminum toxicities
as well as molybdenum deficlencies (Mo is also needed by
the Rhizobla)e. Above a pH of 7.0, P and micronutrient de-
ficlencles (except Mo) are more likelye.

Soybeans respond well to P and K on solls low in these
nutrients; response 1s much less llkely 1f soybeans follow
a well fertilized crope Rates of 20-60 lbs./acre (kgs./Ha.)
of P,0, are common. Soybeans-are heavy K users and rates
rangé Prom 30-100 1bs./acre (kgs./Ha.) of K,0. Soil test
to get a better 1idea.

P and K should be applied in a band at planting time
about 2" (5cmse.) below and 2" to the side of the seed. Soy-
beans are very sensitive to "burn™ so don't place fertilizer
with)the seed (1t will also kill the Rhizobla on innoculated
seed). .

Althouch sensitive to manganese toxicity (common below

a pH of 5.5), soybeans often suffer manganese deficiencies.

at pH's above 6.5+ Best way to control Mn deficlency is to
spray the plants with 10 1bs. ‘6¥ manganese sulfate in 1540
calse of water per acre. You can apply 25 lbs./acre of man-
ganese sulfate mixed with the P and K you apply at planting
in a band. Use a uettiq? agent when applying Mn to the leaves
(l1ike 2 tablespoons 1liquid detergent per 4 gallon backpack

sprayer tankful). -

Molybdenum 18 needed by both the plants and the_ﬁﬁ;;g%ig,
but deflciencies only occur on acid soils. Liming the soil
to a pH Of €.0 will usually correct problems. Instead of
liming, the seed can be treated with molybdenum at the same
time it's innoculated. Add 1/2 oz. (15 grams) of sodium or
ammonium molybdate to 1 cup (240 cec.) hot water and then
add a few drops of syrup or molasses. Cool and then mix

the solution with 60 1lbs. of seed} then add the innoculant
and plant the seed as soon as possible.

Magnesium deficiencies are only likely belbow & pH of 6+0s
Liming with dolomitic limestone to a pH of 6+0«6+5 will cor~
rect problems. Don't ralse the pH above 6.5 or you may pro-
mote manganese deficienﬁies.

Seed Innoculation: Soybeans require a verY gpecific strain
of zob bacteria. Unless soybeans have been grown on
the same soll within a year or two and were known to be
properly nodulated (see under peanuts), the seed should be
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innoculated with soybean Bhizobla. The innoculant is a dark
colored dried powder which contains the 1living bacteria and
comes in a sealed package (check the expiry date)e The seed

is ‘placed in a basin and moistened with ‘water to help the
innoculant stick (adding a bit of molasses helps too), and N\
the correct amount is mixed with the seede The seed should

. be planted within a few hours; avoid exposing it o sunlight
for long or the bacteria may be killede Be sure the innoculant
you use is specifically for soybeanse You can examine plants
for proper nodulation about 3~4 weeks after planting (see

under peanuts)e \

PEANUTS

Mature, shelled peanuts contain about 40-48% oil and
25=30% proteine One ton of cleaned but unshelled peanuts
yields about 530 lbs. of oil, 820 1lbse of meal, and 650
lbse of shellse Feanuts mature in 3-5 months and prefer
well drained soils that aren’'t too clayey (the peanut "pegs"
have difficulty entering hard clayey soils)e Average yields
in Peace Corps countries are about 600-1000 lbs./acre (700~
1100 kgse/Hae)e With improved practices, yields of 1500~2000 -
1lbse/acre (1700-2200 kgse/Ha.) are Very feasible and can run ~~
as high as double thate ‘

Fertilizer Needs and Application Metheds

The peanut is rot really a nut but a legume (seed in a podle
If the right strain of Rhizobia is present, they require little .
or no Ne Studies have shown that a light dose of 20~30 1luse
N per acre (kgse/Ha.) at planting helps the young plants along
during the period when the Rhizgbia haven't yet started to
fix N.

Seed Innoculztion: Seed should be innoculated (see under soy-
beans) if peanuts, cowpeas, lima beans, or erotalaria haven't
been grown on the land within 3 yearse Be sure to use the
right strain of ianoculant. . -

Checking for Proper Nodulation: Carefully remove the roots
of plants at least 3 weeks o0ld from the soil and look for

‘clusters of fleshy nodules (up to the size of sRall peas)
especially on the tap root; slice a few open and &n interior
‘reddish color means they're actively fixing N. .-

Soil pH: Peanuts grow-best within a pH range of 5.5=645.

Higher pH's increase the chance of manganese deficiencies, .
while very acid conditions .may cause mandanese¢ and alumlinum TN
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toxicitieg_and madnesium deficienciess Use dolomitic lime-
stone if liming 1s neaded and don't go above PH 645

P and K: Peanuts have an unusual ability to utilize residual
fertilizer from preceding crops and don't often give profit-

.able responses to direct applications of P and K unless soil

levels are very lowe. There's good evidence that high K levels
in the podding zone actually hurt ylelds by increasinge. In
short, pearnuts give a fickle response te P and K. If planning
to apply a small amount of N at planting (20-30 lbss./acre),
try using 16-20-0 at 150 1bse/acre (kgs./Ha.) on a2 small area

"‘as a test {(or mix some superphosphate with the N fertilizer)e.

Don't hold your breath waiting for a response. Band apmly ite

Calcium: This crunchy legume is one of the few crops having
a high requirement for calcium as a nutrient. Light green
plants plus a high % of unfiiled shells {(called "pops"™) may
indicate Ca hunger. Gypsum {(calcium sulfate) is the usual-
remedy; it's much more soluble than lime and also has no effect
on pHe The nuts themselves won't develop in a soil layer -
deficient in Ca even though enough Ca i3 available to the

roots below. That means you should dust the gypsum in a 15"
wide band drectly over the plants so it'll be leached down into
the root zone. Use about 400=600 lbs./acre and apply right
before flowering. ' The gypsum also supplies sulfure

Manganese: Peanuts are sensitive to manganese deficiency
which are most coinnon above a pH of 6.5« The leaves turn
light yellow whole the veins remain somewhat green. Spray
the plants with 5«10 lbs. of manganese sulfate per acree
Use a wetting agent.

Growth Stages: Flowering occurs about a month after emergence.
The pods aren't part of the root system; asflowering fades,
shoots called "pegs™ develop and grow downviard into the soll;
the peanuts develop at the ends of the pegs. Pegging takes
place about 3 weeks after flowering. The peanuts are Fready
for harvest when the inside of the shells begins to color

and show darkened veins. The plants are fairly drought toler=-
anta.

CASSAVA (MANIOC, YUCA)

Cassava 1s a drought resistant tuber C€rop known for its
good adaption to poor soils. The tubers are ready for har-
vest about 9-12 months after planting (sections of the stem
are used) and yield about 2-4 tons/acre (4500=9000 kgse/Ha)
on poor ground but up to 16-20 tons/acre on deep, fertile
s0ilss The tubers are very low in protein and vitamins but
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a good source of calories. The tubers contaln varying amounts
of polsonous hydrocyanic acid (HCN), and varieties can be .
classed as "bitter™ (high HCN) or "sweet" (low HCN). Even

the "sweet" varieties must first be detoxified by peeling

(most of the HCN is in the peel) followed by cc¢oking, roasting,
or sun drying. The bitter varieties are used for commercial
starch production since they're better Ylelders. Tapiccu
comes from cassava., Cassava leaves contain. abeut 25-30% pro-
tein on a dry weight basis and are commonly eaten.

Being a starch crop, cassava has a veryY high K require-
ment, and even high K soils may become deficient after several
years of continuous croppings Excessive rates of N will pro=-
mote leafy growth at the expense of tuberse. Average ferti-
lizer recommendations from many countries are in the range
of 40-80 1bse N, 40-60 1bs. P,0g, and 80-150 1bs. K,0 per
acre {or kgse/Has)s Apply alf ihe P and K at planting
along with 1/3-1/2 of the N, followed by 1 or 2 N side~
dressings later one._  Split applications of K may be needed
on sandy soils or under very heavy rainfall. At planting, apply
the NP or NPK fertilizer in a half-circle around each seed
plece about 3-4" away and 3=4" deepe. '

SWEETPOTATOES

Unlike potatoes, sweetpotatoes are a warm season cropes
The starchy roots are ready for harvest in about 4-6 months.

Like other starchy crops, sweetpotatoes have a high K
requirements. Excessivei amounts of N (over 90 1lb./acre or
kgse/Has) favor leafy growth over tuber growth. Most NPK
recommendations for sweetpotatoes are in the range of 50-60
1bse No 40-50 1bs. P,Oc, and 80-120 lbs. K0 per acre (or
kgse+/Hae), but much fower K rates can be used on high K
soilse Apply 1/3=1/2 of the N at planting alcng with all
the P and about 1/3-1/2 of the K. Sidedress *he rest of
the N in 2 applications and the rest of the K in one (about
2 months or so after planting. The at-planting application
should be placed in a band about 3-4" to the side and 3~4"
deep. .

N deficiency causes the leaves to turn light green to
Yellow, and the vines become deep red. P hunger causes
daxrk green leaves that have a purpling over the veins on
the backside of the leaves. X hunger starts with a yYellowing
and bronzing of the leaf tips and margins which gradually
moves toward the center.

Soils high in organic matter tend to promote tuber diseases
so manure or compost usually aren't recommended. Boron deficiency
-+ is sometimes a problem and can be cured using 5 1lbs. borax

per acre mixed with the NP or NPK fertilizer.
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Potatoes prefer cool temperatures, and profitable pro-
duction in the tropics is usually confined to elevations
above 2000 ft. The best ylelds are obtained where the mean
temperature during the growing sgason (average of daily high
and low) doesn't exceed 70°F (20°C). Higher mean temperatures
depress tuber growth since the plants respire much of the
starch they produce instead of storing it ir the tubers.
Yields of up to 25-30 tons/acre are possible under tQp manage-

ment and ideal weather, but most small farmers average around
4-6 tons/acre (9000..13500 kgse/Ha.)e

Most varleties mature in about 100-130 days but full maturity
is often not reached due to defoliation of the plants by fungus
diseases (early and late blight)e Routine applications of fune
gicides are essential. T ‘

A

Fertilizer Guidelineg

Potatoes are heavy NPK feeders requiring Lefty rates of
fertilizer beczuse thelir root system 1is small and they accumu- .
late their yield in relatively short amount of time. They
grow best within a pH range of 5.0-6.5 and are failrly toler-
ant of acidity; one effective way of controlling potato scab
disecase is to keep the pH.below 5.5.

Nitrogen: Rates up to 120 1lbse N/acre (kgse/Hae) or more may
be profitable when improved varieties are used along with -
good insect, disease, and weed control. Apply about 1/3-1/2
the N at planting and sidedress the rest at hilling up time.
Rates in the 60-90 1lbs./Acre (kgs./Hae.) range are probably
best for the average small farmere®l

Phosphorus: Rates as high as 100-200 1lbse/acre (kgse./Hae) of

P,0g are usually recommended for soils low in P. P increases
tﬁe number rather than the size of the potatoes, shortens matur-
ity, and improves quality. ’

'Potassium: Potatoes have a high K need, and even soils rich

in K may become depleted after Years of potato growing unless
K 1s addede Rates for medium K soills range from about 50-100
1bse K;0/acre (kgs./Ha.) with up to 200 lbse./acre on low K
soills under top management and growing conditions. When high
rates of K are used, potassium sulfate should be subst4tuted
for potassium chloride; excess chloride lowers the quality

and starch content of tuberse

: < lica~

*1 Varieties vary in their N responsiveness; liigh N app
tions will favor top growth at the expense of tuber growth
in some. .
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Methods of ADDlication: Banding of the at-planting fertilizer
is especially recommended for potatoes due to their limited

stem, Place the NP or NPK fertilizer about 2" to the N
slde of the seed gieces and slightly below them (only one band
per row is needed Apply about % tho N, all the P, and all ‘
the K at planting; in sandy soils, it's a good 1dea to apply
1/2 the K at planting and the remainder at hilling up time ——
along with the rest of the N. Place the N cide~dressing
about 10-12" from the rowe

Magnesium deficiencies are sometimes a problem in very acid
soils below pH 5.5. See pe« 82 for control.

/

VEGETABLES

Vegies usually give excellent responses to fertilizer. :
They're mainly high value crops grown on a 3mall scale in- . T
tensive basis compared with field crops (corn, sorghum, rice,
field beans, etcs.)s Most small farmers who are seriously
into vegie growing tend to be better than average.managerse
Unlike field crops, most vegies return 1little if any residues
to the s0il. -For--these reasons, fertilizer rates for vegies
are often considerably higher than for field crops= so is the
need for applying compost and manure to help manntain an CK —~—
level of soil organic matter. :

Geperal Fertilizer Needs

The kind and -amount of fertilizer needed varies a lot
with the soil and vegie involveds Despite what you see in :
garden stores, there's really no such thing as "Tomato Ferti--
lizer" or "Vegetable Fertilizer", Only a soll test by a
reliable lab can pinpoint your sitdation's needs. Anyway,
here's some gerieral NPK recommendations for various vegies:’

Lbge/Acre or Kase/Hae -

N . ons KZO .
Beans 30-60 ~  25=50 20=70
Peppers, Eggklant 80~120 *, 40150 40~15%0 o
Beets, Carrots, 76-100 30-150 30150
Onions
Tomatoes . 100-150 70=200 50-200
Cabbage, Broccoli - -
Lottuce, Cauliflower 90-120 60-150 60-150
Cucumber, Squash 75=100 40-150 40-.150
Watermelon 70-100  40-150 40-150
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The table is pretty genérale. Actual rates that are best for
your farmer depend on his soil's nutrient status, his manage-
ment ability and capital, market prospects, yield limiting
factors like poor drainage or excessive heat or raine Don't
forget to ccnsider the nutrient value of any compost or manure
you mi?ht be using when considering fertilizer needs (see ppe.
59=64 e ) .- | .

wagumﬁmm= Some vegies are especliall
susceptible certaln secondary and micronutrient deficlen-

cles:
Calcium: Tomato, celery.

Magnesium: Cabbage, cucumber, eggplant, pepper, tomato,
: watermelon.

m: Cabbage family (cabbage, turnips, radiahes, cauliw
flowar, broccoli, collards, brassels sprougs, kale,
kohlrabhi), onions, asparaguse. '

Molybdenum: Cabbage family, eépecially caulifliowary toma.
- toes. '

Boron: Cabbage family, carrots, celery, tomatoes, let~
_tuce, beets, onions. T

Zinc: Beans, lima beans, corne

Mapganese: *Tomatoes, beans, lettuce, onions, radish,
spinache

ggggggz Common 1ﬁimany vegies grown on peat soils.

See P?- 81-82 for rates and-ppe 155-159 for hunger signs.

APPLICATION GUIDELINES FOR VEGIES

Direct Planted vediles

For close planted vegies like carrots,; turnips, radishes,
beans, mustard, and Chinese cabbage, place the fertilizer in
a continuous band 2" (5 cms.) below and 2" to the side of
the seed row; one band per row is enoughe Apply all the P
and K along with 1/3.1/2 the N; sidedress the remaining N
about a month after :plantinge With radishcs, apply all the
N at planting since they mature in 3-4 weeks.

_Eirst figure out the per-acra or per hectare NPK planting

dosage and then calculate the amount needed per length of
row {see ppe101-7); pon't guess but work it out!

L]
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Transplanted Vgg;es

_ Tomatoes, peppers, eggplant, cabbage, broccoli, head
le¢ttuce, and onions often do better if started out in a

seedbox Or nursery seedbed and then transplanted to the

field about 4-6 weeks lataer.

féQghgz_gg_yg;ggzxxggggpgg: Even if you use a lot of compost

n your seedbox 801l mix, don't count on it to supply enough
NPK; 1it's a slow release fertilizer, even more 80 if it's .

only partially rotted. Use an NPK fertilizer with a 1:2:1

or 1:3:1 ratio and aim for an application equal to about

80-100 1bs. N, 150250 1lbse P»0g, and 80-100 lbse K50 per

acre (or kgs./Hae)e That's c%pai to about 80 grama“(3 oz.)

Of 12w24~12 or 10-30-10 per sgG. Weter (about 1% level teaspoon.

© fuls per s8qe fte)e Mix it in ;hg;ggg?}x with the seedbox '
501l mix or broadcast it and work 1t into the top 4" of the

nursery seedbed. N deficiency may show up after 3~4 weeks

due £o leaching losses. water the seedlings with 1 tablespoon

ammonium sulfate or 1% teaspoons urea per dal. of water. Once

shzgld do it. Wash off the leaves with plain water after-

wWardse.

Making ub a_ Starter Fertilizer Solution for Trangplants: A

starter solution helps get the transplants off and running

again (the transplant operation 1s a shock to them). Use a .
fortilizer with a high ratio of P like 12-24-12 or 10-30-10 . 7~

if possible.

2-3 level tablespoons of fertilizer per gale.

of water (10-15 ceco./liter)e. Xt'll take some
work to dissolve it (hot water helps, so does
mashing it). -

1 cup (about 250 cece) per transplant hole7
Pour it in before transplanting and let it
drain completely before setting the plant 13,1

Mmun;m%mgqﬁpply
. the NP or NPK s0lid fertilizer in a half-circle " deep

and 3-4" out from the plant's steme Apply all the P and K .
along with 1/3-1/2 of the N. On sandy soils, it may be wise
to apply half the K at transplanting and the :“smainder

about a month later. -

S resg N Often: Long duration vegies like
tomatoes, pepper, and eggplant may need 2=4 sidedressings )
every 3«4 weeks after transplanting. Cabbages, broccoli,
lettuce, and onions can get by well with l.2, depending on
leaching conditions. You can place the N fertilizer in a
single line about 6" out from the base ¢~ . » plants or -
make a half-circle application at the same distance. Don't
worry about placing it deep (i1t'll leach down anyway)e

*1, NOTE: The starter solution isn't meant t0 be a substitute
for the normal application of solid fertilizer.
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Just cover it enough 80 you can't see it (about 1/2" is great). P

A Sp N Cuc : They're especially
fond of compost and manure (same with melons)e. If planting
them in "hills®, dig a hole a couple feet wide and a foot
deep and throw about 2-3 ghovelfuls of well rotted faym manure
. or compost in and cover with topsoll; plant the seeds in the
_ center of the "hill". - -

| A_Special Note op "Stapter" §§1y§;33g: If you use one at
. ‘transplant tiwe, you could delay the application of solid NPK
fertilizer up to a week; if you do, make the half.circle about
B" out. -

-
: a

. PASTURES _— -

During the wet Season, well managed tropical pestures
can provide gnough feed for normal growth of calves and beef
cattle and for the production of 1l-2 gals. of milk daily
per cow. Supplemental feeding with ligh energy sources like
corn, molasses, etc. will bPe needed for higher milk production:
OF more rapid fattening. From 1-2 1000 1b. cattle or lk=3 -
Pan 600 1be stcck can be carried per acre during the wet season
(or about the same number of dairy cattle)e. Once the dry
seaeon sets in, both the amount and feed value of the pasture
i seriously declines, and even well managed pastures can usually
/ satisfy only the maintenance requireiments of cattle (no growth

¢

or milk production). Humid region or irrigated pastures should’ .
produce 500-1000 1ibs. of live weight gain per acre yearly ’
without supplemental feeding (550-1100 kgs./Hae.).

FERTILIZER NEEDS : }

‘Tropical grasses like Elephant (Napier), Guinea, Pantgola,'
Bermuda, Para, and Star give excellent responses to fertilizer,
especially N. Soil tests will give an idea of how much is

necded for a particular situation.
é\

Nitroqen

N is the Bost important nutrient. in terms of amount, and
rates up to 390 1bs. or more per acre,yearly (330 kgs./Ha.)
may be profitable under good management and, year around pro= _
ductions Aside from increasing pasture yYielid, N alsc increases #
the protein content to varying degreer, depending on the amount .
applied, type of grass, rainfall, and stage of maturity at
am which the pasture is grezed. ' .

N . .
N should be applied in several applications to cut leach-
iug lossese. In humid areas without e pronounced dry season,
N 18 usually applied 4-6 times a year. - In areaz with a dry
ERJ(? season, 3~4;applicationp.§pou1d be made, all of them during
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the wet season unless irrigation is used. Work in Puerto
Rico showed that applying 100 1bs. N/acre 6=8 weeks before
‘the start of the dry season to recently grazed pastures will.
greatly increase the amount and nutritive value of the forale
carried over into the dry season; with this method, grazing -
should be deferred(following the N application) wuntil the
dry season begins. Guinea grass produces an especially good
standing hay with this method. .

'If urea is ysed, a good deal of N (up to 30=35%) may be
lost as ammonia gas (seé pe~73); this may be partly offsgt
bY urea's typically lower price compared to othex soyrctlc
but 1t's usually not recommended for’ pastures.

Phggghoggg: P can be applied once a year since it ‘won't leach
except 1n super sandy soils. Rates of 50-75 1bse P05 per
acre (kgs./Ha.) are commone ° ,

Potaa;ium: Up to0.200 1bse K,0/acre (kgs./Has) are applied
to low K s0ils under intensive management. Grassas tend to

- take up K in excuss of their neads, so it's a good idea
to split the applications to avoid this "lumury conaumption™.

Q%t:l_fu;s A sulfur bearing fertilizer should be inaluded in -
e fertilizer program, especially on sandy soils under high
rainfall; ammonium sulfate, single super, potaasium sulfate,

- and ammonium phosphate sulfete (16-20-0) are good S sourcos.
It's a good idea to apply around 20 1bs. S per acre yearly
(60 1bse sulfate or 301 .o :

Calcium ggg Magresium: Don’t forget that ammonium or urea
fertilizers have an acid effect on the soile. Chances are
that 1liming will eventually be needed after a few years of.
tontinued N applicationse_ Solls.with a low emchange capacity
(nega¥lve chazgee sse pe139) will drop more guiekly in pHe Lime
can be broadcast over the pasture. Use dolomitic limestone

. Oor else supply magnesium in another form to avoid deficiencies.
Cattle are very sensitive to Mg deficienties in pastures caused
by high rates of K without supplemental Mg. In cases where
both the s0il and liming. materialdife low in Mg, 1t may be

necessary to apply 100 1lbs. magnes oxide or 400 1lbs. mag-
nesium sulfate (epsom salts) ¢ Yearly in l=2 a géica-
tions. Potassium magnesium sulfate has 1% and 21- Ky0.

u : Deficiencies are unlikely cxcopt in very leached .
out sandy soils or at pH's above 7.0 MoOlybdenun's availability
. decreasea with increasing acidity but is unlikely to be lackin
except in the case of pasture legumes (kudzu, centrosema, atCe

, v U bt iza n" - c ‘ -

ﬁouthy 80X of the NPK and other nutrients in the feed
. are returned in the manure which would seem to make fertilizers
O argely unnecessary. However, animals do a lousy Job at uni-
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formly disiributing the msnure over the pasture; -aﬁoral

- studies have shown that only about 15X of the pasture is

actually coverad per year under typical stocking rates;
2 good deal of the N is lost by leaching too. , .

What about Grass-Legqume Pastures in the Tropjicg?

What? MNo clover or alfalfa in the tropics? Nope, they're
not adapted to the heat and humiditye Unlike temperate szone
pastures, few tropical pastutres contain a meaningful amount
of legumes,  Legumes can-significamtly improve the feed
value of a pasture since they're higher in protein than grass-
es and decline leas in feed value as they growy they also can
suppPly their own N needs 33 well ag those of the grasses with
which they're grown.

Relatively little research has bean dons with tropical
pasture legumnes, but things are improving, One problem is
that many tropical legumes have trouble competing with the
super rapid growth of most tropical grasses and tend %o qot
shaded outs Others are sensitive to ovur?raaing or aren't
very paiatable. However, tropical kudsu

oiges, centro (Centzossma, cubssceg), P ¢S Tl
eus, and severali others nave been grown success-

fully in combo with tropical grasses like Gulnea, star, and
molasses grasse Townsville stylo ( ' ) is
a self-reagenerating annual (it reseeds itsclf at can be

casily escablished and maintained with a variety’ of tropical
grasses. leucaena { ) is a perennieasl legume
shrub tree that can be grown in rows in a pasture and used
for browaing. Consult with a pasture specialist in your
country concerning recommended.grass-legume mﬁ&.s.fbr your

Ar®de . ;

mmmﬁx.mi&:mmv Since the legume fixes
enough N for itselif and for the grass, no N fertiliger is
neededes <n fack, adding N will favor grasg growth and even-~
tually shade out the legume, Adequate P anid K as well as

sulfur are needad %o mainiain a good proportion of legume

t0 grass. Compared with grasses, legumes. are weak K extrac-

tors. Fasture legumes are susceptible to molybdenum and
boron Zeficlancles. ; :

!
!

USE _THE PACKASE APPROACH]

. !
it taikzes ruch more than just fertilizer for successful
»a5 and nilk production. Good grazing management, good
stock, <disaase conirol, wead control, supplsmental feeding,
KA WOrming e juat as vital. Some cff these are touched on

below: 1
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Use Rotation Grezing

As grasses regrow' after being grazed or cut, they drop
in feed value (especially protein) as they mature; tropical
conditions encourage. rapid growth and maturity, and most grazed
grasses may be unable to supply enough protein. after only
4-5 weeks, even when fertiltzer N is used (N helps .beef up
protein content)e. Under low management conditions,cattle
are usually continuously confined at low stockdng rates to
one pasture} the pasture's rapid growth outstrips their -
ability ¢o harvest the grass before it's become overly maturee.
For example, a study in Trinidad showed that the crude prow-
tein content of pangola gress dropped f£rom 15% 10 days after
grazing began down to 4.8% 42 days after (dry weight basis).

Rotation grazing entails dividing up the pasture into
4-6 paddocks and putting all the cattle in ¢ne paddoeck at
a time. The size of each gaddock'should allow the cettle to
graze down the grass in 4-7 days before moving on to the
next ones About 3 weeks rest is needed hetween grasings to
allow for sufficient regrowths Longer periods may be needed
during cooler weather and shorter periods during more rapid
gr ¢ Guinea grass should be grased down to about 8" and

ara, elephant, and pangola down to 4=6". N fertilizer can

supplied aftsr each graszing. Overgraszing will use up stored

food reserves in the roots and weaken the stand.

§nnn11_§1Laaa.2;_ﬂsx.:e:.ggx_éssngﬁ_!ssﬂsnn

Porage qualily and quan decline disasterously during
the dry season. Cattle o lose a good part of their wet
season gains during the months and may take 4~6 years to. -
reach slaughter weight (800-1200 lbse)e This could easily
be cut to 2«3 ysars largely through the use of hay or silage
for supplemental dry season feeding. Most low management
cattle raisers in the tropics have too few animals per acre
to fully utilize all the wet season's growth but too many
for the scant amount of forage avallable during the dry sea-
son. Making huay or silage out of surplus wet season growth
is the answere. Silage making is usually more feasible than
hay making during waet seeson weather (ahout 2 tons of water
must be evaporated from fresh cut grass to make one ton of
hay)e PCV'g in El1 Salvador have helped establish a successful
silage program with small cattle growers using sorghum-sudan
(yields have avaraged about 42 toms/acre or 95,000 kgs./Ha.
in 3 cuttings taken during the 6 month wet season). They've
also made good quality pangola, stergrass, and Jaragua hay
at the tail end of the wet seasons -
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Control H;gg!

Weeda rob spece, water, 1light, and nutrients from pastures,
and some may be poisonous as well. Broadleaf weeds &re the
most commonj 2,4~P herbicide givea good coatrol of non-woody
broadleafs while 2,415»2 is better for woody species; it's not

—

necessary to remove livéstock during or aftsr application ex~
cept for dairy stock; they should stay off the pasture for a
week after spraying to avoid residues in the milke.

Provide Mineral for Cattle -

Except for salt, cobalt, icdine, and copper, livestock can
usually get all their essential minerals from well managed
pastures.. Salt licks containing trace minerals should be sup-
plied. - Young cattle need about 20 grams (Z/3 0z.) of salt
daily; older ones need about 30 grams (1 0z.)o Adding one
ounce copper sulfate and 1 0z. cobalt sulfate per 100 1bs.
of iodized salt will provide a satisfactory mineral mix for
grazing cattle on fertilized pastures.

Keep Animals Healthy

Follow the recommended vaccination schadule for your
area (brucellosis, anthrax, blackleg and others may be need-
ad), Periodic deworming is also essential., :

Here's some suggestions on helpful cattle and pasture -
management references:

l. Improvement of Livestock Productjon in Warm Climates,
Robert McDowelle WeHe Preeman Co., 60C Market St.,
San Francisco, CA 94104.

2. "The Intensive Management of Tropical Forages in
Puerto Rico”, Bule. 187, Us of PeRe Agre Expte. Sta.,
Rio Piedras, PeRe Came out in 1964 but still very
usefule. Available in Spanish too.

3. Bpef Cattle Science, M«E. Ensminger, Interstate Print-
ers and Publishers, Ince, Danville, IL. .

4. "Guidelines for Producing Chickens, Swine, and Beef
Cattle in Tropical Ragions"®, Hecheil Jacob, 1979« An
80 ppe. manual by & livestock consultant with lots of
overseas experience., Write him c/o American Can Co.,
1660 L Ste NeWe, Suite 201, Washington, D.C. 20036 -

Se %m_mw. Merck & Co«, Rahway, NeJe
e wost complete manual on livestock diseases; rather
technicale. ‘

139

. i
ud t




132

6. Animal Health Handbook, Chas. Pfizer & Co., 235 Ee
42“(1 SE., ﬁo!o. N.Y. 10017’ about 32000.

Te e Stockman's Handbook, M.B. Ensminger, Interstate

- rrinters & Yublishers, Canville, I, Tne OF the best
practical guides to livestoek raising; thowh written
for stateside conditions, much of the info is relevant
to the tropicse. -

8. An Iptroduction t band h
Ge Williamson and W. Payne. ongmans L¢de., London

9« Feeds and Feeding, F.B. Morrisone F.B. Morrison Pub,
Co., Clinton, Xowae The standard reference for feeds
and feeding. (Out of print but available in libraries)

10, "The Philippines Recommends for Pastures", U, of the
Philippines, Los Bahos: An extension bulletin on
tropical pasture management; also has a good section
on grass=legume pasturese '

COFTFEE

=~ Of the 4 economically important species of coffee (arabica,
robusta, liberica, and excelsa), the higher quality arabica
coffee accounts for about 85-90% of world production and is
virtually the only type grown in Latin Americae Arabica pro-
duces best yields in areas with a mean annual temperature of
60=759F and an annual rainfall of 70-80",  preferably with a
distinct dry season. Temperature extremes, above 85 or below
S0OF will depress yields. The optimum temperatures for arabica
are usually found in the 23500-5500 ft. zone of the tropics or
at lower elevations in the sub=tropics. The:lower quality
robusta, liberica, and exc¢issa species need higher tempera-
tures and are grown at lower elevations. a\ :

Coffee can >& grown with or w/o shade but éhading is most
common. Shade trees protect against excessive sun, reduce
erosion, provide iots of organic matter through leaf fali,
suppress weeds, and recycie leached nutrientre. Studies show
_that unshaded coffee of:en produces much higher yields but only
under a favorable clima%e, deep soils with good tilth, and
good management and fertililizatione

_ Yields are generalily much lower than they should be through~-
out Latin America, especially among Small growerse Average
yields in Costa Rica are about 500 lbs./acre but 1800~2700 lbs./
acre have been obtained under a package of improved practices.

Feasibility of Fertilizers: Many coffee stands are too old
and poorly managed to respond welle Even well managed coffee

_tends to give erratic responses and often takes 2-3 Years to

[}
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show results (berries are produced only on wnod that is 2 years
—~ old)s Secondary and micronutrient deficiencies can hamper
response to NPK,

Fe 1

,///////'The berries themselves remove a relatively small amount
of nutrients, but fertilizer neads are high since good vege-
A tative growth iz needed. N and P are the 2 most important fox young
- trees {up to 3-4 years old) while N and K are the most impor~
tant once gosd production startse

H. Most coffee producing countrieés have conducted numerous
fertilizer trials so you should be able to obtain specific &
recommendationse

An excellent pamphlet called "Algunas Deficlenclas
Minerales Comunes en el Cafeto" by L.E+ Muller contains color
photos of hungers signs in coffee. Write for a copy to the
Instituto Interamericano de Clencias Agricolas in Turrialba
Costa Rica. . ‘

_ Nitrogen: Rates range from 60-120 1lbs./acre (Kgs./Ha.) of N
o~ per veare The lst application 1s made when the rains begin
with the rest applied later on in the wet seasone Excessive
N will promote leaf growth ak the expense of floweringe.

Phosphorus: . Young trees have higher P needs than older ones
in production. Rates for trees 1-5 years old range from 30-60
lbs./acre (kgs,/Ha,) of P05 yearly. Trees 5-15 years old
usually recelve 25=60 1lbse., and those over 15 years about 20=
35 1bse. Applying P to the soll surface in a broad band about
2 ft. wide beginning from the outer drip line inward glves
good resultse Work it in slightly. Coffee has a lot of roots
near the surfacee.

Potassium: Producing trees have much higher K needg than young
onese Rates of 20-40 lbs./acre (kgse/Haes) of Ky0 per year are
common with young trees and up to 60=-120 1lbse. on older trees
unless the soil 1s already high in K. K may be applied in 1-=2
applications,

Calcium and Magnesium: Coffee usually grows well down to a -
pH of 5.0 or slightly below, although a pH of 6+.0=6+5 has

glven best results in many cases. Higher pH's increase the

chances of micronutrient deficlencles (except molybdenum).

Coffee has a relatively high calcium requirement. Magnesjum

deficiencles are likely in very acid solls and are also caused

by a high ratio of X to Mg. Soll applications of dolomitic

limestone or magnesgium sulfate are commonly used: to cure or

prevent hunger; however, it often takes 15 months or more for
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b} . Jr: |
soll applications of Mg to work; more rapid results can be ob-
. tained by sprasying the trees 3-7 times at 2 week intervals -
" with a 1-2% solution of magnesium sulfate (epsom salts); 5-10 - ™ -
O0ze (140-280 grams) of epsom salts per 4 gals. water does
the tricke Use a wetting agent (liquid detergent at 2-3
teaspoons per 4 gals. watere)es :

ents: Coffee is sensitive to micronutrient defici-
encies, especially zinc, boron, iron, and manganese. Foliar
sprays are the common treatment (use a sticker-spreader to
promote uniform coverage and resistance to washoff). Slaked
lime {(calcium hydroxide) is often added to the spray to pre-
vent foliar burne Check with local experts. Coffee is also
sensitive to manganese toxicity which occurs in very acid soils
(below 5.0)¢ Applying 5 1lbse ground limestone per -tree and
working it in slightly (careful with the rootsl?ewill usually
clear up the probleme. : '

BANANAS
~

Bananas prefer a hot, moist climate with 60~80" rainfall Sl
fairly well distributed; though grown over a wide range of
soil pH, 6.0 seems to be optimum, and yields are markedly
depressed below pH 5.0, Yields range from as low as 5000
1bs,/acre (kgse/Hae) up to over 50,000 lbse/acre (kgse/Hae)

The banana plant's stem is called a gggggfﬁggg since
it's really formed from rolled up leaves grow out of a
true stem located underground in the cgﬁm. A new leaf appears
ud .

about every 10 days until the termin (flower) emerges
at 8«11 months; harvest follows in about 90 days.

Most of the plant's roots are found in {he top 6" of soil
though some penetrate to 2-3 ft. The roots grow out latevally
as far as 15-~17 fte. Lateral roots grow out from the = ir. rocts
and are the only ones that absorb nutrients and water «ase
"feeder"™ rocts are scarce close to the stalk, so fert.. _er
should be applied about 2 or more feet out from the base.

Established plantings regenerate themselves by producing
seaveral suckers per mother plant (the mother plant produces
just one crop). For new plantings, either corms from older
plants (one corm can yield 2 planting pieces) or those from
"sword” suckers (those suckers having sword-like leaves, a
thick stem, and e robust corm) are used.
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Bananas use high sgmounts of N and K though thelr P
needs are relatively low. ‘

¢ N deficient plants have e pale yellowish~green

colore N stimulates faster growth, earlier flower emergence
{and maturity), greater leaf area, and increased fruit size.
N recommendations range from about 150350 1bs./acre (kgs./Ha)
applied in 3.10 applicetions according to leaching potential.
About 80 grams (3 oz.) total N per plant is considered the
minimum for commercial plantings and often 100-.200 gramg or
more are usede All the N should be applied before flowering
~3ince it's important to stimulete early rapid growth; studies
have shown a good correlation between the aree of the 3rd
leaf ana total bunch waight. Later N applications seem to
promote "openhandedness® of the bunche Where regular fungi-~
¢lde spraying is dome, N can be supplied foliarly with urea
{5 1bs. urez per 100 gals./water for plants 1~2 months old

wp to 25 1bs./100 gals. on older plants). One study showed
t?:ttﬁsf of the urea was absorbed through the leaves in 25
minutes T '

P P needs are relatively low compared to N and K.
Most recommendations are in the 50.75 1lbs./acre (kgs./Ha)
range of P,0ge P deficiency causes a premature drying of
the lower Iedves. P can be applied at cne applicetion

at or near planting or various times as part of an NPK
fertilizer. Try about 50-100 grams (2-4 Oz.) per plante.

| ]
;g;ggl;ggzl K greatly increases pseudostem growth and yields,
improves fruit guality and storage life, and promotes disease
resistance. Moderate K deficiencies cause yellowlng arouhd
the outer edges of the leaves; more sevare hunger causes the
leaf tips to turn reddish-~brown and die. K hunger is also
associated with a disorder callad “premature yellowing® of
the leaves. 3Soils testing below 0.2 m.e./100 grams in available
K need high amounts of K. Even those testing in the 0.6=1.0
mea. range (considered very high for most ¢rop needs) still
need some Ko Most recommendations renge fronm 10D-+350 1bs./acre
(kgs./Ha,) of K,0 per year or about 80..250 grams per plant.
It can be applied in 3 or more applications depending on
leaching potential (rainfall and soil texture).

Magnesium: Deficiencies are common in acid soils, especially
when high amounts of K are used. 200-250 grams (7-9 Og.) of
dolomitic limestons per plant controls deficiencies. Mg hunger
Causes a broad band of yellowing along the adges of the lower
leaves. ;

*l. The usual N:K,0 ratio varies from about 1:1 to 1:2 as
far as sotal amount &pplied. -
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Iron, 2inc. and Manganese deficiencies can occur at soil
pH's above 6.8, . :

um deficiency has occurred in Honduras in highly
leached acid soils. Raising the pH is often effective in
controlling Mo deficiency if the s0l1l is very acid; other-
wise Mo should be applied (abou: 1.5 1lbs. of ammonium RmOlyb-
date per acrel. '

h
i

Bananas benefit from high levels of 201l organic matter.
The planting hole can be partially filled with rotted manure
or compost. Mulching is very advantageous.

Perti B ! Young plants ghould have
the fertilizer applied in a 1-2 ft. wide band around the plant
about 1 foot out from the base. This can be moved out as
the plants growe Cover the fertiliger with about an inch or.
two of so0il (careful with the rootal). Mulching will help
. improve uptake of P by allowing the roets to grow nearer

the surface. One bulletin recommends applying 300 grams of
single superphosphate (18-21% P,05) mixed with the soil

in the bottom of the planting hofe but separated from the
base of the corm by 3-4% of soil.

Peasibilitv of Fertilizers

A lot of bhanana growing at tﬁo small farmer level is done
: On & very casual and naglectful basis. Diseaaea' soll nema-
tqdes, insects and overcrowding are common. Dcn't count on

fartilizer alone to boost Yields profitably under these con-
ditions. : _

Aside from fertilizer use, a good “package”™ for bananas
should include: {Consult local experts for specific infol)

l. Proper selection and preparation of planting material.
Trimming the corms and sterilizing them with hot water
or clorox and water is essential to kiil nematodes and
diseases and prevent their spread to new ground.

2. Mulching to suppress weeds, conserve water, and add
organic matter.

3. Pruning cut excess suckers.
4, A spray program for dlseases and insects.

5. Cutting off the terminal bud and dipping the cut in
a fungicide solution to prevent decay; this adds
a couple 1lbs. yield to the bunch. '

6. Covering maturing fruits with polyethylene clear bags
that have air holes; it speeds maturity by 2 weeks
and increases yields up to 20%.
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FART VIII
LIMING SOILS . é

Soils are limed to correct excessive soil acidity (raise
pH). Very acid s0ils (below pH 5.0~5.5 depending on the soil)
advergely affect the growth of most crops because:

1. Alumipum and ?5ggggggg become more soluble with ine
creasing acidity and may become toxic to plants at
PH's below 5.5, True "tropical® soils (see pe 3 )
tend not to release toxic amounts of aluminum until
the pH approaches 5.0. _

2. Very acid soils are often very low in availsble P
and have a high capacity to tie up added P by forming
insoluble iron and aluminum compoundse (See p.41 )

3. Very acid soils are likely to be low in calcium,
magnesium, and availsble sulfur and molybdenum.

4, High soil acidity depresses the activities of many
deneficial soil microbes, including those that con—-
vert unavailable organic N, P, and S to avallable
mineral forms. Some straina of N-fixing
bacteria (especially soybean% alfalfa, and some clover)
have little tolerance for pH's below 6.0,

Most crops grow best within a pH range Of 5.5«7.5 though
micronutrient deficiencies (except molybdenum) become more
likely above pH 6.8. Note that some crops like pineapple,
coffee, rice, potatoes, sweetpotatoss, and watermelon tolarate
more acidity than mest other crops: '

RECOMMENDED. SOIL pH's POR COMMON CROPS

L ]

Crop _pH Range™" Crop -pH Range
Corn SeS5emTeS Potatoes*2 4.8=645
Sorghum Se5«7e5 Sweetpotatoas 5¢0=6.0
Rice 5.0-7.0 Peanuts De3m=6e6
Wheat 5e5-7e5 Soybeans 6¢0=70
Cotton . 5ed=6a5 Alfalfa 6e2=748
Tobacco®?2 S5e¢5=7e5 Tomato S ¢5-~7.0
Sugarcane 640-8.0 Cabbage Sa5=7e5
Coffee 5.,0~7.0 Lettuce Se5=7¢0
Beans 6075 Onions 6.0=7.0
Pineapple 5e0=6e5 Peppers 5 e5=70
Banana 5¢5-7.5 Watermelon 5¢0~-7.0

*l. The above crops may grow fairly well one half a pH unit

5hove d beloy the optimum fanqg givegiol otato ,
. : ab
*2 oggt%bégcg?b agkfioigﬁmmlybe ow to’conti p O sc
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How to Tell if Liming is Needed

You can measure soil pH fairly accurately right in the
field using a good quality liquid indicator kit or portable
electric tester. Read the instructions carefully and meacure
both topsoil and subsoil pH- they'‘'re usually different; very
acid soils can restrict downward root growthe Readings from
the better kits like the Hellige-Truog are accurate within
V2043 pH unite=, .

Role of the Soil's Lab: The portable kits are great for trouble-
shooting, but they don't tell you how much lime is needed for
treating excessively acid soilse That varies a lot with the
soll's negative charge (exchange capacity; see pe37 ) which
depends on its texture, organic matter content, and type of

clay minerals. This can only be measured in a soil‘'s lab; -
tl:ey'll determine pH as a routine part of soil testing and

most will measure the amount of exchangeable (soluble) alumi~-
num present (it increases as pH drops and can cause toxicities).
They'll tell you if liming is needed and how much and what kind
to applye. @

In" some cases, even a soil with a pH of 5,0 or below may
still be satisfactory for most crops if its exchangeable alumi-
num conteniy is low; on the other hand, the lab may recommend
liming even though the pH is near 55« The important thing is
to avoid overliminge it can be worse than not liming at all
(see pe 38 )s Liming guides like the one on p+ 14C can be
used for "guestimating", but use a so0il's lab whenever possible.

CALCULATING THE AMOUNT OF LIME NEEDED

wWhether you use the lab's or the table's recommendation,
you'll still have to make adjustment for the finznessg, purity,
and nsutralizing value of the material you'll be usinge.

Types of Liming Materials Neutralizing Val

There are 4 basic types of liming materials:

1. Limegtone (calcium carbonate, CaCO3): The cheapest
of all since it's taken directly from the ground and
crushed without further processinge Non=caustice.

2+ Dolomitic Limestone: Contains both calcium and mag-

nesium carbonates; often recommended since purely cal~
cium liming materials may cause magnesium deficiencies.
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3. Burned lime or guicklime: Comes in the form of a white
powders very caustice Made by heating limestone or doloe
mitic limestone in a kiln to drive off the CO» to leave
calcium oxide (or calcium and magnesium oxide)e The
most effective per pound of the 4 materials and 1z more -
rapid acting than limestoneé. Tends to form granules
or flakes unless thoroughly mixed with the soile.

4. Hydrated or slaked lime (calcium hvdroxide)s Made by
burning limestone or dolomite in the presence of steam;
not a popular liming material (expensive) but rapid
acting; very caustice )

[ ’ P
The neu ingd value of these 4 sources 15 shown below
(based on 100% pure materfal)z .

Neutralizing value
Material (compared to limestone)
Limestone ' 100%
Dolomitic limestone 109%
Hydrated lime 136%
Burned lime 179%

This means that 2000 ibs. of burned 1lime has about the
same ‘effect as 3580 1bse. of limestone of equal purity (2000
1bse X.1¢79 = 3580 1lbs.).

Fineness of Limind Materials 1s Importanti

The rate that a liming material reacts with the soll de-
pends a lot on its particle size, The finer the material,
the more rapld the reactione Even fine textured materials
will take about 2-6 months to cause a significant rise in
pHe Good gquality burned lime and hydrated lime are naturally
fine, but crushed limestone 1s often overlyY coarse.

Mny type of material will contain a mix of different par- -
ticle sizes., Limestone passing through a 100 mesh sieve (holes are
about 1/150th of an inch on each side) will react with soil acids
in just 4-6 weeks i1f mixed thoroughly with the topsoile. Mater-
ial passing through a 40«50 mesh screen will take 12-18 months
to react completely. Material in the 20~40 mesh r e will
have only reacted 60% in .3 years! 10-20 mesh material reacts
only 30% in 3 vears.®l .

In the U.S.: most states have lime laws requiring purity
and fineness guarantees, but your country probably lacks these.
~ The Soils lab may be able to evaluate the material and do a-
purity and fineness analysis. . .

*l, A 100 mesh screen has 100 openings per inch; diameter of '
the openings varies with wire thickness, so there's no real

standardizatienja 50 mesh sceen has openings about 0.01227,
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The table below shows the reaction rate of 3 mesh sizes of
limestone applied at the same rate:

6.5 This graph is from a
greenhouse experiment
et Oregon State,FPield
reaction times yould
be someawhat slower.

no lime

L e sy o — N S et e Y b

b,

o ! 1 L k|
2ukg 6mo 12mo 18

Material with a satisfactory fineness should all pass
through ‘a '10 mesh screen, and at least 50% should pass through
a 100 mesh screen. You'll probably have to gettle for less,
which means it should be applied a year or more zhead Of the
hoped for pH change. Or you can use more material.

Purity of Liming Materials: Unless the material has. a label
guarantee, it's hard to judge purity without a 1lab analysis.
The greater the impurities, the more material will be needed.

How Soil Exchandge € . L N

£

A soil's exchange capacity (negative charge) depends on
its clay and humus content and type of clay minerals. The
higher the exchange capacity the greater the soil's ability
to resist changes in pH, That means that clayey soils ©ftenneed
a lot more lime than sandy soils to achieve an equal rise in
PHe That's because soil's have both an active and pgserve '1
acidity. The active acidity is produced by those hydrogen
ions (H*) floating around free and is what you measure when
you take a scil pH reading. However, for every free floating
H* ion, there may be thousands or more Ht ions held by the
negatively charged clay and humus particiese. As the lime
neutralizes the H* ions that are free floating, part of the
huge reserve of H* ions held by clay and humus particles
is released to take the place of the nentralized ones. 7The
higher the amount of clay and humus, the greater the negative
charge and the reserve acidity, and the more line will he

*1. The reserve (inactive) acidity doesn't Iaffept the pH readinge
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needed to obtain a given rise in pHe.

Don't get confusedi In terms of soil pH (active acidity),
clayey soils aren't any more likely to be acid than sandy-,
soils, but they're more resistant to changes in pH (either
upward or downward) due to their greater buffering capacity

(negative charge). _

‘"Trovical vs. "Temperate" Soils

Trua "tropical® soils require leSs lime than "temparate"
soils of the same texture to obtain an equal rise in pH.
That's because tropical type clay minerals have a much lower
negative charge than temperate types (see p. 38) and there-
fore less reserve acidity (buffering capacity). Ramember
that both tropical and temperate clay minerals occur in the
tropics - that's another good reason for letting the soil .
lab determine the amount of lime needed instead of using a -

. table.

ﬂgngatimgggng" the Amount of Lime Neaded

If you don't have access to a reliable s0ils lab; you
can roughly estimate the amount of lime needed with this
table. Check the soil periodically starting about 2 months
after apglication to measure the effect, Lime won't react

much during the dry season if the topsoil dries oute.
APPROXIMATE AMTS. OF FINALY GROUND PURE LIMESTONE NEEDED®l

TO RAISE THE A7 LAYER OF S AS INDICATED:

(This table applies to true "tropical® type soils which have a
lower negative charge than "temperate” soils of the same tex-.
ture; that means vou'll err on the safe sida (too little lime)
if your soil happens to have temperate type clay minerals)

Ant., of pure limestone needed per acre or
hectare to raise tha pH of a soil from:

pPH 4.5~ pH 5,5 pH 5,5 ~ pH 6,5
Sand or loamy sand 540 1bs./A, 600 kgs./Ha 800 lbs./A, 900 kgs./Ha
Sandy loam 1000 1lbs«/A, 1100 kgs./Ha 1400 1bs./A, 1550 kgs./Ea
Loam 1500 1lbs«/A, 1700 kgse/Ha 2000 1bs./A, 2200 kgs/Ha.
541t Yoam 2400 1bs./A, 2700 kgs./Ha 2800 1lbs./A, 3100 kgs/Ha
- Clay loam 3000 1bs./A, 3350 kgs./Ha 3800 lbs./A, 4200 kgs/Ea

=

You'll have to adjust these rates for the neutrqltniac
value and purity of the material you farmer is using.

*l. Bagzed on table in E £f P dzers, FAO Ag
Study #43, p. 140, '
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PROBLEM: Suppose Paco naeds to railse his soil's pH grom
Q5 to 5,5 and he has a'clay loam soil. The
table says that about 3000 lbs./acre of pure-
ground linmestone is needed; if he's using burned

* lime that's estimated to-be 80% pure, how much
will he need? \ ‘

SOLUTION: The neutralizing value of burned lime is 179%
compared to 100% for limestone sg:

kgs,) of limestone needed . amt.-
" Neutralizing value of material n..¢,3’(?3 .réaiity)

Co , |
3000 1bss _ 167s 1bs. pure burned
1,79 lime needed

Since the'burned lime he's using is only 80%
pure: B '

of u
E purity of materi%i us=5 = Amt. of actual

material needed

%—lﬂh = 2100 1bs. 80% pure burned
| " lime needed per acre .

. HOW WHEN TO LIME

!
' [ ILime should be broadcast uniformly over the:soil surface
. and then thoroughly mixed into the top 6=-3" of soil by plowing
or hoeinge. Harrowing alone will onlz move the material down
2-3", when applying lime to established pastures, it can de
broadcast directly over the pasture without working it in.
If broadcasting lime by hand, divide the amount in half and
apply one portion lengthwise and the other across; wear fa mask

-and avoid using caustic slaked or burned lime.

S

Apply liming materials at least 2-6 months ahead of planting;
it'11 take at least this long for soil pH to be affected; this
will also give caustic forms of lime time to break ¢own to
avoid possible root injurye. :

Where liming is expensive or its application difficult, you
can try "spot" liming in the immediate row or plant zone of
the crop (i.e. in cucumber or squash "hills®™ or a 12" dlameter
circle around each tomato.plant). Adjust your rataes according-
lye Don't mix lime and fertilizer together - it'il tie up P
and releasa ammonia gas from N. :

H ' s Liming N ybe as often as every 2-5 years,

especially if high rates of manure, compost, or other acid
forming fertilizers are used (see pe 76 ). Sandy soils will
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nead more frequent liming than clayey sails since they have
less buffering capacity, but they'll al 0 need lower rates.

DON'T OVERLIME}

Never ralse the pH of a soil abave 6.5 uhcn 1imings Don't
ralse the pH by more than o%ﬁ fual gnig at a time., It may
only be necessary to raise the pH up 5¢5 or 6.0 for best
Yields of mozt crops.

Overliming can be worse than not liming at all because:

1. Raising the pH above 6.5 increases the 11xelihood
f micronutrient deficiancies (except molybdenum), .

2. Rhosphorus avallability starts declin above a
pH Oof 6.5 due to the formation of relatively in-
soluble compounds with calcium and magnesium.

3. Liming stimulates the activity of g
and increasesg losses of soll o e-.z.ﬂlﬂl -
decomposition.
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PART IX _
SALTHRITY AND ALKALINITY PROBLEMS
Salinity and alkalinity problems commonly occur in .
or - areas (rainfall under 20" a year) where r 1 -
or irrigation isn't sufficient to leach accumulating galts : -
out of the root zone. The salts are relessed by decompoaing .

rocks and parent material below the subsoil but are often ' '
brought in by the irrigation water whigh usually contains '
from 200 1bs. up to several 2 of B per acre~foot (12%

deep layer of water on an acrele -

In humid regions, there's usually enough rainfall to
flush the salts -downward out of the root zopne., 1In low rain-
fall areas, irrigation may move the salts downward, but
they'll move back up as the soil dries out between irrigations
if the water volume applied is too lowj the very high evepora-
tion rates common to these drier rogions"aggravato this ten-
_dency. In many cases, s also poor which
makes matters.xofsd. Bringing land under irrigation may raise /ﬂ‘\
the yater table to within a few feet of the surface, wmaking
it easy for salts to move upward by gapillery actione.

Saling and alkall (sodie) soils fall into 3 classes accord- -
ing to the amount of ‘soluble salts and gdsorbed (held by clay o
and humus particles) sodium they contain. :

4

1. SALINS. SOILS; They contain enough mn_.,&'g" to

. seriously harm crop growthe The salts are mainiy |
chlorides, sulfates, and bicarbonates of calcium R \
and magnesiume. Less than 15% of the soil’s exchange A
capacity (CeE.Ce; see pa_38) is occupled by adsorbed ' }
sodium ions, and the PH is usually below 8.5 Saline . !
soils are also called soils since the ‘
salts tend t'o accumulate on the soil surface. The
usual cause is lack of enough water for adequate _/
leaching, poor drainage, or bothe ;

2e SALINE-ALKALI SSgggggzgggigz SOYLS: . These Soils not Y
only contain excessive amounts of soluble salts but
: also harmful amounts of adsorbed sodiums more than
15% of the CeE.Ce is occmﬁ’ ions. Though
sodium is a very strong base, the pH of these soils - //
is usually below 8.5 due to the buffering influence ~ //

of the soluble saltse

152



3e

1 4R

NON. SALINE ALKALI SOILS (Sodic¢ Soils): These solls have

only low levels of soluble salts but have excessive amounts

of sodium; more than 15% of the soil's C.E.Ce is occu-
pled by adsorbed sodium lons (i.e. held by clay and humus
particleses The PH 1s above 8,5 and aoften as hzéh as 10
since the buffering influence of the soluble salts is
absent. The high sodium content causes these soils to
have very_pgg;_ghxg%gg&;;gggﬁsxgg' they tend to be dis-
persed and puddled (broken down) and may be impervious
to water. Both the high pH and sodium is harmful to :
plantse. Sodic soils are also called black alkali soils, .

since their surfaces are often black due to dispersed
humus brought to the surfacee.

HOW SALINITY AND ALKALINITY HARM CROP GROWTH

1.

2e

3e

Osmotic Effect of Saltg: Soluble salts in the soil water
reduce the ability of plants to absorb water through the
root membranes (osmosis)e. If the salt concentration
is high enough, water actually starts moving out of
the plant'roots back into the soil and the plant dies;

"this 1s called plgggglgggg. At lower levels, plants
suffer from leaf tip burn, stunting, and defoliatione.

Effect gg Sodium: Sodic solls harm plant growth mainly
through the c effect of sodium itself, the high

alkalinity (pH 8.5-10), and the toxicity of bicarbonate .
with which sodium is often aasociated.

Boron Toxicify: Most irrigation water contains boran
which becomes toxic above 1 or z\parts per million;
boron is not easlily leached from the soil. High boron
irrigation water may limit farming to boron tolerant
crops (navy beans and nearly all fruit trees including
citrus are boron sensitive). \

AN

LAB DIAGNOSIS OP SALINITY AND ALKALINITY

Soil testing labs can measure the soluble salt cd tent of
solls through electrical conductivity tests; the higher-.the
GonductivityS the higher the soluble 3alt content (salts are

electrolytes

The readings are expressed either in

M
or micromhos, EC or C_ = aelectrical conductivity. Readings -
can range from O to over 16 millimhos (16,000 micromhos), and
the table on the next page gives 5 categories of salt contemt.

153




' ' Diagnoslp
Mllllahog Hicroshos _
less than 2 less than 2000 Ho adverse affact.

2 - 2000 Yields of some salt sensitive
: - Crops are affected.

below 8 below 8000 Only moderately salt tolerant
, Crops Can be grown.

8-16 8000-16,000 Only salt tolerant cropse.
16 up 16,000 up No profitable cropping possible

Labs can also measure the amount o! adsorbed so0il sodium to
determine alkali dangor.

Meagurlng Ixplgation Water Quality

The soluble salt, sodium, and boron content of 1rrig¢tion
water can also be tested.

§g;ghlgI§.L;gs The U.S. Salinity Lad et Riverside, Cal. places
irrigation water in 4 cateqoriol according to soluble salt

levels

Clags 13 (100~250 micromhos/cme. or 0.1-0.25 millimhos/cm.)
Safe to use on practically all wops and soilsj

do:gward; prohlcua may dsvelop on poor drailnage
s0ils.

(251=750 micromhos/cle Or 0¢25=0.75 millimhos/cm.)
Can be used to irrigate relatively permeable
soils; médium salt tolerant crops are needed;’
leaching is easential.

(751=2250 micromhos/Cloy 0.75=2.25 millimhos/cm.)
Only for salt tolerant crope; adequate subsurface
drainage is a must as well as leaching.

(above 2250 micromhos/cme. or 2,25 millimhos/cm.)
Shouldn't be used for irrigation except under
certain ideal conditions (i.e. permeable soil,
good drainage, high water rates to promote good
leaching )o

 Sodium in Water: The sodium content of irrigation water can

2lso be measured but the potential toxicity depends on the 1
proportion of sodium relative to the water's combined calcium
and magnesiqp content, plus the soluble salt content.

*l. This ratio is called the Sodium Adsorption Ratio (SeAeRe)
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RELATIVE TOLERANCE OF CROPS T0 SALINITY®l

RN The crops are listed in order of decreasing salt tolerance
within each group. :
FRUIT CROPS
High | Yediup - Low
Date palm Pomegranate Pear
Coconut Pig Apple
. Olive Orange o
Grape Grapefruit .
' ' Peach \
~ Strawberry |
Lenon |
Avocado |
VEGIES -
\
Garden beets Tomato Radish |
Kale . Broccoli . Celery }
Spinach Cabbage Green heans
’ - Bell Pepper
Cauliflower
P Lettuce
, : Sweetcorn
: Potatoes
. Carrots
B ‘ Onions
Peas
Squash
. Cucumber
Cantaloupe
PIELD CROPS
Barl Rye _ Field beans
Suga:ybeets D Wheat :
. Cotton Oats
i Rice
Sorghum
Corn
Plax
Sunflower
Soybeans

*l, Prom "Some Principles & Practices in the Irrigation of
Teeas Soils”, Texas Agr. Expt, Sta, Bul, 9237, pe. 16
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RELATIVE TOLERANCE OF SOME CROPS 7O BORON

Tolerant Semj-tolerant - dsaslilve
Date Palm Sunflower Pecan
Palm Acala cotton Na
Sugarbeet Potato 9133 bean
Gardenbeet Pima cotton Pear
Alfalfe Tometo Apple
Onion L Sweetpea Grape
Turnip Radls Kardota fig
Cabbage Field pea Persimmon
Lettuce . Barley Peach
Carrot Wheat Orange
- Corn ’ Avocado
Grain sorghum Grapefrult
Oat - Lemon
‘Pumpkin
Bell papper
Sweetpotato -
Lima hean
HOW TO RECLATM AND MANAGE SALINE AND ALKALI SQILS
Saline Solls

Since saline soils contain only soluble salts, J@%&gﬂ.
is the cure. In many cases, houuverg salinity is cau Y
a high water table, and leaching won't be effective until
artificial drain&ge has been installed (like tile drains).

Either periodic leaching or continuous flooding may be
usede Salt tolerant crops like beeat , ‘cotton, and barley
can be grown during reclamation if flooding isn't used. The
amount of water neaded for leaching depends on the salt con-
tent of the s0il and water and tha final salt level desired.
As a rough guide, about 50% of the salt in the root zone
can be removed with 6™ of water applied per foot of soil.
Abgnt 80% can be removed with 1 ft. of water per ft. of
s0ile

The leaching requiremen: is the ratio of the salt content
of the irrigation water to that of the soil., For example
whera a EC of B can be tolerated in the root zone and 1::190-
tion water as a EC of 2 (millimhos), the leaching requiremest
is 2/8 or 25%3; that means that 25% more water should be applied

t0 a crop than is used up by trangpiration and avaporatione

Non-salipe Alkali Soils (Sodic Solls)
Leaching alone won't remove the adggﬁged (stuck. on) sodium
and insoluble sodium carbonate and bicarbonate. You first

have t0 knock off the sodium ions by using a soil amendment
like iﬁngggb(calciun sulfate); limestone won't work because

it's ingoluble at high pHis.' The gypsum reacts with the soil
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in Z‘U‘;:?

le It- onverts insoluble sodium salts to soluble sodium
sulgate which 1s lsachable. ’

2¢ It also displaces the adsorbed sodium stuck on the
clay and humus particles and replaces it with cal-
ciumj this also lowers the high soil pH.

The gypsum neods to be finely ground and should be broadcast
and worked into the soill with a plow or disk; leaching can
be started immed]ately.

-On those alkall soils containing calcium carbonate, gulfur
can be used instead of gypsume The soil bacteriacenvert the
sulfur into sulfate which then reacts with the 1ime in the
soll to form gypsume If sulfur iz used, leaching should be
postponed 2-~3 months to allow time for the conversions °1

| Non-saline alkali solls are usually in poor physical
.condition for leaching due to particle dispersion. A sube
Soller or deep plowing should be used to ajid léachinge.
Leaching won't be effective if the water table is highe.

Saline-Alkali Soils

Leaching by itself isn't effective since it removes only
the soluble (saline) salts, leaving behind the adsorbed sodiume
Free from the buffering influence 9f the soluble salts, the
sodium can now exert its full effect in raising the pH and
deteriorating soil physical conditioni: All you've done 1is
convert a saline-sodic soll to a sodic solli’ In a few
cases, leaching without using gypsum or sulfur may be ef~-
fective 1f the soll contains a large amount of soluble cal-
cilum or magnesium which could displace adsorbed sodiume

Contro : 1dup of Sa d

It's seldom Possible to permanently rid an affected soil
of salinity and alkalinity, especlally if the irrigation water
is the main cause of the problems There's no economically
feasible way to reduce the soluble salt content of irrigation
water, but the alkall (sodium) hazard can be virtually elimi-
nated by adding gypsum to the wateres Automatic gypsum meter-
ing devices can be bought or bullt or a sack of gypsum placed
in the irrigation ditche _ .

Controlling Salinity: Enough excess water must be applied

- to leach the excesg salts from the root zone, yet too much
water may dangerously raise the water table. Land leveling

o smooth out depressions and rises will-give more even dis-
tribution of water and prevent high-salt pockets from develop-
inge PFurrow irrigation will cause salts to accumulate near

*], The sSolis 1lab will tell you how much gypsum or sulfur is
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the plants unlass special attention is given to seedbed style.
For example, if aingle row peds with the crop running down
the center are used, u ward capillary water movement will con~
centrate salts right where the plants are (bad news)e Using
double row beds with rows near the edges or sloping beds with
plants on the lewer 1/2 or 2/3rds of the bed cuts down salt
accumulation in the {mmediate plant gonee

" accumulation accumulation

L)
o.:.:"l

salt salt
accumulation accumulation

B

[y
ey
w

2

t
accumulation accumulation
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SOME MANDY CONVERSIONS
1l ACRE =« 4000 5Qe Moters = 4848 lQo Yard. - ‘3.560 8. fte =
Oed hectares = 0.58 manzanas (Central America).
1 HECTARE = 10,000 sqe meters = 2,47 acres = 1.43 mansanas.

. 1 MANZANA (Central America) = 10,000 sqe vares = 7000 sq. :
] meters = 8370 sq. yards « 1.73 acres. _ , .

Lbse./Acre = 0489 X kgse/hectare = 0.58 x Ibl.lllnslna
-7 ‘ T Kgse/Hectare a 1,12 x Lbs./acre = 0.65 x 1bs./mansana
Lbse/Manzana a 1.73 x lbs./acre = 1l.54 x kgs./hectare

1 LBs = 16 0%e = 00454 Kgs. = 454 gramsi 1 os. = 28¢4 grams.
1 KILOGRAM w 2.2 lbae = 1000 grams = 35.2 os. )

1 METER = 100 cms. = 1000 mm. = 39.37" = 3.28 #t,
1 CENTIMETER = 035" = 10 mm,

1 INCH = 2454 cmse = 25.4 W,

1 VARA (Central Anericu) = 32.8" = 33.7 case

1 LITER & 1000 CoeCe = 1000 mle = 1.06 quarts ‘UQS.

1 GALLON (UeSe) = 3.78 liters =« 16 cups = 256 level tablupocm
768 teaspoons.

1 PLUID 0Ze @ 30 Coce » 2 level-tablespoons

b (levnl) TABLESPOON ® 15 cece (with s0lids) =» 18 ce.c. (with
liquids due to surface tension).
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Apperdix 2
' COMPOSITION OF COMMON FERTILIZERS

NITROGEN SOURCES NX_ Pa0c % K20 % S %
Anhydrous ammonia (NH3) 82% 0 0 0
Anmonium nitrate . 33% 0 0 0
Am, nitrste + lime  20.,5% 0 0 0
Ammonium sulfate - 20=21% 0 0 23-24%
Ammonium phosphate 16% 20% 0 9=15%
sulfate (g types) 13% 39% - 0 ™
Mono-ammonium phosphate 11% 48% 0 3=4%
(2 kinds) 12% 61% 0 0
Di-ammonium phosphate . 16% 48% 0 0
(3 kinds) 18% 46% 0 0

21% 53% 0 0
Calcium nitrate 15.5% 0 0o 0"
Sodium ritrate . 16% 0 0 0
Potassium nitrate 13% 0 46% 0
Urea 45-46% 0 0 0
PHOSPHORUS SOURCES
Single superphosphate 0 16=22% 0 8-12%
Triple superphosphate 0 42-47% 0 1-3%
Monc- & di-ammonium phosphates (see under N)
Ammonium phosphate sulfate (see under N)
POTASSIUM SOURCES
Potassium chloride 0 0 6% 0
(muriate of potash) , - '
Potassium sulfate 0 0 $0-53% 18%
Potassium nitrate 13% 0 44% 0
Potassium magnesium 0 0 21-22% 18%

sulfate (11% Mg, 168% MgO)

NOTE: PzOs X Codd m P‘ Kzo x 0.83 = K; S X 3.0 = 304
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DETERMINING SOIL MOISTURE BY FEEL OR APPEARANCE®}
“ feel or Appearance of Soil

Available Very coarse Coarse Madium Fine
Moisture Texture Texture. Texture Texture
in Seoil (sand) (loamy sand (Fine sandy loam, | (clay loam,
sandy loam} silt loam) clay)
» loose Dry and loose; Powdery dry; some-l Hard, baked,
?ngle gra.{ned; flows through times slightly cracked, often
lcrusted but with crumbs on

0%

lows through

fingers,

50%
or
less

ingers _ |breaks easily surface.
: into powder. ‘
Appears dryg Somewhat crumbly }Somewhat pli-

I\ppears dry; won't
form a ball un-
|der pressure.*?2

won't form a h;ll

but holds to=

" |lunder pressure.’l lgether under

pressure,

der pressure.

able; balls un-

50=75%

Appears dry; won't
form a ball un-
{der pressure.

Tends to ball une
der pressurebut
seldom holds tow-
gether. .

i1l sometimes
slick slightly
with pressure.

Forms a ball un~-
der pressurej-—

-

Forms a ballg

forefinger.

pibbons out be-

_ . ‘
T rpusaty..
A% ‘

75 %
field
capacity
(100%)

.{Sticks together

slightly; may
form very weak
all under pres-
sSUre.

Forms weak ball,
breaks easlly,
will not slick.

lpliable, slicks
readily if high
in clay.

Forms ballj very

Fasily ribbons
out between
fingers; has a
slick feel.

at field
capaclty
{100%)

n squeeging, no
frae water

pears on soil but
wet outline of

all left onhand.

Same as for sand.

Same as for sandd

Sanie as for
sand.

*l, Based on USDA Ag. Info. Bul. No. 199, -\
*2. Ball is formed By squeezing a handful of soil very firn?iy."x\

A
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Appendix 4

. f
. SPACING Gurpe°l *2
FOR_CONTOUR DITCHES OR OTHER EROSION BARRIERS .

% SLOPE  DEGREES SLOPE  DISTANCE BETWEEN DITCHES
] Meters Feat
3° 21,6  70.8
19.3  63.3
17.7 . 5840
16,6 S4.4
15,8 - 51.8
15,0  49.2
14,2  46.6
13.4 ~ 44.0
12,7 41.6
12.1. ' 39.7
11.5 = 37.7
11,0~ 36.1
10,5  34.4
10,0  32.8/°
9,5 31,
© 940 29;5 [:
8.6 3?.2 }
8.2 2649 |
7.8  25.6 /
7¢5 2446 |
, 7e2 = 2346
26% 7.0 23,0
27% ' - 6e7 22,0
26% 6.4 21.0}
. 29% u 6e2 2043
30% 17° : 640 19,
: .. ) © (Continued)
. *1¢ See pp. |"
«2. Based on data from PC/El Salvadore |
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Appendix 8
HUNGER SIGNS IN COMMON CROPS

Before trying to spot hunger signs, read over p. 56

Nitrggen
Corn, Sorghum, eat, Rice

. Young plants are stunted and ﬁpindly with yellowish-
green leavese In older plants, the tips of the

leaves first show yellowing which up the mid-rib in a nyw
Shaped pattern, the leaf margins staying green. In some
caseS, there's a general yellowing-of the lower leaves.

In severe N hunger, the lower leaves soon turn brown and
die from the tips onwarde This "firing" can also be caused
by drought, which prevents N uptake. '

Grain and Pasture Lequmes (Peanuts, Beans; Soybeans, Kudzu,etc.)

Many legumes like peanuts, soybeans, and pasture legumeés
can fix all or most of their N if properly nodulated by the
right strain of Rhizobia bacteria. Others like lima beans,
cgmmon beans, and peas are less efficient and need ferti-
lizer N,

N deficient legumes have pale green leaves with a yel-
lowish tinge, starting first with’;he lower leavesj in later
- stages, leaf drop may occure - //

If ar efficient N fixer like peanuts or soybeans shows
deficiency symptoms,aheck for adequate nodulation (see pe19).

Vegies

Tomatgoeg first'show stunted growth and loss of normal
green color firs¢ in: the younger, er leaves which stay
small and thin; the whole plant gra ually becomes light
green to pale yellow* the veing begin to change from light
green to purple,especially on the undersidee gwer buds
turn yellow and drop off, and fruifs are smalle”’

Cucumbers and sauash first show leaf stunting and a
loss of deep greenj stems are spindly and fruits are light
in color (cucumbers).

Other vegles show a general leaf yellowinge

Phosphorus

Corn. Sorghum, Whgggl_Rice

Hunger signs are mgst likely during early growthe Mild
shortages usually cause stunting w/o Clear leaf signse More

*1, Tomato stems may turn purple. - 165’”’



(Hunger signs, continued) 158 . Ry
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Deficiencies are rare in most crops except vegies. Blop-~
gom_end-ro§ of ;ggf§¥gg is mainly caused by calcium defic~
iencies. Celerg develop brown, decaying areas in its
heart leaves. Carrot roots have cavity spotse

Magresium
Corn. Sorghum, Small Grains j

In corn and sorghum, a gengﬂél vellowing of the 1
leaves is the first sign; eventually, the area between the
veins turns light yellow to almost white while the veins
stay fairly greenj as the defig¢iency- ‘progresges, the leaves
turn reddish=purple along theitr edges and tips starting at
the lower leaves and working upwarde Signs aren't clear-~cut
in small grainse ] / '

Lequmes

In early stages, sog%e// leaves become pale green hetween
the main veins and then turn a deep yellow, except at the
bases . .

Vegies , A [

Cabbage, cucumber, watermelon,|tomato, eggplant .and pep~
per are the most Susceptible. ggggggggyget britti leaves
which may curl upwards {(can be cause other things tools
the veins stay dark green while the areas between turn
yellow and then finally browne

/

't

e ' Suapect. Deficiencie Arid, sendy soils or those
limed with a materi ackling magnesium. . Lo
Sulfur

where to Suspect: Volcanic soilsj acid, sandy, heavily leached
so ls; where low sulfur fertilizers have been used.,
Corn, Sorghum, 211 Grains ‘

These Crops have low S needs compared to cabbage family
crops and legumese . Stunted growth, delayed maturity, and
a general vyellowing of the leaves zas distinguisbed from
N deficiencies) are the main signse. Sometimes, the veins
may 'stay green which can be mistaken for iron or zinc de=
ficiency; however, icon and zinc shortages are more likely
in slightly acid to basic soils, while S hunger occurs most
often in acid soils. :

1
!

Lequmes and Vegies f

Not readiry-recognizable.

~ 1 166
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(Hu e signs, continued)

Zinc
— Where to Suspect: Most common above a pH of 6.8

—~ ———  Corn, Sérghum, Small Grains

Corn: Shows the most Clear-cut zinc hunger signs of all
cropss If severe, symptoms appear within 2 weel:s of
emergencee A broad band of bleached tissue on each side
of the leaf mid-rib, beginning at the base of the leaf
- and occuring mainly on the lower half of the leaf is

- typicale The mid-rib and leaf margin stay green, and -
.7 the plants are stunted. Mild shortages may causes
. : an interveinal striping similar to iron or manganese
- deficiencys However, im Fe and Mn shortages, the ine

terveinal striping runs the full length of the leaf.

Sorghum: Similar to corn but less interveinal striping, and
the white band is more defined (lower part of the
leaves)e '

Small Gralns: Less common and easily spotted.

2 %gxgﬁggg&_gggngz Area between the leaf veins becomes yellow
o white; most severe on lower leaves; the affected areas
may turn brown or grey and die. -

ZEOE

Where to Suspect: Above a pH of 6.8. Sorghum is the most
sensitve crope

Corn. Sorghum: Sorghum is much more prone to iron hungere
Both creps show an interveinal yellowing that extends the
full length of the leaves (especially the upper ones)e

Hard to diagnose in small grainse Legumes show similar inter~

veinal yellowinge.
Manganese .

Where to suspect: Above pH 6.,8. Sandy or heavily leached soils.
Tomatoes, beans, lettuce, onion, radish,

. Corn. Sordhum. Small Grains: Small grains (eSpe oats) are much
more sensitive than corn or sorghume Oats show gray~brown
dead spots on the leaf margins, first on the higher leaves.
The spots can turn into streaks and enlongate; the upper

-~ half or 2/3rds of the leaf may fall over due to dead tissuee.

Beans, Soyvbeans*® Intervelnal Yellowing to whitening; veins
stay greenj brown 8pots8 and dead areas form (may be confused"
with diseases)e Occurs on newer leavese

Vegies: Tomatoes show interveinal yellowinge
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(Hunger signs, continued)

Boron
Where to Suspect: Acid, sandy soils or high pH soils. Cabe .

bage family, carrots, celery, tomatoes,

and sweetpotatoes are most sensitive. Boron
deficiency 1s the most common of all the
micronutrients in vegiese

Vegles: Symptoms vary a lot with the crope Iable beets, tupg-
nips, and other goot crops show dark spots on the
root, usually at the thickest parte .Plants are .

stunted with smaller than rormal leaves which de-
velop yellow and purple-red blotches; leaf stalks
show a length-wise sﬂlitting. Growing point may diee. .

Lettuce shows malformation of the quicker growing
eaves, death of the growing point, and leaf tip

burning and spotting.

-
Molvybdenum
Where to Suspecg: Acid solilsj legumes, cabbage family (espe

caulifliowers

Lequmes: Since Mo is needed by Rhizobia N fixing bacteria,
Mo hungry legumes often show the same signs as o~
in N deficiencye. - ‘

Cauliflower, Cabbade. Broccoli: Inter-veinal yellowing along
with cupping of the leaf margins; leaves have a whiplike

, appearancee
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INDEX

Acid forming fertilizers 77-78

Acidity (see also Soil pH)
active vs., reserve 140-141

Alkali problems 43, 144~50

Alkalinity 40-41

Atuminum toxicity 43, 137

Ammonium nitrate 74

Ammonium nitrogen 7,

Ammonium pnosphate 75

Ammonium phosphate gsulfate 75

Ammonium sulfate 74

Anhydrous ammonia 75

Anion 38

39, 45-46

Bananas 134-136

Basic slag 76

Beans 45, 117-118

Bonemeal 66

Boron 49, 83, 145, 148
Broadcastlng 84

Burned lime (Qulcklime) 139

Cassava (manioc, yuca) 121~122
Cation 38
Cation exchange capacity 39, 140
Chelates 77
Clay(s) 3-4
hydrous oxide clays 3
negative charge 3
silicate clays 3
tropical vs. temperate 3-4
Clayey soils 12-13
Coffee 132-134
. Color (see Soil)
Complete fertilizer 72
Composts & composting 62-65
Contour lines 25-30
Contour cropping 25\
Copper 49, 83
Corn 109- 113
"hunger signs" 156-160
Cucumber 124, 125, 126

Demonstrations 56
Denitrification 116
Depth (see Soil)
Disk harrow 32
Disk plow 32 .
Dolomitic limestone 76, 82, 138
Double-digging 35
Drainage 18-19
color as a guide 19
effect on crop growth 19

- 169

Barthworms 69-70

Eqaplant 124, 126

Erosion 20-30
Evaporation 15, 18
Exchange capacity 39, 140

Fertilizers
acid forming 77~78
application methods 84-87
chemical vs. organic 58-60
economics 89-91
effect on pH 77~78
granular 71
liquid 61, 86
" foliar '86-87
mixing 100-101
organic 58-68
Fertilizer burn 87-88
Fixation (N) 7, 45
Fixation (P) 47,81
Foliar fertilizers 8687

Grasgse-lagume pastures 129
Gra. 127-~130

* Green .anure crops 67

Gypsum 77, 121, 148
Hardpans 19, 20

Hole placement 85
Humus 4-5, 39

Hunger signs 156-160
Hydrated lime 139
Hydrous oxlde clays 3

Innoculation (legumes) 119- 120
Ion 38

Irrigation 17*18, 87

Iron 49, 83, 114

K20 72
Leaching 38-39,
Legumes 7, 129
Lettuce 124, 125
Limestone 48, 82, 138
Liming 137-143 ~

materials 138-139

overliming 143
Loams.10-12
Luxury consumption (K) 48, 128

41, 46

Macronutrients 44

Magnesium 48,

Manganese 49
deficiency 49, 83, 118
toxicity 43, 137 oy

76, 82, 138




Manioc tsee Cassava) Soil
Manure 60-61 color 9, 1%
_ amount produced 61 depth 20
..—— 1low P content 61 drainage 18-19
nutrient value 60 ‘- erogion 20-~30
storing, applying 61-62 ' pH 40~43, 137
Micro~organisms 7 slope 20-~24
Micronutrients 44, 49-~50, 87, 83 texture 9-13
Minium tillage 33 tegting 52-55
Mixing fertilizers 100-101 tilth 13-14
Molybdenum 44, 49-50, 83, 119 Sorghum 113-~114, 156-160
Mottling 19 Soybeans 118-~120 .
Mulching 68 Squash 124, 125, 127
- ‘Stripcropping 25
Negative charge {see eXxchange Subsoil 2
capacity} Sulfur 48-49, 77, 82
Nitrate 7, 45-46 fertilizers 77, 152
Nitrogen 45-46 * Superphosphate 75
Nitrogen fixation 7, 45 Sweetpotatoes 122
Nodulation 120 _ "
Nutrient balance 95 : Texture {see under Soil)
, Tillage 31
Organic fertilizers 58-66 Tilth 13-14
Organic matter 4~6, 39, 58 Tiggue téstg 55
Overliming 143 Tomatoes 124-126
Topsoil 2

P205 72 Transpiration 15
Trovical clays 3-4, 39-40

"Package" approach 96

Pastures 127-132

Peanuts 120-121

Perpers 124

pH 40-43, 137

Phosphorus 46-47, 75-76, 80-81
Potassium 47-48, 76, 8l1-82

Potassium chloride 76, 123, 88 s
Potassium nitrate 76 avail. vs. unavail. 15

Potassium sulfate 76 amount held by soil 16, 153
Potatoes 123-124 Weeds 96

Urea 73. 128
Vegetables 124-127

Water
amount needed by Crops 17-18

Rhizobia bacteria 7, 45, 120 Yuca (see Cassava)

Rice 114-117
Rock phosphate 75
Roots

i depth of 17

" Rototiller 32

Zinc 49, 83,-95, 111

Salinity 244-150
Sand 2-3
Sandy soils 11-12
Silt 2-3
. 8ingle superphosphate 75
Slaked lime 139
Sodium 144~-150
Sodium nitrate 74
Sodic soils 144-150
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Since 1961 when the Pesce C(orps was created, mors thano 80,000 U.8. citirens heve ssrvad
as Volunteers in developitg coumtries, living and working smong the peopls of the Third

World ss collesguas and co-workers.

Today 6000 PCVe ars involved in programe designad

to help strengthen local cepacity to address such fundmmental concarce as food
production, water supply, snergy developoent, nutrition and health education end

reforestation.

loret Miller Muppe, Director
Everett Alverez, Jr. Deputy Director
Richard B. Abell, Dirsctor, Office of Progremming and Training Coordinstion

Pesce Corpe overseas offices:

BELIZE
F.0. Box 487
Balize City

BENLIN
BF 971

Cotonou

BOTSWANA
P.0. Box 93
Gl_burone

CAMEROON
8P 817
Yesounde

CENTRAL AFRICAN
REPUBLIC

BP 1080

Bangui

CHILE
Gsille 27D
Santiago

COSTA R1CA
Apartado Postal
1266

S5an Jose

DOMINICAN REPUBLIC

Apartado Poste!
1414

Santo Domingo

EASTERN CARRISBEAN
Including: Mmtigua
Barbados, Grensda,
Honteerrst,

St. Kitte=Nevis,
St .lucia,St.
Vincent, Dominice
“Erin Court"
Bighops Qourt Hill
P.0. Box 6%""0
idgetown, Berbados

ECUADOR
asille 635-A

{uito

PLIZ
P.0. Box 1094
fuve

GABON

¥F 2098
Libreville
GAMBIA, The

F.0. Box 352

Banjul

GHANA

P.0. Box 5796
Accra (North)

GUATEHALA

6a Avenida 1-46
Zone 2
Guatemala

BONDURAS

Apartado Postal
C-51

Tegucigalps

JAMAICA

9 Musgrove Avenus
"Kingstoa 10

EENYA .
P.0. Box 3051§
Rairobi

LESOTHO
F.0. Box 554

Maseru

LIBERIA
Box

Monrovia
MALAMWT
Box 208
Llilongwe

U =

t\.’f’hhﬂ bis

" MALAYSTA

177 Jalan Raja Muda
Kuals Lumpur

MALT

BF 85
Menako
MAURITANIA
B

F 222
Nouskchott

MICRONESIA

P?.0. Box 336
Baipan, Mariana
Telande
MDROCCO :
1, Bus Benzerte
Rahat

NEP
F.0. Box 613
Katimandu

RIGER
BF 10337
Hiazey

OMAN
P.0. Box 966
Muscet

FAPUA NEW GUINEA
¢/o Mmerican Embasey
Port Morasby

- PARAGUAY

¢/c American Embassy
Asuncion

PETLIPPINES
?.0. Jox 7013
Manila

RRANDA .
c/o American Eabassy
Kigali

SENEGAL
BP 254
Dakar

SEYCHELLES
Box 564
Victorih

SIERRA LEONE
Private Mail Meg
Mreetown

SOLOMDN ISLANDS
P.0. Mox 547
Roaiatse

sMzILAD
P.0. Box 362
Mbabane

L

Dar ¢s Salaan -

THAILAYD

42 Soi Somprasong 2
Patchburi Road
Bangkok 4

2060
BF A%
Lome

TONGA-
BP 137
Nuku'Alofa

TORIS
s dve. Louis
Braille
Tunis

DPPER VOLTA
BP 537 -Semendin
Cuagadovgon

MESTERN SAMDA

P.0. DMex 880
Apla

YEMEN
¥.0. Box 1151
Sans‘s

ZAIRE

"BF 697

Kinshasa”
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