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PREFACE

The rangglands and other grazing Lands 0f the ropics
and subtfppics constitute enomous natural ReAources
that have neceived scant attention of science and
technology. They provide nesily all of the feed fon
rnuminant-Livestock (cattle, sheep, goats and buffalols
and deficienciies in feed nesowrces profoundly affect
the domesiic supplies of milk and meat forn-herdens and .
farmers, as well as the quantity of Live animals fon
manket. There appear 10 be substantial opportuniiies
fon impnroving the feed producifdg capacities of all

- grassfands, by the application of management practices
found effective in developed countries. These practices
should substantially increase the incomes of Lwe,&,tdbh
producens. ) \

This bulletin undertakes to neview the basic pmapzu N
that underlie sound grazing Land management; and fo

indicate the application of these principles forn practical
suppont of economic Livestoch production in the thopics

and subropics.

/

Loty 7727—* N

TDean F. Petlernson

Directon

O0ffice of Agricultwie

Buneau fon Development Support
Agency fon International Development
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MANAGEMENT OF RANGELANDS AND OTHER GRAZING LANDS
OF THE TROPICS AND SUBTHOPICS
FOR SUPPCRT OF LIVESTOCK PRODUCTION

Howard B, Sprague
Agricultural Consultant

Intreductien

To achieve effective development of many tropical countries, 1ivestock

produq?ion must have a high prierity. The recurring widespread droughts

in ma&y regions have clearly indicated that the production of forages for
support of livestock often dominates the situation. Even in humid regions,
forage production {s generally deficient. Without adequate supplies of
feedstuffs, the other ﬁanagement measures for efficient production, as well
as for protectiﬁg animal health, improved animallhusbandry, animal improve~
ment, and marketing, are made ineffective. ‘

The necessity of having adequate feeds to meet nutritional require-
ments of livestock must be recognized, not only fot‘the seasons when rainfall
fosters grouth'of herbage on grézing lands, but also for the dry periods o
when forage érowth ceases. Ensuring adequate reserve supplies of feed in
seasons when 1little of ne plant growth is possible has long been recognized
as a prime requisite for productive animal enterprises in the temperate
zones of the world. There, tﬁe feed reserves include‘hay, silage and dry
fodder for feeding during the winter peried.

The comparable principle for the trepics and subtropics should recog-
nize that 1ivestock feeds must be provided for dry seasons uheﬁ plant growth
ceases. These dry season feeds may include protected grazing reserves, or

feeds that have been harvested and stored” for support of steck in these

14




seasons. Unfortunately, violation of this principle is widespread in the

tropics and subtropics to the great detriment of agricultural development.

l.  Land Use and Livestock Populations

There are enormous potentials for improvement in feed production to
support. ruminant livesEock enterprises in the tropics and subtropics. The
permanent grasslands of the tropics and subtropics occupy about 24 times as
much land area as all arable lands plus land in permanent crops (Table 1}.
These vast grassland areas are useful to man primarily through the support
they give to livestock. Every country with extensive grasslands should be:
coﬁcerned with the most effective utilization of these laggs and the means
by which these forapes may be produced and censerved. In‘;ddition, however,
each counbry hés need for the products of these lands as live animals, meats,
milk, and hides and skins. The edible animal products are valuable for
export; and the meats and milk products are indispensible for domestic human
diets since they supply animal proteins which are deficient in the food
supplies of virtually all tropical and subtropical peoples. These two needs

are ample justificétion for intensified programs to effectively utilize

‘these vast land areas and to greatly increase production of animal protein

foods.

| The difficulties that less developed countries have in producing
enough staple foods to keep pace with growing populations are compounded
by the lﬁw nutritive quality of the food supply, when insufficient quanti=-
ties of animal proteins are produced. Subétantial advances may be made by

making more effective use of permanent grasslands, both to enhance economic




status of individual producers and of whole naticns, at the same time that

the highly nutritious animal proteins are made more abundant.

Table 1. Lland Use and Livestock in the
Tropics and Subtropics

(1)
Total Number s of
Atable Permanent Ruminant
Number of La2nds Grasslands Livestock
Countries (Millions (Millions (Millions of 2)
Continent Included Hectates} Hectares) Animal Units)

Africa L6 193 757 203
Asia 26 o 12 L51

Central America '
and Car ibbean 13 35 100 Lo

South America 10 S8 h13 : 17h

TOMLS 95 626 1,582 877 (2)
(mil, Ha.) (mil. Ha.} (mil. A.U.)

(1) Arable land includes those occupied by permanent crops (fruits, nuts,
etc.).

(2) One Animal Unit (A.U.) = 1 bovine, buffalo, of camel; of 5 goats; orf
S sheep.

This technical paper undertakes to assemble and summarize available
information on tropical and subbropical grasslands, with particular reference
t6 their potential development and utilization. In a few reaions there are

notable examples of outetanding success in incteasing the total forage pro-

duction and nutritive values of permanent grasslands, with the result that

animal production has g;;;_made more ptof!table.l These isolatedsuccesses

may be enlarged to encompass nearly all ranges and permanent grasslands.

51- 16




In subhumid (savamnas) and semi-aric (semi-cesert) regions, the cushioning

effect of prudent management againstlthe‘impacts of the inevitable recurring

droughts, has been demonstrated In terms of protecting livestock herds and

fostering production of the forage plants that are adapted to the region.
Certain basic principles are {llustrated in those isolated Quccesses .

that are available for observation, and adapted to the varying conditions

in specific regions.' One basic premise underlies the following presenta-

tions namely, that the application of 2 complefe package of superior practices

will'invariably be more rewarding than the application of individual practices.
Wherever a complete package is not feasible, it is essential to undertake those
treatments that are most essential to development of a situation on which

future improvements may be added.




5

II. Ianventory of the Natural Resources Base .of Permanent Grasslands,

Grasslands vary tremendously from region to region as a result of the
natural resources present, as well as the cumulative effect of man's manage-
ment practices. The basic natural conditions of climate, land forms and soil
types, usually have been greatly modified by grazing practices that often haﬁe
depleted potential veéetative-cpver, and gdissipated fainfall in harmful ways. .
The low regard for grassland produétivity that is wjdely prevalent has
resulted in declining plant. growth and lack of dependability in forage
production under unwise management.

1. Climate.

Effective utilization of every kind of grassland must recognize
" and adjust to the cﬁnditions at hand. There is little that can be done to
change climate; but man should be aware of the typical variability in each
reaion in the amount of rainfall, its seasonal distribution, and the kind of
rainstorms that occur. Another important climatic factor is the typical air
temperature, particularly in the seasons of significant rains., In the tropics
and Subtfopics, some fegipns are character {zed by rains in cooler seasons,
and in other regipns by Summer rainfall. Rainfall that comes in heavy showers
normally tends to hHave hiah runoff losses, particularly or Sloping lands on
which solls with lcw permeability occur. Table 2 summarizes types of regions,

in terms of average rainfall,

Climate controlslthe production of feedstuffs in the following ways:

a. Rainfall. The rainfall that occurs, as to the total amount,
its distribution through'tﬁe seasons, and the character of fainstorms

.;_(gentlehpr_spogsdic~downpour55-and“ambuﬁt'pbf“éfﬁfﬁ)}"bﬁﬁéﬁitute a




" Table 2. Average Annual Precipitation

Total Yearly Rainfall Descriptive Terms
pches . - Tropics & Subtr-

over
60 -
40 -
20 -
10 -
0=

__CS Vegetatioh
8n over 2000 Contihuously humid Tropical rain fotest

80 15002000 Humid - Wet-dry tropics

60 1000~1500 Moderately humid Mixed vegetation

60 500~1000 Subhumid : Savanna, Steppe
250-500 Semi=ar id Semi-desert

10 ~0-250 Arid - Desert

Figure 1, for world distribution of rainfall zones.)

ma jor climatic factor. The duration of the seasons without significant
rain is highly important. The effects of rainfall gre moderated by soil

conditions and thefheture of the vegetative cover. A cover of forage

‘grasses and legumes provides a most effective means of retaining rainfall

on the land vhere it falls, to infiltrate into the soil where it may be
used by plants growing in the soil. _ _

b. Sunlight. Sunlight in the tropics and subtfopicé, inf luences
plant growth through the intensity of solar ehergy, the. light quality
(higher in ultraviolet rays than. in temperate zones), and the lenath of
daylight periods. Mény tropical plant species are p90t1y adaﬁted to the
temperate Zzones which have longer days in summer and short ter days inlwinter.
Thus, some entire plant species, and some vatietieﬁ within widely distr ibuted

Species are either adapted to temperate zone lengths-of-day, of to tropical

-'zone'iengths-of day (11 to 13 hours day length)

-
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¢. ‘Temperatures. Temperatures in the tropies and subtropics

are not only generally higher than in the temperate zones, but the cooler
season is usuallyhuarm ehbugh to sustain plaht growfh th;oughout the year
vwhenever rainfall is adequate. Night temperatures are relatively warm,
except at higher altitudes where dissipation of daytime heat'is quite
rapid, particularly at élevations abové 3000 ft. (= 1,000 meters).

d. Evgpﬁration and humidity. The rates of evaporétion gise

;apidly‘with higher pemperatures ;o %hat cSnsiderably more rainfall is _
" needed to maintain equivalent air humiéity,*than is needed in the temperatev

zones. Thezgrgater evaporation losses aré accompanied by higher transpira-

tion losses of water ffom plant leaves and stems. Evénlthe humid ueé—dry

tropics, because of the extended dry season, producq substantial moisture

stresses in plants.

Evaporation from free-uatef-surfaces (léheS, pondé, streams),

and from'qoils,and the water losses directly from plants, are very high

in varm drf situations. Growing plants must ;aintain a minimum water

balance between éptake.bf roots aﬁd losses from leaves and stems,. to

remain aqtive in growth and in storage of plant food réserves.‘ Unless

a positive balance {s achieved, the plant cea;es-fo function and either

become; dormant or dies. The length of the periods during uhich plaqts

can function, is a fair measure of how much growth can be made in the

course of a yeaf, whether the growth be iﬁ foods and fiber used directly

B} man, or as forége for consumption by livestock. As_the climate becomes

more severe in'ferms of water ﬁalance for- plants, the Qroﬁing of c:oﬁé

tends to dwindle, and prime reliance'is placed on foragés (grasses,

L3
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! N -
legumes and browse plants) that must support arazing livestock enter-

prises to yileld products that man can use to meet his needs.

L
w

e, ﬂéngth of the dry season. A significant measure of the

suitability of climates to support plant growth, is the average lencth
of the dry season each year. For convenience in determining the regions
where different species of plants are capable of surviving and making
substantial growth, the following conditions are recognizeds
l. Humid ~ having less than 24 months with little

~or no rainfall;-

Intermd.iate-humid - having 24 to 5 months with

little or no rainfall;

Intermediate-dry - having 5 to 74 months with

little or no rainfall;

Semi~-arid - having 74 to 1C months with little or

no rainfali;

Arid = 10 to 12 months with little or highly varizble
rainfall. |

“

The general geographic distribution of the dry seasons

according to their average yearly duratlon is shown in Figure 2.
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. ,//’f. Mensoon climates. 'The monsoons have 2 strong inf luence on'plant_

'g{bwth of all types because of the effect they have on the seasonal occur~ ¢

¢ ; : . . .
rence of the rainy season. The busic causes of monsoons are poorly understood,

+

but they can be predicted to some extent. They have considerable variabili%y
in the dates of beginning and tﬁgir duration. The name "Monsoon" is Ar;bic,
and was originally applied to the seasonal win&s of the Arabian (Persian)
Sea, that blow about six menths from the southwest. The winds are caused
by differe&ces of annual teﬁperatufﬁ trgn&s over land. Temperature-changes
are large over land, but sm;iliover oceans. The monsocon blows from cooler
to warmer regions; from sea fouard lana in summef (bringing rains), and ;
from land toward the sea in winter (without rains). - Atmospheric pressure is
relatively high in cooler regions\énd iower in warm regions, permitting
air-mass movement to take place. - |

The mon;oon type of air movemenE by seasons occurs thr oughout
the tfopics, énd is perhaps better known in'fhg Indianysubcqntinent than
else*hgre. However, monsoon type cliﬁates are widespréad in the tropics
and subtrog}cs, Mansoon winds bloqing from oceans toward aﬁd across land
maéses of Africa and South America.are impqrta;é factogs'in proeducing the
'rainx season of those tropical climates;'anq the reverse flow of air masses
froﬁ'hand towérd the ocean ca;ses the dry seaéons. fhet@etiodicity of rain=-
fall in the trop}eéxif wgll established by rainfall recérds ?ﬁ?t é;é now

available in virtually all developing countries. _ <
. X \ — _ )

. B ! . . \‘ . .
g. Mediterranean climates. These are produced by a unique combinas.

tion of land forms, latitude, and monsconal winds. Ra2infall characteristically
iI > ' - ’ LI
1
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occurs in the cool moriths, and the summers are relatively -dry. In the -

Mediterranean basin, and extending eastward to Iran, air masses flowing

from the Atlantic bring rains in the winter period, thus producing a type

of-‘agriculture based on plant growth suited to the dooler moist i'finter :

season.

f.

o)

2~ N Catégpries of climates (Figure 3). The ca;egoriés of elimate

that recognize dominant characteristics ma); be identified as follows:

(1) yarm te:ﬁo_etature and subtroplical zones:

T

('a)
(b)
(c)

()
(e)

)

{0)

Dry summer, Mediterranean .climaées with humid winters.

Dry summer, Steppe (subhumid) ctimates with humid

winters,

Steppe (subhumid) ¢limate with short summer hﬁm}dity.
ory winter climate with long summer :humfdity.- :
Semi~desert climate with'sﬁgrt éeésons when rains
occur . .

Permanently huafd grasslafd climates.

Permanently humid climates .with hot 'suugers.

Trorical zones:

(a)

Tropi't/:'gaj. yearlong rainy climates.

i

(b)//@opical hunid summer climates

L

—

1) with humid winters

2) with comparatfvely dry winters.

#For.representative data, see "Climates of the World,® published by the U.S.
Department of Conmemerce, and available from the Super intendent of Documents,
U.S. Government Printing. Office, Washington, D, C. (35¢).
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Wet and dry tropidal climates.
Tropical dry climates
1) with humid winters
2) with dry winters.

(e} Tropical semf=desert climates.

(f}) Tropical desert climates: ~

The significance of these zoncs is that for foragde production of
the plant species adapted to a particular climatic zone will probably be

useful fn any other part of the world where there is simflar climate.

2. Lland furms_and elevation.
The surface topography of lands, and their altitude above sea
level, have pronounced effects on climates, and thus on plant growth. The
principal cljas-ses of land forms are shown in Figure L. However, within

each of thelhand forms shown there are local varfations in surface topo-

graphy that Lave major significance in their suitabflity for growing crops,

for productién of forages on pastures and rangelands, and other uses. As

| the elevatio4 of 1land increéses the temperatures are lower, sihce'éhe day=-
time heat isldissipatqd more rapidly after sundown at higher elevatfons.

Laréd elevation also modifies the rainfall substantially. Mofsture

'laden afr maéses-mdbing toward ranges of hiils of mountains deposit rain
as the air moltles up_mafd. However, on the lleeuard side of these uplifted
land fornms, tﬁe same air masses havihg lost much or most of their mofsture .
vapor, do noticontribute substantial precipation. Thus, the eastern slopes

of the Andes mountain of South America have abundant rains, and the western

30
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sides are quite arid. Siﬁilarly, the northern slopes of the Atlas mountains
in Nofth Africa have mﬁch more abundant rains than.the southern slopes. The
native vegetation as well as the crops, and the range and pasture lands, are
profoundly affected by such changzs in rain{all, generally becoming more

abundant as rainfall increases.

Within each of the principle classes of land ‘forms there are

important local variations in topography and In present agricultural use.
~In genefal, crsppihg tends to be coﬁﬁentrated'on smoother land areas, less
subject to erosion and rapid rainfall runoff, énd with a deeper soil ﬁro-
file that favors root ocdupation. On other spil areas that are poorly
suited to cropping, the lands are gengrélly occupied by rahgelgnds oz

. pasturés, except in humid reglions where the vegetation is usually trees
and fo;est. Thus, in a singlé locality with humid wzt-d?y climate,‘or in
a subhumid climate, the crop lands may be jntérmfngled with less favorable
lands that are grazed. In drier reagions not favorable for cropping, all

land classes may be used solely ‘for grazing.

3., Natural veoetation as an index of aoricultural potential., -

The native vegetation of a region is deternined very largely by
the climate. The yearly impact of rainfall, temperatures, evaporation and
humidity, and winds determine the types of vegetation thét can survive and
_ propagate. The nature of local soils modifies the climatic environment to
some'extenf. Insofar as the ﬁative vegetation of an area may be'discerned
despite man's occupation and use of it, such vegetation may serve as an

index of the combined effect of climate, land forms, and soil conditions
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to support plant orowth. Native vegetation does not reveal what may be the
conditions that limit plant gtowgﬁ, not:the extent that thes% limitations
may be corrected by suitable treatments. 'Where these plant resources have
been depleted by severe over=grazing, or by unconttolléd'butning, by un=-
cotrected soil erosion by wind or water, it may be difficult to identify

the natural vegetation.

scale, Compare this map with the rajnfall shown in Fiqure 1. As noted
above, such vegetation may persist only in protected or isolated areas -

where cropping is nearly universal, or where severe overgrazing by livea

stock has larqely destroyed the native vegetétion; The natural vegetation

zones are as followss

Low latitude (tropical) forests
i TtopicQI rain forest _
Lighter tropical fo;;st~ T
Scrub and thofn forest

Middle latitude forest

Mediterranean secrub forest (subtropical)
Coniferous forest (north temperate zone)
Broadieaf and mixed forest (teniperate,‘zones)j '
Grasslands ‘
...Savanné (ttopicél)
" Prairie (temperate zones)
Steppe (tropical and témperate zones)

Desert K

Desert shrub and desert waste (tropical and temperate zones)

b
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The steppe is predominately occdpied ny burich’ grass and scattered
shrubs, Following the occurrence of rains, any open ground surface is
occupied by short season annual grasses and herbaceous plents.

It may be noted that the only vegetation zones that occur in
both tropical and tempesatuvce zones are the stebpe and desert shrub. Even

in these zones, the tropical plant species are quite different from those

of the temperate Zones. The-vegetation zones of the'tropicé are unique,

which means that the research and technology needed to utilize them to

support man cannot be transferred from one zone to another without con-

siderable mddification. Much adaptive research will be needed, as well

as oripinal research on specific problems, to fully exploit the potentials
" of the tropics. Subsequent sections of this report summar ize present know=
" ledge on the adaptation of superior forape grasses and legumes to different

environments, and their management and utilization by livestock to-produce

economically attractive returns.

L. World soil orouping for forage production.

The characteristics of the major soil groups of the world are
determinedipartly by the climates in which they.occur,'partly by the geologic
material (rocks, sediments, etc.) from which they have evolved, partly by
their geologic age (very old weathered soils are quite different from recently
deposited alluvial or volcanic soils), and partly by the veoetative cover
‘under which the soils have developed In recent centuries. Sofls E;; be
classified by their own characteristics (eolor, texture, deptn, composition,
etc,), but their economic value depends on their sultability for growing

L3

plants.
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8., .Tropical soils. Tropical soils are unique in many respebts

because of the climatic conditiens under which they have developed.

The effective mansgement of tropical soils must recognize the properties

of each distincfive soil group, and adjust the land utilization
practices to protect the type of plant growth that they will.support
cn 8 continuing basis, The following major soil groups are recognized

by soil scientists,

b. Mejor soil groups, The seeming endless diversity.of tropical

soils can be resolved into major ¢roupings on the basis of their pre-
dominant characteristics. The following classification is useful, which

also are shown in Figure &.

Greast Seil Groups of the Tropics and Subtropicss

Total land area in millions
of hectares

Dark Grey and Black Clay Seils coo
{inclusions of chernozems, red- .
dish chestnut soils, and )
hydromorphic soils) ' |

bt

Sierozems Desert and Red Desert
50 inclusions of Izsﬁosofs,
recosols, and saline soils)

Latosols, Red=Yellow Podzolic
So?ls (inclusions of hydromorphic
soils, lithosols, and regosols)
Red=Yellow Mediterranean Soils
(Inclusions of terra ross soils,

some mountainous areas, and many
aress of rendzins scils)

o
:
e

#Der ived from article by C,. E. Kellogq and A. Co’ Orvedal, published in
"Advances in Agronomy" Vol., 21, 1969, by Academic Préss, New York.

L

-38




21

Soils of Mountains and Mountain
Valleys (Inclusion. of many -
!ifﬁosols) -

Alluvial Soils {Includes innumer-
able areas in all regions, that are
included in other spil groups. These
sgils have been estimated to support
25% of the world population. Alluvial
soils are formed by sediments from
flowing watets in river and stream
valleys and deltas, and:in intermit-
tent channels of rainfall runoff in
watershed basins. These soils lie

in the present day flood plains of
these waters, or as terraces and benches
of earlier geolegic periods.)

The ma jor soil groups are shown in Fioure 6., This map may be

useful in ccnnection with the data piven in Table 1, ﬁhich reports a

total cf 1,582 million hectares of "permanent grasslands" i{n the tropics
" and subtropics, in contrast to 626 million hectares of(arablellands vsed g
| for tilled crops qnd tree crﬂﬁs of variocus kinds. Comparatively {ittle ‘
research has been done on soil mamagement of géazing lands that support
livestock, in contrast to the studies on soils for crops. Enough
infornation has beeﬁ collected, however, on rangelands and. other

grazing lands to indicate that the potentials for improvement are
oftén very substantial. - 7

Most uplaéd tropical soils that are ;ropbed are low in
organic matter, since the high %emperatures foster rgpid-decomposition

of roots and other:p;ant parts that account for production of soil
i T ‘ . L
humus in temperate zones, Perennial grasses and legumes on tropical

and subttbpfcal gfasslands make yearly contributions of fresh organic

+ ¥

)' .
. .
=0y




10 70, 0,00 49,60 .80 100, 20

ey
o N
b . WX
. . e
.

}

i | Prsaug bty i) W aded Cobnciin

[ ] Chrirusemy suf Brichsh L it yourt teachmons o 4y gor sl tie | F
i of (e ubirabt o Toogi oy ;

m D gy o LN CLiy bty o Tt ua:ru A Tiwgec s | e Ty
of Chuomuienss, Riddesh Chestad Srh, oo hpomaupi geits -
FHEI v, Bomn, 4 Atitish Bupmn 1ty

'“""'.i Sarvosean, Driat, md Ned Dinh 1ouls oinghsages o Lo,
TN Reguton, aM et Soen

EETE] patowis ol meik iy pitwim oo I tnans o Bay e el By Yelhe i

| | Guryp-Binrm Podlohc 1inh il ocmen Forest 1ini

m t‘ﬂ.‘.’.': Ll ] ?Tl“ Sttt (o0 1 0id O B0l S,

[ ] -yl e Ar o b | g Tina R | 1014, ety
A ) | g iy oewy o Rl foas 1l

R soth @ moutlaemt oot acuntion vaiitys many LaRoots)

+
N —

A Sty 3" (i amid I gl el Bery, ml Yhoun
A G o o e O T .(I\‘

AR IOME, WM RO O
e LA )

L o 100 )
B B AL by b ‘f

/ i ey
FIGURE 6,  Generalized/Soils Map of the Worla

i S BRST COPY AALABLE




23

I

matter within the soit profile and at ﬁhe sqil surface, thps improving
soil permeabitity te rainfall and recycling minerals from plant tops
back into the soil profile. However, any characteristic mineral
defiéiencies of a soil type must be recognized and coerrected by
suitable treatments to more fully exploit the forage proddcing
potentials of rangelands and eother perennial grasslands,

The basic philosophy is that man either adjusts land manage-
ment practices to the inherent capabilities. of soils as they occur,-
or he identifies those limiting factors that can be altered by applica~
tion of modern technoiogy, and exploits thoselopportunities that are
economically feasible. Man cannet change the climate, but he can
make the most effective use of rainfall, temperatures, and humidity
that may be expected to occur. Protection of native forage plants
is a fifst requirement, but introduction of super {or adapted forage

plant species may also be rewarding.

A

" ¢, Soil deficiencies and plant growth; Plants grown on dffferent

soile in the same climatic Zone may make quite different amounts of‘_
growth as a result of some important soll factor or factors. More~
over, the nutritive values of forages grown on deficient soils are

often much reduced from the status when grown on more fertile soils.

The most encoﬁraging aspects of soil deficiencies are (1) that there

are practical methods for determining the presence of such limiting

factors, and (2) many of these limiting factors can be attered by
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man to preduce benefits {n terms of increased forages for livestock
that are much greater than the costs of the practices or treatments.
These“uiLI be discussed in more detail in a later section of this
report. ’

. d. Dependence of plants on soils. Favcrable soils must be suitable
1

for root occupation as to soil permeability and aeration and have good

soll moisture relaticns (permeable to rainfall) with faverable texture
and structure to store rains in the soil profile for subsequent uptake
by planﬁ roots. Also, soils must supply all of the mineral nutrients
required for plant growth. These include the ma jor elements: nitrauen,
rhosphate and potash; and the secondary elements: calcium, magnesium,
and sulfur. In additioen, there should be a modest supply of the minor
elements required in "trace® amounts for nermal growth: 2zing, EEEEE’

molybdenum, copper, iren, and ﬁaganes + Further, the suitability of

\ .
soils may be altered by excessive alkalinity in dry regions, or

4
\.

acidity in humid regions. \,
- A

' %,
e. laterites and laterite scils. In the tiepics, a unique soil

formation oftep occurs, known aS laterite. Latetifgs are characterized
by very hiéh contents of iron and éluminum oxides.'lThere are several |
forms of these reddish soils, which differ markedly in their character;
{stics and agriqﬁlfhral usefulness: (1) There is the ground-water
laterite which ﬁas a layer (horizon) indurated with iren compounds,

and thus with lqw-permeability to rainfall. It may be very thick and

can be formed on any parent rock material and drainage conditions

under the typically high temperature of the trobics. (2) A second
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type ié a deep red soil rich in iron ana-aiuminum, thch {s only
formed by weatherinp of basic loneous rocks under conditions of goed
to moderately good drainage, in repions of seasonally high rainfall.
They nearly always show sipns of impeded drainmape in the subsoil.
There is a soil horizon containing small pea-sized laterite oravel
concretions, whose ;oncentration iﬁcreases with increasinp amount

of impedance in the internal drainage. Below-that layer i{s a deep

reticulated mottled red layér, which may be soft in continuouﬁly huniid

reoions, but dries out to hard lumps when exposed to drying weather.

The hardeped types of laterite near the ¢round surface
are often.quarried for use'as road building material. The indu;ated
later ite soils are generally considered non-agable, and are occupied
by brush.and scrubby tree growth, ;nterspersed with some orasses and
: legumes that may be grazed. Research on how to improve Iatérife soils

for forage production has yet to he done.

S. Characteristics of Permanent grasslands.

There are a variety pf reasons why the'"ﬁermanent grasslandé" are
not now cropped (See Table 1). In the semi-arid and subhumid replons, the
rainfall is too uncertain to make croppino successful under natural rain-
fall. Only the deeper sfils giih good rainfall storape capacity, that are
Inherently fertile are cropped in 2egi9ns of "limited rainfallﬂ Other soil
types that are too shallow, or are highly erosive and badly gullied, or
are stony, or poorly draine&, or infertile for any other reason (such as

later ite soil areas that are relatively impermeable to rainfall), are

p———
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félegated to native vegetation. To the extent that the plant growth on
such soils is feasible, thesé areas are used as grazing lands.

A notable exception t6 the abpve types of "permanent grasslands"
are the tsetse-fly infested areas across Central Africa, that are estimated
at some 10 millfon hectares. These lands now are largely unoccupied by man
" because of the trypenosomiasis (sleeping Fickneés in man, N'gana in live-
stock) carried ﬁy tsetse-fly as it feeds on m3n and animals. As the tsetse-
fly is controlled on these I?nds, they will become available for cropping
where soil conditions are favorable, and for grazing on nearly all soils.

It should not be assumed that perennial forage grasses and legumes
have no role on cultigated lands. Rather, they are most Ftoductive on lands
and soils commonly used for ¢xop production. The use of planted forages is
crop rotations, or as longer term occupetion of arable soils, as a type of
profitable enterprisé-ih farming systems is discussed in Some detail in

Technical Series Bulletins No. 13, 19 and 20 (see Appendix). Such planted

pastures provide essential year-round livestock feed for aﬁimal enterprises

in integrated crop/livestock farming systems. They‘contfibute strongly to
maintaining soil fertility under conti nuous cropping. Where such improved
grazing lands are available they should be  managed in conjunction with the

assoclated grazing lands that are not used: for crop preduction.

6. Soil surveys and land capability classes.

Some prodress has been made in various reglons in making soil
surveys to determine the lbcation of specific soil typés; and in preparing

soillmaps of ﬁhese, area by area. Some soil survey maps are quite dngiled;

-




but most of these in the tropics are of the reconnaissance type showing

general soil conditions. Such maps are immensely useful in determining the
characteristics of soils for crop-production, as well as for producing
grazino and hasvegted forage for livestock. The identity of soil types
and ¢rouping of these provides a means of exchanging information on seil
improvement and management between countries and regions, thus facilitating
the accretion of knowledge for the benefit of agricultural development

| whenever siﬁilat soils occur.

Aﬁother exceedingly useful classification of soils, that hay bel

usefully applied where detailed surveys have not been made, is the land capa-

bility classification. These classes are based on land slope; soll depth and

dgéinage; susceptibility to erosion; water and nutrient supplying power of

the soil for plants; and the presence or absence of stone; hardpan or other
imper vious layers; any excessive salinity, acidity or alkalil; and similar
character istics. These classes embrace all soil types and conditions, and

therefore are applicable worldwide.

' Land capability ¢1assificatioﬁ (indicating siitability for
(1y -
specific auricultural uses). -

a. Llands suited for cultivation, and for forage preduction.

Class I. Very aood land, with wide usefulness. Excellent

f;r-cfopping, and also for grazing and forége procduction.
.nd {s level to moderately slopina. Low susceptibility
to erosion. Soil deep, well drained, fertilé-and

productive.

fuf“(l) For detailed criteria, see "A Manual on Conservation of Seil and Water ,”
U.S. Department of Agriculturk Handbook No. 61. ,

16
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Class II. Good land. Useful for cropping, but should have

soil conservation management to protect against degrada-
tigh. Land has gentle slopes, onlj moderately susceptible
to erosion hazard. ‘Soils moderate in depth, cood water
relations, and fairly productive; supports strong growth

of forage grasses and legumes for g;azing and for harvest.

Ciass I1I. Moderately oood. land. Requires more intensiﬁé
soil and water conservation practices to support sustained
crop production. Inclusion of perennial grasses and ,
férages in the farming rotation usually needed to protect
against land degradation. Well suiteﬁ for.permanent

grasslands to support. livestock enterprises.

Class IV. Fairly good land, but not suited for tilled crops

'I because of steeper slopes and other soil conditions,
sucp as erosion and excessive runoff of rainfall,
shallow soils, etc. Best use is for tree crops and -
1fof permanent grasslands. Productivity of land may be
sustained by suitable mﬁnagement practices, under such

useage.

Land capability classes not suited for tilled crops.

Class V. This class includes land not suited for cultivation

but capable of supporting per :nnial vegetation (grazing
or foreétry) with few limit_cions from a soil conserva-
tion standpoint. The laéd may be nearly level. It
includes lands on which vegetation has been-dépleted

b
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by misuse; and restrictions on use are needed to improve

the vigor of the vegetatioﬁ. Class V.alﬁo includes many
of the swampy areas that cannot be drained easily, ss
well as relatively level lands that are too §hallow or
stony to be used for crops.

Class VI, These lands are subject to moderate limitations under
grazing or forestry use. It is too Steep, sub ject to
'erosion, or toe shallow, wet, or dry for cropping, but;
with careful managément is suited to either grazing or
forestry. It may be tilled Just enough to establish
pastures., When used for grazing, there should be adjust-
ment of animal stocking rates, so as not to exceed the
forage producing capacity. Other necessary ;:ange. manage=
ment practices include deferred or rotational grazing in
the season of rains to permit periodic recovery and natural
reseeding of forage plants, and to protect against excessive
depletiqn of plant vigor. Special measures usually are
needed to control gullying; and water spreading by contour '
furrowing or other soil structures may be used to carry
runoff water to less leplng land where infiltration and
water Storageiin soil profile i{s feasible.

Class VII, These lands are subject to severe limltatlons or
hazards under either grazing or fdrgstry use. It includes
lands with severe moisture deficiencies (semi=desert to

desert); and lands that are very steep, eroded, stony,

48
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rouch, shallew or otherwise unfavorable, that can be
used successfully without degradation only if carefully
handled. Because of these limitations, the productive
capa&ity is oply fair to poor for grazing (requiring
carefully controlled stocking rates)s and areas allocafed
for forestry mu;t be protectéd from virtuali} all grazing;
Class VI11. Thése lands have such unfavoréble characteristics
-as. to be unsuited for cultivation, graziné, ;r forestry.
Their principal values are for-wiidlife or for watershed
protecf}on uses. Class VIII lands inclu&e deserts,
mar shes, badlands, deep éullied afeas,.high mountain land,
and very steep, ro?gh, stony or barren land. They often
occur in small areas, but elsewhere may be quite extensive,
as dry hilly areas, of moving sand dunes. Any manapement L
practices are usually limited to those necessary to protect -

adjoining lands that have greater economic values.

a. .lands suited for grasélénds. It should be noted that permanent
grasélands may gonstitute a productive use of all Iandlcagabilit& classes
except Class VIII. Perennial grasslands for support of livestock are an
optional use of land in Classes i-III. Classes IV=VII have poténtial as

| managed permanent ¢rasslands. The full use of all iand resources of a
country or a region will certainly involve substantial land areas that

- are unéuited'fﬁr tilled crops. The important consideration {s to devise
management systems that will make the most profitable usé of eacﬁ'type
6f gra I nds, for grazing and for production of hatgggggd_fnzage (as

_ T =
hay or silage}.

49
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Present land use patterhs, by ecologiczl zones.

a. Dry rangelands in semi-desert zones.
The'predominant controlling factor for such lands, is the

limited émount of annual rainfall and the uncertainty as to when it
will occur. There is little or no crop production in this Zone,
except where localized }rrigation from shallow wells is feasible.
Much of the land fed by natural rainfall is partially occupied by
forape and browse plants, with open ground between plant clumps.
After a period of showers, this open pround may be occupied briefly
by short-season annuals, thathuickly pr oduce seéd and die. The
total amount of palatablé forage for livestock is usually qu}te
limitéd, but is greatest on areas of permeable soils on which ridhof f
of rainfall i{s not rapid, and there is opportunity for rains'to
infiltrate into the-soil profile where much of it is stored for sube
sequent uptake py ﬁiant roots.

Most of the rangelands in regions of limited and uncertain

rainfall are not now being managed to -fully develop their potential
for_produciﬁg,forage and supporting livestock enterprises. Too

often there {s severe and rﬁinous competitionnbetween herdsmen for
limite;ﬂ 's‘;.npplies of forage and water, during relatively ;hort gfazing
teasons. Such a sitwation is not conduqive.to,learning the principles;
of rangeland and livestock management by trial and error. This may' "
explain the almost universal overgrazihg, Eau;ed by overStoéking the
rangelands, ?hich sevgreli damageg\the vegetatian and the soils, -

;Brticplérly in semi=desert regions in'périods of protrécted drought.
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The pity of such démaged rahgeland is that recovery is very slow even
wvhen grazing pressuve i{s reduced, ?nd tﬁe reai potential for support
of livestock is never allowed tp develop.

It is probable tha} the'v;st areas of drought plagued lands
of Africa, the Near and Middle East and elsevhere could be made con-
tinuousiy far more ptoductiﬁe than it has beén in recedt deéades; and
that methods of cushioning against recurring droughts can be made
effective. These marhlagemerit pr inéip1e§ will be detailed in a later
section—of this report. The implementation of basic prfnciples must -
be compatible with the social, economic and political situation in
each country, with such ad justments as will permit fu!l gxplof%ation
of‘climatic conditions, land and soil capabilities, the strenghthen-
.ing_of plant growth, and the reduction of unnecessary runoff of |
precious rainfali; Houev?r, 2 first‘Step would be recoghition of the
' basic pringiples ﬁf manaoing the natural ;esoﬁfces, and the?rewards -
that will followlprudent manag;ggnt; Changes in sbcial, economic,

and politieal-policies ma? be feasible once the economic benefits of

improved managen§fit become visible.

b, Savanna lands. These occur in subhumid regions, where the

natural vegetation consists of'forage g:aéses and legumes, interspersed

ifth variable amounts of busﬁ and s&rub&y trees. Overgrazing and
uncontrolled burning have usually damaged the balatable ﬁegetafion_
and permitted the bush and scrubby tree growth to dominate. Through-

out the savanna regions, crop production occuples the localized soil

- .
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areas that are fairly deep and capaple of sforing rainfall to support
crop growﬁh, Fillet ;nd othet short-season crops predominate in drier
reoionss sofgﬁum.réﬁlaces‘millet where moigture is more adequate; and
maize replaces sorghum where rainfall permits a longer oéo tho season.

o Intermingled with soils that will support cereal orain pro=-
duction and other food and dash crops (foodgrain legumes, oilseed
crops, root crops, etc.) are lands that are better suited for permanent
arasslands. Usuélly, attention is concentrated on the crop laﬁds, and
the grasslands receive little consideration. In general virtually
nothing has Leen done to improve the productivity of the orasélands,
but important notentials do exist At present, village communa 1 herds
of livestock are orazed on any urasslands within reach of villages.
The herds are compoEed of family owned animals, but there is 1iMtle
concern as to thé effect of gtézing practices on forage prodqctioh,
and there has been no effort to‘improve the vigor of forage plants
and thelr hutritive value. Even less consideration is olven to the
préductipn and preservation of forage to garry livestocé thtough the
long dry seasons when foragé Qrasses and legumes are dormant.

) The livestock enterprises in savanna lands are crucial to

the supply of meat and milk required by villagers; but the goats,

" sheep, cattle, and camels are used largely as Scavenpers for aqy
available forage, rather than as farming enterprises to more fully

utilize the natural resources available. There are imporiant unused

opportunities for -mix_ed 'farrlnin_ systemsl,*,in' thich both crop and

¥Bee Technical Bulletins 19 and 20, listed in the appendix of this bulletin.

(;El | ;;23‘




livestock enterprises are combined to produce balanced farming systems

that are more productive then_systems that depend solely on crops, er
solely on herded livestock. A first stage may be.the inclusion of
perennial grass~legume forages for one or two years in a five=-year |
cropping system, to maintainmproductivity of the land as well as to
provide feed to support livestock dpring the dry seasons. This would
permit marked improvement in livestock reproduction and orowth, and

in milk production. &

A ;mjor fector in subhumid reaions in utif}zing all types

of permanent grasslands most effectively {s the absence of any system
that would place the management oflthese resources firmiy wifh'the

ma jor users, so that the benefits from-godd management, and the penalfies
fpr poor management that result in lower ed productivfty, wouid ;e_felt
iby those users. Under the current situation (with unfenced and uncon=
trolled grazing on lands), the permanent grasslands are largely neg-
lected{ and sub ject to ouergrazing and other mismanagement that degrades
'productivity of the lands, and causes severe damage to the rangeland
that could.be avoidedi : _ |

p There are important opportunities in subhumid (savanna)
-regions to produce and preserve the forage needed to carry livestock

through the’ long dry season when there is not plant growth. These

include the followinp: . )

tl) Reservalibn of orassland areas left ungrazed in the
;Season'of rains for use during the dormant dry season. The

areas thus reserved should be large enough fo feed livestock

T e
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’

until the subsequent rainy season occur's. Such standing forage

cradually declines in nutritive value during the dormant season,

but will contribute significantly to a sustained feed supply.

(2) Harvesting forace that Is surplus fo grazing needs
during the growing season, and preservation as ﬂay. If cuf
before the ¢grasses produce seed heads, the forage has cood
nutritive value. §uch forage is quickly dried in the field, -
and this hay may be stored indefinitely if protected from rain
and termites.

(3) Harvesting forage and preservina it as silagg{ There

is 1ittle or no loss from shattering=-off of dry parts in making
silage, such.as occufs in qaking hay; and the feea value is hich
if silage is properly made. The green forage is chopped in
lengths of 2 to 5 cms., and packed tightly In well-drﬁined
trench silos, covered with impervious polyethylene sheeting,

‘!

and allowed to ferment until cured, and remain in place until

5 -

"\ fed. Exclusion of air {s essential for fermentation and preser~

vation. When properly made, gqus silage preserves as feed,

the maximum percentage of the gréen harvested crop. i

It sh;uld'be noted‘phat\hey and grass silage may be
produced as a crop on tilled land, Sf.these forages may be '
har;ested from permanent grasslands. \It is f;asible to produce
surplus forage py the se méans, ﬁﬁat can be used to feed livestock

brought in from semi-desert areas in the dry season... | ,//

-
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¢, Wet-dry tropics. Lands on which tree growth has been cleared,

but which are not occupied by crops because of erosion or declining
fertility, are capable of producing relatively high yields ef nutritious
forace. Well manaced grasslands should not suffer erosion. The seasons
of abundant rains usually occupy six to nine months, during which ade-
quate growth is made on grasslands for grazing. There is normally a
season when forape arowth exceeds orazing needs, and the surﬁlus forage
at that ti{me should be harvested and stored as hay or silage, at the
growth.stage when the feed is most nutritious. Such feed should sustain
"-—%the ruminant livestEck during the dry season, both for reproduction and
growth,~and for sustained milk flow in all seasens. ' f
The potential for forage production on all lands in the wet=-
ary tropics, greatly surpasses that possible in subhumid, and semi-
desert areas. When soil deficiencies are corrected, and’ adapted forage
grasses and legumes are established, livestock production may constitute
- a stable aAd profitable form of agriculture. Such lands may be effec~
tively used to crow and finjsh meat animals for market, that are moved
from drier reafons after the grazing seasons in those areas is terminated
* because of 1 c% of feed, | “
: | AN

d. The humid fropics'usually have abundant sains for nine or more

"

l
months, and thus have relatively short dry periods. Perennial forage
grasses and legumes adapted to such climates and capable of flourish~
ing on soils quthese regions, may provide fresh forage throughout

the year. The deeper rooted forage species will continue growth in

]
|
!
|
|
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dry periods on moisture stored in the soil profile. ﬁouever, any
surplushforage that Is present on lands at the becinning of the normal
dry seaéon may easily be made into hay or grass silage to sustain
It inant livestock during the short dry seasons.

One of the ma jor advantages of forage grasses and legumes
on cleared land in the humid tropics, is that such forage plantings
made in rotation with tilled crops, will greatly assist in maintaining

continuous soil productivity, without the obsolete method of resting

land for several years to allow native growth of trees and vines to

partially restore fertility.* Forage planting may constitute 2 neces-
sity for sustained crop production; and this would greatly increase the
tofal land areag avallable to feed the rapidly growing populations in
developing countr ies.

Forage plantinés also are useful means of utiliging lands
that have been damaged by gullying and erosion, or have other Iimitiag

characteristics. Forages may orow uell‘aQ cleared lands that are

unsuited for cropping.
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III. Copino with Constraints Affecting Forage Production and Utilizatich

on Rangélands and Other Permanent Grasslands.

1. Climatic con;traints.

The first step is to acquire information on the average status of
weather conditions to be expected in a specific regicn, on the basis of
accunulated “??Phef records. These data will include seasonal and total
rainfall, seasonal temperature means and extremes, air humidity and evaporae-
tion rates, cloud cover and important prevailing winds. These climatic
conditions dominate the environmental controls of plant growth in Semi-dése;t
regions, and are of major importance in subhunid regions, but are less sig-
nificant controlling factors in wef-dry humid tropics, and in the continuously
humid tropiles.

Attempts to control climate have not been fruitful, but much can
be done to cushion against the adverse effects of those conditions that
retard or inhibit crowth of forage plants. Thus, conservation of limited

rainfall in dry regions through management practices that improve infiltra~

tion of rainfall inte the soil profile for storage and use by plants, and.

the husbanding of forage growth made’in moist periods for consumption by
stock in dry seasons, are two examples. In humid climates, fhe choice of
palatable produétive forage species that are adapted to both the higher
rainfall and to the soils that occur in such regions; are important measures
-for adjusting to exnessiue rainfalil and high air humidity.

Even in semi-desert regions, the choice of forage species that
survive from year to year and produce substantial forage when rains occur,

is an adaptive measure within the capability of man, that has only begun

37
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to be used in the tropics. Yet there is good evidence from rangelands of
Australia and some other countries that introduction of drought resistant
species is effective. It is clearly evident in all climatic regions (semi-
desert, savanna, wet-dry tfopics, and humid tropics) that the native forages
'may be effectively supplemented by well adapted species discovered in other
parts of the world, to substanﬁiallj improve the capacity of these lands to
support livestock. Huwever, more efficient management of natural forages
should be considered a necessary stage to precede introduction of improved

forage species from other regions.

2. Soil deoradation.

In regions of limited rainfall, the depletion of the forage grass:
and lequme cover'by overgrazing results in surface scil compaction that
reduces infiltration of rainfall inte the seil, and increases the runoff
and loss of precious water. Overgrazing also reduces forage pléﬁt vigor,
and the depth of occupation of soil by plant roots. The weakened root
development on enfeebled forage plants results in degraded internal soil N
structure and the impaired capacity of the soil profile to store rain water
for subsequent use by forages.
| The weakening of the vegetative cover provided by forage qrasses
and legumes often fosters severe gullying of land and sheet erosion of soilg,
particularly in semi-deserékand savanna regions. Overgrazing sets in motion
the process of soll degradation that often caﬁses irreversible damage. The
top soll losses from erosion, whether by water or by winds, removes the

more fertile soils and exposes relatively infertile subsoils.

o8




3. Depletion of plant cover.

a, Loss of perennial forace plants. Qvergrazing by excessive L

numbers of livestock, reduces top growth and weakens individual plants.
Perennials survive and maintain vigor only when allowed to make regrowth |
periodically, and to preduce seed and establish new seedlings.. Uncon-
frolled burning has much the same effect as overgrazing, and the damage
to forége plants is compounded by combining burning with subsequent

overgrazing that prevents plants from making necessary regrowth.

" b, Invasion by bush and tree growth. Invasion of gfazing lands  °/
by woody bush and scrub. gf owth thét has little forage value is serious,
but is reversible. These useless invaders are native plants that propa-f
gate rapidly where forages are weakened of killed by uncontrolled grazi#g
or burning. While it is often true that some of the invading woody tYﬁes
of plants-aré legumes~-capable of meeting their own nitrogen needs byJ
root nedules, they have serious weaknesses for the livestock man. Thelr
feed value {s limited in amount and aﬁcgssibility to grazing livestock;
their root systems are deepibut-contfibute very little nitrogen to thé
associated grasses; they are decidedly inferior in controlling gully-
ing and sheet erosion of land, and they compete strongly with more
desirabie forage plants for light. The invasion of any grazing lands
5y unpalatable brush and scrubby trees, whether In regions of limited
rainfall or in humid regions, indicates a deterioration of the feed
producing value of grazing land, that should be countered by posiﬁive

management ptactﬁces.



¢. Loss of forage legumes. An important type of degradation that

s frequently unnoticed is the loss of native leguminous forages. This
is quite seriouss sudh lequmes are usually highly palatable, nutritious,
and a major source of mineral nutrients that aré indispensible to reproduc-
tion, growth of young aninpals, and milk flow., Moreover, such legumes
are the prime éource of nitrogen i{n most grasslands, which is "fixed"

by root nodules by drawing on nitrogen in the soil air to produce
proteins in all forage plants. Destruction of legumes by overgfazing

. 1¢ much more fapid than loss .of grass cover, and such loss cuts off the
ma jor source of nitrogen for the rangeland or other permanent grasslands.
Since it is rarely feasible to apply nitrogen feftilizers to graés;ands
particularly in semi-desert or savanna repions, the loss of legumes
results in a shérpldecIine,in_capacity“ﬁf the grasslands or rangeland

to producé forage, ;nd a similar decline in the hutritiﬁe value of the
forage and in productivity of IiQestock herds and flocks.

For virtually all ecological conditipns, there are forage
lequmes that are adapted to local cdndftions of e¢limate and soil, and
will survive and multiply under careful management. This potential is
astonishingly effective where lequme protection and management has been
followed. It is highly unlikely't6 occur however, without the skillfﬁl

intervention by man in managing his graiing lands,

d. Shortened orazing season. The decline in periods of active

growth of desirable forage grasses and legumes (and of browse# plants'

in very dry regions) is a consequéﬁce-of those management practices

*Drowse plants are generally woody bush, brush and short trees, that provide
eed as-leaves or smaller branches or twigs. Browse is a major type of feed
for camels, goats and sheep, but has minor value for cattle. Browse is richer
in protein and minerals than mature gras;ﬁf,'and it supports browsing animals
when grass forage is in short supply. 4 . ‘;{) ‘ :
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that reduce vigor of the important forage plants. The most rapidly
invading plant species on weakened grazing lands are usqally‘weedy
annual plants that havellimited forage value and short groﬁing seasons.
The total plant Couer'may seem adequate at certain seasons, but wheh
the grazing lands are exﬁhiﬁed closely to observe whether or nét_the
better forage spgciés‘age declining in abundance, the true status may

be diagnosed.‘ Ear ly action to correct harmful ﬁ?nageﬁent practices
should be taken. Tﬁe greater the deterioration, the mere difficult

and time consuming will be the restoration and recovery process. The
most difficult problems are those of semi-desert rangeiands{ the next
most dif{icult are the permenent grazing lands of the savénnas. The

. present status of arazing lands in most troﬁical and subtropical regfons
-of 1imited rainfall i{s rarely a natural condition. IhSt%ad, it is a
condition resulting from long sustained and severe mismaﬂbgement. Until
this fact is demonstrated by practical means, there will be little

enthusiasm b} herders for improved managemgnt of grazing lﬁnds.

L. Unbalanced animal nutrition on depleted ggazinollands.

a, Reduction in feed Supply. A first consequehce of "mismanagenent
of grazing lands is reduction in total feed supﬁly. When this reduction

in forage growth is accompanied by increased numbers of Qrazlng animals,

the results may be disastrous. ;his is evident whenever there is the

inevitable recurrence of sustained deficiency in rainfall in regions
that are character ized by limited and uqéertain rainfall, A drastic

reduction in forage growth causes grevious losses in livestock, because
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no provision hés been made for such an occurrence. Livestock numbers
that increase in years of abnormally abundant rainfall myst be rapidly
and drastically reduced when feed supplies dwindle, if disaster is to
be averted. ‘
There are various means of coping with reduced forage growth:
(1) reservation of grazing areas to be used only when the need is chﬁe,
.. to provide supplemental feed; (2) moving animals quickiy to areas where
preserved feeds (haf or silape) has been harvested and stored for such
purposes; (3) reduction of livestock nuﬁbers By marketing all animals .
‘that cannot be supported by visible feed supplies, and. completing
marketing promptly before weight losses become serious. It is assumed
that the active breeding herd will be protected at times when the herd

size must be drastically reduced.

b. Reduced nutritive value of forages. Certain nutritional .
deficlencies in féeds for -;:uminant 1ivestock maintained on grazing lands
are the result of mineral deficiencies in soils. Ph?sghorus is.often
widely deficient in forages of semi-desert and savanna reg{ons;'because
the soil cbntent,is lﬁw. This is aggravate&'by the pregominance of
forage species (mostly grasses) that have low phosphorus contents.
The'introduction of forage legumes that accumulate phosphorus from the
soll is qften pséfui. ‘A more positive practice tﬁat Has peen proﬁeﬁ

quite effective on rangelands of several continents is to provide stock

with mixed salt-mineral mixtures rich in phosphates. A more sophisticatéd
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practice i{s the addition of soluble phosphate compounds to drinking

uatér.: Correction of phosphate deficiency by any means results in
moreé effective utilization of forage; it improves repr'oduction and ~

arowth of grazing stock.

The calcium and magnesium c¢ontent of forages grown on acid

soils in humid regions maj be deficient from the standpoint of live-
stock needs, but this is less likely to occur in semi-desert or savanna
grasslands. The content bf ceftain essential “"trace" elements needed

in very smll amounts by both plants and animals may be below aCCeptabie
leﬁels in forages. These deficiencies result from the soilfs 10§

content of such "trace" elements as boron, zinc, copper, molybdémim,

manoanese, and iron. Cobalt also is highly essential for livestodk,
but not for*Plants. ]
As\ghe'ihherent deficiences of speqific soil areas for indi-
vidual “traéeﬁleleﬁents are identified, their dorreétion.may make
spectacular improvemenﬁs'in the viéor_and productlvify of the grazing
livestock. Some soil areas are deffcient in.one element; and oﬁhe:s
have different deficiencies. Inggﬁmg repions where "trace" element

deficiencies were suspected but ;ot ihdividually identifiedy the
supplying of a mixture of-all essentigi—trace eléments in a general
burpose_mixture'wiph salt has produce& great imprﬁvement in livestock
performahce,'and resulted in more efficient use of av;ilablé forages.
in genéral, the leguminous forages tgnd_tq be richgr iﬂ all
ainerals that are essential for livestock,?as well as being higher in
* protein content, and generally are more palatable and nutritious than -

other types of forage. Those management p




increase in forage legumes in the available herbage ganeraily ?mprove
the value of the feed for support or liﬁestock. 'Thishﬁa so important
that in some regions (Australia, for example), the entiré.graasland
imprpvemént arograa is built ar?und the forage lepdme compdnent.

The ﬁggf_sen§itive seament of livestock herds to any nutrient
deficiencies_(protein, phosphorous;‘calaium, mabnesium,-and the "trace”
elements) are the breeding females, lactating animals, and young stock.
The rates-of conception and reproduction, growth of the youny while
nursing, and weighthgains-after weaning are sionificantly improved'by
agcass to:fgeds with adéquate mineral content. Older animals are less

e e s o]

affected.

5. Overstocking and overorazing. N

Overcrazing that weakens the forage producing capacxty of grasslands
15 caused by failure to estimate the amounts of forage that will normally be
produced by lands in the climatic zone uhere-located; and ingistence on ¢arry=
ing larger herds and flocks than may be adgquately fé& on a yaarround basié.
This practice is less wuinous in cycles of increasingly adequate yearly rain-
fall. The greatest penalty comes in cycles of decreasing rainfall, when feed
supplies fail and stock starve and die, or succumb to diseases, or stock
become emaciated and finally are sold at ruinously low prices. The breeding
herd always suffer s. the orcatest losses. . *
- The question may uell be asked: Why are livestock poﬁulations not
" kept in a more rational balance with forage suﬁplieS? To some extent, tﬁS'

answer {s that the principles of sound arassland management havelnot béen_

transferred to less developed tountries. A more fundamental reason is that
the herders haﬁé‘ﬁﬁ_firh'attachment.to_specific Qrazing lands. . These lands

64
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are open to all, and the herders vie with others to put stock on grassiands
and consume it before others arrive. The competition occurs without regard
'\ to the resulting long-term damage to'forage producing power of the lands. .
Any undertaking to improve the productivity of rangelands and
" other permanent‘grasslands for the support of livestock enterprises must
not only inuoke sound technology but also provide incentives to the people
directly involved. Methods.must be developed for prouiding a continuing
proprietary association of the using peop1e with the 1ands needed to support
their livestock. The relationship of people to land must be such that the
benefits of good management and of improvements and restoration practices
will be enjoyed by the people directly concerned* and the _pens nalties for
failing to conserve and husband the grassiandvresources will fall on these
same people. This will be a far ¢ry from the present situation where no
persons or'agenpies carry responsibilities for rangelands and other grass-
lands that are grazed on a communal basis. -« . ‘
It should be possible under the social systems of each country to
give specified aroups of people (villages?_ethnic groups, etec,) prior and
exclusive rights to Use of well defined grazing land areas, euwen where
ultimate land ownership rests with.thejgovernmeut. The gqvernnent in suoh
cases must accept responsibility for insisting on sound-uanagement\oi these
grazing lands to strengthen the economy of the nation, as uell as to\reduse

the hazards of economic disaster for the herdsmen.

®
6. Lack of stored feeds, and[or reserved grazing—lands €6 support

'I_uestock in dry Seasons.

Figure 2 in an earlier section, shows the duration of dry seasons,

when plant growth. ceases. jThis varies from 74 to 10 nonths in semi-degert

. 65..
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- reglons, from 5 to 74 months in savanna (subhumid regions, from 24 to 5
months for the wet~dry trqpics,\and from O to 24 months for the humid
tropics. Forage plant arowth may continue.for a few weeks after rains
cease, on certain deep soll types that gill store considerable -water in @
the soil profile. For the mostupart, however, livestock must survive on i
the scanty forage (usually of low dualit&) left standing as dried grouth.a

Under these conditions all animals lose weight, females fail to conceive

or produce young under nutritional stress, lactation ceases, and prematurelf

weaned sucklings are stunted. ‘
This problem of herdsmen in tropical and subtropical regions is
similar to that of farmers in temperate zones where there are long winter
or cool season periods when no plant growth i{s made. The logical solution
is the same in botﬁ environments-=to haruést and store feeds produced during
. the growing season to sustain livestock in plaht-dormant périods. For poorly
under stood reasons, this method of supporting livestock with stored feeds
during dty seasons has not been recognized in the tropics énd subtropics.
It is entirely possible toeméke héy and/or silage during the
plant growing season to sugtain animals during dry periods when no new
forage i{s beino grown. For the individual ?ﬁg%;men or farﬁer, he may
either choose toefij::ij’ffgigggggeds,’3;/;£ue his stock tL regions where
feed ffﬂiggilgbl ere is.no~euidept need to follow th? common practice |
ot slow starvation. It is not difficqit To determine'fe?b requirements per
" kilo of animal uﬁiéﬁt’gar the average duration of the‘drf seasdon (see later
section). ' This is basic information that might well be.%rovided by govern= .

ment agenc {es to guide livestock producers.
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. This does not rule out special relief measures in perioés‘of disa

asters, uhéﬁ feeds must be moved in to ptotgct starving herds.u“In such

¥

cases, government intervention (with or without external assistance) is
1

required; an& it has been found effective to supply concentrated feeds such

@ .

as oilsged cake or meals, and m!nerar suppleménts containing salt,_phosghate,.
and essential "trace" ﬁin&tals. Relatively smalliamount; of such féedstuffs
enable rﬁminants to utilize lowgrade roughages that have littie feed value
otherwise. The goal however, is to prevent disasters by anticipatin; prébQ
able feed needs, and by storing some reserve feed supplies for emergéncy

use.

7. Uncontrolled.burning.

Controlled burning to reduce occupation of rangelands by woody bush
and scrubby trees mayfbé useful, when it is done under conditiﬁns that mini;
mize én& damage to desirablé'forage plants, particularly grasses and herbageous ““‘
léguﬁes. Hoﬁever, the yearly burning,tha; is widespread in savanna landﬁbahd
occasionally in semi=-desert rangeiands of the tropics and subt;qpiﬁé;ﬂis
destructive, .and contributes to'continuing degradation of such giazing areas. . .
Indiscriminate burning dufing the dry season i; practiced by her&smen for;
the sake of the shorp-terﬁ benefits of nqtritious green-grass tPat may be
grazed soon after the rains begin. When?theré is no control; fires are
started and allewed fo burn as long as dry-pfaﬁt mater {al is available.

o By contrast,'controlled burning is.allowed when the fire will
T /T‘destroy the maximum of useless woody growth and do-the minimum amount of;;r.

damage to desirable forage species. Fires should be alIowéi-;nly’uhen win&s

-
.
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and humidity are favorahle on the selected areas, and where fire control i

' made feasible by firebreaks or natural barriers. Controlled burning is

beneficial only when it constitutes a conservation measure, and on limited \

areas to minimize danger to wildlife and domestic livestock. It must be
directed by specialists who are skilled in using this drastic practice.

It-should be prohibited at the hands of herdsmen.




v, The Zlements of Productive Grassland Fanadement.\

¥

1. ' Adjusting livestock numbérs to match vear-round feed supplies.
!

a, Identifxipg_availéble orazinog areas. The.first!requirement s
to designéte the rangelan area& open to specific herdsmen and their
stock. The common practjce offallowing any herdsmen who arrive first

to use the fbrape for h;s hefﬁs should alve way to aséignment of

/

specificjgrazjng lands/to desicnated groups of herdsmen. This is

- | . :
~ doubtless a gouernmejg func?ion.'
| - )
| _

/
b. . Probzble feed supplies., The probable fofage producing
i 7

capacity of these specific/grazing lands may then he estimated, with
; : J
revisions each’year to adjust to apparent forage plant vigcor. The

number of an;mal units autkorized to use these gfazing lands may then

be deférmined. Some flexibility is permissiblelif there are supplemental
feed souéces that the herdsien may use, For exﬁmple, {f it is determined
that thélfeed supply cn‘; specific rangeland area will carry 100 animal-
units* for 12 months (or 1;?0 animal unit mo@fhs per year){ the herds-
men may @razZe more animal units for @ shorteg'period, but the total-
ﬁermissibie erazing pressure must not eiceed;i,ZOO-animal unit manths

per year.i The herd size must be\adjusted tq'stay within the allowable
number , by\one of several methodé\vsuch as_femoual of livestock to

other feed!sources, or sale of mer hantablgrstock, and additional

reduction if necessary, by culling the breéding herd,
| , .

§ Pl

*0ne animal unit'= lfbovine, or 5 sheep, ér 5 goats.

!

"l

!

‘l.l I.
|

6,




51

¢. _Selecting orazing land units for developing a crazing
system. Dividing the total grassland area into several

sectors, and grazing these In rotation, is a useful method of maxi-

mizing feed production and utilization without degrading carrying
capacity of the ¢rasslands. The yearily sequencé aof grazing the several
. sectors should be rotated, so that every sector will be Protected every
th;ee to five years for proddction of seed and seedling establishment.
The feeding of salt-mineral mixtures as needed to supplement the grazed

forage usually increases the feed value of native plants.

d. Balancing livestock numbers in relation to avallable feed

suppiies. The yéarly balancing of the drazing animal numbers
against actual feed supplies should prevent the prevalent ruinous
practice of overstocking that results in degradation of the rangelands,
and 3 decline in reproduction, in growth and in physical condition of
the herd. Prevention of such deterioration is feasibles and it is
sound economics to aveld the heavy expense involved in restoring
orazing land prodﬁctivity, and in rebuilding a decimated livestock’

herd after a severe drought strikes an overstocked range.

e, Providing feeds for the dry season. Supplemental feeds may

be provided in several ways.
(1) Additional grazinp lands are held in reserve without
stocking, until sucﬁ time as they are required to support the

herd when normal grazing lands are not sufficient.
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(2) Feeds maybe grown and stored as hay or silage, on lands
not included in the orazine areas. These can be used for breed-
fng herd and young stock in perioeds of feed shortage.

(3} Crop products (stalks, vines, straw, screenings) may

be saved and fed.

2, Providina ‘mineral supplements to native 'foraae.

Native forage$ are very often deficient in the essential minerals
tequired by livestock for normal reproduction and growth. The improvement

in overall performance of livestock herds is frequently quite outstanding

when mineral supplements are fed. Thus, on the Llanos of eastern Colombia,

the following mineral amixture has been proposed:

Compound Percent by Weioht

“Salt L7 percent

blended ‘Didalcium phosphate, or
mixture }  bone meal L7 percent

Minor element mixture ’ 6 percent

1C0 percent

The minor element mix contained the folfcwing= capper suifate -
1.95%, iron sulfate = S£.00%, zinc oxide - 1.2L%, magnesium sulfate - 3.09%,
cébalt sulfate - 0.20%, potassium {odide - 0.07%, and ground cereal grains
. (to provide volume) - 88.L5%.
The mineral mix was offered to stock at a considerable disfance

from the watering peint, to aveid abnormal consumption in harmful amounts.

71
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This Colombia mixture was a general purpose mixture formulated

without specific information as to which trace elements mioht be serfbusly

J

deficient. However, it may be assumed that phosphate is widely deficient
‘ \

in forage on c¢rasslands of the semi-desert and subhumid regions. Dicalcium

Phosphate was used as a source of phosphate since bone meal was not available. =

3. PRotation orazina to permit forace orowhbh periods for natural

restoration of vepetative cover, on a repular sequence.

Hhenmspecific herdsmen are Essigned well=defined grassland areas
for their sole use, thenfit becomes feasible to establish a pattern of rotat-
ing the orazing herd over the available areas. By dividing the total areas
into four or more sectors, the livestock herd maybe grazed for a few ue?ks
on each sector in rotation. This provides every sector with a rest period
for régrﬁwth. If the season when rains occur, for example, {s four months,

. the grazing herd should not be kept on.any single sector for more than one
month. The concept is to control grazing pressure so that all sectors are
used about egqually during the full grazing season.

It is highly desirable to select a different sector each year,

for protection from arazing throughout the entire orowing season so that

natufal seed production ana seedling establishment can occur. It is

desirable that each sector be protected in this manner for natural rejuve=
nation about once every three to five vears. Experience on several continents

has'shoun that forage production and livestock carrying cSpacity can be

markedly increased by this practice.




Prohibit uncontrolled burning of all grassland, and invoke other

methods of gggtro11ing undesired vegetation.

a. The motive for uncontrolled burning will largely be removed
when management practices increase feed supply, and the stocking rate
1s ad justed to current feed supplies. Providing the necessary mineral

supplem:nt alse is helpful.

b. Any burning to reduce invasions of the rangeland by woody
shrubs and scrub trees, as well as reduction of other useless vegeﬁa-
tion, should be done under carefully cqntrolled conditions as noted
in section 111.7. Contgollgd-Surning also is a useful practice in
preparation for introduction of promising new grasses and forage
legumes. _

¢. Other methods of reducing the abundance of undesired vegeta~
tion may include tractor bulldozin9 or root plowing, hand grubbing of
sparse stands of invading species, and the application of herbidide
chemicals by ground applicators or by aerial application. Each of
these methods 1s costly and should be Qﬁdertahgn only under recommen=
dation by qualified specialists, and with close supervision by a

qualified expert.

d, Before undertaking costly control methodﬁ, it would be prudent
to make limited field trials of the proposed practices'and materials,

Lo determine their effectiveness as well as costs. It is clear that

any costly practices should be limited to land areaé having favorable

L4
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soll conditions for grOWtH of forace grasses and legumes. The benefits
to be derived from controlled grazing to limit invasions of useless
vecetation may be evaluated at low cost, and more expensive methods

should be undertaken only as a supplement to controlled grazing.

e, DBrowse forage plants. It must not be assumed that palatable

nutritious forage consists solely bf'grasses and herbaceous leoumes,
particulariy in regions of limited rainfall. Browse plants include a
wide variety of low=growing species with woody main stems, but which
have palatable leaves and finer stem branches. Cattle make little use
of such browse, but sheep, goats and camels may subsist quite well on
palatable browse aloné. There are marked diffegences between browse

L

species, and the management practices should be#designed ;o foster the
better species. |
Browse is important In desert ranges for feec¢ production on

land areas in runoff channels that are normally dry, but contain water~
borne sediments (sand and silt). Wherelthese alluvial sediments héue
appreciable depth, they act as reservoirs for runoff water, and browse

. plants méke intermittent arowth throughout the year, drawing on water
stored iﬁ #hese-sédiments from occasionai rains.
| ~ It is obvious that useful browse plénts should not be'regard?d

\
as undesirable woody vegetation In situatiomns where grasses and forage-!

legumes are not well adapted. Browse plants arg'usually native sﬁeciesk

"
v
L)

but there may be substantial opportunities for introducing superior

species from other continents or regions, such as mesquite (Prosopis
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species) from North America, and reintreducing browse forage species

that were once present but have been destroyed by over-grazing.

S. Adoption of management practices to protect-against wind and

water erosion, and to imorove water conservation in regilens

of limited rainfall.

a, A comparatively dense cover of grasses and forage legumes on
the land provides the}be§%~protéction known against soil erosion from -
rainfall runoff, and ageinst wind eres’on. A grﬁund cover cf grasses
and leéumes; algo is the most effective methed yet found for increasing
infiltration of rains inte the'ground sutface, and of holéiné it in the
soil profile for use by plants for as long as it lasfs. rurther, water
losses from the soil by direct evaporation,iandwby transpiration from

" leaves of plants is reduced by a grass-légum;s cover on the seil.. In
éeneral, the most effective use of water stored in the seoil pr;file for
: pfod;htion of usable forage for livestock i{s that provided by a sérong
arowth of forage grasses and legumes composed ‘of, species that-are adapted
. to local climate and séil. Such plant covercis more efficient in uﬁe
of water to gfow forage than is true of brush and scrub trees. Where
! rage grasses and iegumes arg not adapted and do:not survive in semi=
dgserf regioné,‘thefbruwse plant; ma}_constitute the meost effic{ent
species for livestock Support (See item L.e.).
From the foregoing, it is evidgnt that maintenance of a
strong grass-légume cover will Eesult in the moﬁt efficienf use of

rainfall in semi-arid and subhumid regions. Where overgrazing and

other harmful management practices have denuded the land, the
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re-establishment of 2 grass-lecume cover on the land should result in
retention and utilization of rainfail that currently runs off .and {s
lost, and produce the arowth of foraoce in oreater abundance than now

' occurs., It must become clear to the herders who use the land, that it .
.can be made much more productive by prudent management.

When this rélafiunship has been demonstrated by practical
field trials, the users may then be persuaded to avoid over=stocking
and to practice rotation grazing so that all range areas are all&wed
periods of "resting" and re-growth. This means that the herdsﬁen must
focus attention on the land and forage supply and the means for protect-
ing and nurturing it.. It should become clear that the success of live-
stock enterprises dqpends on beth the protection of bgnd and_furage

o © resources:and on the welfare of his livestock. The. outlook for success—
ful livestock enterprises without stabilized supplieé?uf feed is furﬁid-
o ding. For her&ers in semi-arid and subhumid reglons, this basic dependence

of livestock on feed supplies is emphasized with every recurring druughti

b, Waterspreading is often a usef&l practice in both subhumid
and semi-arid regiuqs, as a means of controlling rainfall runoff fhat
wou 1ld otherwisé be lost. By this practice, runﬁff watér isldiverted
from stream channels'or-drainagg'cuu;ses‘that are normally dfy but have
flowing water after rains occur. The water spreading may ﬁape two
functiﬁnsz (1) increasing furagé pruductiun“by spreading the.water over

nearby smooth sloping land so. that it infiltrates and is stored in the

soil prufile; and'(2) reducing gullying and downstream flooding. Range-

land flood waterspreading systems are constructed so that uperﬁtiun is

. "5
'
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auéomatic whenever storms result in flood flows. The gentle slopes
into which directed water is léd should have fairly permeable soil to
depths of 30 cm. Ar oreater. Grades of 1 to 2% are preferred, but
grades of 5% may be used if the soil is hiohly BEFmeable. The water
spreadino sy3tem must be éonstructed to fit the local terrain. The
essential features are a diversion barrier or berm and 3 system of
meapdering channels and dikes to direct the-flou oradually down slope
with sufficiently slow flow to allow infiltration into the soil hrofile; ' .
Dikes and/or furrows are placed to facilitaﬁe spreading on the area
selected. Design of_the water_spreading ;ystem is best prepared by an
agriculturalkengineer,Iparticularly where costs of construetion wi;l

be substantial. However, simple but effective waterspreading systems
are found in soﬁe primitive regions, that have loﬁglbeen‘us;d both for
crop production on limited areas, and for forageoproduction. Cn welle-
designed systems; increaséd forage production has varied from_three- to

___. . - ten=fold where several natural floodfﬁgs occur yearly.

c. Terracino to retain water on the iang:is feasible under

some conditions. As in the case of waterspreading, runoff

water is intercepted in the stream=bed, and is directed to a series of
terraces that are Stair-sfepped‘down Ehe slope. Dikes atlterracé border s
direct the flow across the slopé to the entrance ;f the next terrace, &

and thence from terrace to terrace down slope. The design of such a . : ‘

system calls for technical expgrtise, and is warranted only Hhéfe both

the rainfall pa?tern and the soil type are such that increased p;oduction o




will exceed the cost when prerated over a period of years.
e¢stablished sod of forage arasses and leguhes should require very little
maintenance effort, when the systenm has been established. This may be

an important means of providing supplemental feed fo:-livestock, that

is not available otherwise.

6, Introducing super {or forage species on ranoelands and other

permanent grasslands to_improve forage yields and nutr.itive

values.
a. Adapted orasses and legumes for different rainfall zones. The

1

specles of forage grasses and legumes Pow present in rangelaﬁds and

oéher perﬁanent grasslands are those native to the region, that have
survived under coﬁditiops of overgrazing and competition with unpalat-
able and wnbdy types of plants. Restoration of_{qdigenous_g;efu; e T

__w",_ﬁorages_maybe_fostered Ly better control of stocking rates, periodic
resting of aréas,tofpermit natﬁ;glh;eedihg and seedlipng establishment;
supplemented by positive methods of reducing undesired vegetation.
These methods, while useful, dg not expleit the opportunities for intro-
ducing supe?ior forage species from other regions with sinilar climates_ B

and soils, that have proven to have outstanding valdes under similar

types of land use.

The opportunity to establish productive forage legumes along

with additional adapted forage grasses gives unique significance to the
: . - N
practice of introducing new species in rangelands and other permanent
-grasélands. Perennial forage legumes- have substantial potential for

adding to the protein-and mineral content of the forages, and also




contribute stronaly to resiﬁual Eoil nitrogen that stimulates grass
growth. Field experience in various other tropical countries has .
demanstrated substantial improvementsiébove native forage, by these
means. The following superior forage grasses and legumes have promise
for the tropics and subtropics; (See appendix tables for information

on forage specieé.)

(1) For dry reaions having 10 to 25 inches (250-625 mm.) yearly

Common Name Botanical Ndme

(a) Forage legumes- _Dvégiwkoa'f'_ _ Desmanthus virgatus

Leucaena Leucaena leucocephalé
Lucerne Medicago sativa
Stylo | ' Stylosanthes guyanensis

Tésmsville Lucerne Stylosanthes humilis

(b) Forage grasses Birdwood grass Cenchrus sitegerus
Buffel grags Cenchrus ciliaris
Bluepéﬁic grass Panicum antidotale
Love grasét Weeping Eragrostis curvula
Love grass, Lehmenn Erabrostis lehm;ﬁnania

Makarikar{ grass Panicum coioratum
: makarikariense

_ Yellouubldestem Bothriocloa {schaemum
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(2) For_ subhumid reaions having 30 to LO inches (750=-1000 mm.) .

yearly rainfall.

Common Name Botanical Name

(a) Forage legumes—. Centro Centrosema pubescens .

Glycine  Glycine wightit |
' /

Greenleaf C Desmodium. intortum /
Lotononts Lotononis bainesii
Phasey bean Macroptilium lathyroides

Silverleaf Desmodium uncinatum
desmodium

Siratro i Hécr&btitiuh atrOpurpuréuf
Stylo ' Styloéanthes auyanénsis.

Foraae arasses labang arass | Dicanﬁhiun caricosum
Angeiton qrass Dicanthium aristatum
Ber@uda arass | . Cynodon dactyl?n
Carib grass Eriochloa polystachya
Dallis gra;s Paspalum dilatatum .
GuiQea grass Panicda-aéximum
Hard}hq grass Phalaris\tuherdsa,stenobfera

-Moiasses grass Melinis minutfflgra
Pigeon grass : Setaria'BpnaCelafa‘
Plicaculum grass Paspalum plicatulum
Rhodes grass Chloris gyana _

4

. Scrobic grass Paspalum commersonii
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{a)* Forage lequmes

Forage arasses =

)

Propagated by seed

r

(c) Forage orasses -
- Propagated
vegefatively

Calo#o :

- Centro

Lablab

Silverleaf
desmodium-

Siratro

Alabang orass
Angleton grass
Bahia grass

Carib grass

Molasses arass

‘African star grass

Cyfhodon hybr ids

_Blephant‘grass

Imper{al grass
Kikuyu grass

Palisade grass

 Pangola grass -

-

Para grass

Signal grass

Botanical Name
Calopoéonium mucunoides
Centrosema pubescens- .
Lablab pyrpureus

Desmodium uncinatum.

»

Macrobtiltﬁm'apropurpurepm'

Dicanthium caricosum

Dicanthium ariéfétpm

Paspalum notatum

‘Er{ochloa polystachya °

-~

¥Melinis minutiflora

. Cynodon plgctostadhyg‘
Cynodon spp.’(Bermuda

grass hybrids)

anni:ééum purpureum

~ Axonopus scopar us

Pennisetum claﬁdespinum

LBrachiaiia brizanths

Digitaria decumbens

Brachiaris mutica

.Brachiaria decumbens

(3) For humid regions with LO or more inches {1060 mm.) yearly rainfall. )
Common Name
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7. Correcting mineral deficiencies in soils of rangelands and

other permanent grasslands. -

N Theré.a?e two.poinfs of view in dealing with soil nutrient defi-
clenciest (1) the deficiencies affecting plant growth,‘and (2) those that
affect.performance of livestock. The simple production of more forage is
useful where its nutritive'content meet§ animal needs. However, there is
acod evidence that some plants may make_substantiai growth as to dry matter,
but of such low content of protein and essentiél minerals that the feed has

limited nutritive value. This situation is widespread on both dry ranges and
'
humid pasture. N

|
a. Low protein forage. Much stanﬁing dry forage on dry grazing

‘_.Lands is so low in protein content (6% or less) that the energy feed
constituents cannhot.be utilized bevond the available protein, even
though eaten and passed through the animals digestive tract. The
fostering of forage legumes in grazing lands, where feasible, is the
most efficient way of Supplyiné the necessary nitrogen (made available
through root nodules) for séimulating arowth of associated grasses, as
well as for meetfﬁg the-protéin needs of grazing liuestqck. The alter=
native to fostering growth of legumes in érazingllands is to provide

_ supplemental protein concentratelfeeds particularly tolthe bfgeding herd
and youngﬁéfock. Increasing legumes in the forage is the preferred .

" e ’

method in mast situations.

b, Yineral deficiencies in seils of rangelands in semi-arid and

' sabhumid realons. Phosphorus is widely deficient in such

soils, and bonsequently‘}n the forapges crown on them. This deficiency

e
L]
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ray be great epough to hamper crowth of legures, evén though most

tropical forage legumes have $tronger “feeding power'\for soil phos=~
phorus than temperate zone forage legumes. éhe macnitude of the soll
phosphorus deficiency should be evaluated uhen introduction of new
leguhes in grasslands is contemplated. It may be necessary to apply
phosphate fertilizer in preparation for seeqing such leguhes. Wher ever
the phosphorus content of forage is deficient for livestock, it may be
necesary to supply supplemental phosphorus in a mineral mi;‘(with salt)
as a positive measure. This can meet livestock needs, in aa inexpensive

way even though the need for phosphorus hy'legumq forages isznot met.

1n humid rTgions deficiencies in soil calcium, maodesium,

potassium and sulfur! are often found, and these adversely affect growth
'|

of forage lecumes, as well as the performance of grazing livesmock. In

ceneral, soil\amendments are needed to correct these deficiencies so that
i
legumes can be grown successfully, and these will also more nearly neet

nutritional needs of livestock grazing on such forage. “Low graﬁe forage

(wiry Qrasses and weeds) will grown on soils deficient in these%minerals,
: ]

'but nutritive values of such forage are insufficient to supportibreeding

1
‘stock and young animals even when total feed volume appears adequate.

Fortunately, for vi;tually all soils (except someRSands) in the %emi~

arid and subhumid regions, calcium, magnesium, potassium and sulfur are

r

adequate for both forage plant growth and for grazing livestock.

Trace element deficiencies are not unccmmon in Fropical and
subtropical soils, both in regions of limited rainfall, ahd in hﬁnhi

reglons. These deficiencies may 1nvolve unly one, or several “trace“

, 83
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elements. These elements are required in very small amounts by both
plants and animals, which aci:ourts for the term “trace“ elements. The

qlempnts are boron, zinc, molybdenum, coppet, manganese, znd fron. To

these, nust be added cobalt which f{s a requirement for animals, ‘but not
for forage plants. The correction of these deficiencies for livestock
‘is easily accomplished by including smal; amounts of all oflthem in 4
salt-mineral -mixture. Howevef, when these deficiencies affect plant'
production, it becomes highly desirable to identify the specific soil
oroups In which individual deficiencies occur, and to dévelop practices
to correct them. An example is provided in Austfalia where a large
tegion that was quite unproductive rdsponded quickly to a few grams of
molybdenum per hectare, to produce abundant growth of a-nutritious

forage legumé.

The identification of trace element deficiencies and develop—
ment. of practical methods for thelr correction ts closely tied-in to the
establishment and growth of legumes. Forage legume species differ in

» their‘@bility td extract trace elements from soils. At least one legume ™
specles is capable of extracting copper from a deficient sofl, and will
succeed when others fail.

Because the general know@edge on .the occurrence of trace
element deficiencies in soils of the tropics and subtropics is still
fragmentary, it would be desirable to mark this as a fruitfpl area for

"investig;tiop wherever forage legunes are untﬁrifty. The differencesu’
between the capabiljties o?fdifferent legume forages to extract trace

- elements from the sofl, 81lsp needs more study:-to enable better matching ‘ £

S . -
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of legume with kinqs of soils. Fortunately, when the nutritional neéds
of forage legumes have been met, the mineral needs of livestock feeding
on them also will be less critical. The exception is cobalt which is

uniquely required by livestock, and must be supplied whenever deficient.

B. 'Ftegarations for introducing superior foragde sﬁecies in crazing

lands. . . 4

The irtroduction of superior fotagefﬁiasses and legumes that are
adapted to specific ecolopical zones offers great promise, when accompanied
by other impfoved management practiczs. The simple broadcastinp of seed on
unprepared land is not a dependable meaﬁs of impraving forage production. <
However, there have been notable successes In various regic.s when the situa=-

tion is'carefully surveyed and practical preparations are made.

‘a, Control of brush and trees. Wherever the grazing lands

(rangelands or other permaneﬂt grass}ands) are overgrown with tree;,

brush and other unpalatable vegetation, the reduction of this growth

is necessary to provide opportunity for new seedings tp become estabe

lished. Practical methods mighf cﬁnsist of (1) controlled burniﬁg under
fau;rhble congitjons Just prior to the rainy season, (2) use of selective
herbicides applied ;s sp;ays or granules at seasons .when the offending ' \
species are vqlnerable, and (3} hand:ot machine grubbing. Any taller

growing undesirable species should be reduced, so that adequate sunlight .

will reach the forage seedlings, and to teduce- water consumption by the

useless species. - ' ' : .
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b. Mineral requirements of forage species. The ability of the

forage species being introduced,to meet their nutrient requirements
3 from the SDiiS present on areas to be seeded, should be considered.
Particular attention must be given to the mineral needs of the seeded
legunes. The legumes have more specific needs than the grasses, and
the presence of legumes will provide nitrogen for the orasses, as well
as increase the nutritive val&e of the forage. Some legume species are

known to havé strnné "feeding power" for slowly available major nutrients

CER GG Wy oit®

(phosphate, calcium, mapnesium, potassium, sulfur), and for the "trace

o - _
elements" (zinc, molybdenum, boron, copper, iron, manganese). Chemical
L

1

testing of soils to detect any deficiencies is easily done, and such

tests have already been made on some major soil groups. Since the
-application of fertilizers and soil amendments may be quite expensive,
it is impn}tant to learn which soil nutrients are actually in deficient
supply.'¢ | ¥
?nr many situations, the minergl nutrient needs of legumes

seeded in'grasslands may be'satisfied by the convenient and inexpgpsive

SRS S g RN, B

practice of "pelleting™ the seed by adding small amounts of defiGient

=ORIER

mineral nutrients to an adhesive and mixing this with legume seed just.

=4
4

before planting.  Such pelleting EE compatible with inoculation of seed

with the specific strains of noduld-forming bacteria that are needed to

make the Iegumé plants independent of SDil.hiErogen supply.*

#For more complete detaile on pellet’ 3 legume seed, see section B=-S in
Technical Bulletin Ngg 12, "Mhé C- . ibution of Legumes to Continuously
Productive Agricultufal Systems f.¢ the Tropics and Subtropics,™ published
Jan. 1975 by Office qf Agriculture, Technical Assistance. Bureau, Agency for
Tnternatianal Nevelooment, Washfnufnn D, C. 20523, )
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On soils that may be markedly deficient’ in one’or wmore
mineral elements, such as often occurs in humid regions, it may be
necessary and economically effective to broadcast the fertilizer and
work it into the surface soil by some form of light tillage. For sub-
humid (savanna) and semi-arid or semi~desert regions, phosphate is the
most commonly deficient element. h’here surface tillage is impractical,
broadcasting the fertilizer on the ashes of burned areas before the
onset of seasopal ;eins, may prove sufficient to establish and maintain
forage legumes. Because of the variability of soils and climatic con-
ditiqns in different regions, there is need to test the applicability
of the optional methods on fest areas before under taking larger sr:ale=

=

operations.

¢e Seeding practices.

(1) A1l legume seed should be inoculated with the appropriate .

strain of root-nodule bacteria, just before planting. Seed suppliers -
normally are prepared to supply bacterial c“ultures for the specles ’
of legume seed being sold, together with instructions for treating
the seedt, Treated legume seed should be planted promptly. Where
burning has been done, planting iq the fresh ashes may provide
sufficient coverage if rains occur soon thereafter. In wmore humid
- reglons, seeding should be acéompénied by light tillege so that
seed will be covered by the next ra in. . |

(2) A lequme=-grass mixture of sgcies with compatible growth
v Lagbits, adapted to similar rainfall zones, should be formulated

(see appendix tables), and seed supplies brought to hand. ‘Planting

time is exceedingly impor_tant. The most favorable time is Just at -

i v
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the beginntng of a sezson when rains normally occur, to foster
prompt germination snd rapid seedling eétablishment. Small
seeded species require shallow plapting. Larger seeded legume’ _ v
specles rehuire seed placement at 1 to 2 cm, depths to insure
germinmation and see&ling survival, ‘ R S ‘ ° -
Since virtqally_QII seeding of ranyelands andlother
-permanent grasslands in all soil andlclimatic zones involves
non-arable lands, any tillage in conjunction with planting musé
be achieved through speciai means that are feasible under iqcal |
condigiéns.s_Therefofé, every effort should be made to take
: advanfége of seedings m;de when moisture is adequate, on fresh
ashés afterlbprnjng, or any other means of placing séed so that
germ{nation and seedling esgablishment will be fostered. Legume
seedlings are more sensitive thap grasses to moisture deficiencies;
and practices that iésure legume establishment will almost surely

be adequate for the grasses_in the mixture. Should weather be

‘lgg.favorable for the legumes, the grasses will probably survive.

d. Planting methods. Broadcast seed}ngs of small amounts of

Seed, such as S to 10 kg. per hectare, require special care. The first
step is‘to mix‘fhels;ed with a large volume of a carrier Eubstance,-up‘
to 20 volumes of éarrier to 1 volume of seed. The carr ler may be fine-

" texture plant mat;fial.such,as'rice bran, of finely ground meal of é '
grain, A third cheice éight be screengd; moist, fine-textured seoil.

"Sand is not desirable, fér it is too heavy. T@e seed and carrier . _ o

[ . . . t
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shOuldlbe ﬁell mixed just before planting; mixino the seed for each
hectare sepatately. Broadqgsﬁing the mixture by hand calls for caréful
?anipulation! and there should be preliminary practice using the carrier
mateffsl without seed. Practics a sweeping motion, using the thumb and
fingers tp release smalf#pfftlonf of a handful on the‘putusfd sweep and
a small portion on the return swéép. There are small "uhirlwind-sype"
breoadcasting machines that are ha;q operated, and capablé of adjustment
to release metered amounts of seed.‘\.\ These inexpensive machines give

reasonably uniform distribution. >

. The intent is to establish ;substantial propulations of the

intrdduced species on the Initial seeding., With careful management
fhese/initial plants will seed and spdead to thicken'the cover of

improved species in successive years.

i

9. anag__ent of renovated qrasslands.

'I'here is no useful purpme in introduéino super {or forage species
if the new plantings are not protected from overgrazina and other mismanage=-
ment that would' decimate the new species. Since the total feed production,
and fezd quality will be substantially improved on renovated grasslands, the
 herdsman does not suffer by providingIadequate-protestion. The greater pro-
ductivity should be ev;dent in the first year, and Improve much more in ths
 following two years where successfu{ intiodssﬁions have been made. Some
localized failures due fo esfsticlr;infall or inferti}e soil areas may be

expected, but these should not deter campaigns to intreduce superior forade __

species.
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The young growth made by introduced plants is highly palatabie.
All grazing -of newly seeded areas should be prohibited until the new species
have produced a crop of seed. Fur ther protection need only be that provided

'by normal good management to maximize forage production on a continuing basis.
: "

¥
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V. Measuring Pr¢ oductivitx of Rancelands and Other Permanent
Grasslands.

1. Estimating forage production during season of active growth.

_Estimates of th; forage production c;pacity of grazing lands
are essential to guide the most effective grazing practices. These
éstimates may be in terms of ac‘tual‘fora:ge ptbduced';\nnuany per unit
of land area, corrected to the amount t]ﬁt can safely be removed by
grazirfg without; delptes_sing vigor of the forage species in the follorwing
arowing season. The percentage of toﬁil»fofagg that .n;ay be -r.emo_véd by
grazing varies some with_ épecies and with climatalogical zones. When
‘ estimates have been made o_f total usable forage per hectare, per year,
it is then feasible to predict the number of animal units that may be
supported by the forage ptoducing.areas available.

The basic principle is be never permit grazing to'remove so
Imuch of the topé of desirable forage plaﬁt; that there is impairment
in plant food manufacture and storage.-'This storage is necessary to
maintain vigor and regenerative capacity in t;oth hrootl systems and toﬁ
growth. .The leaf area and roots must be fully functional during the
rem{.nder of the grewing season gftér gr;é:ng terminat;é. The amount
of  top growth that can be séfély, used by grazing aobably shoﬁl'd ﬁot
exceed 1/2 to 2/3 of the total growth made during the growing season.

h’ith estimates of available forage at hand, it becomes necessary:
tq,- determine whetler the grazing herds must be support.ed for the entire
y~ar, or whether some or 31'1: of the livestock can be fi;ov'ed to other feed

sources for part of the year. Such planning has in view the sustained .

intenance of all Stock, without ptolonged periods of starvation that’
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are common in many regions, Seascnal deprivation severqﬁy depresses

, productipitf of the livestock, and wastes much of the forage they have

consumed during the useful grazing period.l Ticse losses and wastes

should be avoided by advance planning and implementation.

-1

2. Methods of estimating available feed supplies.

a.” Sampling the standing forage_plént garowth
An initial step is to estimate the equivalent air-dry-ueight

[~

of the forage grasses and legumes that are present on available\grazing
lands. This may be done by sampling, using small measured strioé} each
being about 10 meters long and- 0.5 meter wide (total area = 5 square y
mcters) There should be at least 20 ch strips randomly*ﬂ‘i§ributed

over - the range area so as to be representative of the grazing area. T

. Thenty strips would amount to 100 square meters., For large range areas,

the number of samples should be increased.'

When tne har vested forage on sémple areas is eir dry, determine
the‘ueight and express this in kilograms per hectare. - Thent} samples 13
1/100 of a hectare, and thus the thtal dry welght {8 mul iplied by 100 C
to give an estimate of dry.forage per hectare.
: s ¢ From the amoun”: alr-dry forage reqnired for meeting feed
needs for animal Support, it {s then ﬁossibie to determine the heotarei
of rang€.land required per animal unit, to provide feed foril month, ér
6 months, or a full year. This method may serve as the‘netionolﬁbasis

S~

For example, if the forage yield from 20 representative samples

for. determining stocking rates of range land."

totaled 1 kilogram, then each hectare . should produce 500 Hg/of feea (on

kg -

. Y
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.

air=dry basis). Such a range area would reciuire ki hectares to prodoce
enough feed to carry one bovine animal unit for 1 year, if this is the
only feed available. Actua]jly, many rangeland areas are less producti,ve
than this; and 15 to 20 hectares may be rseeded to s_upport each bovine . - |

’ animal unit for 3 full year. v . -

!

b Supplemental feeds

« -In the event that _supplemental feed may be provided in the
dry season from crop by-proddcts (stfalks, vines, etc.)'- the yleld
of such feeds also should be est?lmated. Also, if standing forage

~. separate grazing lands uill be available to carry ruminants moughihi_p/, -

— Sl

dry season, such forage should be estimated, s0 that total forage supplies

- e g i — .-‘

from 311 sourcgs may be estimated for compar ison with feed needs c,o‘i‘ all ‘

Ty
ruminants (cattle, shee{ » goats) per fear.

. ¥

" 3. Predicting seasonal forage production on the basis of rainfan.

In semi-desert and subhumid regions where total rain.fall !;" a
’fluctuates substantiany from year to year, it is useful to determine, ﬁhe |
i ’ avgrage plant arowth response to greater of . less rain.fall ‘than normal.‘ .
’ "~ For this purpose, it is ne;essary to cmnpile redords of forage garowth i
 made with rainfatl experie}noed in t?e 1ocal region. Wheo the seasonal
response of- plafit gfowth, in proportien to the amount of rainfall has
' once beeo estimated in. terms of loilogranis of forage p;:' hectare,_ for .
different amounts of cumulative rainfall, predictions are. possible as
to feed resources to be expected for the se@on at hand \ Precilctions,

at the close of the rainy season, made for the eusuing months of the- dry .

- - - ’

*
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| §
season, can be éstimated in time to make the necessary plans for adjust-
fents In livestock numbers to be supported, either by use of reserved
grazing lands, or by use of supplenietitﬁl ha;tw\ested feeds, or by sale or
movement of livestock before Serious weight losses or decrining velle
‘being__pf the herds and flocks occur, f ‘
! = ¥
, &

'@

‘
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but general-criteria mny he far inulated from fragmentary data in a feuw.

. Estimating Feed Re guirements of Ruminant Livestock in Trogica
and Sub=-Tropical Regions. ,

'Precise information is generally lacking for a specific region,

dnstances, supplemented with mm;e compre ensive evaluations from range-
land livestock in the dry temperate zone regions. , .J" h; =
For bonvenience, guidelines as to nutrient requirements of ruminant
livestoqlﬁ (particularly cattle, sheep and goats), may be expressed in
“daily ar\d yearly feed requirements expressed in total dry weight of
e forages consumed, and in the animal nzeds for -total digestible nutr fents .

(TDN), and crude protein. s : ‘

1. Feed requirements for cattle, o o , : -

‘a. For mature cattle ot .
‘Total - * .
‘Digestible S
: Nutrients Crude

- T Total Dry Matter =~ (T.D.N.) Protein

Feed maintenance < ¥y ear ly Content Yearly

requirement .for . kg. kq. - _pct. -_ka. L

— animals weighing~——— i , ) : ' ' o

300 kg. (average)

LS '

4.5=5.0 1700-1800 0% 100-110
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b. For xéung cattle {1 to 3 years of age)

Reduce per manimal feeds to 70% of mature animals, to
support limited growth.

¢. For lactating cows

Increase nutrient requirements above maintenance by 1/3 or

more, depending on milk flow. |

When feed allowances are deficient, for shorter or longer
per fods, livestoc will lose weight in proportion to the extent of
nutrient deficiénc s. Regaining lost weight can only occur when

feed supplies are more‘gbundant than minimum maintenance requirements.

2. Feed requirements for sheep and goats
It is generally assumed that S sheep or 5 goats in tropical
and sub~tropical regions have a feed equivalent to 1 fully arown bovine
(beef) animal. Thus:
Total

Digestible
Nutr ients Crude

Total Dry Matter (T.5.%.) Protein
Maintenance require~ Daily Year ly Content Year ly
ment per sheep or ka. kg, _pct. kg.
goat

0.9~1.0  320-330.. SO% 20-25

For growing lambs and kids (up to 1 year age); reduce per
animal feeds to 70% of mature animals, to support growth.
For lactating females; increase feed supplies above maintenance

by 1/3 or more, depending on milk flow.
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Under deficient feed regimes, milk flow is curtailed or
stopped, and weight losses occur. Regalning weight losses Is possible
only when feed supplies are more than adequate for body maintenance.
Sheep and goats have an advantage over cattle, in their use
of browse plants (shrubs, bushes and other non-herbaceous vegetation)
that are generally not consumed by cattle. The leaves and small branches
of browse plants are richef in total digestible nutrients and in profein )
than mature grasses. Thué, seasonal deficiencies in total feed and
digestible nutrients are less serious with sheep and goats than for

cattle on dry range, because of these differences in grazing habits.

3. Feed values of edible forage plants.

Nutrient content (and feed value)of forage plants is determined
by the conter ; of digestible nutrients, by the protein component, and by
the adequacy in supplies of essential mineral elements. Since minefal
supplenents may be provided seﬁﬁrately fron forages, it is convenienﬁ
to use two principal facfors in estimating feed value; total digestible
nutr ients (T.D.N.), and protein content.

‘ In calculating avallable feed supplies for grazing livestock
the following averages may be utilized In converting the yearly production
of plant herbage into animal support.

Mature tropical grasses may be assumed to contain about 50%
T.D.N., and 4.0 to 6.0% crude Protein.

Perennial range lequres may be assumed to contain about §0%

T.D.N., and 12 to 15% crude protein.
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Browse plants generally are more nutritibus than arasses,
but less so than forage legumes.

The forage supply on rangelands tends to be ceficient in
protein coﬁtent in the long dry seasons that are typical of rangelands;
as well as being chronically inadequate in total amount of qdible forage.

4., Relative feed values of_gfowigg forage plants on rangeland
and pasturcs, and of mature plants

While the volume of forage per hectare is much smaller during
the period of flush growth following the onset of rains, than is achieved
~at plant maturity, the nutritive value per kilogram of éggggg forage is-
much lower. When converted-from fresh weight to the air dry basis,
the relative nutritive values per kilo of dry weight nay average as

folléowss:

. Alr-Dry Averages
Total Digestible . Crude
Type of Forage Nutrients (T.D.N,) Protein

Rapidly grewing
immature forage 65% 10-15%

Mature forage plants 50% 4.5-5,5%

The immature nutritious forage permits gond milk flow of
lactating females, and growth of calves, lambs and kids. It also permits
rapid recovery of weight losses of older animals that have survived the

dry season when feed ratios were inadequate for sustained maintenance.

Howeqer, the prudent herdsmen must recognize that this favorable season

will be followed by a very leong dry periocd winen no new plant growth is
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made; and survival, or economic animal production must depend on stand-
-ing dry forage reserved for this season, or on crop by-products, or on

harvested and stored forages.

5. Fzed value of crop by=produchs.

In rany regions, the by-products of ilocal crop production serve
as supplemental-feeds for livestock during the dry ;eason when little or
no plant growth is being made by rangeland forage grasses, legumes or
browse plﬁnts. The amount of crop by=-products that may be available,
and their nutrient content are important factors in livestock enter=-
prises, whether utilized by the farmers for their own livestock, or
made available to non-farmihg herdsmen.

The following aspects of the nutritional value of representative

‘types of crop products {llustrated the significance of such feed typest

Total Digestible , Crude Protein
Type of Feed Nutrients (T.D.N.}) = Content

a. Stover (stalks &
leaves) of millets,
sorghum, and maize . 50-55% 3 to 5%

Straw of cereal grains .
(wheat, barley, rice, etc.) 30-L5% 3 to 5%

Vines of grain-legumes
(groundnuts, cowpeas, soy-
beans, etc.s ; 55=60% 10 to 20%
Other cropsa
sugar cane tops & leaves 55%
cottonseed hulls & stems L5%

L.O%
L.o%

-

Grass hays (mature) S0% . L to 8%
Grass-legume hays 50-60% - 10 to 15%

O

L

39
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6. Balancing_ltvestock‘numbers against total yearly feed Sgpglies.

falure to o ovide adequate livestock feed throughéht the entire
year, gravely reduces the possi;ie income from any livestock enterprise,
Growth and weight gains cease when feed .3upply is inadequate; and ueighp
losses are regained very slowly when feeds are again more adequate.
Reproduction ié seriously reduced or prevented by seasonal starvation.
Lactating females (cows, goats or sheep) quickly cease milk flow under
deficient feed supplies, with adverse effects on growth and survival of
suckling young animals, causing deprivation ofjfarmer and herder families
that depend on milk 2s a food.

There is no relief from the evil effects of deficient feed for
livestock, to be gained by increasing livestock members., The most
appropriate management of livestock enterprises is te ad just the
size of livestock herds to the animal numbers that can be adequately
sustained with available feed on a 12-menth basis. When this principle
iS'recognizeﬁ, suitahle livestock enterpriszs may become a maj;r factor
in fulfilling family food needs, and jin providing dependable net incomes
for marketable production that is s:rplus to family needs.

f The yearly supplv of livestock feed should {nclude all available
sources, including (a) grazing iands that are .eserved for dry-season
feed, (b} forages that have been harvested and stored during the plant
growth season for feeding in dry'seasons; (¢) crop by=-products that may

be conserved and utilized in the dry-season, and (dj any local surplus

feeds that may be purchased fof feed supplements. Livestock proeduction

is—mos%—p&o%iﬁab%e—when~thennumbes—ofmanimals“towbe;fed_ishnnngrgater,._.m“"
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than the feed supplies that are available. Various knowledceable live-
stock experts have estimated that the potential for livestock profita-

bility iﬁ the tropics and sub=tropics may be enormously increased by

maintaining a balance between livestock numbers and available feeds.

The choices of the manager include (1) greater.efforts to {nctease feed
supplies, orl(2) disposal of excess animal units, to stay within the
total feed potential. Profitability {s nct the result of total animal
numbers, but of the performance of well=-managed herds and flocks. Live-
stock offtake (live animals, meat and milk) often may be increased by
100% by appliCatioﬁ of known technology and practices that maximize use

of natural resources to support livestock production.




vII. Conclusions.

1. On‘the basis of expefience in certain developed countries of tﬁe
tropics and subtropics, there is justification for believing that very
.substantial increases in productivity of ruminant livestock is widely
feasible, by application of known principles and préctices in feed pro-
duction, in livestock management, and in efficiency of marketing live

animals or their products, !

2« There apﬁear 4o be {mportant opportunities to jmprove the manage=
ment of natural resources of land, climate and vegetation, ;hen firm associa-
tions ©of lands with lénd'users are arranged and legalized by*government edicts.
In regions where Communal grazing of herds and flocks prevails, there Should
be an extension of responsibility for allocation of arazing rights by the
village of tribal leaders, so that the livestock owners are entitled to pricr

t

and exclusive yse of designated 9razing lands. 'This would be similar to the
allocations of croplands to families in village or tribalﬁgroups, which now
is customary. In Moslem countries, there is ample precedent, stegﬁfzé from
the Koran, for communal control of érazing lands. Hith.sth—contéFl, the
manadement and improvement of grazing lands become feasible, and profitéble

to the users.

3. The average feed rfequirements for growth and reproduction of
different classes of livestock are rather well established. Also, methods
for estimating the total forage produced on grazing lands have been. estab-

lished in some tropical and subtropical countr ies; and these are believed

to be widely applicable. These criteria provide essential information

~
p
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needed for rational management decisions and practices that should result
1in significant increases in procductivity of livestock enterprises to the
benefit of the individual herders and farmers, as well as to the economic

viability of the nations.

h. Specific programs for particular ecological zones and regions of
individual countries will be necessary to more adequately exploit feasible

opportunities for enhanced productivity of livestock. These are essential

for more complete and adequate utilization of these often neglected lands

and forage resources, and %o th. welfare of the people that depend on
their herds and flocks for subsistence and for incomes. The basis for
change lies in the existing lands, flocks, and peoples and extension of

appropriate technical knowledge is a prerogative of national governments,




APPENDIX NO. 1

Perennial Forage Grasses for the Tropics and
Subtropics

Species pronagated by seed.

1. Alabang qrass - Dicanthium caricosum
2. Angleton grass « Dicanthium aristatum
3. Bahia grass - Paspalum notatum
Rermuda grass - Cynodon dactylon
Birdwood grass - Cenchrus setigerus
Blue panic grass - Panicum antidotale
Buffel grass - Cenchrus ciliaris
Carib grass - Eriochloa polystachva
Dallis dgrass - Paspalum dilatatum
Green panic grass -~ Panicum maximum trichoglume

Guinea grass - Panicum maximum

Harding grass - Phalaris tuberosa, var. stenoptera-

Love grass (weeping) - Eragrostis curvula

(a. Boehr lovegrass - Eragrostis chloromelas)

(b. Lehmann lovegrass - Eracrostis lehmanniana)
Makarikari grass - Panicum coloratum makarikariense
Molasses grass - Melinis minutiflora

Pigeon grass - Setaria sphacelata

Piicatulum arass - .Paspalum plicatulum

Rhodes grass - Chloris gavana

Scrobic grass - Paspalum commersonii

Yellow bluestem - Bothriochloa ischaemum




APPENDIX NO, 1

Perennial Forage fGrasses for the Tronics and
Sub-Tropics (Continued)

Species propagated vegetatively*

21. African stargrass - Cynodon plectostachys

22. Cynodon Hybrids - Cynodon hybrids

23. Elephant grass (Naoier grass) - Pennisétum purpureum

24. Imperial grass - Axonopus scooarius
25. Kikuyu grass - Pennisetum clandestinum
26. Palisare grass - Bracﬁiaria brizantha
27. Pangola grass - Digitaria decumbens
28. Para grass - Brachiaria mutica

29. Signal grass - Brachiaria decumbens

* Usually propagated vegetatively from nurseries planted to seed.




APPENDIX ¥O. 2

Seed Characteristics and Adaptive:
Features of Forage Grasses

Seed Cuality (Seed Size Seeding , ftinizua Tolerapce
Min Ger-! fim. . Rate fearly te - '"to Seil
Grass ' ) minaticn| Purity %g. |rer Ad}érﬁé?"iETWSginiall Prousht: Water

Soecies o % In thousands!  1hg. E g, o in. b omm, ‘Loeging

t

- NE
Alabang grass 34 23 * ' 18 20 1000| fair
Angleten grass 34 23 * 18 20 103'0 good

Bahia grass o0 Ta 125Q| poer

Bermuda grass ' 80 ; 750| gocd
1 very

Birdwoaod grass . 80 = goad
! . oy

Blue panic grass - 80 ' geed
N i : very

Buffel grass BO . gcad

Carib grass 20

Dallis grass 79

Gréen pani:z grasy - B0
‘Guinea grass " 40

Hazding grass 50

1
|

Lova grass, t 90 i 21300
weeping i

Lcve grass, 90 14920
Lehmznan | :

Makarlkari gTass 50 _1£00

Molasses grass : 53200

[
i 540

Pigeon zrass
Plicaculyn grass ‘ ;850 to 4

Rhedes grass 38320 Y1 te : a5
Scroble grass : ; 375 12 te "2 te 5 15

Yellow biuestem | 20 . 1400 300G |1.5:’_o 2 lte? {20
z r-

WOTE: figures in parantnzsas ave escigzces. |
* Usually propagated vegetacively from nurseries olanted zo seed.
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Appendix Table - 2

Seed Characteristies and Adaptive
Features of Forage Grasses

Seed Quality Seed Size Seeding pinimum ! Tolerance

Min,Ger-! Min, [Mumber per | = Rate Yearly to 'to Seil
Grass - inacien|Purity{ 1b. | Kg. |per Acrejper Hz, jRaincfall Prought!Water

Species 2 % In thousands 1ba, “g. in. | om, rLc:g;QS

Alabang grasas 34 23 * * 18 40 [1000| fair | fair -
Angleton grass 34 23 * * 18 40 1000 good | good

Bahia grass 50 1 70 teo ' 50 (1250} poor good

Bermuda grass 20 - 80 to 30 | 7505 . goca coor

’ very

Birdwood grass 3¢ &0 to 10 | 250| good | poor
. very

Blue paniec grass| 30 80 to 20 } 50C) gond | fair

- very

Buffel grass 30 80 to 10 | 250| scod

Carib grass 30 20 * * i8 " | 40 }l1000| paor

Dallis grass S0 L 70 220°| 485 o ! 35 | 875| fair

Green panie grasg 35 | 60 880 | 1500 to i 25 | 625
. ‘

Guinea grass 35 . 40 1100 ;| 2400 to € . | ' 35 | 875
. : 1 '-

Harding grass 60 90 | 300 ¢t6. : to 1 & [ 30 [ 750

Love grass, 80 90 1500 | 3300 10 | 250
weeping '

‘Love grass, 80 90 6800 [14950 ' 10 | 250
Lehmann i

Makarfkari grass| 30 1 725 1600 ‘ 20 | 500

Molasses grass | 30 6000 13200 12 to 4 | 40 |1000
! X
- Pigeon grass 3o . 600, 560 12 to 35 | 875

Plicatulum grass| 30 | 3185 | 850 i2 to 30 ; 750

. | |

Rhodes grass 30 1750 3850 [ to 6 Ikto 6 |35 - 875
z fo

Scroblc grass 30 170~ 375 to % 2tod |35 87

1
l

Yellow blugstem | 20 . 25 1400, 3000 [1 co 2 :lto 2 {20 500

NOTE: figures in parentheses are estinmadtes.
* Usually propagated vegetatively from nurseries planted to seed.
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APPENDIX NO. 3

Ma jor forage Leoumes for the Tropics and
Sub=Tr opics

1. Calopo - Calopogonium mucynoides

_ 2, Centro - Centrosems pubesééns

k 3. Dwarf Koa - Desmanthus virgatus
hfﬂ Glycine = Glycine wightii (G. javanica)
S. Greenleaf desmodium - Desmodium intortum
6. Lablab - Lablab purpureus
7. Leucaena = Leucaena leucocephala

8. Lontononis = Lotononis baineseii

9. Lucerne = Medicago sativa

10. Phaéey bean =~ Macroptilium lathyroides
.11, Puero (kudzu) = Pueraria phaseoloides

12, Silverleaf desmodium - Desmodium uncinatum

13, Siratro = Macroptilium atropurpeum

1. Stylo - Stylosanthes guyanensis

15, Townsville lucerne - Stylosanthes humilis
The types of nodule-forming bacteria (Rhizobium species) on most of
these species are genetically and physiologically different from those
used most successfully on forage legume of temperate zones. Lucerne
is an exception.
For a comprehensive list of named varieties of each species, see FAD
publication, "Tropical Pastures: Grasses and Legumes." Rome 1971.
These varieties (cultivars) often are ecotypes rather than true=

breeding types, but have demonstrabted adaptation to particular regions.
Seed sources are listed,

89 108
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APPENDIX ¥O. 4

Seed Characteristics and Adaptive

Features of Forage Legumes : o
- Approximate (Seed Size ‘ Seeding Minimum Tolerance
Seed Quality |Number Seeds Rates [Yearly to to Soll
[ Min.GerdY Min. 1b. Kg. Rainfall [Drought|Water
Species minagdopiPurity |In thdusands Acre Ha. in.{ wm, Logging
1lbs.| Kg.

1. Calopo 85% 50% 33 73 1to3 |1to3 |50 [1250) fair (fair

2. Centro 90 50 18 40 1 to 6 (1 toé |40 11000] fair [good

3. pwarf Koa | (80) | (70) (zo)i w) | @ | 2 |20 500 good |poor

4. Greenleaf f

Desmodtum | 90 ' 50 | 375 755 |1 to2 [Leo2 |35 875| fatr |good

5. Glycine 20 ~ 50 70 , 154 2 to5|(2¢t05 30 . 750 good |poor

6. Lablab 90 - 50 2} 5 5 to 20)5 o 20] 40 11000 good (fair

7. Leucaena 90 | 50 12 . 26 4 to 6 |4 to 6 | 25| 625} good |poor

8. Lotononis 90 t 50 1606 3500 Ltol (Mtol |35 875f fair «good

9. Lucerne 90 1 80 2?0 440 % to 5 | to5 | 25 625| good |poor
10. Phasey bean| 90 | 70 56 125 |1to3 |1to3 |36 750} good |[good
11. Puero 90 i 50 | 37 -8l 1to 3 i1to3 {50 !1250 poor |good
12, Silverleat 90 E 50 95 210 l1to3!1 to3 |40 !1000 fair falr

Desmodium [ ;

13, Siratro 20 1 50 36 79 1to3 [1to3 401000 good fair
14. Stylo 90 % 40 160 350 2to5 j2to5 |35 | 875} good :fair
15. Towmsville | 90 40 200 440 [2to3 |2to3 |25 625) good ' poor

lucerne




APPENDTX NO. S

'""SOURCES OF SEED OF TROPICAL LEGUMES"

(Extracted from Appendix 4 of FAOQ book -
on Tropical Forage Legumes, by P.J.
Skerman)

Many of these seed sources also stock
seed of Tropical & Sub-Tropical forage

Erasses. .
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ANGOLA

Divisao de Botanica e Ecologia

Instituto de Investigacao Agro-
nomica

CP 406, Nova Lisbon

Angola

ARGENTINA-

Division de Exploracion e

Introduccion de Plantas (INTA)
Ministero de Agricultura
Buenos Aires

Instituto Nacional de Tecnologia

Agropecuaria
Rivadavia 1349
Buenos Aires

Instituto Agrotecnico
Misiones, M-A
Buenos Aires

AUSTRALTIA

CSIRO Division of Tropical
Agronomy

Cunningham Laboratory

St. Lucia, Queensland 4067

Anderson's Seeds Ltd
Boundary
Brisbane, Queensland

Australian Estates Co. Ltd.
106-108 Creek St.
Brisbane, Quegnsland

Arthur Yates & Co. Pty. Ltd.
P.0. Box 42

West End, Brisbane
Queensland

A.W. Rasmussen Pty. Ltd.
Mackay, Queensland
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Frank Sauer & Sons Pty. Ltd.
Tozer St,

Gympie, Queensland

Dalgety & New Zealand Loan
Eagle St, Brisbane
Queensland I8

{
State Produce Agency
Roma St, Brisbane
Queensland

J.H. Williams & Sons Pty. Ltd.
Murwillumbah, New South
Wales

Wright, Stephenson & Co.
330 T. Kilda R4
Melbourne

E.J. Eggins Pty. Ltd.
Lismore, New South Wales

The Producer's Cooperative
Distributing Society Limited
Cribb St.,

Milton, Queensland

BARBADOS

Central Sugar Cane Breeding
Station
Barbados

BRAZTL

Departamento de Producao
Animal

Secretaria de Agricultura
Sao Paulo, S8.P.

.. Estacao Experimantal de

Forages
San Gabriel
Rio Graride do Sul
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Instituto Pesquisas Experi-
mentos

Agropecuario Centro-Sul
Seccao de Agrostologia
Caixa Postal 28, ZC-00

Rio de Janeiro

Instituto de Pesquisas IRI
Campinas
Sao Paulo

Instituto de Zootecnia
Universidad de Ceara
Fortaleza

Aracatuba
Casa da Agricultura
Sao Paulo

SRI LANKA

Agricultural Department
Peradenya
Sri Lanka

Anderson and Co.
Colombo

H.D. Constantine and Sons
GPO Box 378
Colembo

R.R. Johnson and Co.
Colombo

Central Agricultural Research
Institute

Gonnoruva

Paradenya

COLOMBIA

Centro Nacional de Investi-
gaciones Agropecuarias

"Diulio Ospina”

Medellin

Abadia v Jimenez
Bogota

~Caja Agraria

Bogota

Proacal
Palmira, Valle

Programa de Forrajes
Instituto Colombiano
Agropecuario (ICA)
pogota

COSTA RICA

Estacion Experimental Los
Diamantes

Ministerio de Agricultura

Guapiles

Granja Experimental El1 Alto
Ministerio de Agricultura
San Jose

Instituto Interamericano de
Ciencias Agricolas (IICA)
Centro de Investigacion v
Ensenanza Graduada
Turrialba

"El Semillero"
Luis Cruz B.
Aparatado 783
San Jose

CUBA

Estacion Experimental de
Pastos y Forrajes

"Indio Huatey"

Matanzas




DAHOMEY

Centre de recherches agro-
nomiques

. IRAT

Niaouli (par Altogon)

EL SALVADOR

Estacion Agricola Experimental
"San Andres’
La Libertad

F1JI

Director of Agriculcture
Suva

FRANCE

Ets 0. Genest et Cie
27 route de Venissileux
Lvon 8¢ :

GHANA

Botanical Pepartment
Univergity of Ghana
Lagos )

Council for Scientific and
Industrial Research

P.0. Box 3785

Kumasi

Faculty of Agriculture
UsT .

Kumasi

Ministry of Food & Agriculrure
Accra

GUADELQUPE

Institut national de la
recherche agronomique

Domaine buctas

Petit Bourg

GUATEMALA

Buenavista Experimental
Scation
Esquirdila

GUYANA

Central Agriculctural
Station

Department of Agriculture

Georgetown

Botanic Gardens
P.0O. Box 256
Georgetown 7A

HATITI

Departement de 1l'agriculture
des ressources naturelles et
du developpement rural
Damien, Port-au-Prince .

HONG KONG

Department of Agriculture
angd Forestry
North Kowloon

INDIA

Agricultural College
Poona '

Plant Introduction & Explo- 55, Agricultural Research Institute

ration "Coimbatore 3
Crop Research Institute

Ghana Academy of Science 56. Agricuffural Research Institute
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APPENDIX NC. 6

Sources of Rhizobium Cultures for Tropical Legumes
- _

This list of names and addresses of organizations
handling inoculants is necessarily. incomplete but supplies
_information as to where inoculants can be obtained. Sources
of inoculants for temperate legumes can be ¢btained from
" Dr. E. Hamatova, Department of Microbiology, Central Research
Institute ¢of Plant Production, Prague, Ruzyne, or Professor
0.N. Allen, Department of Bacteriology, University of
Wisconsin, Madison, Wisconsin 53706, U.S.A.

As more effective strains are developed, the present

ones will be superseded and an up-tgedate list is Eublished
from time to time in the Rhizobium Nausfelter edited Dy
Professor J.M, Vincent, Department of Microbiology, School
of Biological Bciences, University of New South Wales, P.O.
Box 1, Kensingtbn, New South Wales, Australia. It is
available to pepsons interested in using it, for a small
charge.

-

ARGENTINA Grace & Crawford Keen v Cia
Dr. Enrique Schiel San Martin 232
Intituto de Microbiologia e Buenos Aires,
Industrias Agropecuarias Nitrasoil
Villa Udaondo, Castelar _ Florida 622
F.C.N.D.F.S., Prov. de Buenos Aires,
Buenos Aires, Argentina :
(on agar) Instituto Agrotecnico
Avenida Las NYeras 727,
Roberto E. Halbinger - . Resistencia
Quimica Industrial v Comercial Prov. del Chaco, Argentina
Tecnologia en Industria (on agar) &
Agricola ‘
H. Yrigoyen 571, Buenos Aires AUSTRALIA

Jose P. Radibak . . . Dr. R.A. Date

Tamborini 3094 CSIRO Division of Tropical.
Buenos Aires, Argentina Pastures

St. Lucia, Oueenland 4067

LI




Tropical Inoculants

1 Rneale St.

Holland Park

Queensland

(incculants sold under the

trade name of TROPICAL INOQCU-
LANTS)

Dr. R. Roughley

Biological and Chemical Research
Institute

PMB 10, Tydalmere

New South Wales, 2116

Professor J.M. Vincent

School of Microbiology

University of New South Wales

P.0. Box 1, Kensington

New South Nales, 2033

D. J Pulsford

Agricultural Laboratories

P.0. Box 8 .

Carlington St., Regent's Park New
South Wales, 2143

(inoculants sold under the trade

name of NOCULAID)

R. Daniels *
Root Nodules Pty. Ltd
49 Chandos St., St. Leonards New

South Wales, 2065 :
(inoculants sold under the trade
name of NITROGERM)

The Head of the Department of Soil

Service, and Plant Nutrition
Institute of Agriculture
University of Western Australia
edlands,-Western Austrslia,

The Director T

Dept. of Agriculture, Stock and
Fisheries -

Konedobu o~

Papua, New Guinea

6009

-,

BRAZIL

J.R. Jsrdim Freire, Ing. Agr.
Seccion de Microbiologza
Agricola

Secretaria de Agricultura
Porto Alegre

Rio Grande del Sur

Instituto de Biologia y Pesquisas
Tecnologicas

Casilla Pestal 357
Curitiba, Parana

Laboratorioc Leivas Leite S.A.
P.0. Box 91, Pelotas
Rie Grande del Sur

CHILE

Luis S. Longeri

Universidad de-Concepcion, Dep.
Microbieclogis ,

Casilla 272, Cencepcion

(incculants distrituted under
the trade name of NITRO-FIX)

EAST AFRICA

The Kenya Seed Company

P.0. Box 553

Kitale, Kenya

(sole distributor of rhizchia
for =ast Africa)

MEXICO

Dr. C.C. Casas
Escuela Nacional de Ciencias
Biologicas

IPN Apartado Postsl 42-186

Mexico, D.F.

(inoculants distributed under
the trade names of NITRAGIN
and PAGADOR)




PERU

Ing. Agric. Rodolfo Vargas

Estacion Experimental Agricola
de La Molina

Apartado 2791

Lima

American inoculants distributed as:

~_ NODOGEN - Nodogen Laboratories,

Princeton. Illinois, United States

NITRAGIN - The Nitragin Co. Inc.,
Milwaukee, Wisconsin 53209,
United States

SOUTH AFRICA -

Dr. B.W. Strydom

Dept. of Agricultural Technical
Services

Plant Protection Research Institute

Agriculture Building

Beatrix St., Private Bag 134

Pretoria

S.A. Legume Inoculant Company
(Pty) Ltd.

P.0. Box 248

Stellenbosch

URUGUAY

Dr. Carlos Batthyany

Laboratorio de Microbiologia de
Suelo del M.G.A.

Ciudadela 1471

Montevideo

Laboratorios Dispert §.A.

Avenida Garibaldi 2797
Montevideo

(inoculants distributed under the
trade name of NITRASOIL)

Esur Ltda.

Azara 3387

Montevideo

{inoculants distributed under the-
trade nale of NITRUR)

" UNITED STATES

Selected tropical~temperate
inocultants

Plant Cultures
P.0. Box 284

Gainesville, Florida

Dr. U.M. Means

U.S. Soils Laboratory

Dept. of Agriculture
Beltsville, Maryland 20705

The Nitragin Company

3101 W. Custer Avenue

Station F, P.0. Box J

Milwaukee 9, Wisconsin
{(inoculants sold under the
trade name of NITRAGIN)




APPENDIX NO. 7

Additional publications dealing with livestock preoduction and feed
supplies, {ssued by:

CFFICE OF AGRICULTURE

DEVELOPMENT SUFFCRT BUREAU

U.S. AGENCY FOR INTERNATIONAL DEVELOPMENT
WASHINGTON, D. C.

Technical

Bulletin
Ser ies

No. 1 Improve& forages for tropical and sub~tropical regions, as feed
for livestock. 1971.

No. Guidelines for improving livestock production on rangelands. 1971.

No. . The contribution of legumes to continuously productive agricultural
. systems for the tropics and sub-tropics. 1975,

No. ' Seeded forages for grazing and for harvested feeds in the‘i:ropics
. and sub-tropics. 19765,

We. ' Character istics of economically important food and forage legumes,
~and forage grasses for the tropics and subetropics. 1975.

No. %Combined crop/livestock farming systems for developing countries
"of the tropics and sub-tropics. 1976,

Providing_ forages for ruminant livestock during dry seasorns in
the tropics and sub=tropics. 1977. )

i
|
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Aemcununrli) TECHNOLOGY
R .
DEVELOPING COUNTRIES

Technical Series Bulletin No.25

Leucaena leucocephala: an excellent

feed for livestock

September 1980

Office of Agricuiture
TECHNICAL ASSISTANCE BUREAU
AGENCY FOR INTERNATIONAL DEVELOPMENT
Washington, D.C. 20523
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Leucaena leucoceopala: an excellent feed for livestock

Prepared by: Michael D. Benge

DIVISION OF RENEWABLE NATURAL RESQURCES
AGRO-FORESTATION

Office of Agriculture

Development Support Bureau

Agency for International Development
Washington, D.C., 20523




PREFACE

In 1976 near Batangas City in the Philippines, I stood and marveled
at the canopy of feathery Leucaena foilage towering over my head as high
as a two-story building. It was hard to believe that a year before the
site had been open wasteland!

Because of such performance the leguminous tree, Leucaena leucocephala,

long disdained as a nuisance weed, now promises to become one of the most
valuable crops for the world's less developed countries.

Depending on variety, Leucaena is either a tall tree or a branchy
bush, It can be used for timber, firewcod, fiberboard, paper, forage,
fertilizer, landscaping; s0il reclamations shading for sun-sensitive crops,
windbreaks and firebreaks as well as for dye, mucilage, jewelry and even
human food. Moreover, Leucaena seems adﬁpted to many soils too barren
for conventional crops and it is one of the fastest growing plants measured.

On top of all that, it obtains its own nitrogen fertilizer from air.

survives drought, tolerates the salt of costal areas and has a high

resistance to pests and diseases.

»

Truly, Leucaena seems to be a '"tree of life''!

Noel D, Vietmeyar
. Professional Associate
Board on Science and Technology
for International Development
National Academy of Sciences
Washiington, 'D.C., 20418




Leucaena leucocephala, an excellent feed for livestock:
it can be planted and managed in a variety of systems,
such as in balanced pasture-forage systems [above (see
page 8}] or in hedgerows to control erosion in fields
or a8 a windbreak, fence or boundry marker around the

house or field [below {see pp. 6, 9, & 10)].
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In the seasonally dry tropics there are vast scattered areas where recurring dry seasons
preclude shallow-rooted perennial forage grasses and pasture legumes. For these areas,

an excellent management system is- Leucaena planted at a spacing of 1 m. by 1 m. and allow—
ed to grow until it reaches a 10 cm (4 in.) base diameter, or approximately 1% years, be-
fore cutting back [above left]. The trees are then cut to a stump height of 1 m. and al-
lowed to coppice (regrow). The foilage is then cut every three months. The 1% year period
"before cutting allows the growth of a long taproot. This enables Leucaena to maintain a
_high rate of production even during the c¢ritical dry season months when other forage sources

have dried up and become unpalatable (above right (see page 8)]. 130

Q




The abundant-lush growth of Leucaena, harvested in a
cut-and-carry system (above), is fed to and relished
by tethered livestock [below (see page 2)].

\'.
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A
Leucaena leucocephala: an excellent feed for 1ivestock

Introduction

Because there 18 an acute shortage of animal feed throughout the

tropics, the need for high-protein forage and digestible nutrients

is a chronic concern. Nowhere 1s the shortage more serious than in

the seasonally dry troplcs--vast gcattered areas where recurring dry
seasons inhibit the growth éf shallow-rooted perennial forage grasses
and pasture legumes. Pastures containing Leucaena leucocephala
(Leucaena) are smong the most productive in the tropics.(;Leucaena
promises to become an especlally ugeful forage source for the dry
tropice. It can be harvested and carried fresh to animals, dried into
leaf meal, fermented into silage, or animals can be agllowed to browse
the standing hushés. Whether it is young or mature, green, dry or
ensiled, the Leucaena foliage 18 reliahed by livestock and by wildlife
as well, particularly when green feeds are scarce. Succulent young
" Leucaena follage 18 now used in various parts of the tropilcs to feed

cattle, water buffalo, and geats (19).

Leucaena 18 indigenous to Central America. The Mayans and the
Zapotecs disseminated it throughout that region long before the
arrival of the Europeans. It 18 theorized that Leucaena as an Iintercrop

and erosion contrel barrier served as a principal source of nitrogen

Article by Michael D. Benge, Office of Agriculture,
Agro-forestation, Development Support Bureau, Agency for
International Development, Washington, D.C. 20523.




fertilizer for corn, the staple food of both civilizations. Leucaena
was so importamt to their agriculture that they recorded it in their
pictographs. - Mexico's fifth largest state, Oaxaca, derived its name

from “hauxin,” a pre-Columbian word meaning “the place where Leucaena

Ty

grows."
Leucaena A8 Forage.

As a forage crop, Leucaena has yielded as much as 20 metric tons
(MT) of dry matter per hectare (ha) per year. In some areas; alfalfa
may yield more green forage than Leucaené, but the nutritive value of
green and dry Leucaena forage is equal or superior to that of alfalfa.
Leucaena also is equivalent or superior to alfalfa in digestibility,
and is markedly superior to alfalfa in percentage of protein, since fhe
protein content of green Leucaena leaves generally exceads 25%. The
content of total digestible nutrients (TDN) is comparable, and Leucaena
contains almost twice as much carotene (which provides vitamin A) as
alfalfa. Dry Leucaena contains almost four timea as muc# protein as
napier grass (Pennisetuym purpureum). The pelletized leaves of Leucaena
are 1n demand és an animsl feed mix in non~tropical areas such as

Japan and Europe (19).

Recent experiments havé shown that improved breeds of cattle
will gain ag much as 1 kg in weight per day when fed a 100% ration
of protein~rich Leuéaena for a 3 month perfod prior to alaughter.
Theae teata ﬁere conducted by the Commonwealth Scientific and Industrial
Research Organization (CSIRO) in Australia. The leaves of improved

strains.of Leucaena contain 23%-30% protein by dry weight. Cattle

can consume a high intake of Leucaena for h period of four moths .

i
-l *
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without any adverse effects, a length of time ideal for the fattening

of cattle prior to slaughter (12). .

Adaptation
Leucaena is persistent, rugged, and thrives on the steepest,
rockiest slppes where its roots penetrate deep iné; rock crevices.
‘ It withstands prolonged perinds of drought [22 centimeters (cm) of
rain/year] and does very well in areas having as little as 60 to
150 ci of rainfall per year. In contrast,‘alfalfé and>other similar

forage-pagture plants usually require the best and most arable lands

for their growth--land needed to grow-fqod crops for human consumption (19).

Leucaena has a vigorous taproot and limited lateral. branches that
angle downward. Roots are commonly 2/3 as deep as the tree ig tall.,
With its deep-growing root system, Leucaena can obtain water and

nutrients from soil strata which are not accessible to most other plants

Leucaena is found at elevations as high as 1,500 meters (=.).

Higher altitudes often mean lower temperatures, shorter days (and thus

-

less light), and more acidic soils; conditions which do not enhance
Leucaena's growth. Leucaena does not normally tolerate water-logged

soils, alcthough strains growing along canals in Thailand seem to have

adapted (8).
‘.‘",}q

(U

‘L;\céena is & iegume and Rhizobium, nitrogen fixing bacteria,

live in sywbiotic relationship in the plant root nodules enabling it

/

. 134




Nitrogen is essential for the optimum

to fix nitrogen from the air.

¥ot 2ll soils contain

growth of Leucaena as well as for other plants.

the cortect strain nor the necessary amount of Rhizobia to ensure

ptoper\¢Q9culatinn and growth of Leucaena. Therefore, Leucaena should

be inoculated before planting (for detail see pp. 17 & 18).

Leucaena is generally found growing on neutral or alkaline soils

and an acid-exuding strain of Rhizobium (31A3) is commonly associated

Characteristicallv, Leucaena does not thrive on

with ‘the plant.

highly acidic snils However, research indicates that Leucaena® may

adapt to more acid soils if it is initially establiéﬁed with an

alkaline-exuding Rhiznbium {CB8l) dévaloped by CSIR0O. Further research

on the adaption of Leucaena to acid soils is being conducted at the

Centro Investigacion Agricultura Technologies (CIAT).*

Leucaena has few serious enemies other than man who cuts it down;

and mounkeys which ravigh the young pods. Other problems ag{jjfing .

Leucaena include the following: its roots will sometimes harbor spil

fungi and young plants will damp-off in wet soils; weevils will attack

the seeds, especially in the wet season gr when the seeds are old

¢

. <
(this problem is easily overcome ’by the use of insecticides); and

isolated incidents of stdﬂ;borer damage to Leucaena branches have been

reported,

,3 T s

£

*Dr, Mark Hutton, former Chief, Division of Tropical
Crops and Pastures, Cummingham Laboratory (CSIRO), is the
principal researcher on the, CB8l strain of Rhizobium and
its use in the adaptatiom of Leucaena to acidic soils.

Dr. Huttom can be contacted by writing him c¢/o Ceatro Inter-
nacional de Agricultura Tropical, Apartado Aero 6713, Caldi,

Columbia. ﬂ‘ﬂ
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Also, animals will g-aze young plants to the ground, but Leucaena

reasserts itself when grazing pressures are removed.

Plant Characteristics

In field trials conducted by the Pastures Division of the University
of the Philippines ~t Los Banos (UPLB), an improved variety of Leucaena
was used {cv Peru) and a yield of 18 MT of dried 1leaf mea%/ha/yr was

recorded (14). In uther test plots, yields of 28 MT/ha were projected (g).

Leucgena 1is not wholly without fault as a tro;icai forage plant,
as 1t contains a toxic alkaloid, mimosine (some varieties.contain
highler amounts than others). This may cause thyroid problems or other
harmful side effect; when excessive amounts of Leucaena forage are fed
to animals over a sustained period of time. Ruminants can be fed a
continuous ration containing 40% Leucaena by dry weightrwithout suffering
from the effects of mim&siné toxicity. HNon-ruminants génerally will
not tolerate rations that contain an excess of 5-10%.£eucaena (dry
weight). Mimosine toxicity symptoms will disappear[;fter & short
period of time and leave no residual effects when;éhe animals are
removed, from the high level Leucaena diet. CSIRQyin Australia has
been warking on the development of & low-level:ﬁimogine line of Leuéaena

o

which should soon be released (7).

Growing and finishing pigs can be féd rations containing as much
as 20X Leucaena leaf meal (dry weight) pro?ided that 0.4% ferrous
sulfate is added to the ration, accordingfto regearch conducted at UPLB

(17):' In the Philippines, pigs « ' often fed a diet composed of J00%
f

1
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Leucaena one month prior to slavghter. This high intake causes the

pig to loose its hair (bristles), thus alleviating the arduous task

of remowval.

Laying hens were fed a ration containing 10% Leucaena leaf meal

(dry weigh't) and 0.2 to 0.4% ferrous sulfate supplement in similar

experiments at UPLB. The hens showed no significant decrease in egg-

production compared to those fed on commercial rations. However, when

the ration was increased to 207 of their total intake, egg production

was reduced (18).

Leucaena leaf meal contains high amounts of caroteme which provides

the ration with vitamin A. A diet containing 4 to 67 Leucaena leaf meal

restores health to chicks and pigs suffering from vitamin A deficiency.

Also, carotene is a desirable additive to poultry rations becausge it

enhances the yellow coloring of the egg yoke as well as the fat of the

chickens.

Batangas beef is well known in che Philippines for its excellent

_quality and tenderness. It is obtained by force~feeding young calves

in the "SUPAK" system of back-yard fattening, in which the ration contains

a mixture of chopped Leucaena leaves, rice bran and water. The Leucaena .

for the ration comes from the hedgerows around the farmers' home lots,

the Leucaena serving both as a fence and a source of forage.

Tests conducted at the Brackishwater Aquaculture Center (BAC)

in Leganes, Ilo-ile, Philippines concluded that bangus (milkfish),

1137




talapia, bass, and shrimp fed with Leucaena leaf meal grew faster and
heavier than those not given the meal (13). Because Leucaenz contsgins
high amounts of protein, as well as large amounts of nitrogen-phosphorus-
potassium (NPK), its leaves served not only as a fish food, but as a
fertilizer for the pond, increasing plant growth and providing natursal

fish food.

Philippine farmers in Barrio Naalad, Naga, Cebu feed their goats &

diet conslsting only of Leucaena, banana and coconut leaves. The latter

two have high cellulose and fiber content and contain few nutrients.

One of the reasons Naslad farmers raise gosts is to reﬁycle Leucaena
leaves for the production of high-nitrogen fertilizer which is then
applied in a tobacco-onion-corn cropping system. High levels of Leucsaena
are also fed to their hogs and chickens. Research indicates that certain
breeds of animals, as well as individual animals within & breed, are

capable of ingesting greater amounts of Leucaens than others (3).

Recent research conducted in the Philippines and Haweii by Dr.
Raymond Jones*, CSIRO, indicates that some goats may develop bacteria in
their rumen which breaks down the chemical compounds in mimosine, thus
nullifying harmful side-effects. If this is so and these bacteria can
be isolgted and ﬁulciplieﬂ, it is possible that other ruminants can be
injected with :ﬂese bacteria which would ensble them to consume & diet

consisting of 100% Leucaena without suffering harmful side-effects.

*Dr, Raymond J. Jones, Senior Principal Research Scientist,
Davies Laboratory, Commonwealth Scientific gnd Industrial Research
Organization, Private Mailbag P.0., Townsville, Queensland,
Australia.
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Pasture Systems and Management

Leucaena pastures, with their_vigorous growth ana high nutritive
value, can support heavy stocking with livestock. They have demonstrated
some of the highest carrying capacities of any tropical pastures.
Leucaenas pastures interplanted with Guirea grass (Panicum maximum)

!
often carry up to 2.5 cows per ha (1 per acre). In favorable locations,

Leucaena~grass pastures extend %nto dry seasons tuch longer than those
with shallow-rooted forages, and when rains commence, Leucaena recovers
rapidly so that animals can be restocked early. Leucaena pastures re-
quire little more care than grasses and continue to produce year after
year, especially where soils are good (19). Planting systems can be

varied to suit the terrain and specific conservation obiectives.

BALANCED PASTURE-FORAGE SYSTEM--For prepared fields and planted pastureé,
iz is desirable to interplant Leucaena with some sort of grass cover.
A balanced pasture-forage system may be established by planting alternate
bands of Leucaena and improved grasses/legumes\with a Leucaena to grass
ratio of 40:60.by area. Interplanting will keeplihe weed growth to a

minipum, reduce erosion, increase ground water leve}s, add materially

to the carpying capacity, and provide a pore varied gpd better=balanced

forage. The interplanted grasses will probably receive sufficient
nutrignts from the associated legume, therefore, little or no fertiliza=
tion js required. Under a paired=-row layout, two rows of Leucaena are
planted about 1 m. apart with a 2 m. space between paired rows of
Leucaena and an in-row spacing of 4 ¢m berween planes. The grass should
be planted 2fto 3 months after the seeding of Leucaena to permit free
cultivation of inter-row spacing during the early stages of growth

and also to give thc slower-starting legume sufficient time to become
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well established. Guinea (Panicum maximum), Bermuda (Cynodon dactylon),

Dallis (Paspalum dilatatum), Pangola (Digitaria decumbens), and Kenya

Sheep (Brachiaria decumbens) grasses work well for such interplantings (2).

CUT AND CARRY FORAGE SYSTEM--For marginal and steep hillyland areas,
as well as for extremely dry areas, another planting system is recommended.
Giant varieties of leucaena (K8, K28 or Ké7) are planted at a spacing of
1l m. by 1 m. and allowed to grow until they reach a 10 c¢m (4 inch) base
diameter, or approximately 1 1/2 years, before cutting back. The trees
are then cut to a stump height of 1 m, and allowed to coppice .(regrow).

The foilage is then cut every three months. The 1 1/2 year period
before cutting allows the growth of a long taproot. It is this taproot,
penetrating the water table, which enables the plant to draw on deep
water resources during the dry season as well as tap substrata nutrien‘s,
thus increasing forage production. Production remains high even during
the critical dry season moanths when other forage sources have dried up
and become unpalatable. 1In addition, the deep roots help hold the

scils. Improved grasses, such as Guatemala (Tripsacum laxum), can be
planted in the spacing between the stumps for additional forage production.
Guatemala grass is relatively shade tolerant and-will flourish under
this systea. The lush forage growth cam be cut and carried to a feéd
lot, dried for leaf meal, or browsed by cattle. The 1 m. x 1 m. spacing
provides ample space for the passage of browsing cattle. However,

Guatemala grass will aot withstand heavy grazing.

As a pasture legume Leucaena requires careful managemont. Since it

is exceptionally palatable, overgrazing will seriously impair the

rapidity of recovery and subsequent productivit?liiii. It should be
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noted that Leucaena will grow into trees if neither grazed nor perodically

cut.

Erosion Control

In areas where soil erosion 1s commonplace, well designed pasture
forage systems can markedly reduce erosion rates. The use of Leucaens
in cropping systems to effectively reduce soil erosion was demonstrated
in an {innovative farming system introduced in 1953 at the Alabang Soil
Conservation Project, Alabang, Rizal, Philippines. The experiment site
was severely eroded and devoid of organic matter, Exposed "adobe’ stones
were visible and the top soil was completely absent in parts of the -
experimental area. The land had a slope of 25% (a drop of 2 1/2 m.
every 10 m.). Paired rows of Leucaena were planted on the contour, the
rows were 10 cm apart and the in-row spacing was 4 cm between plants.
The paired rows were spaced 1 m, apart throughout the cropping system.

"When the Leucaena reached a height of‘approximately l w.,it was cut back
to 35 cm, and the trimmings were sllowed to decompose between the rows.
Tests Indicated that 12.28 kg of nitrogen (eQuivalént to 68.4 kg of
ammonium sulfate) was added to the soil for every ton of fresh materisal
incorpo?ated into the soil. In addition, the erosion on the plot with
the Leucsena bands was only 2% of trhat whicﬁ occurred on the control

plot. The top soil on the Leucaena'planted‘plot was improved physically,

chemically, and biologically.

Leucaena not ouly builds soil fertility on marginal land, but it

will suppress undesirable plants and grasses vten planted at 1 m. x 1 m.

spacing. Leucaena will suppress tenacious grasses, such as Imperata

cylindrica and Saccharum spontansum, as well as noxious weeds, such as
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Chromolaena ordorota [L.]. In many pastures in the Philippines, it
drastically reduces the cattle carrying capacity of the land. I? is

fatal when ingested in large amounts, and over an extended perio;,Chromolaena
deposits a high concentration of nitrate in the soil which will act as

a supﬁressant‘to plant speciles having low tolerance to high levels of
pitrates (4#). The former are tepacious grasses and often considered as
weeds. These grasses are relatively low in nutrient conteﬁt, however,

and exude plant suppressants which retard the natﬂral succession of more
desirable grasses and other plant species. Nevertheless, Imperata is

one of the main sources of:pasture gras§ in many parts of Asia. Ilmperata
requires frequent burning to burn off coarse stems and to.promote the

growth of new grass. This "firing" burns the organic matter in the

s0il, reduces soil fertility, breaks down the soll structure, and creates an
environment for accelerated erosion and degradation by exposing the soil

to the leaching rainfall and solar radiation.

Establishment Procedures

Two determinations must be made before undertaking the establishment
or Leucaens pasture. One has to do with the nature of the secil, its
mineral content, and the other concerns the method of planting. A soil
analysis will determine if fertilizer application is necessary te obtain
optimum plant growth. The land selected for Leccaena fasture establishment
should be prepared according to the planting method chosen. The necessity

for these early decisions is explained in the following paragraphs.

FERTILIZER REQUIREMENTS--Leucaena requires adequate levels of phosphate,

potash and sulfur. High levels of magnesium and low calcium content




in surface soils may cause retardation in the growth of Leucaeng.

Adequate levels of available trace elements--molybdenum ané-cobalt--

are necessary for maximum efficiency of the nitrogen fixing-bacteria

(see INOCULATION pp. 14 & 15). Therefore, it is important chat sufficient
levels of these elements are available in soill in vhich Leucaena is to

be growi.. A soil test should be made on the site selected for the

establishment ¢of Leuczena prior to planting to determine the appropriate

fertilizer that will be required to gain maximum growth.

. -
s

SEED SELECTION-~One kilogram of Leucaena seed would be sufficient to
plant nine hectares of land at a spacing of 1lm. x 1lm., 1if 100% of the seeds
germinated and all of the seedlings survived. It is alwmost impossible,
however, to obtain these results under normal conditions. Scientific
procedures should be followed when establishing Leucaena plantings so
that maximum and uniform growth can be obtained. Leucaena seeds should
therefore be selected according to size (large) and demnsity (heavy).

This can be done by using a "hardware screen’” and separating the seeds

>

by specific gravity.

It 1s recommended that the seeds be graded into four sizes which
can be done by using tt :e different sizes of hardware screen. If
adequate amounts of 5 . are available, is is recommended that only the

largest 530% of the seeds be used. This will give more uniform germination

and growth rates as well as size. The germination percentage will be

quite high and the seedlings more vigorous, which will markably reduce
,// /'/! ' ' ’
establishment costs. However, germination percentage will also depend

upon how thelseeds are handled and stored and if the sesds were properly

.

scarified.




Generally, the largest seeds will pe the heaviest unless the seed
was not mature when picked, or damaged by disease or insects. Therefore,
seed selection by specific gravity is optional. Mechanical devices are
available for the selection of seed by specific gravity. However, they
are rather expensive. A more simple method 1s separation in a salt
solution. Salt can be QAded to water until the solution is thick enough
to obtain the desired gradation. The lighter seeds will float to the

top and a greater portion will surface as more salt is added. Rinse the

LY
seeds with fresh water after separation.

Recommended Leucaena Varieties

%

The genus Leucaena is diverse and to avoid confusion, the different
varieties have been assigned numbers with the prefix "K." The growth
characteristics of different varieties are often referred to as Hawaiian,
Peruvian, Salvadorian, and '"Hawaiian Giant'"; however, these are not
varieties and the use of thes? names adds to the confusion. , Furthermore,

the varities termed Peru, Peruvian, CV Peruy and Peru (Cunningham) are

all the same (6) (7).

Of the "Giant" varieties, K-8, K~28 and K-67 have shown the most
pronise in te?ms of growth rate and forage production, all of which
are dual purpose--wood and forage. HNone of the varieties have been
researched extensively to establish their specific growth differences.
Tne K-8 variety is a sparse seed producer andlmay produce a little more
wood; however, this has not been verified. The K~28 .variety produces
more seed than the K-8, put not as much as the K-67. The K-67 variety
is a prolific seeder, therefore, it is excellent for programs which are
large in scope and where a large amount of segd is ;eeded. The K-67
. 144
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variety may branch more than the other varieties. Another variety, the
Peru (Cunningham), Ls often recommended as a good forage plant, but it
will not producle large volumes of wood since it has bushy growth
charac:eristicg. In appropriate management systems, K-8, K-28 and

K-67 varieties can equal the forage yieid of Peru (Cunningham). However,

these varieties will grow into trees if left unmanaged.

Seed Treatment
SCARIFICATION--Leucaena seeds must be scarified prior to planting

to obtain maximum and uniform germination. Commop methods are hot water,
chemical and mechanical; the simplest being scarification by hot water
{1)(2)(9). The easiest way to scarify by hot water is to:

heat water to boiling point, remove from the heat

and alleow to cool for 1-2 minutes (instant coffee

temperature). Place the seed in a container and

pour the hot water over the seed; the volume of

water should be twice the volume of the seed. Stir

the seeds 50 that they are uniformly treated, allow

the water to cool, and soak the seeds overnight.

hY

N

STORAGE--Leucaena seed can be dried after they have been scarified.
Either solar or oven drying is effective. As many as 97% of the seeds
will germinatehup-to 11 moﬁ:hs after scarification if they are properly
dried and stored in air-tight containers and under conditions of low
humidity (1), It %s recommended that seeds not be scarified until just

prior to planting.

i
1

INOCULATION--Nitrogﬁn fixing bacteria, Rhizobia, 1live in symbiotic

relationship with Leucgena, fixing nitrogen from thé air. Nitrogen is

essentiaiﬁi;iﬁitf,ﬁﬁt%mum growth of Leucaena as well as other plants.
Not all- s contaiﬁ the correct strain nor the necessary amount of
g i / T




Rhizobia to insure the proper inoculation and growth of Leucaena.
Therefore, Leucaena seeds should be inoculated before planting. Leucaena
generally grows in neutral or alkaline soils and an acid-exuding strain

of Rhizobium (31A3)Iis associated commonly with the plant under these
conditions. The Commonwealth Scientific and Industrial Organizatiom
{CSIR0) in Australia has developed a strain of Rgizobium (CB8l), reported
to be alkaline-exuding thus enabling Leucaena to grow 1nr£ore acidic soils.
In requesting Rhizobia strains, it i6 desirable to specify both the plant

(Leucaena) and the pH of the soil in which it is to be growm.

Small quantities of the inoculum, CB81, may be obtained for research
\purposes from CSIRO, Davies’Laborlt;fy, Private Mail Bag P.0., Townsville,
Quéensland, Ausﬁfalil. Commercial and small quantities of 3143 may be

p——
obtained from Dr. J. Burton, Nitragin Corp. 3101 West Cuater Ave.,
Hilwaukee, wisconain 53209, U.5.A. Small experimental aamples of CR81
and 31A3 inoculums as well as information and training in Rhizobium pro-
duction can be obtain form the University &f Hawaii-NifTAL Project,
P.0. Box "0," Paia, Hawaii 96779, U.S.A. Rhizobia inoculants are in-
expensive. The Rhizobia should be stored at temperaturss ranging from
0° to 7° Centigrade or 32° to 45° Fahrenheit, approximately the teuperature

of a refrigerator. GSeeds are easily inoculated after scarification by

sprinkling the damp seeds with a light coating of inoculum.

PELLETIZATION--If Leucaena is to be direcf seeded, it is reccmmended
, )

that the seeds be pelletized (coated) with the appropriate fertilizers

to overcome nutrient deficiencies during its establishment phase (5)(10)

(15)(16). Each & kg of scarified seed should be wet with a 3% aqueous
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solution of a non~toxic stickler, cellophas (methyl ethyl cellulose). A

high density of inoculum is then applied. The seeds are than coated by

rolling them in a8 mixture consisting of lokg of finely ground roeck

phosphate to which 400 grams of molybdemum trioxide has been added. This

amcunt of mol¥bdenum is enough to last for five to geven years. Molybdenum

is important in the promotion of nitrogen fixation by the Rhizobium

nodules. In acid soils, lime also plays an iwmportant role. The Rhizobium

strain recommended for acid soils is GBSl (aluali exuding) and 31A3

(acid exuding) for alkaline soils. The pelletization should be done just

before planting and the pelletized seed refrigerated prior to use main-

tain Rhizobium viability.

Field Preparation

Field preparation will vary depending upon terrain, size of area

to be planted, soil conditions, available equipment and establishment

cost constraints.

2

1. Controlled burning is the most simple and inexpensive

method of land clearing. However, this method has its limitations.

There is an inherent danger that the fire could not be adequately

controlled and result in damage to adjacent properites. In addition,

a portion of the organic matter ih°the topsoil may be des:royed_and

some s0il erosion may oceur. Furthermore, fires endanger wildlife

that live in these areas. Nevertheless, there are always .certain
o

When ground cover is burnmt the asgh is a

trade-offs in any system.

ready source of fertilizer. When burning grasses, such as Imperata

cylindrica and Saceharum spontaneum, it is recommended that the old

grass is fired when new gfeen growth is approximately 22 cm (8 in)

high at the first part of the rainy season. This will help set bagk j
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new growth by draining stored energy from the grass rootS. Seeds are
dibbled directly into the ash. Herbicides have also been used to reduce
weed {grass) competition in seed bed preparation.* However, this method
only kills the grasses and the dead-dry grass poses a fire hazard to
interplanted cr-

2, Ring weeding is simply a method of hoeing or cutting down
the weeds around the Leucaena Seedling after it has been transplanted
into the field. A circle, 1 m. in diameter, surrounding the plant, is
cleared of weeds. It 18 neceSsary to do this 2 or 3 times before the

Leucaena will reach a height so that it cau compete with surrounding

weeds,

3. Furrows are plowed (animal or.tractor) in the field at

desired spacings between rows and the Seeds are siﬁply dropﬁed in the
IFurrow and lightly covered with soil.

4, A ﬁore intensive method of field preparation is that which
would be done as if preparing the field to plant corn. The seed is dibbled,

broadecasted or drilled into the seedbed.

Prépagation and Sowing Procedures

. Leucaena is conventionally grown in polyethylene bags, other con~
tainers (bamboo tubes, cans, é:c.), or grown in seedbeds‘'and then
.transplanted to the field, However at times, difect seeding may be a
morézappropriate technoloéy. + There are advantages and disadvantages to
both methods, but‘direct seeding is a much less expensi;e method of

planting.

*0Oregon State University (under an A.I.D. contract) used a
herbicide, glyphosate, to kill “giant perennial grasses" in land
preparation. Corn and beans are then "dibbled" through the
residual muleh’. The mulch greastly reduces apnual weeds and soil

erosion, saving time and money in land preparation.. It is felt that
this system could be used in establishing Leucaena Stands.
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1. Conventional methods of propagating Léhcaena include the

-

. s
(8) Polyethylene bags {3 in. dia. x 6 in. high (7.5 ¢m
% 15 cm) sre filled with fertile potting soil. 1In place of
potting soil, a mixfﬁre of river silt, sand and manuré (equal
parts) is recommended. If cﬂicken manure is used, t#en rgduce the
manure propertion to 1/6 of the total. The bags shoﬁld'be perfo;atéd
bottom to prevent the ao;l froﬁ being waterlogged cahding the plant
plané_:aamping off." After scarification, the geeds should be planted
at a depth of 1 in. (2.5 cm) and-covered wikh soi%}.
The bags should be placea under Q/& shade. The shade cdn
be made essily from grass; palm fronds, bamboo,.éolored polyethlene
or commercial shade screen. The seeds should ggrminate 3-5 days
;fter planting. The newly sprouted seedlings sho;id be keﬁt under
3/4 shade for approximately 1 week, then i/i';hadeffor one week and
ffuii light after 3 weeks. It 18 recommended that the seedlings be
fertilized every two or thrée weekﬁ by disolving & heaping tablespoon
of chewical fgé;ilizer (15-15-15) 1# 2 gallonsa (aﬁprox.‘8 litera)-of
w&ier. This is applied &s 2 normal appiid&gion 6% water. The seed-
lings should be tramsplanted no later than &6-45 days after awergence ’
or at & ﬁeight of 9 in. (2%.5 cm). This will minimi;e root-curl in
the bag. Root curl will de%orm the tap root, thus reducing depth
penekratiop and limiting th; amount of wﬁter and minerais available

to the plant.

Leucsena should be transplanted ’at, the beginning of the rainy
. L] ’ L]

" season. - The seedling should be removed from the plastic bag without

root disturﬁance to reduce transplant shock. The seedling ghould de

\ 1
\

N
\¢
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placed in a hole and soil filled in around the plant and lightly
compressed by pressin; down on the soil around the plaat with the
foot. The plant should be recesged approximately 1-2 in. (2.5-5 cm)
below ground surface level to act as a catchment for rain water.
Additional applications of fertilizer are recommended. At the time
of transplanting, a time release cheﬁical fertilizer, such as Mag=-Amp,
could be placed in the hole as a one-time application. While the
application of fertilizer may not be necessary, it will optimize
growth.

(b) The use of seedbeds is a common practice when
propagating Leucaena. However, the author does not recommend this

method because of injury to the roots {(transplant shock) when the

seedling is pulled or dug for transplantiné. If circumstances .

neceégziate the use 6fpa seedbed, it is recommended that the_seedbeds
be trenched and filled with sand or humu< and then bedded to provide
adequate drainage and to minimize'¥oot damage when seedlinge are’
\ lifted for transplanting. The seedbed should have a pPH as near as
. neutrai as possible. Seeds should be drilled at an approximate
spacing of 1 1/% in. (approx. a-cm.) in-row and 10 in.{25 cm.) between
rows. If thoroughly mixed with the soil, 10 grams of complete
r‘.'hemical fertilizer [¥=P-<K E].5-15-15)] per square meter of surface
_sﬁbq}gﬂbe_aggqgate. Animal manure can be substituted.
PRUN1NG--When Leucaena is transplanted, the leaves should be ’/’

| stripped from the seedling, leaving only 2 or 3 of the topmost compound

leaves. This reduces evapotranspiration and reduces dieback. A less

desirable practice entails pruning the top portion of the seedling,
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leaving only the brown wood, and pruning tow-thirds of the tap root prior
to tranSpiant. However, pruning the top of the seedling will cause’
excessive branching, an undesirable development if the tree is to be
harvested as a pole at the time it is cut back. Furthermore, the tap
root of 2 great many legumes will not regenerate once pruned, and pruning
causes transplant shock and growth retardation. The author has observed
that once the tap root of Leucaena has been cut, it does not regenerate.
In areas with a pronounced dry season, it is essential that Leucsena
achieves maximum tap root development so that maximum subsurface water

and nutrients are available for optimum forage yield (2).

2. Direct seeding greatly reduces the costs incurred in planting

Leucaena by eliminating the nursery and transplanting operatiomns.

_Emperical obsgqu;}égﬁ_iggicate that growth is optimized by eliminating
transpla;t shock in the establishment phase, thus the plant reaches maturity
in a shof;er period of time. However, planting must coincide with the
onset of the qéiny season. When Leucaena is to be direct seeded, it is
recommendeq that the seed first be pelletized prior to sowing (see:
PELLETIZATI%N under Seed Treatment). However, when seed is dibbled
in the AUGE&EPOLE method (see below) pelletization is unnecessary if the

i
soil is fertile and the seed inoculated with Rhizobia.

(a) Dibbling is a simple method of direct seeding whereby a

pointed 'stick™is used to punch a hole in the éiouﬁa into which

1-3 Seedszare placed, then covered with dirt by a sweep of the frot.
It is recommended that the seed be pelletized. This can be the most
appropriate pmethod of establishing a 1 m. by 1 m. Leucaena system.

The efficiency of the dibble method could be increased by the use




of a modified corn planter.*

AUGER HOLE method is when a hole is augered or bored into the
ground (with a common soil sample auger) prior to the onset of the
rainy gseason. The bore hole is 3 in. by 6 in. (7.5 em by 15 em) and
the hole is filled with a fertile potting soil (previously described ).
Preferably, a time release fertilizer (such as Mag Amp) is added to
the soil to provide continued fertilization to the plant while growing.
After scarification and inoculation with Rhizobium the seed is dibbled
into the hole at the onset of the rainy season.

(b} Seed can be drilled by using a simple mechanfcal hand
seed drill*, by a tractor drawn seed drill {such as those used to

. plant peas, corun, etc.) or by simply dropping them into the furrow.

(c) *Broadcasting can be done by a simple hand seed broadcaster*,
by a more sophisticated commercial mechaniéal device or by aerial
seceding. Aerial seeding would be the most efficient method of sowing

large tracts of land (19).

"Giant” Leucaena, a lush, protein-rich livestock feed that thrives on

s
marginal land, will multiply the carrying capacity of tropical pastures,

thus intensifying livestock production and increasing farm income.

*Blueprints of a corn planter, a simple seed broadcasting machine
and a seed drill may be obtained from Volunteers in Technical Assistance
{(VITA), 3706 Rhode island Ave., Mt. Ranier, MD 20822. The hand corn
planter can be modified to accommodate the pelletized Leucaena seed by
simply enlarging the outlets. ’
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Developing countries should be encouraged to establish garuming
systems that provide a combination of crop production entenprises with
Livestoch production entenprnises, Each individual enterprise must be
adapted to tie Local envirommental conditions, but alse must §4£ into
a system that is feasible unden the social and economic conditions that
prevail. The advantages of wellf designed systems must be To improve
the progitability fon the practicing fammers and herdsmen.

Not only should each crop and Livestock enternprnise be fiefd tested
10 prove its suitability but thene should be pilot testing of combined
Ayatemé 10 demonsinate their practicability and effects on net faum
Aincome. More dependable productivity and mone stabfe incomes fon far-
mers are essential to nations that are striving. fon self sugficiency
in food production, both in quantity and nutnitional quality. 1In most
devefoping countries, meeting food goals by national production 4is
supernion to a conﬂ.mbing rnise in good imports.
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QUTLOOK

During the past decade, there has been a growing awareness of the
deteriorating world food situation. We now #now of the urgent need for
massive efforts to increase agricultural productivity Iin scores ¢f develo-
ping countries and simultaneously to raise the incomes of hundreds of
millions of their farmers and other rural people. It is hoped that such
efforts, if successful, will buy time for population growth rates to.

be reduced.

The bulk of the basic food supplies of the agrarian natioms are Pro-
duced by the many farmers with tiny lanholdings, oftenm in remote and
isolated areas, plus tHose people in coastai areas who depend upon near-
shore fisheries and aquaculture for a livelihood. For the most part,
the gains in productivity and income of these ;ural people-~ the poorest
of the poor - will require the development for ané use by many farmers

of new high-yielding, sciemnce-based ¢rop and animal productiOn systems

tailored to the umique combinmation of soil, c¢limate, biological, and

economic c¢onditions of every locality in every natiom.*

*Quotation from statement prepared by Dr., Sterling Wortman, Vice-
President, Rockefeller Foundation for 2 Subcommittees of the U.S. House
of Representatives, Sept. 23, 1973.

“The World Food Situation: A New Initiative.™




COMBINED CROP/LIVESTOCK FARMING SYSTEMS
FOR DEVELOPING COUNTRIES OF THE TROPICS
AND SUB-TROPICS

INTRODUCTION

The producti&n of adequate foods to achieve substantial self
sufficiency has become a major'concern of virtgallY all developing
countries. The population growth has equalled or surpassed total
food production in the latest decade, and there is little evidence
that population growfh will decline in the near future. Populations
generally have increased 30 to 35 percent between 1963 anﬂn}??é,““‘“_‘
{Table No. 1). When food production is expressed on a per capita
basis, latin American has made slight progress, but Asian and African
countries generally have lost ground (Table No. 2),

Benefits From Combined Systems

There is need to more fully utilize natural resouraes: available
to agriculture, including a substantial development of livestock
enterprises. in farming systems that are now largely devoged to the
production of crops. In some regions where there are extensive natural
grasslénds, livestock.are produced with little involvement in crop
productioﬁ. Howe;er, nearly all érop farmers have some livestock
that. contribute to family subsistence. The development of appropriate
livestock enterp;ises on arahle land offers substant{al oppgrtunity
for significant improvement in total food prodd:tion and in profit-

. s

~ability of farming systems. The benefits. that may be derived from

including livestock enterprises in farming systemé\of the tropics
.

and sub-tropics may be summarized as follows: _ -

<




Table No. 1.

HUMAN POPULATION
{in millions)

Region 1963 f Increase

USA and Canada 208 +12,5%

13

Mexico
Central America ' -
" . Caribbean ) +43.2%

South America +35.,0%
Asia* - +30,4%
Africa ‘ ' +32.,9%

*excluding Mainland China

Data from FAQ Production Yearbook, 1974




SELECTED ECONOMIC DATA FOR DEVELOPING COUNTRIES

1974 Per Capita
Food Production
(1961-65=100)

Agricultural Land
per caplta
(Arable plus grassland)

Urban populations
Rural Populatiouns
Total Population

Literacy rate

Latin Amerdica Asia

105% 7%

5.0 acres

567 23%
447% 17%

273 million 1,212 million

70% 35%

Data fyom Economic Research Service, U.S. Depr. of Agriculture

Afrieca

95%-

300 million

18%




1. More effective use of natural resources. — climate, land
and soil, and vegetation.
a. Use of rainfall-deficient areas not suited to cropping,
b, Use of associatéd non-arable lands and soils in humid
regions.
¢. Use of lands remote from markets.
d. Use of forages grown in crop rotations.
-~
2. Conversion through feeding to livestock of crop residues and'
by-products to préduce foodstuffs for human consumption.
3. Contributions to incomes and food supplies.
a. Production of milk and milk products.
b. Production and sale of meat animals.
¢. Providing animal power for crop farming.
4, Production of animal manures for application to land for
improvement of soil productivf&y. T

5. Contribution to soil conservation and sustained land productivity

by use of forages grown in rotations to control arosieon to coantrol weeds and
-

'
L)

L3 ) .
pests and to improve soil fertility, with animzal enterprises providing the

income from consumption of these forages.

6. Contribution of livestock enterprises through stabilization of

v

seasonal and vearly food productiom, improvements of net farm income,

bbrter distﬁ&butionﬁof labor and power—requiremeﬁts for productf&n, thus

supporting more profitable farming systems.

¥




Crop and livestock enterprises should qg mutually beneficial when
they employ currently available technology. Heretofore, the production
of grains and certain export crops have tended to monopclize the atteantion
of both country governments and external assistance agencies. However,
the current interest in over—all agricultural development with food

!
production as a major factor has improved opportunities for exploiting

the advantages of mixed farming systems.

Land Resources & Livestock Populations

The land resources and the livestock population In the developing
countries are indicated iﬁ table 3. _;t should be noted that ruminant
livestock (cattle, buffalo, sheep, goé:s and Eamels) have a dual role,
being important both for utilizing natural grazing lands, and for
combined crop/livestock farming. Thece ruminants produce milk, meat
animals, and also supply apimal power in many countries. Milk is produced
by all elasses of lactating rupinants; there are few "dairy" herds
managed éﬁclusively for milk production but widespread milk production
in conjuncé¥on with meat production ig normally feasible and profitcble,
and 1is a comﬁen practice in many developing countries.

Pigs and\poultry (non-ruminants) are widely uged in developing
ceuntries, support. s~ largely by concentrate feeds and by-prodicts.

For family suppcrt, these animals generally consume by=-products and -
kitchen wastes as scavengers of a variety of available feedstuffs that
would otherwise be wasted; but for commercial enterprises, more substantial

feed sources are required. Pilg and poultry enterprises enjoy good

markets, but feed costs often make them less profitable than enterprises
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Tabl. wo. 3

lands and Their Use by Livestock
Data from FAQO Production Yearbook, 1974

A. Land Types and Uses, 1970-74 /

!

So. Aper. ! Agia* Africa = Three Continents

/ Millions of Hectares TOTAL

! .
Total Area 1,995 3,031 6.809

Arable lands (cropped) : 150 211 650
(irrigated) ' {(76) (8) (90)

Permanent grasslande (1) . 333 792 1,510
/

P

* not including Mainland "China :

(1) Most permanent grasslands arej unsuited for Cropping because of unfavorable climate
or topographic or soil limitations. They must be utilized by ruminant livestock
to support people ad contribzte to total food production.

B. Ruminant Livestock Populatiod, 1974

H -
' Millions of Animals Three Continents

Type animal So. Amlr. Asia - Africa TOTAL

1 .
Cattle 207 | 289 148 644
Buffalo and Camels - 30 12 42

Sheep and Goats ‘ 494 . 266

Total "Sheep Equivalents" 1,182 ' 2,089 © 1,066
{One large animal equals 5 sheep. Oné\ goat equals 1 sheep)

C. Non-Ruminant Livestock(z), 1974 \

 Millions of Animals

\ Asia | Africa TOTAL

Pigs 50 ‘l\ 56 7 113

t

Poultry 456 _!X},oaa ' 446 1,990

(2) Pigs and Poultry consume concentrate fgeds, by-products, and crop products
unsuited for'humfn food.
i




Table No. &4

CLASSES OF FOODSTUFFS PRODUCED IN DEVELOPING COUNTRIES

Crop Foodstuffs for the Tropics and Subtrepics

1. Cereal grains - 5 major species

2. TFood grain legimes - 8 major species, 15 minor species
Oilseed crops — 5 major species
Root and Tuber c¢rops - 5 major species
Plantain and Banana - 2 plant types - sweet and cogking types
Sugar crops - 3 major species ?k
Vegetables - about 15 major species, many minor species
Fruits - 6 major species and many minor species
Other tree crops - 5 major species

{Collectively, one or more species of each group are grown extensively
in every tropical and subtropical region) (except semi-desert zones):

Types of Livestock and Livestock food products

Food Animals

Ruminants

Cattle
Buffalo}
Camels
Sheep

Goats

Non-Ruminants

Pigs
Poultry

Products

(Urilization of grazing lands, harvested forages,
and crop residues)

Meat, Milk, Animal Power

Meat.ﬂ;lk

“nza.,
(Utilization of concentrate feeds and by-products)

Meat
Meat, Eggs.




based on ruminant types of livestock that subsist on forages and other
cellulosic materials. Ruminant livestock enterprises are generally
beneficial to crop production and provide opportunities for strengthening
the farming system.

II. How livestock enterpriges improve the
profitability of farming systems

The following advantages in farming systems may be exploited by
inclusion of livestock enterprises in farming systems.

a, Providing nitrogen in the crop rotation. Livestock enterprises

permit the exploitation of forage legumes in the cropping systems'and
largely eliminate the need for nitrogen fertilizers. There is good field
evidence that a well adapﬁed perennial forage legume will contribute

100 te 200 pounds of nitrogen per acre to the soll for each year of growth;
and this soil nitrogen will bhe ;eleased by nérmal decay of legume roots
and nodules over a_period of  2-3 subseauent vears of crop production.

The perennial legume seed mus; be inoculated with compatible root nodule
bacteria at planting time. Inoculums are available, this procedure is
simple and quite feasible for any farmer.

b. Soil improvement for greater production. The inclusion of a

mixed planting of perennial forage grasses and legumes for a period of
2 or more years, followed by several years of cropping, is one of the
most effective ways of contrelling soil erosion on crop lands and of

improving soil structure and permeability to rainfall. This is due to

the mass of fibrous roots that the forage grasses produce, plus the
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deeper penetration of the forage legume root system. This mass of
rcots that the forage species produce in the soil, gradually decomposes
in the years following plowing of the forage plantings, to contribute
nitrogen to the subsequent crops, and to the addition of semi-permanent
soil humus that makes the s0il more melléw and productive.,

¢. Providing feed for livestock. The growth of perennial forapge

plants on each field for 2 or more years followed by a few years of
cropping, is an integral part of a farming system that includes live-
stock'enterprises. Such forage is easily managed to produce highly

nutritious feed for rumipan: livestock in the form of pasture, or feed

!
cut and fed green, or grass silage, or hay. These forages should be

harvested or Brazed befgre or whenever the ¢rop reaches the blooming
or heading stage to be wost nutritious. This use is fully compatible

N
with benefits in so0il improvement. The storage of forages for feeding
livestock during lomg rain~deficient seasons is a badly needed practice

in most developing countries, principally for milk production but also

to support satisfactory reproduction and growth of meat animals.

d. Animal manuréh for enhancing soil productivity. The inclusion
of ruminant livestock enterprises im mixed farming systems permits
the collection of animal manures and spreading these on the land for

incorporation in soil during land preparation for crop production.

Manures are widely recognized as being strongly beneficial to crops when
incorporated in” the soil, but the supply is very small unless livestock

enterprises are included in a substantial way in farming systems. 1In




addition to suppling major nutrient elements (nitrogen, phosphate,
potash, calcium and magnesium) manures are qu;te useful in providing
"trace"™ elements in an available form. These trace elements are essential
for crop growth, and cne or more of these are often deficient in crop
lands. They are; iron, zinc, manganese, copper, boron and molybdenum.

The benefits of manure applications to the s0il extend through
2 or more seasons of cropping. The effective use of manures invo;ves
little or no purchased inputs, and the labor involved in obtaining
benefits may be spread over periods when crop production has low labor
requiremsnts.

e. Improved control of plant pests. The inclusion of forage

plantings inthe farming system has important values not found in systems
withouc livestock enterprises. There is a reduction in the abundance
of insects pests, nematodes, plant diseases, and of weeds that attack
crops, when there is a regular sequence of perennial forages for 2
or more years in a 5 to 6 year rotation.

These pests are natufally decimated during the periods when forages
are grown on the fields, because of the absence of susceptible host
plants.

f. TFeed supplies for work animals. Draft animals have an important

tole on mixed farms since they enable a larger farm operation than
would be possible with the farm work force. Also since energy i;

farm producéd, this does not involve out of pocket expense and‘obviafes
the need for fossil fuels and sophisticated mechanization. A ;erious

limiting factor in.the successful use of animal power to supplement
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manpower in faruing is the failure to supply suitable feed for work
animals (oxen, buffalo, asses, etc.} so that they are strong enough
to be effective, and to survive heavy¥ wyork. The frequent complaint
that work animals die during land Preparation at the beginning of the
cropping season is primarily caused by the state of starvation these
animals are in at the end of‘the long dry season when there has been
little forage for grazing and nﬁlharvested feed availgble.

The production of nutritious feed on fields allocated to forages
would permit correction of thie constraint. Sustained feeding of work
animals at all seasons, with additional feed when worked heavily, is
virtually impossible when forage plantings are not included as important

components of farming systems.

g. Effective use of non—arable lands associated with cropped

lands.
Combined farm systems are pnot limited solely to crop lands. Farmers
using systems that include ruminant livestock enterprises may make

effective use of associated or nearby lands that are non-arable (rough

topography, stony, or shallow sdil, lands subject to flooding, etc.).

These lands may be improved for forage production by prudent management
and thus enlarge the size of the farm, Whether grazed or harvested as
forage, these lands should provide additional feed, which is the real bqsis
for livestock enterprises. Roadsides, field Borders, wet areas and, {

areas that have been allowed to grow up to brush may all be significant

sources of feed.




h. Profitable use of crop residues and bv-products. Livestock

provide an ‘excellent means of utilizing crop residues and by-products
to add to total farm production. Vines, stalks and leaves, straw,

chaff frqm winnowing grain, and other plant residues may be used for

, !
livestock feed., These plant products after being fed, may ultimately
H

be returned to the soil a§ manure. In such form, they are more useful
in maintaining scil fertility than when incorperated into the seoil
directly. The additional values come from the livestock to which they
are fed, 1In addition to crop res 1ies on the farm, locally available
by~products from central processing plants (cotton gin waste, rice
mills, banana packing sheds, groundnut processing, etc,) are important

~feed stuffs. Many of the products are now wasted and lost in aeveloping
countries.

&
i. Animal products for human foods. There is a widespread shortage

of protein foods in nearly all less devélopqd countries, and this may

be greatly alleviated by tﬁe inclusion of livestock enterprises in

farming systems. Meat, milk, and eggs are often pPreferred protein

foods for man since they are not only palatable, but aiso rich in the

types of essential ;mino acids that are chronically deficient in plant
proteins. Ruminant livestock (cattle{ buffalo, sheep, goats) are particqlarly
beneficial since these animals convert forages and rogghages into meat

and milk. Ruminants produce these highly prized putritious foods from

plant materials that are otherwise useless to man as foodstuffs.,




Milk production and sales that are continous through the year
provide a cash flow to farmers that is critically needed to cover on-
going farm expenditures in seasons when there are no crop/annual sales.
Since meat animals {male animals and less productive EemaLes) are a "
éeparate source of iacome to milk productiom, ihese sales constitute
still further diversification in income, as well aé increasing total
amount, Furthermore, the labor requirements for livestock enterprises
are well distributed throughout the year and thus largely aveoid adding
to peak labor problems related to crop productionm.

III. Facilitating the successful addition of livestock enterprises to

b

crop farming systems.

fhere are specific typés of action that may*be taken to €¥ploit
the benefits from mixed crop/livéstock systems. It is probabie that
’suitahle government programs will be needed in conjunction with specific
external assistance agents to avoid needless disappointment. The following
actions are suggested so as to fully capitalize on local farming situations:

a, Information on costs and benefits. An important type of

advance information is data on the probable cost/benefits related to
the livesteock compenent enterprises, and te the entire farming system.

This may become available as a result of pilot programs to test the

effectiveness of methods that appear promiéing on the basis of experience
elsewhere. The determination ©of actual costs for each type of enterprise

is urgently needed. In most couantries, it will be necessary to coaduct

field tests to determine the most appropriate livestock enterprises,

A r, .




and then make reliable estimates of cost/benefits. In some countries,

the equivalent of such estimates have been approximated by a very few
)

individual aggressive farmers with considerable personal success; but
government assistance doubtless would greatly expedite more adequate
testing and subsequent adoption of the more promising practices.

b. Providing livestock feed during drv seasons. Since the

production 0F herbaceous feeds (forages) during the growing season for

harvest or for reserved grazing in the dry season is almos£ completely
neglected in developing countries, there is great need to institute programs
to demonstrate the feasibility of supplying feeds and the best methods

for using these feeds. It has been estimatad that adequate feeds during -
the dry season could easily double the productivity of existing livestock
herds and flocks, and at low cost. Adequate feed supplies are basic to
successful livestock enterprises. When feeds are inadequate, lactation
stops, with severe effects on calves, lambs, and kids; there is prolonged
cessation in breeding; the animals cease'growth; and continued feed de-
privation causes severe loss in animal weight. Most of these adverse
effects are quite unnecessary if feasible scurces of feed are exploited.
The longer the normal dry season for a reg;on, the greater i§ the need

for providing dry season pastures, standiﬁg or stored forages_to feed
cattle, buffalo, sheep and goats until the next growing season occurs.

This practic2 which is traditional in temperate zone wilhters, i;‘equally

important {in tropical regions with dry seasons.”




c.- Technical assistance om effective use of feed stuffs. Much
information has been assemgis?“frnm laboratory analysee of feedstuffs
as to their nutnitive oalue. and of the nutritonal qequirements of
different classes of liveseock, so0 that technical assistance now can
.be provided on how best to use the feeds that are curremtly available.
It is feasible tO summarize such information for local conditioms,
and make recommendations ihat individual growers may follow. It is
often found that feed production practices can be changed to improve the
nutritive value of a feed. In OtheE situations, it may be found that
relatively small and inexpensive additions of minerals (notably, phosphate),
alone or with salt;or of a concentrated protein Supplenen;,'may greatly
improve the feeding value of a local feedstuff. This type of techmnical
information will greatly improve the productivity of livestock particularly

those of small producers who need guidance.

d. Developing milk processing to greatly enlarge markets for

local milk producers. Milk processing is needed to provide milk preoducts

that are safe and in marketable form. Also in certain developing countries,

the production of milk for preocessing into condensed or evaporated

milk or to milk powder, and for butter and cheese has had great, benefits
on the profitability of farming. For success, there must be prgmpt

daily collection of milk and prompt cooiing at central stations enroute
to processing plants. The final milk products may be sﬁoreq;and marketed/
through normal food channels, including exports. Privatefenterprise

has been notably Qﬁa@essful in some countries, but there doubtless If!

.

are many situations w\\ government intervention (in the beginning)

would be essential for -evelo?mqgtgoiﬁiﬂiilk p;ocessing i“dUSth- In
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addition, ‘to stimulating dariy operations, this movement should substantially
increase the supply of meat animals moving to market.
Where milk processing has made progress to date,.and where there
has not been a companion program-to improve feed supplies and to more
fully utilize information on balancing feed rations to improve production
at. relatively low cost, there are additional opportunities that should
be exploited. 1In view of the tremendous unfulfilled demand for dairy

products in developing countries, as shown by massive imports in virtually

all of these, the outlook is very promising. A key element at first

is the development of markets, and an adequate road system for daily

‘milk collection.

e, FEffective livestock husbandr¥. In genmeral, farmers and herdsmen

Hgve a natural affection of their livestock, but they often lack basic
kﬁpwledge of their animals requirements and how to satisfy these.

Thése livestock producers need guidance on (1) feeds and animal nutrition,’
(2) the management of animals for reproduction and milk production,

'(B)Kthe absolute necessity to prov;de sustained feeding during dry

seasons for year-round animal growth an production, (4) the baslc principles
for p}evention of disease, and (5) the development of markets for both |

- milk and meat animals. Most of this guidance must come from government
programs directed to the small producers. These are the types of in-
formation needed to make livestock enterprises major income producers

in combined farming systems.




One of the greatest contributions that an external assistanqé
agency might make to the agriculture of a developing country would
be to counsel governments to give a high priority 'to combined farming
Systems and the livestock components of such gystems.. In this connection,
policies are needed that favor field testing in producing areas, ef-
fective extension education programs, supplemented with innovative
methods for farm ¢redit that will serve such enterprises.

f. Perennial forage grasses and legumes in crop rotations Lo

support livestock enterprises. The advantage of including forage legumes

and grasses in crop rotatiﬁns to improve soil productivity have been
I
f

stated in a foregoing sect?on. They are usually equally valuable in

improving feed supplies fqr ruminant livestock enterprises. These

plantings should persist #or at least two years to produce the desired
!

improvement in soil conditions. (see Table 5, pp. 19&20)

The attached 1list of forage grasses and legumes is preliminary

in nature; based on the 1imited\printed information available, As

additonal experience is acquired on performance of species grown in
mixtures and as components of farm rotations, the number of suitable

grasses and legumes that perform well without becoming weed hazards

should be enlarged. For example, Brachiara decumbens might be added

as a useful grass, and Desmodium distortum as a forage legume. Some

species may be useful in certain regions and not in others. The ultimate
potential for perennial forages suited for inclusion in .top rotations

will doubtless be greatly enlarged by research and experience.
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It should be noted tﬁat the species showm in table 5 have been

selected to avoid any possibility that they might become weeds. This

is important so that subsequent crops will not have additional weed
problems. An additional factor in effective use is to graze the crop

or harvest“it whenever the legume or grass begins to flower or éroduce
heads. During the pgrowing seasons, the forage should not be allowed -
tolproduce‘seed, éince the digéstibility of the feed declines rapidly
after headiné or Blooming. However, forage will mature whgn left standirg

to be used as feed in the dry season.

Cultural gracfices for establishing perennial forage plantings
should be adjusted so that seeding occurs a? the beginning of the rainy
sea;on. This. insures rapid gfedling establishment and growth.

Seed mixtures should contain 2 species each o” peremnial grasées
and legumes. The tofal)amount of seed will range from 5 to 10 lbs,
per acre (5 to 10 ¥g per hectare), with about equal weights of grasses
and leéﬁme seed. Ljighter seedings rates are suitable for regions of
lesser rainfall < and heavier rates for regions 6f more abundant rainfall.

Fertilizer. Limited amouﬁés of nitrogen fertilizer.(or aAimal
manures) may sometimes stimylate seedling establishment, but- no further
nigrogen is néeded df?gr the legume; are well established. Phosphate
fertilizers wiil berefit the legumes particularly,dand should be incorported
in the soil duriné seed bed preparation. Otherlfértilizer neads may

K

be determined by soil testing or actual field trials, as used on crbps-

of the rotation,

!
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TABLE 5 - Perennial Tropical Forage Grasses and Legumes, Suited for Use
in Crop Rotation to Maintain Soil Productivity, and to Support

Livestock Enterprises.
|

A, TFor regions with 10 inches or more annual rainfall (250 mm. or more)
1. Grasses
Birdwood grass - Cenchrus setigerus
Buffel grass ({short variety) - Cenchrus ciliaris
Love grass — Eragrostis curv.la

B. For regions with 20 inches Or more anima: rainfall (500 mm or nore)

1. Grasses {(including those in section A)
Blue Panic grass — Panicum antidotale
Makarikari grass = Panicum coloratum makarikariense
: 2. Legumes
Dwarf ¥Xpa - Desmanthus virgatus
Townsville Lucerne — Stylosanthes humilis {cool season rainfall only) .

C. For regions with 30 inches or more annual rainfall (750 wm or more)

1. Grasses {ircluding those in preceding sections)
Harding grass - Phalaris tuberosa stenoptera

Plicatulum grass — Paspalum plicatulum

[
2. Legumes (including tﬁose in preceding sections)
o Leucaena — Leucaena leucocephala

Lucerne — Medicero sativa

Phasey bean - Phaseolus lathyroides
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TABLE 5 - (cont’d)

D. For regions with 35 inches or more annual rainfall (845 mm or more)

1. Grasses (including those in]preqeding sections)
Pigeon grass - Setaria sphacelaéa ;
Scroblc grass - Paspalum commersoni

2. Legumes (including those in preceding sections)

Styvlosanthes — Stylosanthes guyanensis

F. For repions with 40 inches or more annual rainfall (1000 mm or more)

1. Grasses {Including those in preceding sectionsi
Alabang gress = Dicanthium caricosum
Molasseé grass - Melinis q}nutiflora

2. iegumes:(including those in Preceding sections)

f Lablab - Dolichos lablab

Silverleaf desmodium — Nesmodium uncinatum
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Table No. 6

Perennial tropical foraye prasses and legumes suitable for use in crop rotations
to maintain soil productivity, and to support livestock encerprises

Minimum Seeding Minimum Tolerance
Plant Species Seed Quality Seed Size Rates Yr. Rainfall o to «0il
Standards Thougands Acref Ha | ln. 141 drought| wacer
Germi-| Purity] per 1b| per kg ) logging
nation
% %

4. Regions with 10 inches or more annual rainfaltl

Grasses
Birdwood grass 30% 80% 80 175 | 45- 2 % 21 10 250 verg poor
' 00
Buffel grass 30 80 200 440 | %5- & - 4 10 250 éerg poor
\ . 200
Love grass 80 90 1500 { 23300 | 5= 1 4= 1f 10| 250 good [ poor
B. Reglons «~ith 20 inches or more annual rainfall
) Grasses (including thode in section A) : very
3 Blue panic grass 50 80 650 1430 | - 3 - 3] 20( 500 good | fair
Makarikari grass 30 90 725 1600 J1%- 3] 1%-3 20 500 good | good
Legumes
Dwarf koa 80 70 q 40 p) A 20 500 good | poor
Townsville lucerne 90 40 200 440 | 2- 3} 2- 3] 20} 500. good | poor,
(cool season rainfall only) k)

C. Regions with 30 inches or more annual rainfall
Crasses (including those in preceding sections)

Harding grass 60 90 300 660 | 2- 4 2- 4 30} 759 good | good

Plicatulum grass 30 55 385 850 | 2- 4 2- 4 30| 750 good | good
Legumes (including those in preceding sections) ’

Leucaena 90 50 12 26 p 4= o 4- & 30 750 good | good

Lucerne 90 80 200 440 [ k- 51 %~ 5] 30| 750 good | poor

Phasevybean 90 70 56 125 L 1- 3] 1- 3 30§ 750 goeod | eood

D. Region§ with 35 inches or more annual rainfall
Grasses (including those in preceding sections)

Pigeon grass : i 30 90 600 660 | 2- 5§ 2- 5] 35 875 fair | good
Scrobic grass 30 95 170 3751 2- 3 2- 5] 35 875 fair | good
Legumes (including those in preceding sections)
Stylosanthes i G0 1 &40 | 1604 350 ) 2- 3l 2- 5] a5 875 good fair |

E. Regions with 40 inches oir_more annual rainfall
Grasses (includrng thore in p(ecedinf sectirns)

Alabang grass 34 23 i8 201 401 1000 fair fair

5000

Molasses grass 30 60 15000 | 2- & 2- & 40 | 1000 fair | fair =~
Legumes (including those in preceding sections} . '

4 Lablab 90 50 | 25 3| 5-20] 5-20] 40 | 1500 good | fair .
Silverleaf desmpdium 90 50 95 -2 11~ 31 1- 31 40 | 1000 fair fair )

For further information on these forage species, see Technical Series
Bulletin No. 14, "Chagacteristics of Economically Important Food and
Forage Legumes and Forage Grasses for the Tropics and Sub-Tropics', pub-

lizhed by TAJACRE, U S Agency for Incormaricnal Dovelepmens, Wacshingren

D.C., 1975.
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Since a single fertilization is made at planning time to support
the forage crop for at least 2 years, the amount of fertilizer should
be increased proportionately, particularly the phosphate fertilizer.

" Inoculation of legume seed just before plantiﬁ§ is highly essential.

The legume inoculants must be composed of strains 6f root nodule bacteria

' that are compatible with the legume spectes being planted. The inoculation
material 1s usually supplied as a black powdery material; and the rates
of use are given on rhe container. Mixing is simple; the culture is
sprinkled on slightly moisten ;éed, and well stirred so that every
seed carries some of the inoculum. Treated seed should be planted
promptly thereafter, and shallow tillage given to cover the seed lightly,
The bacteria in the culture begin growth as the seed germinates, and
will inoculate the legume roots at an early stage of growth.

Seed bed preparation should produce a well compacted pulverized

s0il surface, since the seeds are small and should not be planted too
deeply. Light tillage after planting will provide sufficient coverage
of szed.

Protect new plantings. The &oung plamtings should normally be

protected from all grazing or harvest until the grasses begin to produce
heads or the legumes to produce flowers. After the first harvest,

the flelds may be grazed Intermittently, or harvested whenever a new
crop of grass heads or legume flowers occur. 'The greatest benefits

to soil improvement, and the gréatest yizlds of forage for livestock

are achieved when rerrowth is protected until blooming or headir - occurs.
»
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However, best performance takes place as te yields and forage quality
when top growth is harvested promptly as these growth stages.

When fo'rage plantings are grazed, it ig important that-the livestock
be managed in a way that Ls compatible with good animal production, as
well as fostering sustained forage plant vigor. Overgrazing and over-
stocking are self-defeating. These practices are unfortunately widespread,
and they must be correctel by any feasible means because of adverse
:ffects on productivity, and on prpfitability to the farmer. Desirable
management practices for local conditions are simple and feasible, and
these are easily transferrable to prodﬁcers.

.

It should be noted that this bulletin does not deal with production
oﬁ_other forages on arable lands, that may be periodically cug and
fed green to livestock. There are many such feedstuffs, but they d&
not fall within the scope of mixtures of perennial forages grown in
crop roiations to: (a) improve the long-term productivity of arable
lands, and (b) to provide nutritious feed for ruminant livestock.

Some examples of such feedstuffs would include elephant grass grown
with abundant water and supplemental nitrogen Eertillizer for harvegt

every 60 days, sugar cane harvested whenever height of 3 to 4 feet

is reached, berseen (a cool season aninual) grown with irrigation or

adequat :ainfall for harvest every 30 to 45 days, sorghum-sudan hybrids
| .

grown 1s warm season annuals with periodic harvests, and cthers that

&

may have good regional performance.
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g. Suitable credit for animal enterprises, The small farmers
who wish to develop livestock enterprises as part of the farming system
require a different tvpe of credit from that suitable for seasonable
cropping. Livestock gnterprisés require the purchase of animals that
will not be fully productive until they reach maturity and either begin
production of milk or until meat animals-can be marketed, Consequently,
it is necessary to have lopger term loans for livestock purchases
and alsc for establishment of forage plantings and their maintenance
for at least 2 years of production. Other needs may be the purchase
of fencing materials and of machinery services for planting, and shelter
for controlled animals. There may be need also for new facilities
for the collection, stcrage and field arnlication of manures, to capitalize
on suEh beneficial opportunit.es,

The Government may directly, or through farmer cooperatives, pro&idé
such credit to small farmers, on terms that are sultable to effective
development of new animal enterprises by 3p farmers. An integral

part of such credit may be the continuing counsel and guidance to the

borrower on how best to use the credit for economic improvement. Wi;hout

suitable credit and counsel, the advantages of combined crop/livestock

farming systems may not be exploited successfully by rhe gmall farmers.
h, Providing apnimal health carc. Any increase in numbers of

1ivestock in a locality inevitably increases possibility of significant

disease and animal health Problems. To the extent that livestock of

each farmer are restricted in mo;umrnt to the boundaries of the farm

and there is virtually no intermingling with communally wmanaged herds,

the intrease in diseases may be minimal. However, a preventive program
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A particular probleﬁ must be solved in those regions where there
.re relatively large areas of public grazing lands in relation to E
crop landsf In those regions, there appear to be no alternatives to
placing full responsibility for effective management of these grazing
lands on the village leaders. -These leaders should be counseled on the
merits of controlled stocking rates, ;n the improvement of forage
producing capacity of the lands by regulated grazing {(such as rotation
grazing, and protection of areas reserved for dry season feed), brush
control, introducgion of superior grasses and legumes, etc.). In
some areas, village cooperativés may be developed to manage these open
grazing lands. External assistance agencies generally have elected to

remain alocf from such matters, but there wou.d be merit in sensible

development and management of open grazing lands in regions where they .

7

are extensive.
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is the least expensive and most effective type of program for animal
health control, and this requires the intervention of.governmert in
proﬁidingﬂveterinary health services. In some situations, parti nlarly
after }ivestock enterprises have been widely adopted, farmer cooperatives
may assume full responsibility :for providing animai health services.

But for initial introduction of such enterprises, crop farmers will need
assistance. There are advantages in combining counsel and guidance on
standard livestock management with technical assistance on disease control,
since both fypes of aid are essential. However, the veterinarians may
serve a larger reglon than the livestock management specialists, and be
made available on call from the larter.

i. Cautions on use of communal or oPen frazing lands. TFarm villages

in much of Africa and the Near East make considerable use of communal or
other open grazing lands. While the 1i?estock are 211 individ?ally
family ownéd, the mixed herds of rumina;ts {cattle, buffalo, goats, sheep)
are not Segregated. Such common grazing lands do not occur 1in Lat;n
America, and are absent in some other regions. Ther; are seriogs‘
problems in trying to develeop livestock enterprises on individual farms,
by using such open g}azing. First, these open grazing lands are chronically
overstocked, and are undependabxe sources of feed since no beneficial
management practices for suystained feed productio;l'are invokzd by the
village leaders. Second, these comm. .al herds as they grow in size{
provide increasing dangers for spread of parasites and communicable live~

stock diseases throughout rhese herds. As individual farmers become ‘ p

more concerned and proficient in producing feed f.7 their own livestock,

quish any uce #F apen grazding lands.
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Since 1961 when the Peace Corpe was Created, more than 80,000 1LS. citizens have served
as volunteers in developing countries, living and working among the pecple of the Third
world as colleagues and coworkers, Today 6000 PCVS are involved in prograre designed

to help strengthen local capacity to address such fundamental concerms as food

product ion, water supply.- energy development, nutrition and health education and

"reforestation.

Loret miller huppe, Director .
Edward Curran, Deputy Director Designate .
Richard H. Abell, MDirector, Office of Program Developrent

Peace Corps overseas offices:

BELIZE
P.O. Box 487
bBelize Cicy

BENTN
Y I
Cotanou

BOTHwWANA
P.O. Box 93
Gaborone

TCANTE RN T
bk 17
Yanunde

CENTRAL AFRICAN
- REPUBLIC —
BF 1080

Bangui

QUSTA RICA
Apartaan Postal
1266

San Jose

DOMINICAN REPUKLIC

Apartano Postal
1414

Santo Trmingo

EASTERN CARRIBBEAN .
Including: Antigua
Barbados, Grenada,
Montserrat,

St. Kitts-Nevis,
St.lucia,st.
vingent, Dominica
*Erin Court®
sishops Court Hill
P.O. Box 696-C
Bridgetoum, Barhados

ECUALQR
Casilia 635-A
Quito

FIJ1
‘P.O. Box 1094
Suva

GABON
BF 2098
Libreville

GhmBla, The
P.O. box 582
Banjul

— CHANA T Se- [

P.O. Box 5796
Accra (North}

GUATEMALA

B Arverida 146 ——-

Zona 2
Guaterala

HONDURAS
Apartado Bostal
=51
Tegucigalpa

JAMATCA
9 Musyrove Avenue
Kingston 10

KENYA
F.0. Box 30518
Nairobi

LESOTHO
P.0. Box 554
Maseru

LIBERIA
Box TU7

Monrovia

MALAWT
Box 208

Lilongwe

MALAYSIA
177 Jalan Raja Muda
Kuala Lumpur

MALT
BF 65
Barmako

r

MAURTTANLA

BP 222

Nouakchott

MICRONES A

P.). Box 336
saipan, Mariana
Islands

MOROCCO

1, Zanquat Penzerte
Rahat

NEPAL '
P.DO. Box £13
Kathmandu

NIGER
Bb 10537

Niamey

QAN
P.0. Pox 966
tuscat

PAPUS. NEW GUINEA
F.q. fox 1790
Boroke

PARAGUAY
c/0 American Embassy
Asuncion

-

PHILIPPINES
F.0. Box 7013
Manila

RpNDA
- ¢/fo Awrican Embassy
Kigali

SENEGAL
BP 2534
Dakar

SEYCHELLES
Box SA8

“ victoria

SIERRA TEONE
Private Mail Bag
Freetown

SOLOMON  [SLANTS
P.0. Box 547
hontaca

Sz 1 LAND
P.O. Bax 362
Mbabane

TARZANIA
Box 9123

Dar es Salaam

THA LLAND

T IT o7 Sorprasorg 2 T

Petchhuri Road
Rangkok 4

- UTTOGD

BP 3194 ,
Lome

TONGA

BP 147

Muku*Alofa -

TUNISIA

B.P. 96

1002 Tunis-belvedere
Tunis '

* UPPER VOLTA

BP S37-Sarandin
Cuagadougnu,

WESTERN SAMOA
P.0. hox R80
Apia

YEMEN

P.O. Rox 1151
Sana’a o
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