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PREFACE

The rangelands and other grazing Lands of the tropics
and subtropics constitute enormous natural hesounrces
that have nrecedived scant atfention of science and
technology. They provide nearly all of the feed for
ruminant Livestock (cattle, sheep, goats and buffalo);
and deficiencies in feed resounces profoundly affect
the domestic supplies of milk and meat for herders and
gamens, as well as the quantity of Live animals for
market. There appearn to be substantial opportunities
gon improving the feed producing capacities of all
grasslands, by the application of management practices
found effective in developed countries. These practices
dhould substantially increase the Lncomes of Livestock
producens.

This bulletin undertakes 2o review the basic principles
that underlie sound grnazing Land management; and to
indicate the application of these principles gor practical
support of economic Livestock production in the thopics
and subtropdics.
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MANAGEMENT OF RANGELANDS AND OTHER GRAZING LANDS
OF THE TROPICS AND SUBTROPICS
FOR SUPPORT OF LIVESTOCK PRODUCTION

Howard B. Sprague
Agricultural Consultant

I. Introduction

VTo achieve effective development of many tropical countries, livestock -
production must have a high priority. The recurring widespread droughts
in many regions have clearly indicated thaf the production of forages for
support of livestock often dominates the situation. Even in humid regions,
forage broduction is generally deficient., Without adequate supplies of“
feedstuffs, the other management measures for efficient producﬁion, as well
as for protecting animal health, improved animal husbandry, animal improve-
'ment,vand mérketing, are made ineffective.

The necessity of having adequate feeds td meet_nutritional require-
ments of livestock must be recognized, not only for the seasbns when rainfall
fosters growth of herbage on grazing lands, but also for the dry periodé
when forage g;owth ceases. Ensuring adequate réserve supplies of feed in

seasons when little or no plant growth is‘possible has long been recognized
| as a prime requisite for productive animal enterprises in the temperate :
zones of the world. There, the feed reserves ihcldde hay, silage and dry
fodder for feeding during the winter period.

The compatable‘principle for the tropics and subtropics should recog-
nize that livestock feeds must be provided for dry seasons when plant growth
ceases. These dry season feeds may include protected grazing reserves, or

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



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

tropics and subtropics to the great detriment of agricultural development.

1. Lland Use and Livestock Populations

There are enormous potentials for {mprovemént in feed production to
support ruminant livestock enterprises in the tropics and subtropics. The
permanent grasslands of fhe tropics and subtropics occupy about 2} times as
much land area as all arable lands plus land in permanent crops (TableAl).
These vast gfasslahd areas are useful to man primarily through the support
they give to livestock. Every country with extensive grasslands should be
concerned with the most effective utilization of these lands and the means
by which these forages may be produced and conserﬁéd. In addition, however,
each country has need for the products of these lands as live animals, meats,
'milk, and hides and skins. The edible animal pfoducts are valuable for
expoét; and the meats and milk products are‘indispensible for domestic human
diets since they supply animal proteins which are deficieﬁt in the food
supplies of virtually all tropical and.subtropical peoples. These tﬁo needs
are ample Justification for intensified programs to effectively utilize
these vast land areas and to greatiy 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‘low nutritive quality of the food supply, when ihsufficiént quanti=-
tieé of aﬁimal.proteins are produced., Substantial advances may be made by

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



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

" the highly ﬁuttitious animal proteins are made more abundant.

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

(1)
Total Numbers of
‘ Arable Permanent Ruminant
. Number of Lands : Grasslands Livestock
. Countries (Millions (Millions (Millions of ()
Continent - " Included Hectares) Hectares) Animal Units)
Africa ¥ 193 - 787 203
Asia 26 3Lo 312 L51
Central America ' | :
and Car ibbean 13 35 100 Lo
South America 10 58 L13 174
TOMLS 95 626 1,582 877

(mil. Ha.) (mil, Ha.) (mil, A.U.)<2)
(1) Arable land includes those occupied by permanent crops (fruits, nuts,
etc. ). _

(2) One Animal Unit (A.U.) = 1 bovine, buffalo, or camel; or 5 goats; or
5 sheep. : :

This technical paper undertakes to assemble and summar ize available
information on tropidal an& subtropical grasslands, with particular reference
to their potential development and utilization. In a few regions there are
notable examples of outstanding success in increasing the total forage pro=-
duction and nutritive values of permanent grasslands, with the result that
animal production has been madelmore profitable., These isolated su?cesses.

may be enlarged to encompass nearly all ranges and permanent grasslands.
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In subhumid (savannas) and semi-arid (semi-desert) regions, the cushioning

bleffect of prudent management against the impacts of the inevitable recurring

droughts, has been demonstrated in terms of protecting livestéck‘herds and

fostering prodqction of the forage plants that aré adapted to the regioﬁ.
Certain basic principles are illustrated in those isolated successes

that are available for obsefvation, and adapte¢ to the varying conditions

in specific regibns. One basic premise underlies the following presenta=

tions namely, that the application of a complete 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
ttéatmentsfthat are most essential to development of a situation on which |

future improvements may be added.
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II. Iaventory 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-~
menf practices., The basic natutal_conditibns of climate, land forms and soil
types, usually have been greatly modified by grazing practices that often have
depleted potential vegetative cover, and dissipated rainfall in harmful wayse
The low tegatd for grassland productivity that is widely prevalent has
rgsulted in declining plant grbwth and lack of dependability in forage
production under‘uhwisé management. |
- 1. Climate.

Effective ﬁtilization of every kind of grassland must recognize
and ad just to the conditions at hand, There is little that can be done to
change élimate; buﬁ man should‘be aware of the typical variability in each
region in the amount of rainfall, its seasonal diétribution, 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 subtropics, some regions are characterized by rains_in.cooler seasons,
.'and in other regions by summer rainfall, Rainfail that comes in heav& shower' s
normally tends to have high runoff losses, pafticularly on sloping lands on
which soils with low pe:meébility occur, Table 2 summarizes types of regions,
in terms of average rainfall, |

Climate controls the production of feedstuffs in the following ways:

a. Rainfall; The rainfall that occurs, as to the total amount,

its distribution through the seasons, and the character of réinstotms

(gentle or spotadic downpour s, and amount per storm), constitute a
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Table 2. Average Annual Precipitation

__Total Yearly Rainfall Descr iptive Terms —

Inches M. Tropics & Subtropics  Vegetation

over 80 - over 2000 Continuousiy humid - -Tropical rain forest
60 - 80 1500-2000 Humid = Wet-dry tropics

Lo - 60 1000;1500 ' Modérately humid -  Mixed vegetation

20 - 60 500-1000 | Subhumid - = Savanna, Steppe
10-20 250-500 ~ Semi-arid -  Semi-desert

| 0-10 0-250 Arid - .Desért

(See Figure 1, for world distribution of rainfall zones.)

ma jor climatic factor. The duration of the seasons withbut significant
rain is highly important. The eéffects of rainfall are moderated by soil
conditions and the nature of the vegetative cover. A cﬁver of forage
grassesband legumes provides a most effective means of retaining rainfall
on the land where it falls, to 1nfilttaté into the.éoil where it may be
used by plants g:owing in the soil, '

b. Sunlight. Suniight in the tropics and subtropics, influences
plant growth through the intenﬁity qf solar energy, the light quality
(higher in ultraviolét rays than in tempetate_zones)z and the length ofb
daylight periods. Many tropical plant species are poorly adapted to the
temperate zones which have longer déys in summer and shorter days in winter,
Thus, some entire plant species, and some varieties within widely distributed
species are either adapted to temperate zone lengths-of=-day, or to tropical

zone lengths-of day (11 to 13 hours day length).
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c. Temperatures. Temperatures in the tropics and subtropics

are not only generally highér than in the temperéte zones, but the cooler
season is usually warm enough to sustain plant growth throughout the year
whenever rainfall is adequateQ Night . temperatures-are relatively warm,
except at higher altitudes where dissipation of daytimé heat is quite
rapid, particularly at elevations above 3000 ft. (= 1,000 meters).

d. Evaporation and humidity. The rates of evaporation rise

rapidly with higher temperatures so that considerably more rainfall is
needed to maintain equivalent air humidity, than is needed in the ﬁemperate
-zones., The greater evaporation losses are accompanied by higher transpira-
tion losses of water from plant leaves and stems. Even the humid wet-dry
tropics, because of-theiextendéd dry éeason, produde substantial moisturev
stteségs in plants.

Evaﬁoration from free-water surfaces (lakes, ponds, streams),
and from soils and the water losses directly from plants, are very high
in warm dry situations. Growing plants must maintain a minimum water
balance between uptake by roots and losses from leaves and stems, to
remain active in growth and in storage of plant food resérvés. Unléss
a»positive balance is achieved, the plant ceases tovfunction and either
becomes dormant or dies. Tﬁe length of the periods during which plants
can function, is a fair measure of how much growth can be made in the
course of a year, whether the_giowth be in foods and fiber used directly
by man, of as forage for consumption by livestock. _As the climate becomes
~ more severe in terms of water balance for plants, the growing of crops

tends to dwindle, and prime reliance is placed on forages (grasses,
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legumes and browse plants) that must support grazing livestock enter-

‘prises to yield products that man can use to meet his needs.

e. Length of the dry season. Aﬁsignifiéant measure of the |
suitability of climates to support plant growth,-is the average length
of the dry season each year., For convenience in determininé the regions
uhere‘diffetent species of plahts are capable of surviving andbmaking
substahtial growth, the following conditions are recognized:

1. Humid = having less than 2% months with little

or no rainfall}

2. Intermediate~humid - having 24 to 5 months with

little or no rainfall;

3. Intermediate=dry = having 5 to 74 months with
~ little or no rainfall; | |
k. Semi-arid - having 7% to 10 months with little or
no rainfall; |
5. Arid - 10 to 12 months with little dr highly variable

rainfall,

The general geographic distribution of the dry seasons

according to their average yearly duration is shown in Figure 2.
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f. Monsoon climates. The monsoons have a strong influence on plant

growth of all types because of the effect they have on the seasonal occur-
rence of the rainy season. The basic causes of monsoons are poorly understood,.
but they can be predicted to some extent, They have considerable variability
in the dates of beginning and their duration. The name "Monsoon" is Arabic,
and was originally applied to the seasonal winds of the Arabian (Persian)
Sea, that blow about six months from the southwest. AThe winds are caused
by differences of annual tempetature trends over land. Temperature changes
are large over land, but small over oceans. ‘Tﬁe monsoon blows from cooler
to warmer regions; from sea toward land in summer (bringing rains), and
from land toward the sea in winter (without rains). Atmospheric pfessure is
relatively high in cooler regions and lower in warm regions, permitting |
air-mass movement to take place.

The monsoon type of air movement by seasons occurs throughout
the tropics, and is pefhaps better known in the Indian subcontinent than
elsewhere. However, monsoon type climateé are widespréad 1n the tropics
and subtropics. Monsoon winds blowing from oceans toward and across land
masses of Africa and South America are impoitant factors in producing the
rainy season of those tropical climates; and the reverse flow of air masses
from land toward the ocean causes the dry seasons. The periodicity-of rain-
fall in the tropics is well established by rainfall records that afe now

available in virtually all developing count:ieg.

g. Mediterranean climates. These are produced by a unique combina-

tion of land forms, latitude, and monsoonal ﬁinds. Rainfall characteristically
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occurs in the cool months, 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 cooler moist winter

season.

h., Cateqories of climates (Figure 3). The categories of ciimate

that recognize dominant characteristics may be identified as follows:

(1) Warm temperature and subtropical zones:

(a) Dry summer, Mediterranean climates with humid winters.

(b) Dry summer, steppe (subhumid) climates with humid
winters.

(c) Steppe (subhumid) climate with short summer humidity.
(d) Dry winter climate with long summer humidity.

(e) Semi-desert climate with short seasons when rains
occur.,

(£} Permanently humid grassland climates.
(g) Permanently humid climates with hot summers.

(2) Tropical zones:

(a) Tropical yearlong rainy climates.
(b) Tropical humid summer climates
1) with humid winters

2)  with comparatively dry winters.

#For representative data, see "Climates of the World," published by the U.S.
Department of Commerce, and available from the Super intendent of Documents,
U.S. Government Printing Office, Washington, D. C. (35¢).
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(c) Wet and dry tropical climates.
(d) Tropical dry climates
1) with humid winters
2) with dry winters. = -
(e) Tropical semi-desert climates.
(f) Tropical desert climates.
v The significance of these zones is that for forage production of
the plant species adapted to a particular climatic zone will probably be
useful in any other part of the world where there is similar climate.

2, land forms 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 classeskof lﬁnd forms are shown in Figure 4. However, within
each of the land fofms shown there are local variations in surface topo-
graphy that have méjor significance in their suitability for growing crops,
for production of forages on pastures and rangelands, and other uses, As
the elevation of.Iand increases the temperatures are lower, since the day-
time heat iSVdissipated more rapidly after sundown at higher elevations.

Land elevation also modifies the rainfall substantially. Moisture
laden air masses moving toward ranges of hills or mountains déposit rain
as the air moves upward, However, on the leeward side of these uplifted
land forms, the same air masses having lost much or most of their moistﬁre
vapor, do not contribute substantial precipation. Thus, the eastern slopes

of the Andes mountain of South America have abundant rains, and the western
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sides are quite arid. Similarly, the northern slopes of the Atlas mountains
in North Affica have much more abundant rains than the Southetn slopes. The
native vegetation as well as the crops, and the range and pasture lands, are
prbfoundly affected by such changes in tainfail;wgeneraliy-becoming more
abundant as rainfall increases.

Within each of the principle classes of land forms there are
important local variations in topography and in preseht 59ricu1tura1 use,
In general, cropping tends to be concentrated on smoother land areas, less
sub ject to erosion and rapid rainfall runoff, and with a deeper soil pro=-
file that favors root occupatibn. On other soil areas that are poorly
suited to cropping, phe lands afe generally occupied by rangelands or
pastures, except in humid regions where the vegetation is usually trees
and forest, Thus, in a single locality with humid wet-dry climate, or }n
a subhumid climate, the crop lands may be intermingled withviess favorable
lands that are grazed. In‘drier regions not favorable for cropping, all

land classes may be used solely for grazing.

3. Natural vegetation as an index of agricultural potential.

The native vegetation of a region is determined very largely by
the climate, The.yearly impact of rainfall, temperatures, evaporation and
humidity, and winds determine the types of vegetation that can survive and
propagate. Thé nature of local soils modifies the ¢limatic envitonment to
some extent. Insofar as the native vegetation of an area may be discerned
despite man's occﬁpation 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 arowth. Native vegetation does not reveal what may be the

conditions that limit plant growth, nor the extent that these limitations
may be corrected by suitable treatments., Where these plant resources have
been depleted by severe over-grazing, or by uncontrolled burning, by une
§orrected soil erosion by wind or ﬁatet, it may be difficult to identify
the natural vegetation,

Figure 5 shows generalized native vegetation‘zones.on a global
scale, Compare this map with the rainfall shown in Figure 1. As note&
‘above, such vegetation may persist only }n protected or isolated areas
where cropping is nearly univefsal, or where severe’ovetgfazing by livee
stock has largely desﬁroyed the native vegetation. The natural vegetation
zones are as follows: | | |

Low latitude (t:qgical) forests

Tropical rain forest
Lighter tropical forest
Scrub and thorn forest

Middle latitude forest

Mediterranean scrub fote#t (éubttopical)

Caoniferous forest (north teméerate zone)

Broadleaf and mixed forest (temperate zones)
Grasslands

Savanna (tropical)

Praifie (tempgrate zones)

Steppe (tropical and temperate zones)

Desert

Desert shrub and desert waste (tropical and tempeiate zones)



Natural Vegetation

LOW LATITUDE
FORESTS

m Tropical rain forest
@b Lighter tropical forest
Scrub and thorn forest

MIDDLE LATITUDE FOREST
I=—| Mediterranean scrub forest
-] Coniferous forest

m Broadleafed and mixed
broadleafed-coniferous

GRASSLANDS

N Steppe (Tropical and
micﬁ'ﬁe latitude)

DESERT AND WASTE

‘Undifferentiated highlands

Desert shrub and desert waste
Tundra
Iee cap

UNDA NEG. ERS 2464 630l

- FIGURE 5,

Natural Vegetation Zones of the World
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The steppe is predominately occupied by bunch grass and scattered
shrubs, Following the occurrence of rains, any open ground surface is
occupied by short season annual grasses and herbaceous plants,

Iﬁ may be noted that the only vegetation zones that occur in
both tropical and temperatu;‘e zones are the steppe 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 tropics are unique,
which means that the research and technology needed to utilize them to
support man cannot be transferred from one 2zone to another without con=-
siderable‘modificaﬁion. Much adaptive research will be needed, as well
as original research on specific probléms, to fully exploit the potentials
of the tropics. Subsequent sections of this report summarize present know=-
ledge on the adaptation of superior forage grasses and lequmes to different
environments, and their management and utilizatioﬁ by livestock to produce

economically attractive returns.

L. World soil grouping for forage production.

The characteristics of the major soil groups of the world are
determined partly by the climates in'which they occur; partly by the geologic
material (rocks, sediments, etc.) from which they have evolved, patfly by
their geologic age (very old weathered soils are quite different from recently
deposited alluvial or volcanic soils), and partly by thé vegetative cover |
under which the soils have developed in recent centuries. Soils may be
classified by their own characteristics (color, texture, depth, composition,
etc.), but their economic value depends on their suitability for growing

plants,
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a, Tropical soils, Tropical soills are unique in many respects

‘because of the climatic conditions under which they have developed.

The effective management of tropical soils must recognize the properties
of each distinctive soil group, and'adjustvthe land utilization
practiées to protect the type.of plant growth that they will support

on a continuing basis. The fbllcwing ma jor soil gfoups are recognized

by soil scientists.

be Major soil groups. The seeming endless diversity of tropical

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

also are shown in Figure 6.

Great Soil Groups of the Tropics and Subtropics*

Total land area in millions
- of hectares

1. Dark Grey and Black Clay Soils 500
(inclusions of chernozems, red=-
dish chestnut soils, and
hydromorphic soils)

2. Sierozems, Desert and Red Desert 2,798
Soils (inclusions of lithosols,
regosols, and saline soils)

3. latosols, Red=Yellow Podzolic 3,21L
Soils (inclusions of hydromorphic
soils, lithosols, and regosols)

L. Red-Yellow Mediterranean Soils 112
(inclusions of terra rosa soils,
some mountainous areas, and many
areas of rendzina soils)

#Der ived from article by C, E. Kellogg and A. C. Orvedal, published in
"Advances in Agronomy" Vol. 21, 1969, by Academic Press, New York,
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5. Soils of Mountains and Mountain . 2,465

Valleys (inclusion of many
osols) | -
6. Alluvial Soils (Includes innumer- ' | ' 590‘

able areas in all regions, that are
fncluded in other soil groups, These
soils have been estimated to support
25% of the world population., Alluvial
soils are formed by sediments from -
flowing waters 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 geologic periods ) _
The maJorvsoil‘g:oups_are shown‘in P]gure 6. This map may be
useful in connédtibn with the data given in Table 1, which reports a
_ _ » T o ‘
total of 1,582 million hectares of "permanent grasslands" in the tropics
~and subtropics, in contrast to 626 million hectares of arable lands used
for tilled crops and tree crops of var lous kinds, Comparatively little
research has been done on SOil.management of gtazing lands that support
livestock in contrast to the studies on soils for crops. Enough
infotmation has been collected, howevet, on tangelands and other
grazing lands to indicate that the potentials for improvement ate
often very. substantial.
Most upland ttop{cal soils thatfate ctopped ate'low in
organic matter, since the high temperatutes foster rapid decomposition
of toots and other plant parts that account fot production of soil
hunus in tempetate zones. Perennial gtasses and legumes on ttopical

and subtropical grasslands make yearIy conttibutions of ftesh organic
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matter within the soil profile and at the soil surface, thus improving
soil permeability to rainfall and recycling minerals from plant tops*
back into the soil profile. Howevet;.any characteristic mineta1
deficiencies of a soil type must be recognized and corrected by
‘suitable tteatments to mofe fully exploit the forage producing
“ﬁotenfiais of rangelands and other perennial gtassiands. |

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 technology,iend exploits those opportunities that are
economically feasibie..vman cannot change the climate, but he'ean
- make the most effective use of rainfall, temperatures, and humidity
that may be expected to occur, Protection ef native forage plants B
is a first requitement, but introduction of superior adapted forage o

plant speoies.may also be rewarding.

¢. Soil deficiencies and plant growth. Plants grown on different

soils in the same climatic zone,may make quite}differenﬁ amounts of
orowth as a result of some important soil factor or factors. More-
over, the nutritive values of forages grown on ﬁeficient soils are
often much reduced from the status when grown on more fertile soils.
The most encouraging aspects of soil deficiencies are (1) that there
-are practical methods for determining the presence of snch limiting
v-’factofs; and (2) many‘er these limiting factors can be,aifeted by
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man to produce benefits in terms of increased forages for livestock
that are much greater than the costs of tte practices or treatments,
These will be discussed in more detail in a later section of this

report.

d. Dependence of plants on soils. Favorable soils must be suitable

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

soil moisture relations (permeable to rainfall)_with favorable texture
and structure to store rains in the soil‘ptofile for subsequent uptake
‘by plant_roots. Alao, soils must supply all of the nineral nutrients
required for plant growth. These include the majot-elements: Vnitrogen,
‘iggosghate and potash; and the secondary elements: calciom, magnesium,
j‘and-gglggg. In addition, "there should be a modest supply of the minor
elements required in "tracen amounts for normal growths gggg, boron,

molybdenum, copper, iron, and maganese. Further,»the suitability of

soils may be altered by excessive alkalinity In dry regions, or

" acidity in humid regions.

e, Laterites and laterite soils. In the tropics, a unique soil

 formation often occurs, known as laterite. Laterites are characterized
by very bigh contents of iron and aluminum'oxides. There are several
forms of these reddish soils, which diffet natkedly in their character-
istics and agricultutal'usefulneas‘ (1) There is the gtound—uater

~ laterite which has a layer (horizon) indurated with iron compounds,
—and thus with low permeability to tainfall. It may be very thick and
can be formed on any parent rock material and drainage conditions

under the typically high temperature of'the tropics. (2) A second
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tyﬁe is a deep red soil rich in iron and aluminuﬁ, which i{s only
formed by weathering of basic igneous rocks under conditions of‘good
to moderately good drainage, in regions of seasonally high rainfall,
.They near ly aluays.show signs of impeded drainage In the subsoil,
There is a soil hot!zon/contéining small pea-sized laterite gravel
- concretions, whose cdncentration increases with increasing amount
of impedancevih the internal’draiﬁage. Below that layer is a deep _
reticulated mottled red Iayer} which may be soft in continuously humid
regions, but dries out to hard lumpé when éxposed‘tojdrying weather.
The hardened types of laterite near the ground surféce
"‘.arq-dften quarried for use as road ?uilding material. The iﬁdurated :
laterite soils are generally considéted non-arable, and are occupiedj
by brush and scrubby'ttee'growth, inter spersed with some gtassés.and .
1egume$ th@t may,be grazed. 'Reseétch'on how to~improbe_1§tetite sbils"

fot,foragé production has yet to be done.

5. Character istics of permanent grasslands.

~ There are a variety of reasons why the "permanent grasslands" are
not now cropped (See Table 1), In the semi-arid and subhumid.regioné,bthe
rainfall is too uncertain tb make cropping succesSful under natural raine-
fa1l, Only the deeper soils with good rainfall stotége capacity, thét are
linherentiy fertile are cropped‘in regions of limited rainfall;_ Other soil
types that éte foo shallow,-of-are highly efosive and badly gﬁllied, or
are stony, or poorly drained, or iﬁfertile for'any‘othet teaspn‘(such as

- laterite soil areas that are reiatively impermeable to rainfall), are
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relegated to native vegéﬁationf To the exﬁent that the plant growth on
 such soils is feasible, theée éreasvare used as'gtazing lands,
| A notable exceptioh to the above types of "permanent grasslandsﬁ

‘are the tsetse-fly infestéd areas across Central Afr!ca,'that are estiméted
‘at'some 10 mi1lion héctarés. These lands now afé largely unoccupiéd by man
because of the ttypanosomiasis (sleepinu sickness in man, N'gana in live~
stock) carried by tsetse-fly as it feeds on man and animals. As the tsetseQ
fly is controlled on these lands, they will‘become available for cropping
where soil conditions are favorable, and for grazing on nearly all soils,

It should not be assumed that perennlal fotage grasses and leaumes
>ha§e'norrole on cultivated lands. Rather, they are most productive on lands
and éoils commonly used for crdp ptodﬁction.’ The use of planted forages is
c:;p ;otatiohs, or as longer term occupaﬁion:of érab}e soils,vas a type of
. profitableventérhfise in farming systems'is discussed in some détail in
Tbchnical Series Bulletins No. 13, 19 and 20 (see Appendix). Such plénted
pastutes provide essential year-round livestock feed for animal enterprises
~ in integrated crop/livestock farming systems. They contr ibute sttongiy to
maintainfng soil fertility under continudus‘dropping. Where such improved
grazing lands are available they should be managed in conjunctioﬁ‘with the

associated grazing lands that are not used for crop production,

6. Soil surveys and land capability classes.

Some ptogreés has been made in véribus regions.in'making soil
surveys to determine the location of specific soil types,_and in ptepatihg

soil maps of these, area by area, Some soil survey maps are quite detalled,
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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
grazing and harvested forage for livestock. The identity of soil types_
- and groupino of these provides a means of exchanoing information on soil
v‘improvement and management between countries and regions, thus facilitating |
the accretion of knowledge for the benefit of agricultural development
whenever similar soils occur. ‘
Another exceedingly useful classification of soils, that may be
‘usefully applied where detailed surveys have not been made, is the land'capa-1

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

drainage; susceptibility to erosion; water and nutrient supplying power of
‘the‘soil for plants; and the presence or absence of stone, hardpan or otner
impervious layers; any exceSSive‘salinity, acidity or alkali; and sinilar
characteristics. These classes enbrace all-soil typesband‘cOnditions, and'.
therefore are applicable wor ldwide.

land capability classification (indicating suitabilitx for

(1)
specific agr fcultural uses).

- a, lands suited for cultivation, and for forage production.

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

for cropping, and also for grazing and forage production.
Land is level to moderately sloping. Low susceptibility
to erosion. Soil deep, well drained fettile and

productive.

(l) For detailed criteria, see "A Manual on Conservation of Soil and Water," 4
U.S. Department of Agriculture Handbook No. 61, :
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Class II. Good land., Useful for cropping, but should have

soil conservation management to protedt against degfada-
tion. Land has gentle siopes, only moderately susceptible
to erosion hazard. Soils moderate in depth, good waté:
relations, and fairly,btoductive; supporfs strong grawth
of forage grasses and legumes for grazing and for harvest.

Class III. Moderately good land., Requires more intensive

soil and water conservation practiceskto support #ustained‘

'crdp production, IncluSionfof pétennial grasses and
~-forages in the farming rotatioﬁ usually ngeded'tb profect

againét.land dégradatiﬁﬁ. Well suited for permanent

grasslands to support livestock enterprises.

_ Class IV, Fairly good land, but not suited for tilled crops
. .because-bf steeper'siopes and‘othé: soiirconditioﬁs,
such és erosion and excessive runoff of rainfall,
shallow soils, etc. Best use is for tree crops and
for permanent giasslands. Productivity of land may be
’susta{ned.by suitable management practices; under suchv

useage.

b. Land capability classes not suited for tilled crops.

' Class V. This élass includes land not suited for cultivation
‘but capable of supporting perennial vegetation (grazing‘;
or fprestty) with few limitationé ffoh a soil conserva=-
tion standpoint. The land may be nearly level, It

includes lands on which vegetatibn has been depleted
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by misuse; and restrictions on use are needed to improve
the vigor of the vegetation. Class V also includes many

- of the swampy areas thaﬁ cannot beldrained easily, as
well as relative;y level lands thaf are too shallow or
stony to be used for crops. |

Class VI. These lands are subject to moderate limitations under

gfazing'or forestry use. It is too steep, subje&t ﬁo
erosion, or tod shaliow, wet, ot_dryvfof cropping, but

- with careful management 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 range manage=-

¥ ment‘péactices include deferrgd bf rotatioﬁal grazing in
the season of rains to permit periodic recovery and natural
ieseed;ng of'fotage_plants,.and.to pfotect against’excessive
déplétibn of plant vigor. Special measures usually are
needed ﬁo control gullying; and water spreading by contour
furrowing or'othér soil structures may be used to carry
‘tunoff water to less sloping iand.where infiltration and
water storage in soil ptofile‘is feasible, |

Class VII. These lands are subjeét to severe limitations or

hazards under either grazing ot'forestry use. Iﬁ includes
lands with severe‘moistute deficiencies (semi-desert to

| desert); and - lands thaﬁ are very'Steep, eroded, stony,
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‘rough, éhallowlorbothetw{se unfévorable, that cah bé
" used sﬂccessfully without degradéti6n 2212 if carefully
»handled. Because of these limitations, the productive |
capacity is‘Oniy fair tobpoot for grazing (:eQuiring>' |
} carefu11y.contro11ed stocking :atesj; andbareas allocaﬁed _,
fdr forestry must be protéctéd’ffohvvi:tually all grazing..
 ;__">C1a$SFVIII._’These'lands have such unfaverable characteristics
' ’ .:as to be unsuited for cultiVation, grazing, or forestry;
Their principal values are for wildlife or for vatershed
ffotectipn;uses. ClasS_VIII lands include deSefts;
- ma:she5, badlands, deep gullied areas, high mountain land,
’ahd véry steep, rodgﬁ, stony or barren land., They often
“occur in small areas, but elsewhere may be.quite extén§ive;
B 'asﬁdry hiily,égeas,:ot moving»gahd dﬁhesg Any ménagémehtb
: pradtices:aré usually limitéd:tb ﬁhoéé’neceSSéfy to protect

‘ad joining lands that have greater economic values.

a. Lands Suited.for.grasslands. It éhould be noted that germadent
| grasslands‘may constitute a productive use of a11‘1and capability classes
except Class VIII. Perénnial_grasslands‘fbr}support of livestock'are an
optional use of»léhd in Classes I-I1IT, 'Clas#es IV-VII have pbtentia1>as
managed petméﬁent grassiands. The full qsé of‘éll land}resoutces of a
country or a region‘willﬁcettainly involve sﬁbstantia1 land areas that
 are unsuited for tilled crops. The impoftaﬁt'gonsidetation is to devise
management systems that will make the most profitable use of each type
“of grasslands, for grézing and for»prdducfion’ofbha£Vested forage (as

: hay or silégé);
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7. " Present land use patterns, by ecological zones.

a. Dry rangelands in semi-desert zZones.

The predominant controlling factor for such lands, is the |
1imited amount of annual‘tainfell and‘the_uncertainty es to when it
will occur ., fThete is little or‘no crop'p:Oduction in this zone,
except where localized irtigation from shallow wells is feasible,
Much of the land fed by natural rainfall is partially occupied by
forage and browse plants; with open gtound:between plant clumps. »
After a period of showefs, this open ground may be Occubied briefly
: ‘by short-seeson'ennuals, that quickly produce seed and die. The
total amount of palatable forage for livestock is usuall& quite
‘limited, but 1is greatest on areas of permeable soils on which runoff
of tainfall is not rapid, and there is oppottunity fot rains to
infiltrate into the soil profile where much of it is stored fot sub-
sequent uptake by plant roots.

Most of the rangelands in regions of limited and uncettain
fainfall-are not now being managed to fully deveiop their potential
for producing forage and supporting livestock enterprises. Too
often there is severe and ruinous competition between herdsmen for
limited supplies of forage and water, during relatively short grazing
seasons. Such a situation is not conducive to learning the principles
of rangeland and livestock manaaement by trial and error. This may
explain the almnst univetsal ovetgrazing, caused by ovetstocking the
rangelands, which severely damages the vegetation and the soils,

particularly in semi-desert regions in periods of protracted drought;
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‘The pity of such damaged rangeland is that recovery is very slow even
vhen grazing pressure is reduced, and thé teaf potential fbt suppﬁ#t
_of>11vestock is_never’allowed to develop. |

It is probable that the vast areas of.dtouéht plaéued landsby
of Africa, the Near and Middle East and'etseuhgte>cou1d'be-made con= -+ -
tinuously far more pidductiﬁé than it has beén-in recent decades; and'
that méthods'ofﬁcQShioning.againstvtecutring droughts can be made
effective. These management principles willbbe detailed in a later
section of this :epprt; The implementation of basicjprindiplesvmust
be compatible with the social, economic and political siﬁqation,in
" each country, with #hch ad justments as will permit full ;xploitatiﬁn-'
of climaticvconditlohs, land and soil capabilities, the strenghthen-
ing of plant gfowth, and the reduction ofvhnneceéséiy runoff of
precious rainfall, However, a first step'ﬁbuldibé féébgnitidn of the
basic principles of managing thé natural resources, and thevréﬁatds :
that will foilqw prudénﬁ management. Changes in social, economic,
and political policies méy be.féésibie‘once the:gdonomic bénefits of f._

impr oved management'bécome'vislble;z

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

natutal'vegetation consists‘of fofage gtaéseé and legumes, interspersed
,ﬁith variable amopnts‘bf'bush,and scrubby trees. Overgrazing and
unconffbiled burning have usually daméged the palafable vegetaﬁion

and permitted the bush and‘sctubby tree grouth to dominaté;f Through=

out'the_Savanna'regions, crop prbduction_occupies the lodalizéd'SOII
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areas that are fairly déep and capable of storing rainfall to support
crop growth. Millet and other short-season crops predomfnété in drier
regions; sorghum replaces millet where moiéture is more édeqﬁate; and
maize replaces sorghum where rainfall pefﬁits a longer growing season.
| Intetmihgled with soils that will support cereal grain-pro-
duction and other food and cash crops (foodgrain,legumes, oilseed
crops, root btops, etc.) are lénds that are better suited for permanent
grasslands, Usually, attention is concentrated on the crop lands,'and
the grasslands receive little consideration. In general virtually
nothing has been done tb.imprpve the ptoductivity of the grasslands,
but important potentials do éxist.v At present, village'communal herds
of 1;vesﬁock are grazed on any grasslands within reach of villages.
The ﬁerds are composed of family ownéd animals, but there is little
concern as to the-effecﬁ of grazing pract!ées on forage production,
and there has been no éffo:t to iﬁprdve thevvigbr of forage plants
ahd their nutritive vaiue. Even less'consideration ié given to the
pfoduction and preservation of forage to carry livestﬁck through the
‘ long dry seasons when forage grasses and legumgs'are dormant.

The livestock enterprises'in savanna lands afe crucial to
the supply of meat and milk required by villageté; but the goats,'
sheep, cattle;‘andvcahels are used largely as scavéngets for any
available fotége, ratherfthén 53 fapming enterpfiseslto more fully
utilize the natural resources svailablg. There are important unuséd

opportunities for mixed farming systems,* in which both crop‘and

¥See Technical Bulletins 19 and 20, listed in the appendix of this bulletin.
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livestock enterpr!ses are combined to produce balan@ed farming systems
 that are more productive than systems that dépend solely on crops, ot
solely on herded livestock. A first stage‘hay be the inclusion of
perennial grass-legume forages for one or two years in a five-year
cropping system, to maintain productivity of the land as well as to .t
provide’fegd to support livestock during thg_dty seasons.  This would
permit marked imptovément in livestock teptbductioﬁ‘and grdwtt, and
in milk production. _v | .

A major factor in subhumid régions in utilizing all types
“‘of:permanent'gtésslands most‘effectiVély is tﬁe atsenée of any éystem'
that would place the mahagement of these teéourcés fitmly ﬁith the
ma jor users, so that the benefits from good managemént, and the penalties
for poor'hanagémentrthat result ih iowered pfoductivity, would be félt
‘ by’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 overgrazing and other mismanagement that degrades.
productivity of the lands, and causes severe damage to the rangeland
that could be avoided.»

There are important Oppdttunities in subhumid (savanna)
regions to produce and pieservevthe_forage neédgd}to cartyllivestoék
through the long drj Qeasbn when there is not plant grtuth. These

include the fqllbwing:

(1) Reservation of arassland areas left ungrazed in the
season of rains for use during the dormant dry season. The

areas thus reserved should be large enough to feed livestock
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“until the subseqﬁent rainy season 6ccuts; Such standing forage
gradually declines In nutritive value during the dormant season,

but will contribute significantly to a sustained feed supply.

(2) Harvesting fégggg that 1s surplus to grazing needs
during'the growing season, and presetvation'eé.hay. " If cut
before the;gtasées produce.seed heads, fhe.forage"has good -
'nuttitive vaiue.' Such fofagelis quickly dried in the”field,"
and this hay may be stored indefinltely it ptotected from rain
and termites.

(3) Hatvesting forage and Ereserving 1t as silac . There
is little or no loss from shattering-off of dry patts in making
silage, such as occurs in making hay; and the feed value is high
if silage is properly made. The green forage is chopped in
lengths of 2 to § cms;, énd packed tightly in weli-drained
t:ench siios, covered with impetvious polyethylene sheeting,
and allowed to fefment'until cured, and remain in place until
fed. - Exclusion of air is essential for fermentation and preser-
9ation. When properly made, grass silage preserves as feed, ‘
the.maximum percentage of the green harvested crop.

It should be noted that hay.and grass silage may be
produced as a crop on tilled land, or these forages may be
harvested from permanent grasslands, It is feasible to produce-
surplus forage by these meens, that can be used to feed livestock

brought in from semifdesert‘ateas in the dty'seaSOn. :
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c. Wet-dry trobics. Lands oh which tree growth has been cleared,
but which are not occupied by crops because of erosion or declining |
fettility, are capable of producing relatively high yields of nutritious
forage. Well managed grasslands should not suffer erosion. The seasons
of abuﬁdant.rains usually occupy_six te nine months,”during which ade«
quate‘growth is made on grasslands for giazing.- There is normally é.'
season when forage growth exceeds gtazihg-needs, and the surplds forage'
at that time should be harvested and stored as hay or silage, at the
growth stage when theufeed is most nutritious. Such feed shouldvsustain
the ruminant livestock during the dry season, bothsfor reproduction and
growth, and for sustained milk flow in all seasons. |

The potential fer forage production on all 1aﬂds in the wet-
dry tropics, greatly surpasses that possible in subﬁumid, and semi-
desert areas. When soil defieiencies are coriected, and adapted foiage
grasses and legumes are established,vlivestock production may constitute
a stable and profitable form of egriculture. Such lands may be effec-
tively used to grow and finish meat animals fot market, that are moved
from drier regions after the grazing seasons 1n those areas is terminated

because of 1ack of feed,

.d. , Thevhumid tropics usually haveiahundantvrains for nine or more

months, and thus have relatively short dry periods.‘ Perennial forage
- grasses and legumes adapted to such climates'aﬁd capable of flourishe
ing on soils of these fegions, may provide fresh.forege thr oughout
the year. The deeper rboted.forage’S§ecies yill‘cohtfnue growth in
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dry pefiods on moistufe stored in the soil profile. However, any
surplus forage that is ptesent on lands at the bedinning of the normal
dry season may easily be made into hay or grass silage to sustain
ruminant livestock dur ing the short dry seasons.
One of the ma jor advantages of forage grasses‘and‘legumés
on cleared land in the huhid trop1¢s,‘is that such forage plantings
made in rotation with tilled droﬁé, will greatly assist in maintaiﬁing
" continuous soil ptqductivity, without the obsolete method of resting
land for several years to allow native growth of trees and vines to
.pattially restore fertility.* forage planting may conétitute a.neces~
Sity for susfained crop production}fand this would gteatly increase the
total land areas available to feed the. rapidly growing populations in-
'developing countties.
Forage plantinas also are useful means of utilizing lands
that have been damaged by gullying and erosion, or have other limiting
characferistids. Forages may gtow well on cleared lands that are |

unsuited fot ctopping.

#See Technical Bulletins 19 and 20, listed in the appendices.
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I1I. Coping with Constrainté Affecting Forage Production and Utilization :

on Rangelands and Other Permanent Grasslands.

1. Climatic constraints.
The first step is tg acQuite inqumation on the average status of

‘weather donditionsbfo be éxpectéd in,a‘spedifid regidn, on thé basis of ‘
: accumulated weather:tecords; These data will includé'séasonal and totai
rainfall, seasonal temperature means and extremes, air humidity and evapora=-
tion rates, cloﬁd cover and important prevailing winds, These climatic
conditions dominate the envitonméntallcontrols of plant growth in semi-desert
'regions, and are of major importance in Suﬁhumid regions, but are less sig-
nificant controlling factors in vet-dfy hhmid_tropics, ahd.in the”cbntinudusly
humid tropics, | |

| Attempts to control climate have not beeﬁ,fruitfﬁl, but much can
be‘done to cuéﬁibn agéinst-the adQetse éffects of those conditions that
retard.ot inhfbit growth of forage plants. Thus, éonsetvation of limited
,rafnféil in dry regions through management practiceé that improve infiltra-
tion of rainfall into the soil profile for storage and use by pladts,'and
the husbanding of forage growth made in mdiét pericds for consumption by
stock in dry seasons, are two examples. In humid climates, the choice of
- palatable productive forage specieé thaf are adépted to both the ﬁighet
rainfa;l and to the'soils that occur in Such regions} are important'measures
for adjusting to excessive rainfall and high air humidity.

‘ -ﬁven 1n-semiad¢sert reéiohs, the chbice of»foragebsﬁeciesvthat

survive from year to year and produce substantial forage when tains oceur,

is:an adaptive measure within the capability of‘man, that has on1y begun
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to be used in the tropics. Yet there is good evidence from tangelaﬁds of_;'
Australia and some other countr ies that introduction of drought tésistant
spécies is effective., It is clearly evident in all climatic regions (semi-
desert, savanna, wet=dry ttoﬁics, and humid tropics) that the native forage$ :
may be effectively supplemented by well adapted specieé discovered in other .
parts of the #otld, to substantiaily improVe the capacity of ﬁhese land§ to
support livestock. However, more efficient manégement'of natuial forages
should be considered a neéessaty stage to precede 1ntrodﬁction of_imﬁrovgd

~ forage species from other regions.

2.  Soil degradation.

In regions of Ilmjted taiﬁfall, the depletidn of fhe forage grass |
and legume cover by overgrazing results in surface soil compaction that
reduces infiltration of rainfall into the sbil,:and increases the runoff
aqd‘loss of precious ﬁater.v Oﬁetgtazing also feduces fbfage plant vigor, 
and the depth of oécupation of soil by plant roots. Thg weakene&.root i
development on enfeebled forage plants results in.degtaded internal soil
Stguctute and the impaired capacity'bf the soil profiie,to stbfe rain water

-fdt‘subsequent use by forages. |

The weakening of the vegetative cover ptovided by forage graéses
and leguﬁes often fosters severe gqllying of land ahd-shéet erosion of soils,
particularly in semi-desert'hnd savanna regions. Overgtazing sets 1n motion
thé process of soil*degfadaﬁidn that‘often causes irtevetsible damage; The

" top soil losses from erosion,,uhéthet bj ﬁater 6: by:winds,ZtemOVcs'the

‘more fertile soils and exposes relatively infertile subsoils.
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3. Depletion of plant cover.

a. Lose of perennial forage plants.. Overgrazing by excessive :
numbers of liveetook, reduces top growth and weakens individual plants.
Perennials sutoive and maintain vigor only when eilowed to make regrowth
petiodicallj; and to produce seed and establish new seedlings. Uncon=-
trolled burning has much the same effect as overgrazing, and the damage
to fotage plants is compounded by combining burning with subsequent

overgrazing that prevents plants from making neceesary regrowth. |

b. Invasion by bush and tree growth.'vInvasion of grazing lands
by woody bush and scrub growth that has little forage value is serious,

but is geversible. These uselessvinvaderslere netive plants’thet propa-
- gate rapidly vhere forages are weakened or killed by‘uncont:olleo grazing
or butning.~ While it is often true that some of the invading woody'types'
oflpiants are 1egumes-cepabie of meeting their own'nitrogen_needs by
root nodoles, the& have-serioué weaknesses for the livestock man, Theit
’feed velue is limited in amount and'aoceSSibility to grazing livestock;
their root systemé ete deep but conttibute very_little nitrogen to the
associated'g:asses;_they are decidedly inferior in controiling gully=
ing and sheet erosion of land, and they compete strongly with more
deSirable forage'plants for light. The invasion'of any grazing lends

by unpalatable btush.and scrubby trees, whether in\regions of limited
tainfall or in humid tegions, indicates a deterioration of the feed
_producing value of gtazing land, that should be counteted by positive

- management ptactices.
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c. Loss of forage legumes. An important type of degtadation that

is frequently unnoticed is the loss of native leguminous forages. This
is quite serious; such legumes are usually highiy palatable, nutritious,
and a major source of mineral nutrignts that are indisﬁensiblé to reproduc-
tion, growth of Ybung aninals, and milk‘flow. Mo:eover, such legumes |
ﬁte the prime source of nitiogeh in most_gzasslahds, which is "fixedn
by root nodules by d:éwing on nitrogen.in the‘sdil_ait to produce
'ptpteins in all foragé plants. Déstruction of legumes by overgrazing
is much more rapid than loss.of grass cover, and such loss cuts-off the
ma jor SOurée of nitrogen for the rangeland or other pérmaﬁent grasslands,
Since it is rateiy.feasible to apply nitrogen fertilize;s to graésiaqps
particularly in semi-desert or»savanné regions, the loss of legumes
results in a sharp dcdline in capacity of the grasslands or rangeland
to produce fdtage, and éisiﬁilat dec1ine in the nutrifive value of the
‘forage and in'proddcﬁiﬁity of 1ivestock herds and flocks.
For vittuaily all ecological conditions, there are forage
. legumes that are adapted to local conditions of 6limate aﬁd'soil, and
.will survive and multiply under careful management. This potential is
astonishingly effective where legume protection and management has been
folloied. It is highly unlikely to occur however, without the skillful

_-intervention by man in managing‘his‘grazing lands.

d.  Shortened graéing-season. The decline in periods of active
agrowth of desirable forage gtésses.and legumes (and of browseit plants

in very dry regions) is a consequence of those management practices

#Browse plants are generally woody bush, brush and short trees, that provide
feed as leaves or smaller branches or twigs. Browse i{s 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 grasses, and it supports browsing animals

when grass forage is in short supply.
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that reduce vigor of the impottanf fotage plants. The most rapidly
invading plant'speeies on weakened grazing lands are usually weedy

annual plants that have limited forage value and short growing seasons, -

. The totalwplant_coverfmay.éeem.adeqhateuat.certain seaSons,dbutwuhen;M;“e“hAmww”

the gtazing ‘lands are examined closely to observe whether or not the
better forage species are declining in abundance, the true status may

be diagnosed. Early action to correct harmful management prgctices
should be taken. The greater the deterioration, the more difficult

and time‘consuming will be the resterationiand recovery ptoceSS. The
nost diffichltvptoblems are those of semi-desett‘rengelends; tﬁe next
most difficult are the permanent grazing lands of the savannas, The
present status of grazing lands in most tropical and subtropical regions
of limited rainfall is rarely a natural condition. Instead it is a
1cehditien resulting from long Sustaine& aﬁd severe mismanagement. Until |
this faet is demonstrated by practieal'means, there will be little

enthdsiasm by herders for improved management of grazing 1ands.

L. Unbalanced animal nutrition on depleted grazing lands.
‘ a, Reduction in feed supply. A first consequencefofvmismanagement

of grazing lands is ieductien in total feed supply. When this reduction
in‘forage growth is accompanied ﬁy inefeaéed numbers of grazing animels,
the results may be disastrous. This is evident whenever there is the
inevitable iecurrence of sustained'deficiency in,fainfall in regions'_
that are characterized by limited and uncertain rainfall. A drastic

» reductioﬁ’ih.forage'gioutﬁ causes grevious losses in livestock, because
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no provisidn has been made for such an.occurrence. Livestock numbers
that increase in years of abnormally abundant rainfall must be rapidly

| andvdtastically reduced when feed suppiies dwindle, if disaster 1s to
- be averted. | » |

| Thefe are various means of coplng with reduced forage growth:
(i) rese;vat!bn of grazing areas to be used only when the need is acute,
to provide supplemental feed; (2) moving animals quickly to areas where
preserved feedsv(héy of silage) has been har§ested and stored for such
purposes; (3) reduction of 1livestock numbers by marketing all animals
that cannot be supported by visible feed supplieé; and completing |
| marketing promptly before weight iosses become serious., It is assumed
that the active breeding herd will be protected at»times uﬁen the herd

size must be drastically redhced.

b. Reduced nutritive value of fotagg_. Ceftain nutritional

.deficiencies in feeds for ruminant livestock maintainéd on grazing lands
are tﬁe result of mineral deficiencies in soils. Phosghdrus is often

~ widely deficient in forages of semi-desert and savanna regions, because
the soil content is low. This is aggravated by the predominance ofv
forége species (ﬁostly grasses) that have low phosphorus contents.

The introduction of forage legumes thaf accumulate phosphorus from the
soil is often useful. A more positive‘practicé that has been proven
quite effecﬁive.on rangelahds gf several continents is to>hrovide stock

with ﬁixzdysathmingral mixtutes_rich in phosphates. A more sophisticated
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i préctice'is tﬁe addition of soluble phospﬁate compounds to drinking
water, Cortection,of'phosphate deficiency by any means results in
more effective utiiizatibn of forage; it improves reproduction and
~ growth of grazing stock. } |

_ The calcium and magnesium content of forages grown on acid
soils injhumid tegions may be deficient from the standpoint of 1ive=
stock needé, but this is less likely to occur in Semiedesert‘or savanna
vgrasslénds. The conténﬁ of certein essentialk"frace"‘élements needed
in very small amounts by both plants and animals may be beiow acceptable
levels in forages. These deficiencies result from fhe soii's low -

contéent of such "trace" elements as boron, zinc, copper, molybdenum,

manganese, and iron, Cobalt aiso is highly essential for livestock,
‘but not for plants. -
| As the inherent deficiences of specific soil areas for indi-
vidual "ttace" elements are identified, their cotrection may make
. spectacula! improvements in the vigor and productivity of the grazing
livestock, . Some soil-area: are deficient-in one element; and others
“have differént deficiencies. FIn some regions where "trace" element
deficiéncies weré suspected but not individually identifiéd, the
suﬁplying of a mixture of all esséntiai trace elements in a general
purpose mixture with sélt has pioducedigteat improvement in livestock
'performance, and resulted in more efficient use of available forages.
In aeneral, the leguminous forages tend to be richer in all
minerals that are essentiaivfor livestock,-as»well as‘being higher in
protein dontént, and genetaliy are more palatable and nutritious than

other types of fbfage. Those management practices that foster an



L5

ihcrease in forage legumes in the<availab1e herbage generally improve '
the value of the feed fof support of livestock. This is so important
tﬁat in some regions (Australia, for example), the entire grassland
‘improvement program is buflt around the foragg legume component.

The most sensitive segment of livestock herds to any_nutrient '
deficiencies (protein,,ﬁhosphorods, calcium, magnesium, an& the "trace"
élements) are the breeding females, lactating animals, apd young stock.

_ The rates of conceptidn'and reproduction, groﬁth of the young while
nursing, and weight ga;ns after weaning are‘sighificantly improved by
acqéss to feeds with §dequate hineral coﬁtent."OIdet gnimals are‘1ess

affected,

5. Overstocking and ovefotazigg. |
Overgrazing that weakehé the forage producing capacity of grasslands

is cadsed by failure to estimate the amounts qf fqtage that will hormally be
produced by lands in the climatic zone whgré located, and insistence on carry=
ing larger herds and flocks than may be adeqdately fed §n a yeartoundvbasis.
'This practice is less ruinous in cycles of lncreasiﬂgly’adequate yeéfly rain-
fall, The greatest penalty comes in cycles of decreasing rainféll, when feed
supplies fail and stock.starve and die, or succumb to diseases, or stock
becone emaciated and finally are sold at ruinously low pﬁices. The breeding
herd always suffers the greatést losses.

The questidn may well be asked: Why are livestock populations not
kept in a more rational balagce with-fogage'supplies? To some extent, the
.'ahswer is thaf the_principleé of'éound grassland managémznt have not been
transferred to less developed countries. 'A_ﬁéfg fundamental reason is that

_ the herders have no firm attachment to specific grazing lands. These lands



v Leb
are open to ali, and the herders vie with others to put stock on grasslands
and consume it before others arrive, The competition occurs without regard
to the tesultingilong-tetm damage to fozage'produeing power of the lands.‘

_ Any undertaking to im@tove the productivity of rahgelands and

»eother permanent grassiénds for the-supﬁofﬁeof,livestock enterﬁrises‘must‘.

i net only invoke ‘sound teehnology but aiso;provide'indentiees to fhe people
directly involved. Methods mhét be developed for_proviqing‘a continuing
pfopfietaty association of the using ﬁeople with the lahds needed to support
their livestock. -The relationship of people to land must be such that the

 benefits of good management end of imptovements and restoration practices

: eill.be enjoyed by the people directly concerned; end the Eenalties'for'
failing to eonéerve and husband the grassland teSOu:cesvwiltifall on fhese
same people. This will be a far cf& ftom'the present situation where no
persons or aaencies carty responsibilities for rangelands and other grass=- |
lands that are grazed on a communal basis, v .

: It should be possible undet the social systems of each country to
give specified groups of people (villages, ethnic groups, ‘ete, ) prior and

| exclusive rights to use of well defined grazing land areas, even where
ultimate iand ownership rests with the govetnment. The government in such
cases must accept responsibility for insistiﬁg on sound management of these
grazing lands to étrengthen the’eeonomy of the nétion, as well"as to reduce

the hazards of economfc disaster for the herdsmen.

‘6, lack of stored feeds, and/or reserved grazing lands to suggortig

1ivestock in dry seasons.

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

" when plant.growth eeQSes. This varies from 74 to 10 months in semi~-desert
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regions, from § to 74 months in'savanna (subhumid regions, from 2} to 5
months for the wet-dry tropics, and from O to 2} months for the humid
tropics. Forage plant growth may continue for a few weeks after rains
cease, on certain deep soil types that will store considerable water in
the soil profile, For the most\part,‘houever, livestock must survive on
the scanty forage (usually of low quality) left standing as dried growth.
Under these conditions all animals lose weight, females faii to conceive
or produce young under nutritional stress, lactation ceases, and orematurely,
weaned suCklings‘are~stunted. |

This problem of herdsmen in tropical and subtropical regions is
simiiar to that of farmers in temperate zones where there are long winter
or cool season periods when no plant growth is nade. The logical solution
is'the same in ooth environments--to harvest and store feeds produced during
‘the growing season to sustain 1ivestock in plant-dormant periods. For poorly
v.understood reasons, this method of supporting livestock with stored feeds
during dry seasons has not been recognized in the tropics and.subtropics.

It is entirely possible to make hay and/or silage during the
plant growing season to sustain animals during dry periods when no new
forage is beino grown. For the individual herdsmen or farmer, he may
: either choose to produce stored feeds, or move his stock to regions where
feed is available. There:is no evident need to follow the common practice
of slow starvation; It is not difficult to determine feed requirements per
~ kilo of aninai ueight for the auerage duration of the dry season (see later
section). This is basic information that might well be provided by govern-

ment agencies to guide livestock producers.



s

~This does not rule out special relief measﬁtes in periods of dis-
asters, when feeds-mqst‘be moved in to protect starving herds. In such
cases, government intervention (with or without external éssistance) is
required; and it hag_been’féund effective fo supply concentrated feeds such
as oilseed cake or meals,/gndlmineral supplements containing salt, phosphate,
and essential "trace" minerals, Relatively'smali amoqnts of such feedstuffs
eﬁabiesruminants to utilize lowgrade roughages thatxhavgvlittle feed vqlue
otherwise. The goal howévet, is to p:event disasters_by anticipating'prob- '
able feed needs,-and by storing some reserve feed Suppllés for emergency

use.

7. Uncontrolled burning.

_ Controlled burning to reduce occupation of rangelands by woody bush
add'éﬁfu55yiﬁtees may be useful, when it {s done unaer'conditions that mini-
mize any damage to desirable forage plants, particularly grasses and herbaceous
lequmes, However, the yearly burning,that is widespread in savanna lands and
occasionally in semi-desert rangelands of the tropics and subtropics, is
destructive, and contr ibutes to continuing degradation of such'gtazing areas,
Indiscriminate-butning during the dry season is practiced by hefdsmen for
the sake of the short-term benefits of nutritious green grass that may be

‘grazed soon after the rains-begin; When there is no COntzbl; fires are

started and allowed to burn asllong as dry planf'material is available,
By contrast, conttblled burhing is allowed when the fire will

destroy the maximum of useless woody growth and do the minimum amount of

damage to desirable forage species. Fires should be allowed only when winds
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and humidity are favorahle on the selected areas, énd whgre fitevcdntrol is
made feasible by firebreaks»or natural barriers, Controlled burning is
beneficiél only when it constitutes a donse:vation measure, and on limited
areas to minimize danger to wildlife and domestic livestock. It must be
directed by specialisté who are,skilléd in‘uSing this drastic practice.

It should be prohibited at the hands of herdsmen.
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c. _Selecting arazing land units fot developing a grazing

gxgg__. Dividing the total grassland area into several
séctots, and grazing these in totation, is a useful method qf maxi-
mizing feed production snd utilization without degrading carrying
_capaciﬁy of the grasslands. The yeérly seqﬁence of orazing the several
sectors éhould be rotated, so that every séctor will be protected every
three to five years for production of seed and see&lihg establishment.
~?"1"}1&; féédiﬁg of salt-mineral mixtures as needed to supplement the grazed

forage usually increases the feed value of native,plants.

Qd. Balancing livestock numbers in relation.to available feed

' supplies. The yearly balancing of the grazing animal numbers
against acﬁual feed supplies should prevent the prevalent ruinous
practicé of.overstocking that results in degradation of the rangelands,
and a deciine in teproduétion, in Qrowth and in physical coﬁdition of
the herd. Prevention of such detetiofation is feasiblej and it is
sound economics tp avoid the heavy expense involved in restoring
graziﬁg laﬁd productivity, and in rebuilding a decimated livestock

herd after a severe drought strikes an overstocked range.

é. Providino feeds for the dry season. Supplemental feeds may
be provided in several ways. | |
(1) Additional grazing lands are held in reserve without
stocking, until such time as they are required to support the

herd when normal grazing lands are not sufficient.
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» (2) Fégds maybe grown and stofed as hay'o: silage, on lands
not included in‘the grazing areas. These can be used for breed-
ing herd.and young stocﬁ in periods of feed shortage. |

(3) Croﬁ piodﬁcts (stalks, vines, straw; ScreéningS) ﬁéy

‘be saved and fed.

2. Providing mineral supplements to native forage.

Naéive’forages are vety'oftén deficient in the essential minerals
requirediby livestock for normal reproduction and growth. The improvement
in overall petformahée of livestock herds is frequentli quite outstanding
when mine:al supplgménts are fed. Thus, on the £1anos of eastern Colombia,

the following mineral mixture has been ﬁroposed: ’

Comgqund ,' | Percent by Weioht

Salt _ - L7 percent
blended ) Didalcium phosphate, or
mixture bone meal L7 percent

. Minor element mixture . 6 _percent
1CO percent

The minbt elément mix contained the following: copper sulfate =
1.95%, iron sulfate = 5.00%, zinc oxide = 1.2L%, magnesium sulfate - 3.09%,
cobalt sulfate = 0.20%, potassium iodide - 0.07%, and ground cereal grains
(to provide volume) - 88.L5%.

The mineral mix was offered to stock at a considerable distance

from the water ing point, to avoid abnormal consumption in harmful amounts.
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' This‘Colombfa mixture was a general ﬁurpose mixture formulated
without specific information as.tp ﬁhich tgace élements might be seriously
deficient. However, it mayvbé'assuhed'that Ehbgghate is widely deficient
in forage on grasslands of the seﬁ(;desert a@d subhumid regions. Dicalc!um

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

3. Rotation grazina to permit foréqe growth periods for natural

. restoration of vegetative cover, on a reqular sequence.

When specific herdsmen are assighed'well-defined,gtassland areas
for their sole use, then it becomes feasible to establish a pattern of rotat-
ing-the-grazing herd over the available areas. By dividing the total areas
v into}four of mote~sectofs; the livestock herd maybe grazed for a few ﬁeeks
on each sector in rotation. This provides evéty sector with a rest period
for regrowth. If the season when rains occur, for example, is four months,
the grazing herd should not be kept on any siﬁgle sector for more than one
month. The concept is to control graiing pressure so that all sectors are
used about equally during the full grazing season.

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

for protection from grazing throughout the entire growing season so that
natural seed production and seedling establishment can occur. It is

desirable that each sector be pfotectgd in this manner for natural re juve-
nation ébout 6ﬁce every‘thtee tq five years. Experience on several continents
ﬁas showﬂ thaf'forage production and 1livestock ca;rying capacity.cén be
markedly increased by this practice. |
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L. Prohibit uncontrolled burning of all grassland, and invoke other

methods of controlling undesired vegetation.

a. The motive‘forvuncont:olled burning will largely be removed
~ when management_ptactices increase feed éupply,’and the stocking téte
| 1is adjusted to current feed supplies. ”Ptovidihg'the nécessafy_mihefai

supplement also 1svhelpfd1.

b. Any butﬁing to réduce invasions of the rangeland by woody
shrubs aﬁd scrub'trees, as well as reduction of other useless vegeta=-
tion, ;hould be done‘undet-cafefully controlled conditions as noted
:in se9tion III.7. Cpntrolled burning also is a useful practice in
Iﬁ:epa;ation fot'inttoductibn of promising new gtésses'an& forage

1egumes.

1 c. Othet méthods of reducing the abundance of undesired vegeta-
tion may include tractor bulldozing or root plowing, hand grubbing.of
spag#e stands of invading species, and the applicatioh of herbidfde
chemicalsvby ground applicators or by aerial application. Each of -
these method# is costly and should be undertaken only under -recommen=-
dation by qualified specialists, and with close supervision by a

qualified expert.

id. Before undettéking costly cdhttol1methods, it would be prudent
"to make limited field ttials of the pfdposed practices and materials,
to determine their effectiveness as well as costs. It is cleafvthat

any costly practices should be limited to. land areas having favorable
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soil conditions for growth of forage grasses and legumes. The benefits
to be derived from controlled grazing to limit invasions of useless
~vegetation may be evaluated at low cost, and more expensive methods

.should be undertaken only as a supplement to controlled grazing.

e.. Browse forace plants. It must not be assumed that palatable

nutritious forage consists solely of grasses and herbaceous legumes,
particularly in gegions of IIMIfed rainfall. Browée~piants 1nc1ude a
wide variety of low-growing species with woedy 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 qulte well on
" ‘palatable browse alone. There are marked differences between browse
species, and the mahagement practices should be'deeigned to fostet the
better species. |

- Browse is important in desettkranges for feed ptoduction on
land areas in runoff channels that‘are normally dry, but contain water-
.borne”sediments (sand and silt), Where these alluvial sediments have
appreciable depth, they act as reservoirs for runoff wafet, and browse
plants make intermittent arowth thtoughout the year, drawing on water
stored in these sediments from edcasional rains.

It is obvious that useful browse plants should not be regarded
as undesirable woody veoetation in situatlons where grasses and forage
legumes are not well adapted.. Browse plants are usually native species,
but there may be substantial opportunities for introducing superior

species from other continents otvregions,'éuch as mesquite (Prosopis
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. species) from Notth America, and reintroducing browse fofagé»species

that were once'present,but'héve been destroyed by over-grazing.

5. Adoption of management practices to protect against wind and

water erosion, and to improve water conservation in regions

of limited rainfall.

a. A comparatively dense cover of urasses and forage legumes oﬁ
the land provides the best protection known against soil erosion from
rainfall runoff, and against wind erosion. A ground cover of gtasses
and 1egumes,’a1so is the most effective,method:yet found for increasing
 £nf11tration of rains into the ground SUtface, and of holding it in the
'soil profile for use by plants for as long as it lasts. Further, water
'losses from the soil by direct evapotation, and by transpiration from
leaves of plants is reduced by a grass-legumes cover on the soil. In
general, the most effective use of water stored in the soil profile for
ptoduction of usable forage for livestock is that provided by a strong
arowth of forage grasses and legumes composed of species that are adapted
toxiocaliclimate and soil. Such plant cover is more efficient in use
6f water to grow forage than is true of brush and scrub trees. Where
fofage grasses and.legumes are not adapted and do not survive in semi-
desert regions, the browse plants may constitute the most efficient
species for livestock support (See item‘h.e;). |
| From the foregoing, it is evident that maintenance of a

sfrong grass-legume cover will result in the most efficient use of
rainfall in semi-arid and subhumid regions. Whéte ovetgrazin§ and

other harmful management préétiées have denuded the.land, the -
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re-establishment of a}gfass-legume covér on the land should result in
retention and utilization of rainfall that currently runs off and is
lost, and produce the'gtowfh of fqtage in greater 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 manageﬁent. | |
When this relationship has been demonstrated by practical
field trials, the users may then be persuaded to avoid_ovet-stoéking
and to practice rotation grézing so that all range 5:eé$iare allowed
periods of "resting" and re-growth. This means that the herdsmen must
focus attention on the land and forage supply and the means for protect-
ing and nurturing it. It should become cléat that the success of live-
stock enterprises depends on both the ptotection of land and forage
‘resources and on the welfare of his livestock. The outlook for success=-
‘ful livestock enterprises without Stabllized'supplies of feed is forbid-
© ding. For herders in semi-arid and subhumid tégions, this basic dependence

of livestock on feed supplies is emphasized with every recurring drought.

b. Waterspreading is often a useful practice in both subhumid"

and semi-arid regions, as a means of controlling rainfall runoff that
wou 1d ofhetwise be lost. By this practice, runoff water is divetted

- from stream channels or drainage courses that are formally dry but have'
flowing water after rains occur. The water spreading may have two
functions: (1) increasing fotage'prdduction by $pteading the water over
nearby smooth sloping land so that it infiltrateS'and is stored in the

- soil profile, and (2) feddcing qullying and downstream flooding. Range-

land flood waterspreading systems are constructed so that operation is
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automatic whehevef.stbrms tgsult in flbod flows; Thebgentle slopes
into which directed.uater ié led should have fairly permeable soil'to
depths of 30 cm. or gfeater. Grades of 1 to 2% are preferred, but
gfades of 5% may be used if the soil is highly pétmeable. The water
spreading system must be const:ucted to fit the local terrain. Thé
essential features are a divefsion barrier or berm and a system of
meandeting channels and dikes ﬁo direct the flow gradually down slope
ﬁith sufficiently slow flow to allow ihfilttatipn into the soil profile.
Dikes and/ot furrows are plaéed to facilitate spreading on thé area
seledﬁed. Design of the water spreading system is best prepared by an
‘agtiéultutal éngineet, particularly where costs of construction will |
Sé sﬁbstantial. However, simple but effective waterspreading systems
aréAfﬁund in some’primitive regions, that have long bgen used both for
. cfop’production ﬁn limited areas, and for forage production. ©On well-
v ‘designgd systems, increased fotage ptoductionbhas‘varied from thtee; to

- ten=fold where several natural floodings occur yearly.

Ce Terracing to retain water on the land is feasible under

seme 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-éteppéd down the slope. Dikes at tetracevbotdgrs

dite&t the flow acrosé the slope to the entrance of the next terrace,

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

system calls for technical expertise, aﬁd is warranted only where both

the rainfall pattern and the éoii-type are such that increased production
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will exceed the cost when:ptbfatéd over a“pégipd of years. Well-
established sod of forage étasses and legﬁmes should require very little
mainﬁenénce'effort,rﬁheﬁ the system has.beén established. This may be
an important means of providino supplemental feed for livestock, that

’is not available othetwise.

6. Introducing superior forage species on ranaelands and other

permanent‘gtasslands to imptove forage yields and nuttitive

values.

a. Adapted grasses ahd lequmes for different rainfall zones. The'
vspecies 6f forage grasses and legumes now present in tangelahds and
dthet.permanent grasslands are those’native‘to'the region, that ha&e
~survived under conditions of overgrazing and competiﬁion‘w{th unpalét—
able and woody types of plants. Restoration of indigendus useful
.forages maybe fostered by better control of stocking rates, periodic
, testing of-areas to permit natural seeding and seedling establishment;
supplemented by positive methods of reducing undesired vegetation.
These methods, while useful, do not exploit the oppottunities fot intro- -
ducing supetior foraae species from other regions with similar climates
and soils, that have proven to have outstanding values under similar
types of land use, : ‘

 The. opportunity to establish productive foraae legumes along
with additional adapted fotage grasses gives unique significance to the
practice of inttoduding new species in rangelands and other permanent

grasslands. Perennial forage IeQUmes have substantial potential for |

adding to the protein and mineral content of the forages, and also
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contribute strongly to residual soil nittogen that stimulates grass

growth. Field experience in various 6thet tropicai countries has

demonsttated'substantialVimp:ovements_above native fotége, by these

means. The following superior forage grasses and legumes have promise

for the tropics and subtropics: (See appendix tables for information

on forage spediés;)

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

rainfall,

~ (a) Forage legumes

o3

Common Name

(b) Forage gfasses

- Makarikari grass

“Yellow bluestem

Botanical Name

' Dwarf koa Desmanthus virgatus
~Leucaena Leucaeﬁa leucocephala
Lucerne Medicago sativa
Stylo ‘ - Sﬁylosanthes guyanensis

Townsville Lucerne Stylosanthes humilis |

Btrdwood grass Cenchrus sitegerus

Buffel grass Cenchrus ciliaris
Biuebanid gra#s‘ Panicum antidotale
Love'grass, Weeping Efagrostis curvula _
LoveAgtass, Léhmann Etagroétis lehmannania‘

Panicum coloratum
makar {kar iense

Bothriocloa ischaemum
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(2) For subhumid regions having 30 to LO inches (750-1000 mm,)

yeétly rainfall.

-(a) Forage legumes

(b) Forage grasses

Common Name
Centro
Glycine
Greenleaf

Lotononis

Phasey bean

Silverleaf
‘desmod{ium

Siratrp

Stylo

Alabang grass

~ Angelton grass

Bermuda grass
Carib grass
Dailis graés
Guinea grass
Harding grass
Molasses grass
Pigeon grass
Plicatulum grass
Rhode# grass

Scrobic grass

Botanical Name

| Centrosema pubescens.

Glycine wightii
Deshodium intortum
Lotononis bainesii

Macroptilium lathyroides

. Desmodium uncinatum

Macroptilium atropurpureum

Stylosanthes guyanensis

Dicanthium caricosum
Diéanfhiumvafistatud
Cynodbn déctylon

Eriochloa polystachya
Paspalﬁm dilatatum

Panicum maximum

Phalaris tuberosa stenoptera
Melinis minutiflora

Setaria sphacelata

- Paspalum plicatulum

Chloris gyana

Paspalum commersonii
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(3) For humid regions with LO or more inches (1000 mm.) yearly rainfall.

Common Name " Botanical Name
(a) Forage legumes - Calopo . Calopogonium mucunoides
' | Centto o Centr osema pubescens“.'
Lablab =~ Lablab purpureus
Silverleaf . ' Desmodium uncinatum
desmodium '
Siratro . L Macroﬁtilium atropurpureum
-~ (b) Forage grasses = - Alabang grass | Didanthium caricosum
: ‘ opagated by seed - '
- S - I Angletpn arass Dicanthium aristatum
Bahia grass " Paspalum notatun
Carib grass f Eriochloa poiystachya
" Molasses grass Melinis.minutiflofa

(9)( Epréée grasses - African star grass Cynodon plectostachys

- "Propagated
FE§§ESETVE1x , Cynodon hybr ids Cynodon spp. (Bermuda
‘ T A grass hybrids) °
| Elephant grass Pennisetum pur pureum

Imperial grass - Axonoéus scopar fus
Kikuyu grass v vPennisetum clandestinum
Palisade grass ' Brachiaria brizantha
Pangola Qrass Digitaria decumbens
Para grass Brachiaria mutica

Signal gféss ' Brachiaria decumbens
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7. Correcting mineral deficiencies in soils of rangelands and

other permanent grasslandé. |

There are two poihts of view ih dealing,with soil nutrient defi-
cienciest (1) the deficiencies affecting plént growth, and (2)'those that
éffect performance of livestock. The'kimple production of more forage ié
useful whete-its nutritivevcontent meets animal need#. However, there is -
‘good evidehce that some plants may make substantial growth as to dry mafter,
but of such loﬁ content of protein and essential minerals that the feed has
limited‘nufritive value. This 91tuation)is widespread on both dry ranges and
hunid pasture. o | |

i

a.  Low protein forage. Much standing dty fgtage on dry grazing
‘lands is so low in protein content (6% or less) that the engrgy'féed .
| constituents cannot be utilized beyond the availablq ptotein,'eﬁen
-7 though eaten and passed through the animals digestive tract. The
‘fostering of forage legumes in'grézihg lanﬂs, where feasible, is the
- most efficient way of supplying thélnzcessary hitrogen (made évailable
through root nodules) for stimulatiﬁg‘growth of associated grasses, as
“well as for mezting‘the protein needs of grazing livestock. The alter- '
native to fosﬁeting growth of legumes ih grazing lands‘is to provide
supplemental protein concenttaté‘feedé particulafly to thg bréeding he:d
and young stock. Incfeasing legumes in the forage is thglptefetred.

method in most situations.

b. Mineral deficiencies in soils of rangelands ih semi-ar id and

subhumid reaions. Phosphorus is widely deficient in such

soils; and consequently in the forages grown on them. This deficiency
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may be_gteat enough te hamper:growth pf'legumes, even_though most
" tropical forage legumes have stfonger_"feeding power" for soil phos-
phetus than temperate zone forage legumes. The magnitude of tne'soii'
phosphorus deficiency should be evaluated when inttoductidn of new
legumes in grasslands is contemplated. It may be necessary to apply
phosphate fertilizer in preparation for seedingvsueh legumes. Wher ever
the phosphorus content.of‘forage is deficient for livestock, it“may be
necesary to supply supplemental phoSphords in a mineral mix (with salt)
as a positive meaaure. This can meet livestock needs,'in an inexpensive
- way even though the need for phosphorus by legume forages is not met;v
In hﬁmid regions deficieneies in soil calcium, magnesium,

Eeﬁa§Siun and sulfur are often found, and theSe'adversely affect growth
of'fbfage iegumes, as well as the performance of grazing livestock. In
qeneral, soil amendments are needed to correct these deficiencies so that
legumes can be grown successfully, and these will also more nearly meet
nutritional needs‘of livestock grazing on such forage. Low grade forage
b(wity gfaases and weeds) will grown on soils deficient in these minerals,
but nutritive values of such forage are insufficient to support'?reeding
stoek'and'young animals even when total feed volume appears adequate.
Fortunately, for virtually all soilsv(excent some sands) in the semi-
arid and subhumid tegions, calcium, magnesium; pbtassium and sulfur are
adeQuate for both forage plant gfouthvand_for grazing livestock,

Trace element deficiencies are not uncommon in tropical and

subtropical soils, both in regions of_limited rainfall, and in humid

regions. These deficiencies may involQe_only one, or several "trace"
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clements. These elements are required in very small amounts by both
plants and animals, which accounts for the term "trace" elements. The

elements are boron, zinc, molybdenum, copper, manganese, and iron. To

these, must be added cobalt which is a requirement for animals, but not
for forage plants. The correction of these deficiencies for livestock
is easily accomplished by including small amounts of all of them in a
salt-mineral mixture. However, when these deficiencies affect plaht
production, 1t becomes highly desirable to identify the specific soil
groups in which individual deficiencies occur, and to develop practices
to correct them. An example iS provided in Australia where a large
region that was quite unproductive responded quickly to ; few grams of
mo lybdenum pef hectare, to produce abundant‘gtowth~of a nutritious
forage legume. | :

The identification of trace element déficiencies and develop=-
ment of practical methods for tﬁeit cortection is closely tied=-in to the
lestablishment and growth of legumes. Forage legume species differ in

. their ability to extract trace elements from soils. At least one legume
species is capable Qf extracting copper from a deficient soii, aqd will
succeed when others fail. | |

| Because the general knowledge on_the'oocurtence of tracé
element deficiencies in soils of the tropics and subtropics is still

" fragmentary, it would Se desirable to mark this as a fruitful area fqt
inﬁestigation wherever forage begumés are unthrifty. The differences '
between the capabilities of different legume forages to extract trace

‘elements from the soil, also needs more study'to-enable bette: matching
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of legume with kinds of soils, Fortunately, uhen the nubritional needs
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

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

8. ‘Preparations for inttodueing superior forage species in grazing
" lands. '

‘The introduction of superior forage grasses and legumes that are

adapted to specific ecological zones'offersvg:eat promise, when accompanied

by'othet’imptoved management practices. The simple broadcasting of seed on

unprepared land is not a dependable means of improving forage production.

However, there have been notable successes in various regions when the situa-

tion is carefully surveyed and practical preparations are made.

a. Control of brush and ttees.‘ Wherever the grazing lands

(rangelands_or other petmanent grasslands) are overgrown with trees;

‘brnsh_and‘other unpalatable vegetation, tne teduotion_of this growth

»ia necessary tovptOVide oppottunity for new'seedings to become‘estab-
“vlished; Practical methods ‘might consist of (l) controlled burning under
‘favorable conditions just prior to the rainy season, (2) use of selective
herb1cides applied as sprays or granules at seasons when the offending
,;species arevvulnerable, and (3) hand OfvaChlne grubbing. Any taller
éfowing undesitaole,species should be reduced, so that adequate sunlight
\_‘will.reach the foragedseedlings, and to reduce watef 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
‘from the soilé present on areas to bé seeded, should be considered.
Particular attention must be given to the mineral needs of the seeded
legumes. The légumes have more specific needs than the grasses, and
the presence of legumes‘will pfovide nitrogen for the grasses, as well
as increase the nutritive value of the forage. Some legume species are
known to have strong "feeding power"‘for’slowly available ma jor nutrients
(phosphate, caicium, magnesium, potassium, sulfut),.and for the "trace
elements" (zinc, molybdenum, boron, copper, ironm, manganese). Chemical
testingaof soils to detect any defi&iencies is easi;y dona, and such
tests have already been made 6n some major soil groups. Since the
application of fertilizers and soil amendments may be quité expensive,

it 1s inportant to learn which soil nutrients are actually in deficient
supply. | | |

For many's1tuat1ons, the mineral nutrient nebdé of legumes

‘ seéded in grasslands may be satisfied by fhe convenient énd inexpensive
practice of "pelleting" the seed by adding small amounts of deficient
mineral nutrients to an édhesive and mixing this with legume seed just
Before‘planting. Such pelleting is compatible with inoculation of seed
with the specific Strains of nodule-forﬁing bacter ia thaf are needed to

make the legume plants independent of soil nitrogen supply.*
. : B . A

#For more complete details on pelleting lequme seed, see section B=5 in
Technical Bulletin No, 12, "The Contribution of Legumes to Continuously
Productive Agricultural Systems for the Tropics and Subtropics,® published
Jan, 1975 by Office of Agriculture, Technical Assistance Bureau, Agency for
International Development, Washington, D. C. 20523,
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On soils that may be markedly deficient in one or more
mineral elements, such as often occurs in humid regions, it may be
necessary and economically effectiye to broadcast the fettilizer and
work it Into the surface soilvby_sone form of light tillage. For sub=-
‘humid (savanna) and semi-erid or semi;desert.regions, phosphate is the
most commonly deficient element. Where sdrface tillage is impractical,
broadcasting the fertilizer on the ashes of burned areas before the
onset of seasonal rains, may prove sufficient to establish and maintain
forage legumes. ‘Because of the vetiability of soils and climatic con-
ditions in different regicne, there is need to test the applicability-
‘of the optional methods on test areas before nndettakingflarger scale

‘obetations.'

c. Seeding practices.

(1) All legume seed should be inoculated with the appropr iate

etrain‘of root=-nodule bactetia, Just before plenting. Seed suppliers
normally are prepared to supply bacterial cultures for the species

of legume seed being sold, together_with instructions fot'tteating
tne seed. Treated legume seed should be planted promptly. Where
burning has been done, planting in the fresh ashes may ptcvide
sufficient coverage if rains occnr seon‘thereafter. ln more humid
regions, jeeding should be accompanied by light tillage so tnat

seed will be covered by the neit rain. |

(2) A legune-grass mixture of species with compatible growth

~ habits, adapted to similer'rainfall zones, should be formulated
(see appendix tables), and seed supplies brought‘to hand. Planting

- time is exceedingly important. The most favorable time,is Just at
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the beginnlng 6f'a season ﬁhéh-rains normally occur, to foster
prompt germination andvtapid seedling establishment. Small
_Seeded species require shéllow planting. Larger segded legume
§pecies require seed placement at.l to 2 cﬁ.‘depths to insure
germination and.seedling survival,
4 Since virtualiy all seeding of rangelands and other
permanent grasslands in all soil and climatic zones involves
" non-arable lénds, any tillage in conjunction with planting must
be achieved through speéial means‘that are feaéiblé,undet loéal
conditions. 'Therefote, every effort should Ee made. to take
advantage of seedings made when moisture is adequate, on fresh
asheé‘aftet burning, or any othe;'means of placihg seed so that
germination and seedling establishment will be fostered. Légume
seedlings are more sensitive than grasses to moisture deficiéncies;
'aﬁd practices that insure legume establishment will almost sutely
be adequate for the grasées in the mixture. Shbuld weather be

unfavorable for the legumes, the grasses will probably survive,

d.‘ Planting methods. Broadcast seedings of small amounts of -

seed, such as 5 to 10 kg. pef hectare, require special care. The first
step is to mix the seéd ﬁith a large vdlumg of a carrier substance, up

to 20 volumes of carrier to 1 volume of seéd. The carrier may be fine-
texture plant material such as rice btan, or finely ground meal of a |

grain. A third choice hight be screened, moist, fine-textﬁred soil.

Sand is not desirable, for it is too heavy. The seed and carrier
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should be wellvmi#ed Just before planting; mixing the seed for each
hectare separately. Broodoasting the mixture by hand calls for careful
manipulation;‘and there should‘be prellminory'practice using the oarr!er_
material without seed. Practice a sweeping motion, using the thumb and
.fingers to release small portions of a handful on the outward sweep and
a small portion on the return sweep. There are small Fﬁhirlwlnd—type"
broadcasting machines that are hand opefated;_and capable of adjustment
to release metete& amounts of oeed. These inexpensive machines give
reasonably uoiform distribution. | |

| The intent is to establish substantial propulations of the
introduced species on the ioitial seoding. With careful‘management,
these initial plants will seed and spread to thickenvthe-cover of

improved species in successive years.

9. Mangggment of renovated grasslands.

There is no uséful purpesse in introducing superior fotago species
if the new plantings are not protected from overgrazing and other mismanage-
ment that would decimate the new species. Since the total feed production
and feed quality will be subsfantially.improved on renovated grasslands, the
herdsman does oot suffeo by providing adequate oroteotion. The greatervpro-
ductivity should be evident in the first year, and imptove much more’in the
following two years where successful introductions have been made. Some
localized féilutes due to erratic rainfall or infertile soil areas may be
expected, but these should not deter campaigns‘to'intzoduce super ior forage

species.
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The young growth made by introduced plants is highly palatable,
All grazing of newly seeded areas should be prohibited until the new species
‘have produced a crop of seed. Fﬁrthet.ptotéction need only be that provided

by normal good management to maximize fotage'production on a cbntinuing basis.



V. Measuring:Productivitz of Rangelands and Other Permanent
o Grasslands. ' , : '

1. Estimating forage production during season of active growth.

'Estimates of the forage production capacity of grazing lands
are essential to guide the most effective grazing piactices. These
estimates may be in terms of actual forage produced annually per unit
of land aréa, corrected to the amount that can safely be removed by
grazing without deptessing vigor of the forage species in.the foliowing
growing season. The percéﬁtage of total foragé that may be,removed‘by
grazing varies some with species and with climatalogical zones. ﬁhen
estimates have been made of total usable fo:age per hectare, per year,
it is then feasible to predict the number of animal units that may be
supported by the forage producing areas available. |
! The basic principle is to never permit grazing to remove so
much of the tops of desirable forage plants that there is impairment
in plant fpod mahufacture and storage. This storage is necessary to
maintain vigot and regenerative capécity in both root systems and top -
growth., The leaf area and roots must be fully functional during the
remainder of the growing season after grazing terminates. The amount
of top growth that can be safely used by grazing probably should not
exceed 1/2 to 2/3 of the total growth made during the growing season.

| With estimates of available forage at hand, it becomes necessary
to determine whéthet the grazing herds nust Be stipported for the entire
year, or whether some. or all of the livestock can be moved to other feed

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

maintenance of all stock, without prolonged periods of starvation that
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~ are common in many regions. Seasoﬁal'deprivation severely depresses
productivity of the livestock, and wastes much of the forage they have
'cénsumed during the useful grazing period. These losses and uastes

should be avoided by advance planhing and implemznfation;

" 2+ Methods of estimating available feed supplies.

a. Sampling the standing forage plant growth
" An initial step is to estimate the equivalent ﬁit-dry'weight

of the forage grasses and legumes that are present on available grazing
lands. This may‘be done Ey sampling, dsing small measured strips, each
ﬁeing about 10 meters long and 0.5 meter ﬁide (total area = S‘sqdarq
meters), There should be at least 20 such strips raﬁdomly distributed
over the range area so as to be representative of the grazing area. |
Twenty strips would amount to 100 squaré meters. Fbr large range areas,
the numbet of samples should be increased. |
. Hhen the harvested forage on sample areas is air dry, determine
(thz ueight and express this in kilograms per hectare. Twenty samples is
1/100 of a hectare, and thus the total dry weight is multiplied by IOO |
to g;vg an estimate of dry forage per hectare.

| v F?om thg amount of.air-dry forage required for meeting feed
' need;vfof gnimal support, it’is then possible to determine the hectares
of range land réquited per animal unit, to provide feed for 1 month, or
6 months;”or a full year. This method may serve as the national basis
foi dqtermining stocking rates of range land,
’ ;7 v For example, if the forage yield from 20 representative samples
totaled 1 kilogram, then each hectare.should produce 500 kg of feed (on
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air-dry_besis)‘ Such a range area would require‘h'hecta:es:to producé
enough‘feed to carry one bovine animaldunit for 1 year, if this is the
only feed available. Actually, many rangelend areas are less-produetive
‘than this; and 15 to 20 hectares-ﬁmy-be-needed~to~supp9rt,each.bovine

animal unit for a full year.

b. Supplemental feeds
In the event that supplemental feed may be ptovided in the

dry season from crop by-products (stalks, vines, etc.), the yleld

(of duch feeds also sﬁould be estimated. Aldo, if standing forage on
separate grazing lands will be available to carry ruminants through the
fdty season, such forage should be estimated, so that total forage supplies\v
f{dm all sources may be estimated for comparison with feed}needs,of all

,rumlhants‘(cattle,'sheep, goats) pei year,

3. Predicting seasonal forage production on the basis of rainfall.

In semi-desert and subhumid regions ﬁhere total rainfall .
flucfuates substantially from year to year,'it is useful to determine the
average plant growth response to greater or less tainfallvthan normal, .
For this purpose, it i8 necessary to eompile records of forage growth
made with rainfall experienced in the local region. When the seasonal
response of plant gtowth in proportion to the amount of rainfall has
once been estimated in terms of kilograms of forage per hectare, for
different amounts of cumulative rainfall, predictions are possible as
to feed resources to be expected fot'the seeson at hand. Predictions,

-at the close of the rainy season, made for the eﬁsuing.months of the dry
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season, can be estimated in time to make the necessaty:plans for adjust-
ments in livestock numbers to be suppotted, either by use of reserved
grazing lands, or by use of supplemental harvested feeds, or by sale or
movemznt of 1ivestock befote serious weight losses or declining we11- -

‘ being of the herds and flocks occur. _
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-~ VI. Estimating Feed Requirements of Ruminant Livestock in Trogical
and Sub-Tropical Regions.

Precise information is genetally lacking for a specific region,
but general criteria may be formulated from fragmentary data in a few
instances, suﬁhlemented with more comptehensive evavluations'i‘rom tance-
land livestock in the dty temperate zone regions.

For convenience, guidelines as to nutrient requirements of ruminant :
1ivestock (particularly cattle, sheep and goats), may be expressed in
daily and year ly feed tequirements expressed in total dry weight of
forages consumed, and in the animal needs . i‘or total digestible nutr ients

' (TDN), and crude protein.

1, Feed requirements for cattle.
- -as For mathre" cattle

Total

: -Digestible :
‘ " Nutr ients Crude
' : : Total Dry Matter  (T.D.N.) Protein
“Feed malntenance Daily Year Ly Content Year ly

requirement for kg. kg. pct. kge
animals weighing . '

300 kg. (average) | | | |
| - k.5-5.0 1700-1800 50% 100-110
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b. For young cattle (1 to 3 years of age)

Reduce per animal feeds to 70% of mature aﬁimals, to
support limited growth.

¢, For lactating cows

Increase nutrient reéuirements above.ma{ntenande‘by 1/3 or

more, depending on milk flow, |

When feed allowances are deficient, for shorter or longer
periods, livestock will lose yeight in proportion to the extent of
- nutrient deficiencies. Regaining logt weight can only occur when

' feed supplies are more abundant than minimum ma intenance requirements.

2, Feed requirements for sheep and goats

It is generaliy assumed that 5 sheep or 5 goats in tropical
" and sub=tropical regions have a feed equivalent to 1 fully grown bovine
(beef) animal. Thuss |

Total
Digestible
Nutrients Crude
, Total Dry Matter (T.D.N.) Protein
Maintenance require- Daily Year ly Content Yearly
ment per sheep or kg, _kg. _pct. kg.
ocat -
] 0.9=-1.0 320-330 0% 20=25

For growing lambs and kids (up to 1 year age); reduce per
ahimél feeds to 70%Z 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. Regaining weight losses is possible
only when feéd suppliés are more'thég adequate for body maintenance.

Sheep and goats-havé an adVantage ovér'cattle, in their use
of browse plants (shrubs, bushes and other noﬁ-herbaceous vegetation)
that aré generally not consumed by cattle; The leaves and small branches
of browse plants are richer in total digestible nutrients and in protein
than mature grasses. Thus, seasonal deficiencies in total feed and
" digestible nutrients are less serlous 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 vaiue)of forage plants is determined
by the content of digestible nutrients, by the protein component, and by
the adequacy in supplies of essential mineral elements.. Since mineral
- supplements may be provided sepafateiy from forages, it is convenient
to use two principal factors in estimating feed value; total digestible
nutrients (T.D.N.), and protein content.

| In calculating aVa;lable.feed supplies for grazing livestock
-the followiné averages may be utilized in convettihg the yearly productiax‘
of plant hetbage into animal support.

Mature tropical grasses may be assumed to contain about 50%
'T.D.N., and L. 0 to 6.0% crude protein.

Perennial r range legumes may be assumed to contain about 60%
T.D.N., and 12 to 15% crude protein.
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Browse plants generaliy are more nutritious than grasses,
but less so than forage legumes.

The forage supply on rangelands tends to be deficient in
protein content in the long dry seasons that are typical of rangelands;

as well as being chronically Inadequate in total amount of edible forage.

k. Relative feed values of growin forage plants on rangeland
and pastures, 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 mature forage is
nmuch lower., When converted from fresh weight to the air dry basis,

the telatiﬁe nutritive values per kilo of dry weight may average as

: folloqs:
Air-Dry Averages
Total Digestible Crude
Type of Forage - Nutrients ST.D N,) Protein
Rapidly growing , '
immature forage 65% 10-15%
Mature forage plants 50% L.5-5.5%

The immature nutfitious forage permits good 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 rétios weré inadequate for sustaihed maintenance.
‘However, the prudent herdsmen must reéognize that this favorable season

- will be followed by a very long dry period when 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. Feed value of crop by-products.

In many regions, the by=-products of local crop production serve
as supplemental feeds for livestock during the dry season when little or
no plant growth is being made by rangeland forage grasses, legumes or
browse plants. The amount of crop by=-products that may be available,

.and their nutrient content are important factors in livestock énter-
prises, whether utilized by the farmers for their own livestock, or
made available to non-farming herdsmen.

The following aspects of the nutritional value of representative
types of crop produqtq‘iilusttated-the significaﬁce of such feed types:

Total Digestible- Crude Protein

- Type of Feed Nutr ients (T.D.N.) Content

a, Stover (stalks &
: leaves) of millets, :
sorghum, and maize SO-SS%v , 3 to 5%

b. Straw of cereal grains
(wheat, batley, rice, ete. ) 30-h5% L 3 to 5%

c. Vines of grain legumes v
(groundnuts, cowpeas, soy-
beans, etc.) 55~60% 10 to 20%
d. Other crops: » , _
sugar cane tops & leaves - 55% , Lh.0%
cottonseed hulls & stems L5% . L

e. Grass hays (mature) 50% | ﬁ to 8%
Grass-legume hays -7 50=60% 10 to 15%
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6. Balancing livestock numbers against total yearly feed supplies.
Falure to mxrovide adequate livéstock feed throughout the entire

year, gravely reduces the possible income from any livestock enterprise.
Growth and weight gains cease ﬁhen feed supply is inadequate; and weight
losses are regained very slowly when feeds are again more adequate.
Reproduction is seriously reduced or prevented by seasonal starvation.
Lactating females (cows, goats or sheep) quickly céase milk flow under
deficient feed supplies, with adverse effects on growth and survival of
j suckiing young animals, causing deprivation of farmer and herder families
that depend on milk as a food. _

There is no relief ffom the evil effects of deficient feed for
li§estock, to be gained by increaéing livestock members. The most
appropr iate management of livestock enterprises is to ad just the |
size of livestock herds to the animai numbers that can be adequately
sustained with avajilable feed on a 12-month basis. When this principle
is recognized, suitable livestock enterprises may become a méjor factor
| in fulfilling family food needs, and in providing dependable net incomes
for marketable production that is surplus to faﬁily needs.

The yearly supply of livestock feed should include all available
sources, including (a) grazing lands that are reserved for dry-season
- feed, (b) fotéges that have been harvested and stored during the plant
growth season for feeding in dry seasons; (c) crop by-prbducts that may
be conserved and utilized in the dry-season, and (d) any local surplus
feeds that may be purchased for feed supplements. Livestock production

- 18 most pro;itable when the number of animals to be fed is no greater
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than the feed supplies that are available. Various knowledgeable live-
stock“expefts have estimated that the potential for livestock profita-
bility in the tiopics and sub-ttopics may be enormously increased by
maintaining a baldnce-between_1ivestock numbers and available feeds.
‘Thé choices of thekmanager include (1) greater efforts to increase feed
- supplies, or (2) disposal of excess animal uﬁits, to stay within the
total feedrpotential. Profitability is not the result of total animal
numbers, but of the performance of well-managéd herds and flocks. Live=
'stogk of ftake (live animals, meat and milk) often may be ipcteased by
160% by application of known technology‘and practices thatimaximize use

‘of natural resources to support livestock production.
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VII, Conclusions:

1. On the basis of experience in certain developed countries of the
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 practices in feed pro-
duction, in livestock management, aﬁd in efficienéy of marketing live

animals or their products.

2. There appear to be important opportunities to improve the manage=~
ment of natural resources of land, climate and vegetation, when firm associa-
tions of lands with land usérs are arranged and legalized by~government'edfcts.
In regions where communal grazing of herds and flocks prevail#, there should
be an extension of responsibility for allocation of grazing rights by the
v;llage or ttibal leaders, so that the livestock owners are entitled to piiot
and exclusive use of designated grazing lands, This would be similar to the
ailocations of croplands to fahilies in viilage or tribal groups, which now
is customary. In Moslem countries, there is ample precedent, stemming from
the Koran, for communal control of grazing lands. With such control, the'
management and improvement of grazing lands Eecome feasible, and profitable

" to the users. -

3. The average feed requirements for growth and reproduction of
different classes of livestock are rathgr well established. Also, methods
for estimating the total forage produced on grazihg lands have been estab-
lished in some tropical and subtropical countrieé; and these are believed

to be widely applicable., These criteria provide essential information
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needed for rational management decisions and practices that should result
in significant increases in productivity of livestock enterprises to the
" benefit of the individual herders and farmers, as well as to the economic

viability of the nations.

L, Specific programs for particular ecological zones and regions of
individual countries will be necessary to more adequately exploit feasible
: oppottdnities'for enhanced productivity of livestock., These are essential
’ fo£ more complete and adequate utilization of these often neglected lands
and forage resources, and to the 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 people; and extension of

app:opfiate technical knowledge is a p:eibgative of national governments.



APPENDIX NO, 1

- Perennial Forage Grasses for the Tropics and

Subtropics

Species propnagated by seed.

1.

c— — — —
w N — o
L] . . L]

14,
15.
16.
17.
18.
19.
20.

W 0O ~N O O & W N

Alabang grass - Dicanthium caricosum |

Angleton grass - Dicanthium aristatum

Bahia .grass - Paspalum notatum

Befmuda grass - Cynodon dactylon

Birdwood grass - Cenchrus setigerus

Blue panic grass - Panicum antidota1e'

Buffel grass - Cenchrus ciliaris

Carib grass - Erioch]ba polystachya

Dallis grass - Paspalum dilatatum

Green panic grass - Panicum maximum trichoglume
Guinea grass - Panicum maximum

Harding grass - Phalaris tuberosa, var, stenoptefa
Love grass (weep}ng) - Eragrostis curvula

(a. Boehr lovegrass - Eragrostis chloromelas)
(b. Lehmann lovegrass - Eragrostis lehmanniana)
Makarikari grass = Panicum coloratum makarikariense
Molasses grass - Melinis minutiflora

Pigeon grass - Setaria sphacelata

Plicatulum grass - Paspalum plicatulum

Rhodes grass - Chloris gayana

Scrobic grass - Paspalum commersonii

Yellow bluestem - Bothriochloa ischaemum
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APPENDIX NO. 1

Perennial Forage Grasses for the Tropics and
Sub-Tropics (Continued)

B. Species propagated vegetatively*

21. African stargrass - Cynodon plectostachys

22. Cynodon Hybrids - Cynodon hybrids

23. Elephant grass (Napier grass) - Penn1setum purpureum
24. Imperial grass - Axonopus scoparius‘

25. Kikuyu grass - Pennisetum clandestinum

26. Palisade grass - Brachiaria br{zantha

27. Pangola grass - Digitaria decumbens

28. Para grass - Brachiaria mutica

29. Signal grass - Brachiaria decumbens

(

* ’Usua11y propagated vegetative]y frpm nurseries planted to seed.
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 APPENDIX NO, 2.

Seed Characteristics and Adaptive
Features of Forage Grasses

Seed Quality |Seed Size ' Seeding plinimum Tolerance
in.Ger-[ Min. Npmbet et .. Rate Yearly to 'to Soil
Grass minaticn|Purity| 1b. 8. |rer Acrej per da. [Rainfall Drought!Waczer
Species . - A % In th sandsA 1bs. - X2, in. | om. i Logging
‘Alabang grass 3 | 23 | =% * 18 20 40 |1000| fair | fair
Angleton grass. 34 23 * * 18 20 40 (109201 good .| good
Bahia grass- 50 70 150 | 336 |4 to 6 |4 to 7 50 (1250| poor good
Bermuda grass 20 | 80 1900 | 4000 (6 to 8 |7 to 9 |30 | 750] good | poor
_ very
Birdwood grass 30 | 80 80| 175 | to 2 il to 2 |10 | 250/ good | poor
‘ . ' very :
" Blue panic grass| 50 | 80 650.| 1430 | to 3 lk;to 3 |20 | S0C| goed | fazir
' o I ’ ! : very |-

i Buffel grass 30 i-80 200 | 440 |} to 4 lgto s |10 | 250 geod | poor
Carib grass - 30 l 20 * *o 18. 20 40 [1000| poor | good
Dallis grass | SO . 70 2207| 485 |6 to 10 '7 ro 11| 35 | 875| fair | good

i -
f Green panic grasd 35 1 60 8807 1900 |¥% to 6 }H to 7 [ 25 | 625( good | fair
Guinea grass 35 % 40 v 1100, 2400 [2 o 6 ;2 to 6 | 35 | 875( fair | fair
' 1
. ' ' i | :
Harding grass 60 : 90 300|660 |2 to4 [2cto4 |30 | 750 good | good
Lova grass, 80 i 90 1500 | 3300 |4 to 1 4ol |10 | 250 very | poor
weeping ‘ : ! goodi
i ' : . l
Love grass, 80 90 6800 14950 | to'Y ! to 1 | 10 | 250/ very ! poor
Lehmann . , [ goed
) S I : ‘ : very
Makarikari grass| 30 - 90. 725, 1600 [¥sto 3 - ;3sto 3 | 20 | 500| goed | sgocd
- ! o o
Molasses grass 30 1(60) 6000 P3200 2tod '2.to 4 40 |1000| fair fair
b _ | -
Pigeon grass 30 i‘90 600| §60 |2 to'5 '2 to 5 |35 | 875 fair! good
. ) . ]
Plicatulum grass| 30 | 55 385 850 |2 to 4 -2 to 4 |30 ,; 750 goodi good -

v : | ' ' , ! ' | :
Rhodes grass 30 i 90 1750 . 3850 |} to 6 f% €o. 6 | 35 . 875 gooed, fair
Scrobic grass - 30 | 95 170 375 {2 td6 5 2 ¢to5 [35 875 fair! geceod
Yellow bluestem |[. 20 . 25 1600| 3000 |1 to 2 ;l to 2 [ 20 500| good poor

NOTE: figures in patEﬁtbuSPS are estimates,
* Usually propagated vegetacively fron nurseries. planced to seed.

87



Appendix Table -

A

Seed Characteristics and Adaptive
Features of Forage Grasses

Seed Quality |Seed Size_ Seeding Minimum Tolerance
Min.Ger-| Min. |Number per |  'Rate Yearly to lto Soil
Grass = ... PinationxPﬁrity_ .1b. ] Kg..|[per Acre|per Ha. Rainfall Drought|Water
Species ] % In thousands| 1bhg, Kg. | in. | mm, Logging
Alabang grass 34 23 x| % 18 20 40 (1000| fair | fair
Angleton grass | 34 23 | x | x 18 20 | 40 1090 good | good
Bahia grass 50 70 150 | 336 |4 to 6 |4 to 7 |50 [1250[ poor | good
Bermuda grass 20 80 .- | 1900 | 4000 6 to'8 7 to 9 | 30 | 750] good | poor.
v ‘ : very :
Birdwood grass 30 - 80 80| 175 |% to. 2 |¥ to 2 | 10 | 250| good | poor
: . ‘ - _ very
Blue panic grass| 50 80 650 | 1430 [} to'3 i} to 3 |20 590 good | fair
[ g i . | very
Buffel grass 30 80 200 | 440 [} to 4 |} to 4 |10 | 250/ good | poor
Carib grass 30 20 * * 18 20 40 |1000| poor | good
Dallis grass 50 70 220 485 |6 to 10 |7 to 11| 35 | 875| fair | good
Green panic grasd '35 60 880 | 1900 [% to 6 % to 7 | 25 | 625| good | fair
Guinea grass 35 | 40 | 1100|2400 |2 to 6 |2 to 6 |35 | 875 fair | fair
' [ o ‘
Harding grass 60 i 90 300 | 660 [2 to 4 |2 to 4 |30 | 750| good | good
Love grass,. 80 190 1500 [ 3300 |3% to 1 |% to 1 | 10 | 250| very | poor
weeping o good
Love grass, - 80 , 90 6800 [14950 | to 3% (¥ to 1 | 10 | 250| very| poor
Lehmann { ' ' good
. N ~ . very
Makarikari grass| 30 i 90 725 | 1600 |2sto 3 |3sto 3 | 20 | 500| good | good
. I .
Molasses grass 30 !(60) 6000" 3200 |2 to &4 |2 to 4 | 40 [(1000| fair | fair
Pigeon grass 30 90 600 | 660 [2 to'5 |2 to5 |35 | 875| fair! good
Plicatulum grass| 30 55 385 '850 2tod |2to 4'. 3Q 750 good ! good
Rhodes grass 30 90 | 17503850 [ to 6 | ta 6 |35 875| good| fair
Scrobic grass | 30 95 170 375 [2t0 5 [2to 5 |35 ' 875 fair| good
Yellow bluestem 20 ;25 1400 j 3000 |1 to 2 |1 to 2 |20 © 500| good! poor
NOTE: figures in parentheses are estim - ' v :

tes.

* Usually propagated vegetatively from nurseries planted to seed.
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APPENDIX NO.AE_

+ Major Forage Legumes for the Trgpics and
~ Sub-Tropics .

1. Calopo = Calopogonium mucunoides

2. Centro = Centrosema pubescens

3. Dwarf Koa - Desmanthus virgatus

L. Glycine - Glycine wightii (G. javanica)

5. Greenleaf desmodium - Desmodium intortum

6. Lablab = Lablab purpureus

7. Leucaena - Leucaena leucocephala

8. Lontononis = Lotononis baineseii

9. Lucerne -‘MedicaQO'sativa

10, Phasey bean = Macroptilium lathyroides

11. Puero (kudzu) - Puetaria'phaéeolbides

12, Silverleaf desmodium = Desmodium uncinatum

13, Siratro - Macroptilium atropurpeum

s, 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 FAO
publication, "Tropical Pastures: Grasses and Legumes." Rome 1971,
These varieties (cultivars) often are ecotypes rather than true-

breeding types, but have demonstrated adaptation to patticular regions.
Seed sources are listed.
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APPENDIX NO. L

Seed Characteristics and Adaptive
Features of Forage Legumes

Approximate |[Seed Size Seeding Minimum Tolerance
Seed Quality [Number Seeds ‘Rates Yearly to to Soil
n.Ger4{ Min. 1b. | Kg. - ~ |Rainfall |Drought|Water
Species {mination{Purity |[In thdqusands Acre Ha. in.| mm. Logging
- 1bs.| Kg... ]
1. Calopo 85% 50% 33 73 1to3|1to3 |50](1250]| fair |[fair
2. Centro 90 50 18 | 40 |1 to 6 |1 to6 |40 |1000| fair |good
3. Dwarf Koa | (80) - | (70) | (20) | (40) (2) (2) |20 500| good |poor
4. Greenleaf [ : :
Desmodium 90 50 375 755 lto2(1¢to2 |35: 875| fair |good
5. Glycine 9 | 50 70 i154 205|205 |30 750| good |poor
6. Lablab 9 | 50 2% 5 |5 to 205 to 20| 40 ;1000 | good |fair
7. Leucaena 90 | 50 12 | 26 4 to 6 4 to 6 | 25 625 good [poor
8. Lotononis 90 50 |1600 3500 % to 1 [ tol |35 | 875| fair |good
9. Lucerne. 90 - 80 200 440 Y to5 |%to5 | 25 625| good |poor
10. Phasey bean| 90 70 56 125 1to3 |1to3 |30] 750| good |good
11. Puero 90 50 | 37 81 |1to3 |Lto3 |S5011250| poor |good
12. Silverleaf | 90 50 95 210 |1 to 3 [1to3 |40 1000| fair |fair
Desmodium ‘
13. Siratro 90 50 36 79 |1to3|1to3 |40 {1000 good |fair
14. stylo 90 - 40 160 350 2to5 |2to5 |35, 875| good | fair
' : .
15. Townsville 90 ! 40 200 440 2to3 |2to3 |25 1 625| good | poor
lucerne : :
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APFENDIX NO. 5

"SOURCES OF SEED OF TROPICAL LEGUMES"

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

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

‘ _‘grasses

9



. Arthur Yates & Co.

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 Tecnologla
Agropecuaria

Rivadavia 1349

Buenos Aires

. Instituto Agrotecnico

Misiones, M-A
Buenos Aires

AUSTRALIA

CSIRO DlVlSion 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, Queensland

Pty. Ltd.
P.0. Box 42

West End, Brisbane
Queensland .

A.W. Rasmussen Pty. Ltd
Mackay, Queensland

19.
11.
12.

13.

14,

15.

16.

17.

18.

'19.

Frank Sauer & Sons'Ptv. Ltd.

Tozer St.
Gympie, Queensland

ﬁalgety & New Zealand Loan
Eagle St, Brisbane
Queensland

State Produce Agency
Roma St, Brisbane
Queensland

J.H. Williams & Sons Pty. Ltd.

Murwillumbah, New South
Wales

Wright, Stephenson & Co.
330 T. Kilda Rd ' :

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

BRAZIL | e

Departamento de Producao

" Animal

Secretaria de Agricultura _
Sao Paulo, S.P.

- Estacao Experimantal de

Forages
San Gabriel
Rio Grande do Sul



20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

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
Colombo

R.R. Johnson and Co.
Colombo

Central Agricultural Research
Institute

Gonnoruva

Paradenya

COLOMBIA

Centro Nacional de Investi-
gaciones Agropecuarias

""Diulio Ospina"

Medellin .

30.

31.

32.

33.

34.

35.

36.

37.

38.

93

Abadia y Jlmenez
Bogota

Caja Agraria
Bogota

. Proacal

Palmira, Valle

Programa de Forrajes
Instituto Colombiano
Agropecuario (ICA)

Bogota

COSTA RICA

Estacion Experimental Los
Diamantes

Ministerio de Agrlcultura

Guapiles

Granja Experimental El1 Alto
Ministerio de Agricultura
San Jose

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

"E1l Semillero"
Luis Cruz B.
Aparatado 783
San Jose

CUBA

Estacion Experimental de
Pastos y Forrajes
"Indio Huatey"

Matanzas



39.

40.

41,

42,
43,
L,

45.
46.

47.

DAHOMEY

Centre de recherches agro-

nomiques
IRAT
Niaouli (par Altogon)

EL SALVADOR

Estacion Agrlcola Experimental

""San Andres"
La Libertad

FIJI

Director of Agriculture
Suva

FRANCE 7

Ets 0. Genest et Cie
27 route de Venissieux
Lyon 8¢€

GHANA

Botanical Department
University of Ghana

~Lagos

.Council for Scientific and

Industrial Research
P.0. Box 3785
Kumasi

Faculty of Agriculture
UST
Kumasi

Ministry of Food & Agriculture

Accra

Plant Introduction & Explo-

ration

Crop Research Institute
Ghana Academy of Science
Burso .

48.

49.

50.

51.

52.

- 53.

56.

9k

GUADELOQUPE

Institut national de 1la
recherche agronomique

- Domaine Ductas .

Petit Bourg
GUATEMALA

Buenavista Experimental
Station
Esquirdila

GUYANA

Central Agricultural
Station

Department of Agriculture

Georgetown

Botanic Gardens
P.0. Box 256
Georgetown 7A

HAITI -

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

HONG KONG

Department of Agriculture‘
and Forestry

North Kowloon

INDIA

Agricultural College
Poona _

Agricultural Research Institute

Coimbatore 3

Agricultural Research Institute

Chotagnapar, Ranchi
Bihar 8



57.

58.
59,
60.
61.
62.
63.

64.

65.

66.

67.

68.

Agricultural Research Service
Tridoanum, South Arcot

BAI
Bangalore

Deochanda Experiment- Station
Deochanda

Division of Botany

Indian Agricultural Research
Institute

New Delhi

Central Arid Zone Research
Institute
Jodhpur

Economic Botanist

Institute for Agricultural
Research

Jaipur

Indian Veterinary Research
Institute
Isantnagar

Government Economic Botanist
Kanpur, Uttar Pradesh

National Seed Corporation Ltd..

F. 44 South Extension Park
King Road, New Delhi, 3

.Madras Agriculture Department

Madras -

Pratap Nursery Seed Stores
P.0 Premnagar

Dehra Dun 6

INDONESTIA

Instltute for Agricultural
Research

Bogor

69.

70.

71.

72,

73.

74.

75.

76.

77.

95

. P.O.

ISRAEL

Plant Introduction Service
The Volcani Institute of
Agricultural Research
Box 6, Beit Dagan

Hazera Seed Co.
P.0. Box 1565
Haifa

ITALY

Federazione Italiana dei
Consorzi Agrari

Via Curtatone 3

Roma

IVORY COAST

Directeur des recherches

Office de la recherche
scientifique d'Outre-Mer
BP Adropodoume

Abidjan

Institut d'enseignement

‘et de recherches tropicales
Abidjan

JAMAICA

Experiment Station
Grove Place

KENYA

East African Agriculture &
Forestry Organization
P.0. Box 34148

Nairobi

Kirchhoff's East Africa Ltd.
Box 30472

_Nairobi

Kenya Seed Company
P.0. Box 553 .
Kitale



78.
- 79.

80.

81.

83.

84.

85.

86.

87.

Kenya Farmers'

82.

Association
P.0. Box 35
Nakuru

'Mackenzie Dalgety Ltd

P.0. Box 30345
Nairobi

Katumani Agr1cu1tura1 Research

Station
P.0. Box 340 -

Machakos -

Pasture Research Unit
National Agricultural
Research Station
P.0. Box 450

Kitale

Research Station

"Molo

MADAGASCAR .

‘Station agronomlque du Lac

Alotra

.IRAT, Lac Alotra

MALAYSIA

Federal Experiment Station
Penang v

Pusat Penyelidikan Getan
Tanan Malaya

(Rubber Research Instltute
of Malaya)

Petit Surat 150

Kuala Lumpur

‘Department of -Agriculture

Kuala Lumpur

MALAWI

- Agricultural Research Centre

P.O. Box 215
Lilongwe

97.

96

88.

89.

90.

91.

92.
93.

94.

95,

96.

Chitedze Agrlcultural
Research Station

P.0. Box 158

Lilognwe

Makanga Experlment Station
P.0. Box 20
Chirono

MAURITUS

Department of Agriculture
Reduit

MEXICO

Campo Experimental
Cotaxtla
Vera Cruz '

Instltuto Nacional de -

‘Investigacion Agricola
Mexico City

NIGERIA o .

Institute for Agricultural
- 'Research

Ahmadu Bello University
P.O. Box 116, Samaru

Sheka Baria

Regional Research Station
Samaru
Zaria

West African Cocea Research
Institute
Ibadan

PAKISTAN

. Agricultural College

Karachi

Ayub Agricultural Research
Institute
Lyallpur



98.

99.

100.

~ 101.

102.

103.

104.

105.

106.

107.

108.

Department of Agriculture
Bangladesh, Dacca

Plant Introduction Officer
FACP
Karachi

Punjab Agricultural College
Lyallpur

Tandojam Agricultural College
Tandojam

PANAMA

John Fraser

Edif. CIA Panamena de eguros
3er. piso

Calle Richardo Arias

Apartado 4546

Panama 5

PAPUA - NEW GUINEA

Director of Agriculture
Department of Agriculture
Port Moresby

Highlands Agricultural Experi-
ment Station
Aiyura

Lowlands Agricultural Experi-
ment Station :
Keravat, Rabaul

New Britain

Plant Introduction and Quarantine
Station
Laloki, Port Moresby

PARAGUAY

Instituto Agronomico Nacional
Caacupi

PERU

Universidad Agraria La Molina
Lima :

o7

109.

110.

111.

112.

113.

114,

115.

116.
117.
118.

119.

120.

121.

PUERTO RICO

Rio Piedras Estacion
Experimental
Mayaguez

PHILIPPINES

Bureau of Plant Industry
Dept. of Agriculture & .

National Research
Manila

Bureau of Soils
Manila

College of Agriculture
University of Philippines
Manila

Economic Garden
Los Banos

Lamao Experiment Station

Lamao, Limay

National Forage Park
Rosario, La Union

RHODESTIA

Department of Agriculture
Soil Conservation Service
Kasama, Southern Province

Dept. of Research &
Specialist Services

Salisbury Research Station

Causeway, Salisbury

Gatooma Research Station
P.0. Box 396, Gatooma

Grassland Research Station
P.B. 701, Marandellas

Institute SAR
Ruibona
BP 167, Butare

Matopos Research Station
PB 19, Bulawayo



122.

123.
124.
125.

126.

127.

128,
128.

130.

121.

152.

SENEGAL
Centre IRHO

‘Bambey

Department of Botany
Universite de Dakar
Dakar

Institut de recherches agricoles
et de cultures vivrieres

Bambey

Laboratoire national d'elevage
et des recherches veterinaires

Dakar Hann

SIERRA LEONE

Fourah Bay Collége
University of Sierra Leone

. Mt. Aureol, Freetown

SINGAPORE _
Hooglantl& Co.
P.0. Box 245
Singapore

SOUTH AFRICA

Division of Plant and Seed
.Control

Dept. of Agricultural Technical
Service

P.B. 179, Pretoria

Division of Crops and Pastures

Department of Agriculture

Pretoria

Gunson Seeds, South Africa
(Pty,) Ltd.

P.O. Box 9861

Jonannesburg

Prinshof Experimental Station
Pretoria ,

Rietondale Grass Statlon

‘Pretoria

133,

134.
'135.
136.
137.

138.

139.
140.
141.
142.
143.
: 144,

145.
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ASA Seeds (Pty) Ltd.

317-319 Main Reef Road
Johannesburg

Asgrow S.A. (Pty) Ltd
P.0. Box 2054
Pretoria

Bechuanaland Malt and
Milling Co. (Pty) Ltd.
162 Vryburg

Cyclops Seed (Pty) Ltd.
Box 784
Pretoria

- Delmas Koop Bpk.

P.0. Box 21
Delmas

Directo Produce & Seed
Supplies (Pty) Ltd.
6 Pim St.

Newtowns Johannesburg

Distin Sagseeds (Pty) Ltd
104 Brae St.

Johannesburg

Eloff C. Mandla (Pty) Ltd
108 Brae St.
Newtown, Johannesburg

A. Ford & Company (Pty) Ltd
P.0. Box 5701
Johannesburg

Gouws & Gouws (Pty) Ltd
10 Jeppe St.
Newton, Johannesburg,

S. Jaffe & Co. (Pty) Ltd.
65 Pretorious Street
Pretoria

~ Johs Levy

P.0. Box 120

" Potchefstroom

Kaha & Kahn (Pty) Ltd
46 Pim Street
Newton, Johannesburg



- 146.
147,

- 148.

149.
150.

151.

153.
- 154.
155.
156.

157.

Kingsbury & Co.
42 Pim Street
Newton, Johannesburg

(Pty) Ltd

Lydenburg Voorspoed Koop
P.0. Box 17 -
Lydenburg

Magaliesberse
(Ltd)

P.0. Box 61
Brits

Graankoop

Marino Koop (Ltd)

~ P.O. Box 48

Zeerust

Maurice Flior & Co.
Box 7176
Johannesburg _
C. May and Co. (Pty) Ltd.
Box 4037

- Johannesburg

152.
~ P.O0. Box 29

Noord Transvaalse Koop (Ltd)
Nylstroom

Noord-Westelike Koop
Landbou Mpy. Bpk.

P.0. Box 107

Lichtenburg

Potgietersrussé

P.0. Box 2

Potgietersrus

S.A. Seed Exchange (Coop.) Ltd.

P.0. Box 1781
Pretoria

Schmidt & Co.
P.0. Box 9809
Johannesburg

(Pty) Ltd

Sentraal Westlike Koop Mpy Bpk

P.0. Box 98
Orkney

(Pty)Ltd

Tabakkoop Bpk.

158.

159.

160.

161.

162.

163.
164.

165.

166.

167.

168.

Suid-Westelike Transvaalse
Landbou Koop

P.0. Box 5

Leeudoringstad

Vaalharts Landbou Koop Bpk.
P.0. Box 4
Hartswater

‘Voorspoed Saadhandelaars

(Pty) Ltd.
151 Brae Strret
Newton, Johannesburg

F.R. Waring (Pty) Ltd
Box 2090

-Johannesburg

West Rand Central Produce
& Agric. Store (Pty) Ltd.
P.0. Box 414

Krugerdorp

THE SUDAN

Agricultural Research Div.
WadMedani

. Kenana Research Station

Abu-Naama

. Range & Pasture Research

Dept. _
Ministry of Agriculture
Khartoum

SURINAM

Lanboouw Proefst.
Paramaribo

SWAZILAND

Veld & Pasture Officerl
Agricultural Research Station
P.0. Box 4, Malkerns

TANZANTA

Agricultural Officer
Central Research Station
ITonga, Kilosa



169.

170.

171.

172.

173.

174.

Coast Experiment Station
Chambezi

Pasture Research Station '_'

- Kongwa

Senior Research Officer
Coffee Research Station '
Lyamungu

South Regional Research
Centre
Nachingwea

Sisal Research Station
Mlingano

Western Research Centre
Ukiriguru

o THAILAND

175.
176.

177.

178.

179.

180.

Department of Agriculture
Srisomrong Street
Bangkok

Department of Botany
Kasetsart University

- Bangkok

Pakchong Forage Crops Station
Korat

Rubber Research Institute
Haadyai.

~ TRINIDAD

Department of Agronouy
University of West Indies
St. Augustine

- UGANDA

Cotton Research Station
Namulonge

181.
182,

183,
184,

185.
185.

186.
187.
188.

189.

Kawanda Experiment Station
Kawanda

‘Bugande Distrlct

Makerere University College
P.0. Box 7062
Kampala

Serere Experiment Statlon
P.0. Soroti
Uganda

UPPER VOLTA

IRAT
P.0. Box 596
Saria par Quagadougou

URUGUAY

Jardin Botanico
Montevideo

UNITED STATES
ALABAMA

Segrest Feed and Seed Co.
P.0. Box 338

- Slocomb ’

ARTZONA

Advance Seed Co.
P.0. Box 6157
Phoenix

CALTFORNIA

F.M.C. Niagara Seeds
Box 3091
Modesto

FLORIDA

Everglades Branch ‘Station
Fort Lauderdale



190.

191.

192.

- 193.

194.

195.

196.

Florida Foundation Seed
Producers .Inc.

Florida Agricultural Experi-
ment Stations

Gainesville, Florida

Indian River Research Station
Fort Pierce

'GEORGTA

Georgia Experiment Station
Tifton

HAWATT

Agronomy and Soil Department

- University of Hawaii

Honolulu

Hawaii Agricultural Experi-
ment Station
RRI

Kapaa

Coliege of Tropical Aériculture
University of Hawaii

-Honolulu

TLLINOIS

Dekalb Seed Inc.
Sycamore Road

' Dekalb

197.

198.
198.

199"
- Scott City

P.A.G. Division
W.R. Grace and Co.
Box 470, Aurora

T0WA

Pioneer Hybrid Corn Co.
1206 Mulberry Street
Des Moines

KANSAS

f;ontier Hybrids Inc.

- 200.

204.

206.

209.
- 209.
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201.

202.

203.

205.

207.

208.

LOUTSTANA

Kalmbach-Buckett Co. Inc.

. Shreveport

MARY LAND

USDA Crop Research Branch
Plant Introduction, Beltsv111e

MISSOURT

Rudy-Patrick Seed Co.
1212 West 8th Street
Kansas City 1

NORTH CAROLINA

McNair Seed Co.
Laurinburg

TEXAS

Paymaster Seed Co.
Star Route
Wildorado

Delta Inc:
Crosbyton

Taylor Evans Seed Co.
P.0. Box 480
Tulia

Lyndsey Seed Co.
Lubbock

VIRGIN ISLANDS

Kingshill St. Croix
Agricultural Institute

VENEZUELA

Centro de Investigaciones
Agronomicas
Maracay



210.

211,
212,

213.

214,

215.

- 216.

Servicio de Pastos y Forrajes
Facultad de Agronomia '
Universidad del Zulia
Maracaibo

ZAIRE

Centre de recherche agrono-
mique

‘Yangambi, Kinshasa -

Jardln d'essais d'eala
BP 278, Mondaka
Inkshasa

Station de recherches agrono-
miques .
Nioka

ZAMBTA

'Msekara Regional Experiment

Station
Fort Jameson

Mount Makulu Research Station

P.0. Box 7, Chilanga

Pasture Research Officer
Nisamfu Research Station
P.0. Box 55

. Kasama -

- 102



APPENDIX NO, 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 obtained. from
Dr. E. Hamatova, Department of Microbiology, Central Research

Institute of Plant Production, Prague,

Ruzyne, or Professor

O0.N. Allen, Department of Bacterlology, University of

Wisconsin, Madison, Wisconsin 53706,

U.S.A.

As more effective strains are developed, the present
ones will be superseded and an up-to-date list is published
from time to time in the Rh{zobium Nauwsletter edited by
Professor J.M. Vincent, Department of Microbiology, School
of Biological Sciences, University of New South Wales, P.O.

Box 1, Kensington, New South Wales, Australia,
available to persons interested in using lt

charge.

ARGENTINA

- Dr. Enrique Schiel

Intituto de Microbiologia e
Industrias Agropecuarias

Villa Udaondo, Castelar
F.C.N.D.F.S., Prov. de
Buenos Aires, Argentina

(on agar)

Roberto E. Halbinger

Quimica Industrial y Comercial

Tecnologia en Industrias
Agricola

H. Yrigoyen 571, Buenos Aires

Jose P. Radibak

Tamborini 3094
Buenos Aires, Argentina

103

It is
for a small

Grace & Crawford Keen y Cia

San Martin 232
Buenos Aires,’
Nitrasoil

Florida 622
Buenos Aires,

Instituto Agrotecnico
Avenida Las Heras 727,
Resistencia

Prov. del Chaco, Argentina
(on agar)

AUSTRALTA
Dr. R.A. Date

-CSIRO Division of Tropical.

Pastures

. St. Lucia, Oueenland 4067



Tropical Inoculants

1 Kneale St.

- Holland Park

Queensland

‘(inoculants sold under the
trade name of TROPICAL INOCU-
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 Wales, 2033

D.J. Pulsford
Agricultural Laboratories
P.O. 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

Nedlands, Western Australia, 6009
The Director _ o
Dept. of Agriculture, Stock and

Fisheries '
Konedobu

Papua, New Guinea

104

BRAZIL

J.R. Jardim Freire, Ing. Agr.

- Seccion de Microbiologia

Agricola

Secretaria de Agricultura,
Porto Alegre

Rio Grande del Sur

Instituto de Biologia'y Pesquisas
Tecnologicas .

Casilla Postal 357

Curitiba, Parana

Laboratorio Leivas Leité S.A.
P.0. Box 91, Pelotas
Rio Grande del Sur

CHILE

" Luis S. Longeri

Universidad de Concepcion, Dep.
Microbiologia

Casilla 272, Concepcion

(inoculants distributed under
the trade name of NITRO-FIX)

EAST AFRICA

The Kenya Seed Company

P.0. Box 553

Kitale, Kenya »

(sole distributor of rhizobia
for east Africa)

MEXICO

Dr. C.C. Casas :

Escuela Nacional de Ciencias
Biologicas

IPN Apartado Postal 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 S.A.

Avenida Garibaldi 2797
Montevideo -

(inoculants distributed under the
. trade name of NITRASOIL)

-Esur Ltda.

Azara 3387

Montevideo

(inoculants distributed under the
trade name of NITRUR)

‘o

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.0O. Box J

Milwaukee 9, Wisconsin
(inoculants sold under the
trade name of NITRAGIN)
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APPENDIX NO. 7

Additional publications’dealing with livestock production and feed

supplies, issued by:

Technical
Bulletin
Ser ies

No.

No.
No..

No.:

No.

No.

No.

1

12

13

19

20

1k

CFFICE OF AGRICULTURE

DEVELOPMENT SUPPCRT BUREAU

U.S. AGENCY FCR INTERNATIONAL stzwmm'
WASHINGTON, D. C. -

. Improved forages for tropical and sub-tropical regions, as feed

for livestock. 1971.
Guidelines for improving livestock production on rdngelands. 1971.

The contribution of legumes to‘contindouély productive agricultural

systems for the tropics and sub-tropics. 1975.

. Seeded forages for grazing and for harvested feeds in the tropics

and sub-tropics. 1975.

Characteristics of economically important food and forage legumes,
and forage grasses for the tropics and sub-tropics. 1975.

Combined crop/1ivestock farming systems for developing countries
of the tropics and sub-tropics. 1976. ‘

Providing forages for ruminant livestpck during dry seasons in

,the tropics and sub-tropics. 1977.
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