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ABSTRACT

The effects of three grazing rates and two grazing systems on
native forage species, as well as on livestock performance, were studied
for five years near Arusha, Tanzania. Grazing study literature suggests
that moderate use under a rotation system of some sort is advisable for
areas with < 800 mm rainfall. Literature on 24-hour grazing indicates
a benefit only during dry periods.

Heavy, moderate, and light grazing left 450, 2200, and 3500
kg/ha and utilized 87, 52, and 25% of ;he forage produced, respectively,
following the long rains of the last year of the trials. Heavy grazing
resulted in least forage production, total plant fregquency, and litter
cover, with most bare soil. Moderate and light use produced nearly
equivalent amounts of forage, litter, cover, and bare soil but light use
showed a higher total frequency of plants. Very little difference
existed in terms of forage responses between continuous and rotation
grazing.

Livestock weight changes depended upon rainfall in the previous
month(s). Weight losses occurred in the first month of the rainy season
and after extremely high rainfall months when livestock were consuming
feed high in moisture, as well as in the latter part of the dry season.
Only slight differences existed in gain per animal when comparing
grazing rates or grazing systems. Heavy use, then, contributed up to
two times higher gain per hectare than moderate use and two to four

times more than light grazing.



Compared to daytime grazing, results from 24-hour grazing
conducted only during the rainy season showed no benefit to livestock

gains.

xi



INTRODUCTION

Justification

The need for livestock grazing studies in East Africa is well
documented. Heady (1960a) noted a lack of data on the productivity and
carrying capacity of the main range types under different grazing treat-
ments. ‘The East African Rangeland Committee in July, 1967 (from Naveh
and Branagan, n.d.), suggested research be conducted on carrying
capacity, range condition, and trend of ranges under different grazing
systems in various vegetation types and climatic regions of East Africa.

Mention is made of the need for formulation of better manage-
ment practices (Naveh, 1966b), research on animal production, pasture
composition, and annual feed supplies (Skerman, 1968a) , and information
on the effect of stocking rate on livestock and plant performance
(Naveh, 1966a; Skerman, 1968a).

In 1967, a UNDP/FAO team specified the need for information on
varying degrees and times of native forage utilization on livestock
products. The same organization (UNDP/FAO, 1968) recommended greater
emphasis be placed on improved pasture and range use, even at the
expense of other animal production services and suggested that the
emphasis at the Ardai Research Station in northern Tanzania be placed on
systems of grazing management to provide a more adequate quantity of
high quality feed to livestock. Pratt, in 1969, reported that still

little knowledge existed on grazing systems in Masailand.



The U. S. Agency for International Development (1971) reported
that two of the top priority plant and animal research topics were: (1)
grazing systems that permit full utilization of the forage resource
without deterioration while improving total herd performance and (2) the
response of forage species and animal performance to different levels
of grazing pressure.

Naveh and Branagan (n.d.) and the UNDP/FAD (1967) called for
research work on the effects of traditional daytime grazing only as
opposed to 24-hour grazing.

The statement of Blydenstein (1972, p. 9) as applied to Latin
America is also appropriate to the African situation when he says: "The
experience from other regions or other countries is of only limited
help here, as the local native vegetation has its own unique relations
with its environment and the local production system has its own unique
economic conditions."

The UNDP/FAO (1967) report pointed out that there is a large
number of unpublished results in the files of research offices through-
out East Africa. To leave work in this state means that the effort and
money that has gone into carrying out the research has been virtually
wasted, because no one has been given the chance of using the results.
This dissertation reports previously unpublished results of grazing

trials over a 5-year period at Ardai.

Objectives
During 1967 approval was obtained from the Research Division at

the Ministry of Agriculture, Tanzania, to set aside 405 ha at Ardai,



Tanzania, for research on livestock carrying capacity. In January,

1968, the UNDP/FAO Livestock Mission to Tanzania (Skerman, 1968b) sug-

gested a research program that included:

1.

Grazing trials, continuous stocking.
Grazing trials, seasonal stocking.
Grassburning trials.

Firebreak construction investigations.
Reseeding trials.

Introduction observation trials.

The last four subjects were either not successfuly completed or

have been reported elsewhere. This dissertation summarizes data on

grazing trials plus the effect of 24-hour versus day-only grazing on

livestock weights.

Study objectives were:

Determine the effects of three levels of grazing intensity on
the composition, frequency, and productivity of native forage
species and on livestock performance.

Determine the effects of continuous grazing versus a rotational
grazing system on the composition, frequency, and productivity
of native forage species and on livestock performance.

Determine differences and make recomméndations on which com-~
bination of grazing intensity and grazing system is most bene-
ficial in terms of individual native forage species, maintaining

or improving range condition, and maximizing beef production.
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4. Determine cow and calf performance under 24-hour grazing (night
grazing) as compared to the traditional Masai practice of

animals being placed in a boma (corral) at night.



LITERATURE REVIEW

It is common to find in range and livestock production litera-
ture, recommendations based on extensive experience in the developed
countries combined with limited observations in East Africa. This type
of information will be reported in this review separate from grazing

studies and forage nutrient analysis actually conducted in East Africa.

Forage Use in East Africa

Rules of Thumb for Forage Use

Heady (1960a) stated that complicated grazing schemes require
high managerial ability to operate and that a small number of paddocks
and infrequent moving of livestock are advantageous, especially in the
African situation. Heady also recommended, as a rule of thumb, not to
overgraze the range more than one year out of four and, if an average
carrying capacity were known, to stock at about 80% of this figure.

The figure of 60 to 70% of the current growth removed for proper use
depends on the time of grazing and the plant composition. Growing
season grazing should be less severe than in the dry season, Bunch-
grasses cannot withstand use heavier than about 50 to 60% but
rhizomatous grasses can be used more severely.

Large unpalatable grass species are favored by rest periods and
rotation grazing without burning or mowing is usually not sufficient to
keep them in check (French, 1957). According to French, smaller grasses
have a higher protein content than the taller species but are at a

5



competitive disadvantage in height and bulk, and the maintenance of the
nutritious small grasses, as well as legumes, involves holding the com-
munity at an ecological stage not in equilibrium with the environment.
Although such a sub-climax equilibrium can be maintained in temperate
areas, it is more difficult to achieve with the short growing season of
semi-arid semi-tropical regions where the low stocking capacity and the
need to accumulate dry-season feed reserves limit the forage improve-
ments which are practicable.

Most grasses, and especially bunchgrasses, produce much less
forage and also less total digestible nutrients when they are grazed too
closely. Therefore, Semple (1971) recommended deferring grazing on
portions of the grassland each year during critical periods of growth,
so that the more desirable grasses can produce seed and build up
reserves in the roots for the next year's growth. He claimed that im-
proved management practices may increase production 8 to 10 times over
what is now produced on heavily overstocked African ranges. Henderson
(1950) and Heady (1960b) reported that phenomenal results in pasture
improvement have resulted from control of livestock numbers in Kenya,
Tanganyika, and Southern Rhodesia. However, in semi-arid areas where
the growing season is short and the dry season long, deferred and
rotation systems have not always given the best results either in vege-
tation maintenance or in animal production. Maloiy and Heady (1965)
pointed out that a severe drought between 1959 and 1961 and a gradual
slip of discipline at the same time resulted in failure of Kenya

grazing schemes.



Suggested Grazing Schemes

Heady (1960a) found 16 different grazing systems suggested for
Fast Africa, Rhodesia, and South Africa. Some have been tested on
experimental stations in Southern Rhodesia and South Africa, and
only a few have been given practical tests. Some of the 16 systems have
been suggested but not applied or tested in any area. He selected three
contrasting systems to present and discuss. These, or slight modifica-
tions of them, he felt, should suffice for East African conditions.
These systems are:

1. Scheme for one herd, four paddocks, and three grazing periods

(commonly known as the Esageri Scheme).

Paddock J-A M- S-D J-A M-A S-D J-A M-A S-D J-A M-A S-D
—————— e g me—————)

1 G G G

2

3 G G G

4 G ' G G

"G" indicates the period of grazing and the arrow the

approximate growing period.

This scheme has no provision for burning to control brush and the
animals are moved on fixed dates every 4 months regardless of forage
conditions.

2. Scheme 2 for one herd, five paddocks, and four grazing periods.



1
paddocks 1958 1959 960 1961 1962
a b c d a b ¢cd a b cd ab c d a b c d
< > <> < > <> < > <> < > <S> <> <>
1l G G G G Bt
2 G G G BI G
3 G G BI G G
4 G BI G G G
5 Bt G G G G
Periods of grazing: <> = Rain Periods
a = January-March Long Rains: March-May
b = April-June Short Rains: November-December
c = July-September G = Grazed
d = October~December B = Burned

In theory each pasture is grazed for three months and rested for

12 months. A burn is included every four years at the end of the June
to September dry period. Two pastures have rest during the later part
of the long rains and the following short rains. Both may be burned if
conditions warrant. In actual practice the best management is applied
when the time is right. The scheme is based on flexible use of eco-~
logical principles. The paddocks are not always grazed in the same
order each year, but as the needs for rest and for burning dictate
where improvement must be done next.

3. Scheme for three herds, four paddocks, and yearlong grazing of

three paddocks.

Paddock 1st Year 2nd Year 3rd Year 4th Year

1 Rest & Burn Breeding Herd Heifers Steers

2 Breeding Herd Heifers Steers Rest & Burn
3 Heifers Steers Rest & Burn Breeding Herd
4

Steers Rest & Burn Breeding Herd Heifers
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This is one of the simplest of grazing systems in that a minimum
of pastures and moving of animals is required. The scheme may be modi-
fied to two herds and three paddocks with burning once in three years.
Another adaptation that is frequently used is to give all animals free
access to three or four pastures during the dry season (as was done at
Ardai after 1972).

Increasingly in recent years, experimental studies on range
lands have shown that moderate continuous grazing produces more animal
products and does no more harm to the forage crop than does deferred
grazing. Until about 1957 the Southern Rhodesians were recommending
deferred systems of grazing. Now they have determined that continuous
grazing is the best, if provision for a burn every four years is in-

cluded.

Nomadic Use

According to Brown (1969), Box (1971), and Grove (1971), under
the ecologic, economic, and cultural African conditions now existing,
nomadic land use (which implies some sort of rotational grazing) is the
best utilization of the existing resources. They suggest that this
practice be encouraged in conjunction with improved nomadic range
management programs.

Pratt (1969) suggested that to improve the existing pattern of
East African land-use it would be necessary to retain large management
units and flexibility in livestock movements. The areas that hawe
suffered most from overgrazing are those that are better endowed with

water. Therefore, he does not favor extending water development to the
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point where all of the grazing is commanded from permanent water, but
favors continued seasonal movement of livestock between dry- and wet-
season grazing areas. He proposed that, in perennial grass areas, it
may be useful to graze dry-season areas in rotation in order that grass
that is not needed in one dry season can be carried over as a reserve
for later seasons and to rotate in wet-season grazing areas to permit
grass to set seed. Pratt (1968) also presented a very good review of
how UNDP/FAO and USAID range development projects were and should be

conducted in Kenya..

Wildlife Use

Petrides (1956) noticed that game numbers diminished as the dry
season progressed on overgrazed areas which indicated to him that use of
overgrazed range was not desirable to grazing animals. Vesey-Fitzgerald
(1965) explained how grazing pressure resulted in pasture rejuvenation
of alternately flooded and dry grasslands in the Rukwa Valley of
Tanzania. A sequence of .various-sized animals using different pastures
in rotation resulted in alternate periods of optimum use and rest; thus
the harmful effects of overgrazing did not appear. In 1971, Vesey-
Fitzgerald made the point that optimum utilization can be confused with
overgrazing but that they 'are clearly distinct because the former allows
recovery following a period of rest, whereas the latter leads to retro-
gression and responds very slowly to periods of rest. Optimum utiliza-
tion is a beneficial process, since it keeps pasture in a state of

active productivity, when alternately rested and used, as opposed to
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to areas which are allowed to mature and are then avoided by grazing
animals.

Effects of Forage Use
on Soil Moisture

Improved grazing techniques in Uganda have shown an increase in
infiltration and a decrease in overlocad flow (Pereira, 1962 in Jackson,
1970). Glover, Glover, and Gwynne (1962) have shown that the depth of
rain-water penetration is approximately equal to the height of the plant
plus the normal penetration of the precipitation into the bare soil.
The area of the wet soil mass beneath each vegetation clump is also
approximately equal to the area of the clump showing above ground plus
an area corresponding to the product of the average depth of water
penetration into bare soil times the average basal diameter of the plant
clumps. Thus, the amount of vegetation left and the amount of ground
cover influence the soil moisture regime.
Effects of Forage Use on
Plant Succession

From plots arranged according to an estimated increase in
grazing intensity and not based on long term studies of actual grazing
intensity, Heady (1966) deduced that the stages of retrogression in the
Themeda grassland resulting from overgrazing are climax tall grasses

dominated by T. trianda to an intermediate stage of Cynodon, Pennisetum,

and others to a short grass stage to a weed stage. These stages usually
exhibit an increasing proportion of bare soil,‘decreased plant height,
and less foliage cover. Species commonly dominating or characteristic

of these stages are as follows:
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1. - Tall grass stage: Themeda trianda, Bothriochloa spp.,

Hyparrhenia filipendula, Setaria sphacelata, Chloris gayana.

2. Intermediate grass stage: Cynodon dactylon, Pennisetum mezianum,

Heteropogon contortus, Sporabolus angustifolius, S. marginatus.

3. Short grass stage: Microchloa kunthii, Eragrostis tenuifolia,

Sporobolus festivus, Aristida adscensionsis, Digitaria macro-

blephara, Tragus berteronianus, Harpachne schimperi.

4. Weed stage: Sida ovata, Aster hyssopifolius, Dyschoriste

radicans, Solanum campylacanthum, Tribulus terrestris,

Forage Nutritive Value

General Forage Nutritive Value

Abundance of poor condition livestock suggests that East African
forages may be low in nutritive values (Maloiy and Heady, 1965).
Chemical analysis and digestibility trials partly substantiate this
conclusion for animals on dry, coarse grass. However, high crude
protein values of browse Qnd green plants indicate that poor condition
in animals is more likely due to lack of carbohydrates and total
digestible nutrients than to low crude protein percentage in the forage
(Heady, 1960a). Estimates of nutritive values (Glover and Dougall,
1961) showed that pasture forages containing 11 to 14% crude protein
were most efficient for milk production. As milk is one of the most
important food items for the Masai, management of their ranges should
aim for both high quality and quantity forage (Maloiy and Heady, 1965).

There can be a wide difference in the chemical composition and

nutritive value between different plant species (Bredon and Horrel,
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1962; Todd, 1956a; Dougall, Drysdale, and Glover, 1964; French, 1941),
as shown in Appendix C. However, in Uganda, Harrington and Pratchett
(1974b) surmised that the apparent ceiling to individual cattle growth
rates was probably due to undetermined pasture characteristics which
limit cattle appetite and not due to the nutritional value of the
pasture per se. At Mpwapwa, Tanzania, Van Rensburg (1960) found the
nutritional values for all dicotyledonous plants and most grass samples
from fields where the pastures were cut or grazed during the main
growing season to be remarkably good. Exceptions were tall, coarse

elephant grass (Pennisetum purpureum) and Fhodes grass (Chloris gayana)

which were extremely poor. Todd (1956c), however, claimed that the
grasses he looked at (Appendix C) as "standing hay" generally had poor

feeding value, Brachiaria brizantha being the best of seven species

studied. From these results, Todd (1956c) concluded that during the dry
season the extensive grazing areas of East Africa are marginally capable
of providing for the maintenance requirements of ruminants. None of
the species in the cattle' diet in ankole, Uganda, were highly desirable
(i.e., palatable), high in crude protein and high in digestibility in

the dry season (Harrington and Pratchett, 1973) (Appendix C).

Protein Vvalues

In East Africa, carbohydrate values in grasses remain fairly
high throughout the year but protein values fluctuate considerably
(Field, 1976). He speculated that either nitrogen and other nutrients
are relatively scarce in the poor, well-leached tropical soils, or

proteins are low in above ground plant parts during dry periods and are
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unavailable to most large herbivores. For these reasons protein supply
is often the most limiting factor in the diet of tropical herbivores.

Juko and Bredon (1961) and Bredon and Horrell (1961) found that
protein percentage in grass leaves, as compared to the whole plant, in-
creased in the first few months of growth, then decreased. The reverse
was true for crude fiber. Although crude protein is frequently de-
ficient in the plant as a whole (Bredon and Horrell, 1961; Howard,
Burdin, and Lampkin, 1962; Dougall et al., 1964) .there often is suffi-
cient digestible crude protein in leaves for maintenance requirements of
domestic livestock. Juko and Bredon (196l1), then, emphasized the im-
portance of the growth of leaves which can be encouraged by close
grazing even if that could mean some small reduction in the total grass
production.

In comparing temperate and tropical herbage, French (1957) also
explained that the protein fraction decreased with maturity in both
localities. However, more leaves drop or are knocked off of maturing
tropical forage species. 'T‘hus, lower protein contents of the residual
herbage are recorded for dry season "standing hays': in the tropics than
for winter herbage in the temperate zones. In the tropics, negative
protein digestibility values are likely when the herbage crude protein
falls below 3% of the dry matter, Tropical forage species also have
higher fiber values than grasses of a comparable protein content in the
temperate zones, so that direct compariscns between herbage from the
two areas is not possible. Long, Thornton, and Marshall (1969) also

found a lower general nutritional value for tropical forages than for

temperate species.
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The content of crude protein, phosphorus, potassium, and copper
is particularly influenced by rain, but calcium and magnesium are less
affected (Howard et al., 1962). Todd (1956a) received high protein
values of 15 to 20% only for a short time in Kenya at the beginning of
the rainy season, but these fell to 4 to 5% in the dry season. Naik
(1965) reported crude protein values in February south of Lake Manyara
to range from 3.03% for dry grass to 21.94% for green grass. ILong,
Thornton, and Marshall (1969) expected pasture crude protein to increase
with the onset of rains due to a sudden release of nitrogen with in-
creased bacterial activity, but instead found a low correlation between
grass crude protein and mineralizable soil nitrogen. They also found
that better quality grasses showed a wider variation in crude protein
content than the poorer species,

McKay and Frandsen (1969), based on criteria established by the
Agricultural Reseaéch Council (1965), assumed that 300 to 350 kg steers
would require 80-90 g available protein per day for maintenance. Al-
though Marshall, Bredon, and Juko (196l1) calculated that zebu cattle
consumeé dry forage at .20 to 2.2% of their 180 to 270 kg body weight per
day, McKay and Frandsen (1969) assumed that intake of dry matter at low
protein levels would be around 1.5% of body weight per day. McKay and
Frandsen then arrived at a value of 1.75% digestible protein as the
minimum required for maintenance. To achieve this from tropical
forages, the crude protein content should be around 5% (Bredon and

Wilson, 1963).
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Forage and Nutrient Selectivity

Bredon, Torell, and Marshall (1967), using Ankole steers fitted
with an oesophageal fistula, showed that cattle in Uganda selected a
diet higher in crude protein content than a cut sample of the same
herbage. These data indicated a selection by species and probably also
selection of leaves in preference to stems. This is of considerable
importance since only 63% of the digestible protein necessary for main-
tenance was present in clipped samples. Casebeer and Koss (1970)
witnessed a greater plant species variety in the diet of cattle during
the dry season than during the wet season and noted the same selectivity
as Bredon et al. (1967) above. However, in general, cattle selectivity
did not vary over the year as much as that shown by any of the wild
animals studied, nor was it as varied as the forage available. 1In
trials of Boodan (1954a), when cattle entered a plot during the wet
season, they usually took the grasses in the following order: annual

grasses, couch grass (Digitaria scalarum), young growth of star grass

(Cynodon dactylon), more palatable tufted perennials (red ocat grass

[Themeda Triandal] and Eragrostis superba), old star grass, and

Cymbopogon pospischilii. Some exceptions occurred. In the dry season,

almost the same preference in grazing was dbserved except that couch
grass was usually preferred to the annuals, the preference for certain
grasses over others was much greater, and the grazing much more
selective than in the wet season. Long et al. (1970), in Ugandan
grasses sampled every 3 months for 1 year, found all grasses satisfac-

tory in nitrogen for livestock production with Cynodon dactylon and

Digitaria scalarum superior.
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Mineral Values

The results of Long, Ndyanabo et al. (1969) in Uganda showed
cattle reared for beef received a diet adequate in calcium with only the
Bracharia spp. coming close to fulfilling milk cow needs. Naik (1965)
considered values between 0.20 and 0.40% calcium to fall in the
"doubtful range" of nutritional supply (Appendix C). French (1955) also
believed calcium is in adequate supply for ruminants. Howard et al.

(1962) , in their work on Cynodon dactylon, Chloris gayana, and Digitaria

pastures, viewed calcium as low but not deficient when these grasses
were analyzed monthly for two years. Long et al. (1970) suggested
calcium is only sufficient for maintenance requirements, and Bredon
(1964, in Thornton, Long, and Marshal, 1969) believed that calcium was
deficient and suggested that it should be supplemented.

Naik (1965), on the evidence of a very limited survey, reported
that the phosphorus status of pastures in the Mbulu area of northeast
Tanzania was adequate, although more than half of the values presented
fell below the recommendation of the Agricultural Research Council
(1965) (Long, Ndyanabo et al., 1969). French (1955), Bredon (1964 in
Thornton et al., 1969), and Long et al. (1970) all reported phosphorus
to be deficient both in forage samples analyzed over a year at 3-month

intervals and in livestock observations, except in Cynodon dactylon and

Digitaria scalarum in which it was satisfactory. Howard et al, (1962)

found that phosphorus was very low in pastures composed of C. dactylon,

Digitaria spp., and Chloris gayana when analyzed at monthly intervals

for two years.
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French (1955) cited copper as limiting to livestock production
and Bredon (1964 in Thornton et al., 1969) mentioned its deficiency in
livestock but Howard et al. (1962) reported copper as adequate in native
pasture grasses analyzed for two years. French (1955), Bredon (1964 in
Thornton et al., 1969), and Long et al. (1970) all found a deficiency in
cabalt in native forage species. Long et al, (1970) found a deficiency
in zinc, but French (1955) listed it as adequate. Bredon (1964 in
Thornton et al., 1969) viewed manganese and iodine as showing a
shortage, but French (1955) reported them as adequate. Long et al.
(1970) and Long, Ndyanabo et al. (1969) suggested supplementing sodium,
since it is the element in shortest supply, and, though it may be ade-
gate for beef ranching, it certainly is deficient for dairy production.
Howard et al. (1962) list sodium as particularly low.

Other minerals, including potassium, magnesium, sulfur,
fluorine, and iron were reported as adequate for ruminants by French
(1955). This conclusion agrees with Long, Ndyanabo et al., (1969) and
Howard et al. (1962) concerning their results on magnesium and potassium.

Cynodon dactylon was found to be below and Chloris gayana was low with

regard to magnesium maintenance reguirements for cattle, but all other

species were satisfactory. Digitaria scalarum was the species highest

in potassium content (Long et al., 1970).

Fat Requirements
Althoucgh plant fats may be in short supply, this does not appear

to be serious except where specific fatty acids are required. Most fats
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are synthesized by livestock from the metabolism of carbohydrates

(Field, 1976).

Starch Equivalent
According to Marshall et a. (1961), zebu cattle require less
starch egquivalent than European cattle in temperate climates., Between

0.68 and 1.13 kg starch equivalent is needed for zebu cattle per day.

Grazing Studies

The effects of harvesting native forage species, by grazing
animals and man, have been studied over a relatively wide range of
ecological zones in East Africa. Since results vary greatly depending
an available moisture, this review will discuss these studies by pre-
cipitation zones.

Grazing Studies in Areas Receiving
Less Than 800 mm Rainfall

Jordon (1957) studied and Musomi (1967) recommended a grazing
system bearing strong similarity to the traditional Masai grazing
practice prior to range improvement programs. Three main areas were
classified as: (A) water only available during and for a short period
after the rains, (B) water during and for several months after the
rains, and (C) water in permanent sources. These areas were grazed in
rotation starting in an A area and moving to B and then on to C when the
water was gone and grass was cropped down to a few inches. After 18
months or more under this combination of rotation grazing and moderate

use, a definite increase in perennial grass cover was observed.
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As a first step in moving from nomadic pastoralism to permanent
ranching, Skovliin (1971) suggested the use of light, season-long grazing
for each of three herds (cows and calves, heifers and weaners, and beef
animals) with a fourth paddock for reserve resting and perhaps a fifth
paddock for burning and resting.,

For improving impoverished grasslands in Kenya Class A grass-
lands, Pratt (about 1966) stated that the "Esageri" rotation had been
most widely used, although any deferred rotational system would be
suitable. Class A grasslands receive an annual average rainfall of 580
to 760 mm. Under these relatively high rainfall conditions, the choice
of grazing system is restricted more by the requirements of the burning
rotation than by needs of the grass. There is a dearth of local in-
formation on optimum management system for land in good condition, but
it is almost certain that any system would need to include occasional
burning, due to buildup of o0ld coarse forage and brush invasion. Grazing
trials at Rumuruti, Kenya, in which grass improvement was much faster
with deferred grazing compared to season~long use, suggest that rest
periods have much more value for depleted ranges than for excellent
ranges (Henderson, 1950).

For Class B grasslands, receiving 380 to 560 mm of rainfall,
grazing systems on the "Esageri" pattern are effective (Pratt, about
1966) . Under drier conditions, it is necessary to use a less intensive
system, with more provision for reserve grazing. A five paddock, one
herd system appears well-adapted. Information on management systems

for good condition rangelands is lacking.
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At Kedong, Kenya, where 700 mm rainfall is received annually in
a bimodal pattern, clipping studies showed a higher yield from a single
cutting than the sum of four cuts at three month intervals but crude
protein yields were equal (McKay, 1971b). McKay (1971b) also compared
continuous versus rotation grazing at three levels of use for two years
at Kedong. Although the experimental period may have been too short to
shbw any botanical changes, no differences in the proportions of the

two most abundant grasses, Themeda trianda and Digitaria setivalva, were

evident between the lightest and heaviest continuous grazing. There
also was no difference in the crude protein content of plant species
among the three continuous use levels. Neither was there a difference
in sward and diet crude protein, indicating little selectivity in cattle
diets. Although not significant, the lightest, under both rotation and
continuous grazing, use resulted in greatest liveweight gain per head,
At the highest use rate better gain was received under continuous use
than when rotated. McKay (1970) attributed these liveweight gain dif-
ferences to the.fact that there were periodic shortages of herbage at
the heaviest rates which limited grazing selection. Also, on rested
pastures there was a loss of some of the more nutritious herbage compo-
nents through senescence and an increased maturity of herbage at the
beginning of each grazing period. Due to the lack of any advantages
shown for a rotation system, but considering the fact that fire is a
necessary form of management at Kedong, a three herd-four paddock system

was recommended In this latter system, one péddock is continuously

grazed for three years and rested for a fourth year, during which time
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it is burned. Heady (1960b) reported that this system has also been
recommended in Southern Rhodesia.

A three-year study was conducted by Bogdan (1954a) at Kisokon,
Kenya, with 635 to 760 mm rainfall and vegetation very similar to that
at Ardai except that a canopy cover of Acacia spp. was present at
Kisokon. This study revealed changes in the grass cover that were
partly comnected with a bush clearing operation but chiefly with the
treatments used in the grazing trials. Under wet season grazing, the
moderate continuous use pasture looked similar to the continuous heavily
grazed pasture immediately after use but appeared like light continuous
use after a rest., Heavy continuous use resulted in a loss of 50% of the

0ld Themeda trianda plants and was said to produce better grazing than

any other plot in the trial. However, Bogdan believed that another few
years of the same treatment could produce a disastrous effect on the
grass cover.

Bogdan (1954a) also showed in his study at Kisokon that dry
season grazing by livestock was more selective than wet season grazing,
Couch grass, annual grasses {(including Aristida), and the previous
season's growth of star grass were eaten much better than tufted peren-
nials and old growth star grass, After a rest during an above average
rainy season, the plot had a large amount of dead or mature coarse grass,
some fresh star grass and tufted perennials, and abundant Aristida in
formerly bare places. Plots grazed under alternate dry and wet season
use looked very similar to the dry season grazing areas described above,
but the coarseness may have been due to having not been used during the

year prior to cbservation. Annual dry season grazing with wet season
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grazing once in three years resulted in dead and mature material nearly
disappearing during use in the one wet season. This treatment produced
fairly good grazing.

Livestock were grazed during wet and dry seasons in March, May to
July, and October at Kongwa, Tanzania, on pastures containing Chloris

gayana and Cynodon dactylon, as well as other forage species (Tanganyika

Agricultural Corporation, 1960). The heaviest rate of grazing, with no
mowing, gave the most grazing days per acre. Grazing without mowing
resulted in greater air dry forage weight per acre and a greater
carrying capacity than did mowing after each grazing or when grazed each
season but mown only at the end of the dry season.

Also at Kongwa, Tanzania, a clipping study showed higher crude
protein and dry matter yield at all frequencies of cutting on areas that
had a history of infrequent use as compared to areas heavily grazed in

the past (Watkins, about 1969). With heavy grazing Bothriochloa

insculpta and Chloris virgata wre among species replacing Themeda

triandra and Setaria sphacelata. The one-year study was terminated

because some techniques used in the field could not accurately measure
the treatments.
At Tarime, near Lake Victoria in Tanzania, Van Rensburg (1958)

noticed that Digitaria scalarum was stifled under six years of con-

tinuous grazing, a situation he described as undesirable.

Ranching experience in south central Kenya (Skovlin, 1971) shows
that short, intensive grazing followed by long rest periods provides for
high animal production and reduces the natural grazing selectivity which

favors unpalatable plants. Such a system discourages the tall, less



24

desirable grasses and favors the low spreading species, such as Cynodon
dactylon, which is nutritious, late~season forage.
Grazing Studies in Areas Receiving
More Than 800 mm Rainfall

In Uganda, with only a one-year impact under continuous use,
heavy stocking resulted in livestock weight losses but moderately and
lightly stocked cattle gained weight (Harker and McKay, 1962). The
authors concluded that set stocking was not the best way to utilize the
herbage grown on this type pasture in Uganda, which receives 890 mm of

rainfall in a bimodal pattern. Themeda trianda and Cymbopogon

afronardus were the dominant species. It was felt that, due to the
selective grazing habits of cattle, better utilization could be achieved
by some form of rotational grazing and resting. Thus, a simple two-
paddock system, which concentrated cattle into half the area and allowed
the other half to regenerate, was compared with a five-pasture rotation
and continuous grazing, all at three rates (Harker, 1963). Again,
heavily stocked areas resulted in the poorest livestock performance, and
light stocking provided greater gains per animal than moderate stocking
after two years. The five pasture rotational grazing trials, after
these two years, did not provide data which could be compared with con-
tinuous grazing, since the arbitrary estimates of when to change pasture
resulted in unequal grazing pressures. With two additional years on the
grazing rate study involving continuous grazing, Thomton (1970) con-
cluded that treatments had modified the nutritional environment in such
a way that weight gains per animal under heavy stocking continued when

cattle on less heavily stocked pastures either lost or did not gain,
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Under heavy use, the better quality species (Cynodon dactylon, Setaria

sphacelata, and Brachiaria spp.) increased and the unpalatable

Cymbopogon afronardus decreased. According to Long, Thornton, and

Marshall (1969), an increase in these low growing species results in
less bulk but greater palatability, improved crude protein values, and
lower crude fiber content. This change in species composition was much
less marked under moderate and light use.

After six years on the above trials, Thornton and Harrington
(1971) found no significant difference in animal production between
continuous grazing and the 2-paddock rotation. Under continuous grazing,
heavy use still produced greater gain per animal. However, the amount
of body weight loss in the dry seasons of January and February and June
to early September tended to be directly proportional to the intensity
of the grazing pressure, especially under deferred grazing. Losses by
animals in continuously grazed paddocks were generally lower compared
to animals in rotated pastures, since this system was carrying only
half tt.le number of stock on the same size area. In the deferred
system, even though losses were less under light grazing compared to
heavy and moderate use, they extended for a longer period of time. This
was due to the abundance of mature grass which had minimized loss during
the dry season, but when the fresh growth began, this new growth was
difficult to obtain because of the remaining rank growth. An additional
benefit of both heavy stocking and continuous grazing was that these
treatments showed the least overhead expenditure. Thomton :and
Harrington (1971) stressed, however, that further investigation may show

that high stocking rates are only a means of maximizing unit area
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production during the rainy season and that part of the rangeland should
be maintained as forage reserve to minimize dry-season stress.

Harrington and Pratchett (1974a), continuing the trials begun in
Uganda by Harker and McKay (1962), expressed the view that while lightly
stocked pastures readily recovered with favorable rainfall, it is
probable that very severe pressures would damage the pasture sufficiently
to show a carry-over effect. The previous attempt to compare continuous
grazing with a 5-paddock rotation was reinitiated for 3.5 years but at
a heavier rate. On improved pastures (Cymbopogon had been controlled by
burning) continuous use was significantly better than rotation in terms
of livestock gain, but pasture deterioration and erosion were obvious
(Harrington and Pratchett, 1974b). The two heaviest rates encouraged

Brachiaria decumbens, a high quality grass, at the expense of Themeda

trianda and Hyparrhenia. Rotational management allowed the weedy grass

Cymbopogon afronardus to establish and enlarge during rest periods.

Overall conclusions from this work in Ankole, Uganda, tend to
favor continuous grazing at a moderately heavy rate on pastures cleared

of Cymbopogon afronardus and perhaps even a very heavy rate the first

year to ensure the spread of the low growing desirable species.
At Mugaga, Kenya (rainfall 988 mm), clipping to ground level at

2-, 4-, and 8-week intervals reduced Themeda trianda the most, and

Pennisetum mezianum and Setaria sphacelata the least, while Digitaria

scalarum increased. Also at Muguga, Kenya, Themeda trianda was favored

by light grazing at the end of the season due to removal of dead

material (Ndawula-Senyimba, 1972).
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At kiriguru, Tanzania, with 1084 mm of rainfall, pastures were

dominated by Cynodon dactylon, Bothriochloa insculpta, Pennisetum spp.,

and Hyparrhenia spp. Twenty-six months of light continuous grazing gave
55% better livestock gains per animal than light grazing in a 3-paddock
rotation (three weeks on, six weeks off). Intermediate gains were
realized with 1light grazing and a 3-paddock rotation system with reserve
grazing in the dry season, Seventeen months of the same systems at a
heavy rate showed continuous and rotation plus reserve grazing to be
similar in final livestock weights and both of these were superior to
simple rotational grazing (Walker and Scott, 1968a). These differences
in live weight gains were due to the amount, availability, and chemical
composition of the pastures resulting from the changes in botanical com-~
position brought about by the treatments. Continuous grazing encouraged

short grasses dominated by Bothriochloa insculpta whereas rotational

grazing treatments favored more tall grasses, such as Hyparrhenia spp.

and Panicum infestum. Under all systems, cattle lost weight at the

beginning of the wet season and continued to do so for about four to six
weeks., Then followed a period of 30 to 35 weeks of weight gain, which
lasted until late June or early July. From then until the beginning of
the next wet season, there was an 11~ to l1l6-week period when cattle
normally just maintained their weight.

Using a very heavy grazing rate, Walker (1968) found a 21%
better livestock weight gain in the wet season for rotation grazing than
continuous. The rate, however, was too heavy for maximum gain per

hectare and the time was too short for vegetation changes.
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Walker and Scott (1968b) concurrently tried three rates of
grazing under a rotation system of two weeks graze, four weeks off. The
lightest rate gave highest liveweight gain per steer but the poorest
liveweight gain per hectare. The heavily stocked pastures did not
deteriorate; in fact, there was a slight increase in the frequency of

the desirable grasses Bothriochloa insculpta and Cynodon dactylon.

In reviewing the work at Ukiriguru, Walker and Scott (1968b) and
Walker (1970) concluded that by initially resting an overgrazed pasture
and then having a fixed, moderate stocking rate, the productivity and
composition of natural pastures on cemented hardpan soils could be
improved considerably. They suggested that the type of grazing regime
be adopted depends upon the stocking pressure. Where stocking rate is
low, year-long continuous grazing is advocated. When stocking rate is
high, rotational grazing should be employed from about five weeks after
the start of the wet season to about six to eight weeks into the dry
season. This deferment encourages the spread of better grass species
and provides a reserve of dry-season fodder for the late dry season and
early wet season. A short resting interval is most suitable, as the
herbage is more nutritious when grazed before it is allowed to mature
excessively. For the rest of the year, continuous grazing is best, as
this spreads the grazing pressure over the whole area and so avoids
excessive local overgrazing.

A 5-year study of heavy stocking during the wet season was con-
ducted at Kitale, Kenya (1140 mm rainfall) (Bogdan and Kidner, 1967).
There was practically no difference between rotational 4-paddock grazing

and continuous grazing in their effects on grass and on liveweight gains.
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The 4-paddock rotations system used the first year was to graze a unit
for two weeks followed by six weeks rest. 1In the last four years,
units were grazed one week and rested three weeks. Coarse, wasted
forage was thought to result in the poor livestock performance under 3-
paddock deferred grazing. However, the deferred grazing resulted in a
somewhat better grass cover than under continuous or 4-paddock rotation
grazing. It was felt that a rest for half a season, once in two to four
years, may be needed. This should occur in the second half of the

season, when the grass is mature and at low value. Setaria sphacelata

decreased under continuous and rotation grazing but remained unchanged

under deferred grazing. Themeda trianda was reduced under continuous

grazing but increased under rotated and deferred grazing. Due to its
simplistic and inexpensive nature, continuous grazing was recommended
for the wet season (Bogdan and Kidner, 1967).

Also at Kitale, frequent grazing with high stock concentrations
encouraged the spread of clover (Strange, 1960a). To suppress the
clover, the intervals between grazing should be prolonged sufficiently
to allow grass to gain ascendency over the clover.

Cutting Setaria sphacelata and Panicum coloratum at 2-, 4-, and

8-week intervals at heights of 5, 15, and 25 cm at Kitale resulted in
the highest annual dry matter yield at the 8-week interval when cut to
a height of 5 cm (Mwakha, 1970). Crude protein was highest when cuts
were made every two weeks at the 5~cm height, After four years at
Kitale, Keya (1974) found a reduction in dry matter when cut during the
rainy seasonvat 8-week intervals but crude protein perxcentage increased,

. ~
On pastures containing Brachiaria ruziziensis and Chloris gayana, a
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2-month cutting cycle yielded significantly more dry matter than a 1~
month interval. Neither the 1- or 2-month cutting frequency had an
effect on botanical composition (Olsen, 19745 .

Using a 3-paddock rotational system (one week grazed and two
weeks rested) versus a strip-grazing system (one~half week grazed and
six weeks rested), Joblin (1963c) in Uganda found no significant dif-
ference between liveweight gains after sixteen months, although the 3-
paddock system was slicghtly better, Under this rainfall regime of 1389
mm, Chloris declined and bare ground increased under strip grazing.

Stobbs (1969a) reported on studies at Serere, Uganda, with 1389
mm of rainfall received in a bimodal pattern, done on seeded pastures of

Hyparrhenia spp. and Stylosanthes spp., with occurrences of the weedy

grass Sporobolus pyramidalus. The pastures were fertilized only at

establishment. Under a rotational system of one week grazed and six
weeks rest, the following grazing rates were studied for three years:
(1) Light, (2) Moderate, (3) Heavy, (4) Heavy from April to December
and light from January to March, and (5) Variable, which amounted to a
fixed minimum number with additional animals added when forage was
available. In terms of liveweight gain per hectare, the heavy, heavy-
light, and variable were most productive. Considering the impact on the
forage, heavy resulted in a reduction of Hyparrhenia and an increase of

Sporobolus pyramidalus while heavy~-light, and moderate and light pre-

served the planted species, The inexperience with what really was
proper stocking may have accounted for the fact that the variable rate
did not show equal advantage to other treatments until the third year.

The variable rate may have excelled had the trials run longer and as
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experience was gained. Stabbs (1969a) recommended the heavy-light rate
under rotational grazing for maximum livestock and forage production.

Two years of grazing frequency studies using a 35-day grazing
cycle (7 days grazed and 28 rested) and a 17.5-day cycle (3.5 grazed and
14 rested) at variable but equal stocking rates were also conducted at
Serere, Uganda (Stobbs, 1969b)., Better livestock gain occurred in the
wet season from the 35-day cycle but better gain in the dxy season from
the 17.5-day cycle. Stobbs (1969b) stated that various authors have
shown tropical grasses to attain physiological maturity very early in
growth as compared with temperate species, with a concurrent eérly de-
crease in total digestible nutrients (Appendix C). 2Animals were able to
select a more nutritious diet by frequent rotation when pasture quality
was low.

Stobbs (1969c), also at Serere, compared yearlong cantinuous
grazing with a 3-paddock rotation (moye every two weeks) and a 6-paddock
rotation (move every week). Greater liveweight gains per hectare
occurred from the continuous and 3-paddock system than from 6-paddock
rotations. This 4~year study indicated that the advantage of continuous
and 3-paddock grazing was gained during the dry season when animals
could graze very selectively., Stobbs (1969c) felt that a faster rota-
tion during the dry season on the 6-paddock system may have provided the
same opportunity for selectivity as occurred under the continuous and
3-pasture rotation.

When animals were moved to a new paddock, they selected a diet
richer in crude protein compared with that selected when the pastures

had been heavily grazed. This lower intake of crude protein at the end
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of the grazing period would appear to be most critical in the dry season
when the quality of the grass was low. The results suggest that animal
production in the dry season would probably benefit from either a rapid
rotation or light continuous grazing (Stobbs, 1969d). The greatest
herbage yield was on the rotation pastures and greatest weed invasion on
continuous pastures., This advantage of rotation over continuous use was
shown at high stocking rates. In terms of both animals and plants, the
3-pasture rotation was superior.

Cassady (1973) reported on studies at Buchuma, Kenya (2200 mm
rainfall), and Mutara, Kenya (1855 mm rainfall) , on areas containing

Bothriochloa insculpta, Cynodon dactylon, Pennisetum mezianum, and

Themeda triandra. Close and repeated defoliation 4 to 8 times during

the first year produced yields equal to or higher than check plots,
When severe defoliation was continued for two or three years, yields
were reduced 22 to 63%, and most of the grass stand was destroyed.
cutting all grass twice a year, once during each dry season, produced

highest yields, even when continued for three years.

Night Grazing

Several authors have shown the benefits in liveweight gains of
livestock when they are provided with 24-hour grazing as opposed to
access to forage only during the daylight hours (Wilson, 1955; Smith,
1959; Joblin, 1960; Owen, 1967; Skovlin, 1971; Kyomo, Hutchinson, and
Salehe, 1972; Wigg and Owen, 1973). The greatest benefit appears to be
during the dry season, since cattle graze less during the hottest part

of the day and make up the grazing time and feed intake by grazing at
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night when dew is on the grass. This also is true for the period im-
mediately following the onset of the rains before fresh grass growth has
started. Corralling, kraaling, or bomaing cattle at these times would,
therefore, be detrimental to weight gains. However, since little
grazing takes place at night during the rainy season, when good grazing
is available, enclosing cattle at this time should have little effect.
This agrees with Harker, Taylor, and Rollinson (1954) and Lampkin,
Quarterman, and Kidner (1958) who conducted work in a climate where
rainfall occurred throughout the year, grass was green practically all
year, and cattle were found to only gfaze from daybreak to dusk. Wigg
(1973) described another asset of night grazing to be the benefit
pastures receive from manure that would otherwise accumulate in the
night enclosure. At Kongwa, Tanzania, there was evidence that night
grazing practiced for a number of years had assisted in the spread of

Cynodon dactylon, a useful perennial grass there., Owen (1967) pointed

out that, although 24-hour grazing is promising in terms of liveweight
gains, the practice will depend on local conditions, i.e,, the popula-
tion and proximity of carnivores., Heady (1960a) doubts that the

practice will become widespread in East Africa.

Summagz

The need for simplicity in grazing systems in East Africa has
been pointed out, encouraging traditional nomadic rotational use,
Stocking should be based on 80% of the carrying capacity of an average

year, and proper use should be 50 to 70+%, depending on species-
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Stages in succession of the Themeda grassland as a result of

grazing pressure appear in four stages: (1) tallgrass dominated by

Themeda triandra, Bothriochloa spp., Setaria sphacelata, and Chloris

gayana; (2) an intermediate grass stage including Cynodon dactylan and

Pennisetum mezianum; (3) a short grass stage with Microchloa kunthii;

and (4) a weed stage in which Sida ovata occurs.

The following grass species are shown in general order of
preference from most to least selected:

Annual grasses

Digitaria scalarum (preferred over annuals in dry season)
Cynodon dactylon (often listed first)

Bothriochloa insculpta

Setaria sphacelata

Brachiaria spp.

Aristida spp.

Themeda triandra

Even though cattle have been shown to select a diet higher in
crude protein than the average for the pasture, during the dry seasons,
extensive areas of East Africa are capable of providing only maintenance
requirements of crude protein for beef animals (5% crude protein deter-
mined as minimum) and lactating animals are probably at less than
maintenance, Feed value increases during the rainy season. In addi-
tion, poor animal condition may often be due to the lack of carbo-
hydrates, total digestible nutrients, and perhaps to some undetermined
pasture characteristics which limit appetite. Lower digestible crude
protein and nutritional value and higher crude fiber values have been
found in tropical species, as compared to temperate species.

The importance of the high nutrient quality of leaves as opposed

to the whole plant points to the improved quality forage that can be
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obtained by close grazing a pasture even though decreasing total
pasture productivity.

Elements in shortest supply in forage in East Africa are sodium
followed by phosphorus, copper, ccbalt, and perhaps calcium, zinc,

manganese, and iodine. However, Cynodon dactylon and Digitaria scalarum,

the two dominant grasses at Ardai, were thought to contain adequate
phosphorus in one study. Nitrogen, potassium, magnesium, sulfur,
fluorine, and iron appear to be adequate, with these same two grass

species being superior. Digitaria scalarum was high in potassium but

Cynodon dactylon and Chloris gayana were found low in magnesium.

Control of animal numbers and the use of grazing systems, along
with other management practices have shown marked improvement in range
and livestock productivity but deferred and rotation systems alone have
not always been successful in areas of short growing seasons, long dry
seasons, or in times of drought.

Rotational, migratory grazing by wildlife is reported to benefit
the forage crop.

Improved grazing techniques have shown an increase in rainfall
infiltration and a decrease in storm flows.

Of over 30 grazing related experiments conducted throughout East
Africa, very few included detailed data on both vegetation and live-
stock gains. A good many of these were clipping studies which did not
involve livestock, and many were detailed reports on animal performance
with only passing remarks as to the impact on the forage. Since the
majority of the studies were in high rainfall zones capable of sup-

porting intensively managed pastures, the overriding concern was often
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with livestock gains, with the thought in mind that pastures would be
reseeded, fertilized, taken out of production, etc. when the stand had
deteriorated. Seventeen of the studies indicated a need for some type
of rotation, deferment, or rest; five of them concluded that continuous
use was best; and five more showed the need for both continuous grazing
and some specialized system, either changing system between seasons or
using continuous grazing to benefit liQestock and rotation to benefit
the forage crop. The rate of use was primarily dependent upon the
system used.

Of the eleven studies conducted in rainfall areas within the
precipitation range occurring at Ardai, researchers for only one ad-
vocated strict continuous grazing and then only at a light rate. Two
other references were made to continuous grazing for three years but
then following this with a year or two of rest for rest's sake or for
burning for brush control. Researchers for two studies advocated
rotating use to allow brush control by burning, but one of these
advocated continuous use for livestock gain if brush were not a problem.
Of the six other studies, the need for rotation, rest, deferment, etc.
was either not stated, was to provide dry season reserve feed, was to
improve depleted ranges (more so than those in good condition), was to

prevent selectivity and promote desirable species (Cynodon dactylon and

Digitaria scalarum), or was best for cattle gains. However, where

forage reserves must be planned for, a buildup in coarse forage may
result in selectivity and damage to desirable species, Several systems
were advocated, among them short duration grazing, alternate use of a

pasture in the wet and dry seasons, annual dry season use plus wet
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season use once in three years, and regular rotation. Moderate use
seemed to gain the most swport, especially for the wet season. Themeda

triandra and Setaria sphacelata appear to go out under heavy use and may

be replaced by Bothriochloa insculpta and Chloris virgata.

In areas considerably wetter than Ardai, continuous use seems to
be effective, at least in terms of livestock production for parts of the
year over the short term. Even though long term studies may show a dry
season stress, heavy continuous use did result in an increase in
desirable species, while coarse grasses were favored by a rotation.

Both heavy and light rates have been recommended, but researchers
favored short interval rotated use, if at a heavy rate, in the late wet
season and early dry season. Continuous, and perhaps light, or a short
interval rotation use the rest of the year (primarily the dry season)
was recommended for both optimum livestock and forage quality produc-
tion. There are researchers, however, who favored a long rotated inter-
val in the wet season and who recommended grazing continuously in the
wet season but deferring each pasture for the second half of the season
every two to four vears. A first step tow'ard improving overgrazed areas
might be a rest followed by fixed moderate grazing.

Themeda triandra was reduced under heavy use, whether under

continuous use or in rotation, as well as under moderate continuous use,
Themeda increased under moderate to light rotated or deferred use.

Setaria sphacelata was not reduced by deferred moderate grazing but

seemed to decrease under either moderate to heavy continuous use or

moderate rotated use, Pennisetum mezianum was nct affected by heavy

grazing whereas Digitaria scalarum, Cynodon dactylon, Brachiaria spp.,
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and clover were encouraged. Panicum coloratum did best under moderate

use and Chloris gayana excelled with long intervals between use.

Bothriochloa insculpta respanded well to heavy continuous use.

Night grazing (or 24-hour grazing) is beneficial when a dry
season exists when more grazing time allows animals to consume larger
quantities of low quality forage and also to graze during cooler periods
at night. Manuring of the pastures, instead of accumulating it in
bomas, also seems to be a benefit. The danger of 24-hour grazing, due

to predator problems, still exists extensively in East Africa.



STUDY AREA

Iocation
The 405 ha Ardai Demonstration-Applied Research-Training
Center, hereafter referred to as Ardai or Ardai Ranch, is in Masai
District of Arusha Region in northern Tanzania, East Africa; 40 km west

of Arusha and 1 km north of the Arusha-Makuyuni-Dodoma highway (Fig. 1).

Relief

Sheehy and Green (about 1969) described the Ardai Plains as an
undulating to rolling unit broken by several fault scarps and parasitic
volcanic cones. It is virtually a basin surrounded by hills. The hilly
volcanic area around the Ardai escarpment to the west has an altitude of
1370 m. The Maserani-Lolkisale ridge to the south varies between 1220
and 1370 m, and Monduli Mountain to the north reaches 2660 m, The Ardai
headquarters is at approximately 1295 m altitude, and the central basin
to the south is about 1065 m. Ephemeral rivers drain into the Loilera
River which flows through a deep gorge past Makuyuni and into Lake

Manyara.

Soils and Associatéd Vegetation

A report on Ardai-Makuyuni, Part I and II (Land Planning Unit,
Tengeru, 1960) contains information on the geology, soil, and vegetation
of the Ardai Plains which lie on the northern edge of the Masai steppe.
To the north the plains are flanked by volcanic mountains, and rocks
of the Youngest Volcanics are dominant on the plains. The country is
broken by a large number of volcanic dikes, which have shattered, and
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unweathered debris is strewn over the surface of the ground as boulders,
In addition, there are large deposits of volcanic ash and tuff. The
ancient basement rocks, mainly of gneisses, of Central Masailand are
apparent immediately to the south of Ardai. In the transition zone both
rock types are found, and the soils formed therefrom are distinctive,

Ardai is wholly within the volcanic area where soils belong to
the group of calcareous black clays. These soils are derived from
alkali-rich volcanic rocks and, in general, have a high clay content,
often with much silt. The clay is siliceous, rendering the soils heavy
and of slow drainage, with a high exchangeable base capacity. Ex-
changeable cations consist mainly of calcium and magnesium with a sig-
nificant proportion of sodium and potassiqm. The topsoil is neutral or
slightly alkaline with alkalinity increasing with depth. There are
abundant reserves of available phosphates, but the humus content, and
hence nitrogen content, is low.

The soils swell considerably on wetting and crack on drying; but
this is not always obvious, as the surface is often covered with a thin
layer of soft, powdery, silty clay loam. The depth of soil varies from
38 cm to 2 m. Sheehy and Green (about 1969) describe the depth as
generally over 100 cm and with the profile often containing calcium
carbonate nodules. Limestone is always found at varying depths and
limestone types vary considerably according to the Land Planning Unit,
Tengeru (1960). Where nodules of concretionary limestone occur
abundantly on the surface, very little can be detected in the profile.
In other areas there is a progressive increase in nodule limestone with

depth. It may or may not merge into the parent rock. 1In one or two
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areas nodular limestone does not occur in the profile, but the soil
rests directly upon a sheet of silicified limestone at a depth of 0.9 to
1.2 m,

The general color of the volcanic soils is black, gray, or gray-
brown at the surface leading to brown to gray-brown below 15 cm, BAs the
alkaline horizons are met in the sub-soil, the color changes to a
yellowish brown. Sheehy and Green (about 1969) report dark brown silt
loams over brown silty clay loams.

The soil structure is unstable as partial deflocculation of the
clay takes place owing to the high content of exchangeable alkalies.

The surface soil puddles at the onset of the rains and infiltration is
slow. The calcareous horizons are generally of a porous nature except
where they have been silicified. Stones are present both on the surface
of the soil and as sub-surface stones and are generally-of volcanic
origin.

Typical mbuga soils (loosely defined as open, low, heavy, wet
soils) do not occur on the Ardai pastures.

Buol, Hole, and McCracken (1973) characterized the general area
which includes Ardai as an area with rain in the growing season but dry
more than 90 cumulative days during the growing season, The soils are
either mineral soils with low organic matter, a high base saturation,
and a horizon of illuviated clays (Ustalfs), or clayey soils with deep
wide cracks at some time in most years (Usterts).

Shantz and Marbut (1923) mapped the Ardai unit as Acacia-
Tallgrass savanna with chernozem soils. This classification includes

the light colored soils with heavy subsoils and frequent lime
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accumulations. The productivity is high for tropical agricultural land,
low for grazing land (a fact questioned by this author), and high in
"relative productivity.".

The vegetation type at Ardai is most typical of the type termed
"scattered tree" by the Land Planning Unit, Tengeru (1960). This type
occurs mainly between the ridges near the Ardai and Maserani Dam areas.
The associations within the type vary considerably. The dominant

grasses are Themeda triandra, Pennisetum stramineum, and P. mezianum

with solitary Balanites aegyptiaca trees. Sheehy and Green (about 1969)

described the vegetation as medium Pennisetum-Hyparrhenia grassland

composed of P. mezianum, Hyparrhenia rufa, and Themeda triandra with

occasional scattered Acacia drepanolobium.

Skerman (1968a) said the Masai grasslands are very fertile,
there is no phosphorus or lime deficiency, and they provide excellent
grazing when not overstocked. The Ardai Plains are within the T.12
Tanganyika category described by Rattray (1960)., The grazing is good
under proper management, with a carrying capacity of 6 ha per year per
beast. Arable crops include maize, sorghum, millet, cowpeas, pigeon
peas, cassava, and sisal,

Pratt, Greenway, and Gwynne (1966) classified the Ardai Plains
under Ecological Zone IV, which is semi-arid with a Penman moisture
indices of ~30 to -40. Woodhead (1970), in classifying East African
rangelands, correlated the ecological zones of Pratt et al. (1966) with
an available water index. This index may vary between 0 and 100 with O
corresponding to complete aridity and 100 indicating that rainfall and

seasonal distribution are sufficient to satisfy entirely the evaporative
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demand. He showed an index of 21 to 45 for zone IV. Land is of
marginal agricultural potential but is potentially productive rangeland
with a carrying capacity of less than 4 ha required per stock unit per
year (Pratt et al., 1966). This potential is limited by bush encroach-
ment, thus requiring fire as part of the mangement program., The
physiognomic classification given is Grassland, which is sensitive to
severe grazing, with a tree and shrub canopy cover of less than 2%,

Van Voorthuizen (1970) made a thorough analysis of the Ardai
Ranch and, using the classification of Anderson (1966), as reported by
Skerman (1968a) , described the soils as brown soils of the semi-arid
regions, similar to the eutrophic brown soils, but the lime is deeper in

the profile. They carry Cynodon dactylon, Pennisetum mezianum, and

Themeda triandra, Van Voorthuizen (1970) described the Ardai Ranch as

uniform and typical of the Ardai Plains area (Figs. 2 and 3). He listed
32 grass species, 14 legume species, 34 other forbs, and a few thorn

trees such as Acacia tortilis, Acacia drepanolobium, and Balanites

aegyptiaca as plants of the Ardai Ranch. A complete list of species
encountered in the present study is shown in Appendix A.

In the early to mid 1940s a part of the Ardai Plains in northern
Tanzania was cultivated for wheat production. Since that time the Ardai

Plains have been used as year-round or wet season grazing by the Masai.

Climate
The weather station at Monduli (to the north of Ardai at 1585 m
elevation) recorded an annual rainfall (32 years average) of 860.9 mm,

A rain gauge established at Lolkisale (to the south of Ardai) from
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1940~49 showed an average of 615.4 mm and at Loiborsoit, also to the
south, 547.9 mm over 14 years. Elevations of Lolkisale and Loiborsoit
are 1463 m and 1554 m, respectively. Since the elevation at Ardai is
1295 m, .rainfall is expected to be less at Ardai than at these stations.
Figure 2 shows Ardai between the 508 mm (20") and 762 mm (30") iso-
hyetes. A rain gauge was established at the Ardai Ranch in 1968, Data
are shown in Table 1.

According to Griffiths (1958), pfecipitation in East Africa may
be due to the Inter-Tropical Convergence Zone (I.T.C.Z.) which moves
from about latitude 15° S to 15° N, following the sun with a time lag of
about one month.- Along this line, where it is well defined, the winds
fram the two hemispheres converge, and on account of the ascending air
currents, the zone is generally marked by a belt of rain. During January
the I.T.C.Z. lies over southern Tanzania; later it moves northward and
reaches its limit in July about half-way across the Sudan before it
travels southward. Northern Tanzania, around Arusha, is the only area
in Tanzania with true bimodal rainfall of "long" and "short" rains
according to Jackson (1970). He characterized East Africa as being
highly variable in rainfall with series of consecutive dry years.
Griffiths (1972) showed a rainy period of November or December to May
with two maxima for the Ardai Plains and also states that rarely does
more than 100 mm fall per day. The rainfall records for Ardai tend to
confirm these observations with November being the peak of the "short"
rains and with a "long" rainy season of January thfough May.

A nunber of authors have dealt with the probability of rainfall

on the Ardai Plains. Glover, Henderson, and Robinson (1954) and



Table 1. Monthly precipitation from November 1968, through April 1973, at the Ardai Ranch

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Total

_— - _— _—— P ———— et —————————— e
1968 -—-———-——-m———eee -—— --No record-—-—=-—-—=---—c—semecrcccccn——— o 138.2 48.0 -
1969 45.2 122.9 53.1 27.9 21.6 3.6 - 6.9 - 5.6 94.5 2.0 383.3
1970 301.5 84.3 125.0 62.7 44.7 0.7 - - - - 75.2 54,9 749.0
1971 86.5 39.1 49.5 175.8 67.8 12.2 15.2 - - 0.3 19.1 73.2 538.6
1972 51.3 63.8 66.3 81.0 52.8 1.5 6.9 - 8.9 47.8 48.5 48.3 477.1
1973 155.2 71.4 40.4 55.6 @ mmmemmeemmeemcce e NO record-===—==——meeeme— e

1234
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Herrick et al. (1968) showed a 15% or greater probability of obtaining
less than 508 mm annually and a 30% or rniore chance of obtaining less
than 762 mm per year. Using the method suggested by Glover and
Robinson (1953), based on the Ardai records and tables prepared by these
authors, 42.5% of the years rainfall will be less than 508 mm per year
at Ardai. This calculation was made based on only 4 complete years of
record at Ardai.

Harrington and Pratchett (1974a) in Uganda found that the type
of rainfall, i.e., storm or drizzle, and distribution through the year
were more important than absolute quantity in affecting annual live-
weight gain of livestock. The length of the rainless period had the
greatest effect.

Griffiths (1972) generalized on the mean annual relative
humidity for most stations in East Africa and reported 85-95% humidity
at 0600 hours and 50% at 1200 hours.

In East Africa year to year variability of precipitation greatly
exceeds that of potential evaporation (Woodhead and Waweru, 1970), and
evaporation rates are high in relation to rainfall (Jackson, 1970).

From the maps and graphs of Sansom (1954), Ardai has a yearly potential
evapotranspiration of 1016 mm, and it is classed as a dry climate with
little or no seasonal water surplus. However, applying Woodhead's
(1968) formula for calculating potential evapotranspiration based on
elevation, Ardai should have a rate close to 1960 mm,

In no montﬁ, and probably on:no day in a year, anywhere in East
Africa up to 2000 m is the temperature such as to inhibit most bio-

logical processes, given moisture (Moreau, 1938). The mean of the
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coolest month differs from the mean of the hottest month by not more
than 6 C. The annual variability in temperature at the same station is
insignificant, but the mean daily range is comparatively high. Griffiths
(1972) reported a diurnal variation in temperature at most stations to
be in the range of 10 to 13 C. The maximum and minimum temperature for
Ardai should be 27 C and 16.3 C, respectively, based on the formulas of
Griffiths (1968). The cloudly period of June and July is the coolest of
the year. Although records are not available for Ardai, my experience
indicates this range in temperature is somewhat narrow. Frost does not
occur, however.

Strong easterly winds are common only near the end of the long
dry season (September-October) on the exposed plain.. Wind speed values
above 70 km/hour are rare and occur only as short-lived gusts just prior
to, or during, intense convective thunderstorms, Winds strengthen in

the afternoon (Griffiths, 1972).

Tradi tional Masai Land Use

The effects of overgrazing and tree cuffing from time immemorial
are evident to range scientists in many grazing areas of Africa. How-
ever, Corti (1970) believed that the tribal organization results in the
best utilization of the grazing resources. A sort of primitive range
management operates in the sense that each group of pastoralists is
aware of the necessity of preserving his resources from overstocking as
he perceives overstocking. The problem is that the pastoralist and the

range scientist do not agree on what overstocking is.
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The only policy the stockbreeder can conceive is to maintain the
maximum possible number of animals, hoping that most of them will
survive a drought or a high incidence of infectious diseases caused by
extermnal or internal parasites (Corti, 1970). Also, the number of
domestic animals a man owns is a form of status symbol and he is
reluctant to see these animals killed even if they are no longer serving
a useful purpose (Maloiy and Heady, 1965).

Each Masai family lives in huts around the inner perimeter of a
circular corral, or boma, built of thorny branches (with local excep-
tions where thorn trees do not exist) from acacia trees. During the
day the herds are taken to water or to grass where they are allowed to
graze, always in close formation. At night they return to the bomas.
Close herding and concentrated trampling result in a network of trails
and denuded land radiating fram the bomas and watering points (O'Rourke,
1976). Cattle are normally moved greater distances than flocks of shéep
or goats. Close herding and night enclosing developed in most areas as
protective measures against raiding tribes and carnivorous animals.
African cattle, when 1ef£ unherded in fenced areas, take a year or more
to break their habit of being close together at all times (Maloiy and
Heady, 1965).

The basic pattern of human and livestock movement is between
dry- and wet-season grazing areas, as indicated by the distribution and
permanence of water supplies. The dry-season grazing areas, which often
are seriously depleted (Abercrombie, 1974), are centered on permanent
water in the form of wells (over which a clan may have primary rights

[Box, 1971]1), lakes, or rivers rising in areas of higher rainfall.
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Usually the extent of dry-season grazing areas can be taken as 12 miles
from water, as this is the normal limit for cattle when they are watered
every second or third day. In drought years, these areas come under
continual use and overgrazing can be very severe. To an extent, how-
ever, the land can tolerate this treatment, because virtually all live~
stock leave the area for the duration of each wet season. (Under tradi-
tional management this is true, but not necessarily so with recent water
development programs-author.) The land therxreby receives a rest period
every growing season. Equally, the wet-season grazing areas are safe-
guarded from severe overgrazing by their larger size. Following good
rains, the livestock are scattered very thinly over the whole area. 1In
average years, when substantial rain falls only in certain localities,
there operates a self-regqulating rotational system, as the herdsmen
seek out and concentrate on the localities having received rainfall and

leave the others unused for that rainy season (Pratt, 1969).



METHODS

Pasture and Water Facilities

In November, 1968, a vegetation map was completed showing the
grassland types on the 405 ha research area at Ardai (Fig. 3). Two
blocks, one in the south and one in the north end of the Ardai Ranch,
were fenéed to give two replications. Each block contained two areas
of 6.07 ha (heavy grazing), two areas of 18.21 ha (moderate grazing),
and two areas of 30.35 ha (light grazing). One of each of these areas
in each block was divided again to provide for seasonal rotation of
grazing and the other area leff undivided for continuous grazing trials.

When funds were approved and after the fencing program was well
under way, borehole drilling was attempted but abandoned when, at 275 m,
no trace of water was found. 1In October, 1968, one dam was constructed
at Ardai between the north and south pasture blocks. Very little
surface water was collected in this dam. The only dependable water
supply was the so-called "Italian water tanks" consisting of a cemented
collecting apron and twin 75,700 1 tanks. This supply was not adequate
to keep the trial steers watered through a long dry season. During
August, 1970, additional storage tanks (30,000 1) and a corrugated iron
apron were constructed. Disrepair prevented this water collection
system from being adequate and it was often necessary to haul water
long distances.

Costs for the Ardai study over five years, shown in Appendix B,
amounted to slightly over $100,000.

53
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Livestock Management--
June 1969-July 1972

Fencing was completed by June, 1969, and the grazing trials
were started with 60 head of 2-year-old steers purchased from local
stock (5 steers per paddock). A sprayrace was constructed, and
beginning July 1, 1969, steers were sprayed weekly and weighed monthly
after an overnight fast. The cattle were herded daily to a water source
outside the paddocks and left in a fenced boma for the night. Two men
were assigned as night guards and two as day herders.

The seasonal grazing system used was to graze all animals in
the east pasture of seasonal grazing paddocks for six months (Jan 1-
July 1) followed by six months (July 1-Jan 1) in the west pasture of
each seasonal grazing paddock. This allowed no rotation of use for any
particular pasture between wet and dry seasons. The Ardai seasonal
system is classified in the numerical description of Kothmann (1974) as
2-1;6:6 mo (two pastures-one herd; six month grazing period:six month
deferment).

The continuous grazing system at Ardai followed the definition
of Heady (1970, p. 60) and is, in fact, shorter than yearlong since two
growing seasons exist in one year. He defines continuous grazing as

unrestricted livestock access to any part of the range
throughout a grazing period which encompasses the whole of
the grazing season. Continuous grazing may be yearlong or
shorter depending upon environmental or other restrictions
of the range area to grazing by livestock. Continuous
grazing is principally distinguished from other types on the
basis that grazing occurs throughout the period when forage
plants are growing (Heady, 1970, p. 60).

Seasonal grazing follows Heady's (1970) definitions of deferred grazing

and rotation grazing in point but also differs in that "growing season"
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should be substituted for the word "year" in his definition of deferred.
Heady states that deferred specifies that the vegetation is not grazed
until seed maturity is nearly complete or assured and that it is graozed
after seed maturity. Rotation means that animals are moved from one
pasture to another on a scheduled basis.

In May 1970, the steers were sold to Tanganyika Packers. Young
steers were purchased in June 1970, to continue the trials.

On November 20, 1970, a wildfire burned over the entire study
area but cattle remained on the pastures. Skovlin (1972), in Kenya,
reported that all grass species burned maintained at least 95% survival.
Late dry season burning did the least harm. He reported Pennisetum

mezianum and Themeda triandra to be little affected, or perhaps

favored, by late season burning.

The 60 steers which had occupied the grazing paddocks since
June 1970, were weighed for the last time on June 26, 1972. These
cattle had no identification attached, due to breakage of numbered tags
on neck chains, therefore identification of animals, as to paddock in
whiéh grazed, depended on herders' knowledge of the animals. As each
animal entered the chute, the herder called off his number. Both the
north and south herder called out all 30 of his steers, respectively,
the south herder being unsure of one number and the north herder being
unsure of three numbers. The steers remained in the paddocks until

June 30, 1972, when the buyer arrived to collect them.
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Livestock Management--
July 1972-July 1973

By June 20, 1972, one hundred heifers purchased in the Babati
area had arrived at Ardai to replace the steers as grazing research
animals. On July 5 and 6, 1972, heifers were readied for introduction

to the grazing paddocks. As each animal entered the weighing chute, she
was pregnancy tested, randomly selected for assignment to a paddock by
pulling an eartag from a bag, eartagged, weighed, and a description of
color and marks recorded. BAn attempt was made to group animals bred at
similar times into the same size of paddock to facilitate grazing
pressure records after calves were born and to facilitate breeding whole
paddock groups at one time. Therefore, random selection of animals to
paddocks was limited to assiénment either to north continuous, south
continuous, north seasonal, or south seasonal within each paddock size
depending on breeding time of the heifer,

From July 1, 1972, to October 1973, animals grazed in the
paddocks 24 hours a day, were provided with water to the paddock daily,
and were weighed the first of every month. These animals were also
supplied with mineralized salt. Four night guards walked the exterior
paddock fences at night with torch and shotgun. Livestock weight
records from July 1972 through March 1973 were stolen and only data from
April through October 1973 were available for analysis.

In an attempt to defer each pasture every other year during the

.wet season to allow for seed production and seedling establishment, the
seasonal grazing system was changed to that shown in Table 2 beginning

July 1, 1972. Gates were opened between seasonal pastures in the dry
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Table 2. Grazing system established at Ardai beginning July 1, 1972 --
Wet season = late October through May; dry season = June
through late October.

1972 1973 1974
Dry Wet Dry Wet Dry
Season Season Season Season Season
East Pasture Grazed Deferred Grazed Grazed Grazed
West Pasture Grazed Grazed Grazed Deferred Grazed

season to allow for maximum forage selection by grazing animals. The
"wet season" grazing period as shown in Table 2 was from late October to
the end of May. The "dry season" comprised the rest of the year.
Following the numerical description of Kothmann (1974), this new system
is written as follows: 2-1;12:7 mo (2 pastures-1 herd; 12 month grazing
period:7 month deferment).

Van Voorthuizen (1971) reported that stocking rates were not
heavy enough from 1968-1971 to detect any condition decline in the
vegetation. For this reason stocking rates were increased from five
animal units per paddock to seven cows yearlong, one bull for three
months, and resulting calves for eight months per year per paddock.
Calves from the south block were removed from the paddoeks on August 1,
1972, and from the north block on August 15, 1973.

Sixteen heifers were used as a control group to test traditional
Masai grazing time practices. These animals were grazed in the central
and fringe areas of the fenced Research Ranch, placed in a boma at

night, watered every day, fed supplement, and dipped (sprayed) twice a
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week. Replacements for animals that died in the paddocks came from this

control group.

Vegetation Sampling Procedures--
July 1968-July 1973

In July 1968, at the initiation of the study, 24 clusters of
four permanent 100-ft (30.5 m) transects were established and sampled.
Transects were systematically arranged as shown in Fig. 3. This
resulted in a total of 96 transect lines with 100 readings per transect
line. Each reading consisted of recording the attribute {(plant species,
litter, bare soil, rock, or erosion pavement) which dominated the area
of a 3/4-inch (1.9 cm) loop placed at 1-foot intervals along each
transect. These data may be interpreted as frequency (Johnston, 1957;
Hutchings and Holmgren, 1959; Kinsinger, Eckert, and Currie, 1960;
Hyder, Conrad, and Tueller, 1963; Francis, Driscoll, and Reppert, 1972).
Occurrence of plant species may be used to compute plant composition
(Parker, 1950). Forage productioﬂ was measured at the same time as
transects were read. Square 9.6 sq ft (0.89 sq m) plots were sampled at
a random location adjacent to each transect for a total of 96 plots
(Table 3).

In December 1969, and July 1970, grazing pressure was measured
by comparing forage on caged (ungrazed) plots compared with similar
grazed areas in all pastures that were being grazed at that time.

Square 9.6 sq ft plots randomly located adjacent to each cluster were
used for these data resulting in twenty protected plots and twenty
grazed plots in 1969 and eighteen protected plots and eighteen grazed

plots in 1970 (Table 3).
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Table 3. Vegetation sampling scheme at Ardai from 1968 to 1973 for
forage production, forage remaining, and frequency.

Forage Forage
production remaining
(protected (grazed Frequency
Date plots) plots) (transects)
a
July, 1968 9%6 - 96
December, 1969° 20 20 0
July, 1970° 18 18 0
a
July, 1971 0 0 96
July, 19722 22 96 96
July, 1973 192° 192 192

aSee Fig. 3 for cluster location.

bForage production in 1973 was calculated by clipping forage
remaining on the 192 grazed plots and adjusting for estimated per-
centage utilization. Twelve caged and twelve uncaged plots were used
as references to estimate percentage utilization on the 192 grazed
plots.
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Transects again were sampled in July 1971 (Table 3) and an un-
published report entitled "Botanical Changes Under Grazing" was prepared
by Van Voorthuizen'(l971).

In late June and early July 1972, all 24 transect clusters (96
total transects) were read for the third time. In addition, production-
utilization plots were clipped and weighed. A total of 22 protected
plots, one located adjacent to each cluster, were sampled. (Two cages
were missing.) At each cluster, four grazed circular plots were clipped
and weighed, these being systematically at the end of each 100-foot
line transect resulting in 96 grazed plots (Table 3). Plot size was 9.6
square feet. The average forage remaining on the four grazed plots was
compared with the forage on the protected (caged) plot at each cluster
to estimate utilization or degree of forage use.

Four clusters of four 100-foot transects were established
randomly in each of the 12 paddocks in July 1973, resulting in 192
transects. Original transects established in 1968, as shown in Fig. 3,
were not read in 1973. The same method for obtaining frequency and
plant composition was used as in previous years. In the case of
seasonal paddocks, the four clusters were evenly distributed with two in
each pasture. Also in July 1973, sixteen grazed plots were clipped for
forage remaining in each paddock (Table 3), eight in each pasture on
seasonal grazing treatments. Percentage forage use was estimated at
each of the 192 clipped plots based on training received in clipping 12
protected and grazed pairs of plots located randomly throughout the
pastures (Table 3). Total herbage production was then calculated using

forage remaining adjusted for the estimate of percentage utilization.
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The following statements provide information for the interpreta-
tion of vegetative data. Vegetation frequency measurements for 1968 and
1971 transects are suspected to be on a canopy cover basis and not on a
basal hit basis as was done in 1972 and 1973.

Transect data for 1968, 1971, and 1972 are based on one, two,
and three systematically placed clusters for heavily, moderately, and
lightly grazed paddocks, respectively. The 1973 data are based on four
randomly placed clusters per grazing rate paddock.

Production and utilization data for 1968, 1969, and 1970 do not
include annuals.

Forage production data were obtained from caged plots originally
established in July 1968, and reestablished immediately following
clipping at each sample date. Production and remaining forage values
are on an air-dry basis.

It is suspected that bias in 1972 data collection produced
highly unreliable figures.

Identification of plant species unfamiliar to the evaluators

was verified by the East African Herbarium in Nairobi, Kenya.

Statistical Analysis

The treatments were analyzed as a randomized block, split-plot
design with grazing systems assigned as subunits. On page 233, Steel
and Torrie (1960) state that "since in split-plot experiments variation
among subunits is expected to be less than among whole units, factors
which . . . are expected to exhibit small differences . . . are

assigned to the subunits." Treatments were systematically assigned to
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blocks rather than randomly assigned but were analyzed as if randomly
assigned. Treatment rates and systems were selected rather than
randomly assigned, so treatment effects are fixed. Table 4 shows the
analysis of variance form, with degrees of freedom and expected mean
squares as used for 1968, 1971, 1972, and 1973 frequency and plant com-
position data; 1968 and 1973 forage production data; and 1972 and 1973
forage-remaining data. Since data did not exist to test forage pro-
duction between pastures for 1969, 1970, and 1972, forage remaining for
1969 and 1972 forage-remaining data, and steer weights for 1969-70 and
1970-72, the analysis of variance, with associated degrees of freedom
and expected mean squares, as shown in Table 5, was used for these
latter cases. No statistical analysis was made of the cow and calf
weight data of 1973 because of much missing data.

An arcsin square root transformation was applied to frequency,
plant composition, and forage production-utilization data, since small
whole numbers and/or percentages may not follow ; normal distribution
(Steel and Torrie, 1960). The analysis of variance was conducted on the
raw data as well as on the transformed data with both sets of data
yielding essentially thé same statistical conclusions.

Significant F-tests, when involving three or more means, led to
testing means with the least significant difference (1lsd) test.
Appendix D shows treatment means and significance among means.

Data were analyzed using Version V of Multivariance, a FORTRAN
IV Program of National Educational Resources, Inc., and the Statistical

Package for the Social Sciences (SPSS).
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Table 4. Source, degrees of freedom, and expected mean squares of
analysis of variance utilized when data existed to test
between pastures within rotation.

Source da.f. Expected mean squares
Block (B) 1 02 + SP 02 + RSP 02
€ 8 P
2 2 2
Rate (R) 2 oe + SP Og + SPB I R°/Rr-1
Error a 5 2
(Block x Rate) 2 Oe + SP 06
2 2
System (S) 1 Ge + RPB L S“/s-1
Pastures/Rotation (P) 1 02 + RSB L P2/P—l
Rate x System 2 oz + PB I (RS)2/(R-1) (5-1)
Rate x Pasture/Rotation 2 02 + SB L (RP)2/(R—1)(P—1)
2
Exror b 6 oe

Block x System (1)

Block x Pasture/Rotation (1)

Block x Rate x System x Pasture/
Rotation (4)
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Table 5. Source, degrees of freedom, and expected mean squares of
analysis of variance utilized when data did not exist to test
between pastures within rotation.

Source d.f. Expected mean squares
Block (B) 1 0% + s 62 + RS 0°
€ § P
2 2 2
Rate (R) 2 oE + s 06 + BS L R /R-1
Error a 2 5
(Block x Rate) 2 oe + S 06
2 2
System (S) 1 OE + BR Z 87 /s-1
Rate x System 2 02 + B L (Rs)z/(R—l)(S—l)
2
Error b 3 08

Block x System (1)
Block x Rate x System (2)




RESULTS AND DISCUSSION

Vegetation

Different sampling techniques were employed and a large number
of technicians with a wide range of training were invclved in the
trials; therefore, comparing vegetation response to treatment over all
years must be made with caution. The major interpretation emphasis,
then, is to compare treatments within years and relative vegetation
changes between treatments over years. The primary comparison of treat-
ment effects is placed on 1973, the last year of the trials; and a year
with the most intensive sampling by a team of highly gualified indi-
viduals.

Treatment means and significance among means are shown in
Appendix D. Least significant difference tests were made only at the
95% and 99% levels. In general, however, level of significance of
treatment differences were calculated and differences which show slight

changes (trends) are discussed down to the 75% probability level.

Forage Production

Forage production measures in protected 9.6 sq ft plots, as
expected, was related to yearly precipitation as shown in Table 1.
Based on comparisons of yearly mean production averaged over all treat-
ments, the December 1969 measurement of forage produced after only the
short rains of 1969 (6124 kg/ha) was nearly equivalent to forage pro-
duced yvearlong in both July 1968 and July 1972 (6541 and 5967 kg/ha

65



respectively), and was greater than yearlong forage production in July

66

1973 (4267 kg/ha) (Appendix D). Also, the six months of the long rains

(January-July) in 1970 produced more forage (9342 kg/ha) than any other

period during the trials.

East pastures used during the long rains from 1968 to 1972

yielded lower forage production in July 1972 (5167 kg/ha) than the west

pastures used during the rest of the grazing season (6147 kg/ha) (Table

6). In 1973 after the grazing system was changed and the west pasture
were used during the long rains, these pastures produced slightly less
forage, 4454 kg/ha, compared to 4775 kg/ha on the east pastures, which
were rested during the long rainy season. This was true for all in-
tensities exceot light use in 1973 when, possibly, use was so light as
to have no impact (Appendix D). No data were available for east

pastures in 1972 under heavy grazing.

Table 6. Forage production in kg/ha for east and west pastures at
Ardai, Tanzania, from 1968 to 1973 -- Annual species not
included in 1968, 1969, and 1970.

S

Sampling Date East Pastures West Pastures

July, 1968 7790 6807

December, 1969 - -

July, 1970 —_ ——

* *
July, 1972 5167 6147
July, 1973 4775 , 4454

*Not tested statistically
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Heavy use pastures declined in forage production, as measured,
relative to other use rates throughout the study period, with the
exception of the good year in 1970 (Fig. 4). This was perhaps more so
the case with rotation grazing than continuous. 1In 1968 the heavy use
pastures were intermediate between light and moderate treatments in
perennial plant production in addition to having the highest annual
plant composition (37.9%, 22.8%; and 11.5% for heavy, moderate, and
light use, respectively) (Appendix D). By 1973 the heavy use pastures
averaged about 1000 kg/ha less total production than moderate or light
treatment pastures. Watkins (about 1969) also reported less dry matter
yield on heavily used areas as compared to infrequently used pastures.
When the trials began at Ardai, the moderately used areas were the
poorest in production and intermediate in annual plant composition dﬁe
to the presence of eroded draws and bare patches, but produced equal or
greater total forage than either heavy or light use areas when averaged
over continuous and rotation grazing at the end of the trials (Fig. 4).
Light, moderate, or a combination of heavy use from April to December
and light use from January to March, all under rotated use, maximized
forage production at Serere, Uganda, after four years (Stobbs, 1969a,
1969d) . At Ardai, without including annual plants, which were more
abundant on continuous treatments (23.0% and 16.4% for continuous and
rotation grazing, respectively) (Appendix D), rotated moderate grazing
units in 1968 exhibited the lowest perennial plant production of all
rotated pastures, but by 1973 these pastures were the overall best total

forage producers (Fig. 4). Light grazing was the most productive
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continuous use treatment in 1973, perhaps because of originally more

Themeda triandra on the light continuously used pastures (Fig. 3).

Forage Utilization

Both the amount of forage remaining and the percentage of forage
utilized are useful criteria by which to judge when the range has been
properly utilized. Although these are related factors, one is often
preferred over the other; therefore both will be presented.

It is important to recognize that data were collected at the end
of the dry season in 1969 only. Data from all other years represent
utilization at the end of the rainy season, or beginning of the dry
season. Forage utilization, then, was heavier than reported by the end

of the dry season in 1970, 1972, and 1973.

Forage Remaining. Since livestock numbers were not increased or

decreased with fluctuations in forage production, when more forage was
produced in a given year, more forage remained, especially in the highly
productive year of 1970 (Figs. 4 and 5). Forage remained in all treat-
ment pastures in all years at the end of the rainy season and even at
the end of the dry season the amount of forage remaining did not com-
pletely restrict livestock intake with the exception of heavy grazing
treatments in 1973 (Appendix D).

Heavily grazed paddocks were grazed intensively enough to clean
up old standing forage, thus showing no difference in forage remaining
between east and west pastures under heavily grazed rotation treatments
(Appendix D). Coarse, unused forage was thought to be the cause of poor

livestock performance under a 3-paddock deferred grazing system at
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Kitale, Kenya (Bogdan and Kidner, 1967). At Ardai, in 1973, the fol-

lowing amounts of forage were left ungrazed at the end of the rainy
season: heavy use, 450 kg/ha; moderate use, 2,200 kg/ha; light use,

3,500 kg/ha.

Percentage of Forage Used. A number of years were required for

treatments to have an effect on forage production, especially with a
high rainfall year (1970) occurring in which there was little differ-
ence in percentage use among treatments. Differences in data collection
methods between years also makes some comparisons impossible. Also, it
was not until 1973 that marked differences occurred between use rates
(Fig. ©6).

Percentage utilization with continuous use was nearly equal to
rotational use in 1973. The exception was light grazing where per-
centage use was higher for rotational grazing than continuous grazing
although forage production was about the same for continuous and
rotation light grazing in 1973 (Figs. 4 and 6).

Heavy and moderate grazing resulted in increased forage use
percentage over the years by reducing the amount of forage left standing
relative to forage produced. Light grazing, however, decreased forage
use percentage over the years, since forage left standing increased
relative to forage produced. In 1973 stocking rates were increased, and
in that year all three grazing rates produced obvious use differences
with heavy, moderate, and light use averaging 87, 52, and 25%, re-

spectively, at the end of the rainy season.
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Plant Species Composition
Species composition over all treatments in 1973 was made up of

41.6% Digitaria scalarum, 24.1% Cynodon dactylon, 7.6% annual plants,

6.3% Panicum coloratum, 5.3% Brachiaria eruciformis, 3.2% Cyperus sp.,

2.8% Pennisetum mezianum, and 9.1% other perennials. Only D. scalarum

were abundant enough to statistically test their response to treatments.

Cynodon dactylon. Prior to initiation of treatments, there was

a great deal more Cynodon dactylon, bermuda grass, on the south block

(32.0%) than on the north block (16.0%). This was compensated for by
more annualé on the north block (32.5%) as compared to 6.9% on the south
block). A farm headguarters had been located in the area of the south
block during World War II and bermuda grass is an invader of disturbed
sites. This situation is found throughout Masailand in abandoned bomas.
By 1971 this difference had diminished. In 1973, utilizing basal cover
rather than canopy cover data, there was very little difference in
bermuda grass composition on the two blocks (Table 7). Very little
change occurred in bermuda grass composition between 1968 and 1973 when
comparing use rates. However, bermuda grass seemed to respond equally
well to either moderate continuous use or heavy rotational use (Fig. 7).
Heavily-utilized, continuously-grazed areas started with more bermuda
grass than either moderate continuous or light-continuous use and re-
mained high in 1971. Basal cover data in 1973, however, showed that
continuous heavy use resulted in a lower bermuda grass composition than
any other treatment. Data variability resulted in a low probability of

statistical significance for this observation. Due to extreme
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Table 7. Bermuda grass, Cynodon dactylon, composition on north and
south blocks at Ardai, Tanzania, from 1968 to 1973.

Sample date North block South block
———————————————— per cent-—--———~ecwm—wecme-
July 1968 16.0% 32.0°
July 1971 20.7 25.7
July 1972 9.7 16.0
July 1973 23.3 24.6

aBlock means with the same letter at the same date are
significantly different at .05 level.
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variability in the north block, bermuda grass levels in rotationally
grazed pastures were not significantly different in 1968, even though
there was noticeably more bermuda grass in the lightly used areas and
least in heavily used areas. This situation began to change in 1971 and
by 1973 heavily used rotation paddocks had as much or more bermuda grass
in relation to other plants than rotated moderately- and lightly-used
areas (Fig. 7). The need to rotate if grazing heavily, or vice versa,
suggests that areas used heavily in the rainy season respond well in
good years and maintain themselves in bad years when rotated while
moderate or light use areas either show no response or decline in bad
years under rotation. Cassady (1973) reported maximum forage production
when bermuda grass was cut twice a year, once each dry season, at

Buchuma, Kenya.

Digitaria scalarum. Couch grass also may be an increaser on

disturbed sites, since it was more common on the south block than the
north block throughout the study period (Table 8). In general, this
species may have increased slightly in five years over all treatments
with a larger increase in the south than in the north block (Table 8).
Couch grass may have increased under both continuous and rotation
grazing at Ardai but Van Rensburg (1958) reported that Digitaria
scalarum decreased under six years of continuous grazing. In Ardai,
couch grass may have increased slightly more under light grazing than
under heavy or moderate use (Fig. 8). This agrees with Heady (1960a)
where he states that rhizomatous grasses, such as bermuda grass, can be

used more severely than bunch grasses. Digitaria scalarum, however,
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Table 8. Couch grass, Digitaria scalarum, composition on north and
south blocks at Ardai, Tanzania, from 1968 to 1973.

Sample date North block South block
———————————————— per cent---~ce-emese——o—eo
July 1968 25.1 45.9
July 1971 30.7 53.0
July 1972 36.2 59.3

July 1973 27.4 55.1
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increased under frequent low clippings at Muguga, Kenya (Ndawula-

Senyimba, 1972).

Other Plant Species. The sampling intensity utilized from 1968

through 1972 failed to detect significant amounts of any species except
bermuda grass and couch grass. In an attempt to receive a better under-
standing of the reactions of other species to the grazing treatments,
sample size was doubled in 1973. Bermuda grass and couch grass were
still the only species encountered frequently enough to test statisti-
cally. French (1956) and Joblin (1963b) in Stobbs and Joblin (1966) have
shown that the great variability within plots, particularly in the dry
season, makes it virtually impossible to devise a suitable technique for
estimating the productivity of local grasses. McKay (1971la) also
reported large coefficients of variation.

Differences in ability of personnel involved to identify species
over the years makes discussion of other species a risky one at best,
but it seems likely that the following trends occurred,

The most striking result of grazing treatments in other species
was the greater diversity encountered in 1971-1973 compared to 1968.
Species present in 1971 which were not commonly found in 1968 included

Aristida kenyensis, Chloris virgata, Dolichos taubertii, Eriochloa sp.,

Kyllinga sp., Rhynchosia chrysadenia, Rhynchosia minima, Sporobolus

pyramidalis, Tephrosia pumila, Pennisetum mezianum, and Themeda triandra.

This was so even with the same sampling techniques and personnel in-
volved in 1968 and 1971. Many of these were not encountered in 1968

simply due to inadequate sampling or misidentification, since a map
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prepared in 1968 (Fig. 3) includes some of these species. Different
personnel in 1972 and more intensive sampling in 1973 produced the
following additional species with some degree of regularity: Aristida

rhiniochloa, Brachiaria eruciformis, Leguminosae sp., Microchloa

kunthii, Panicum atrosanguineum, Eriochloa nubica, and Cyperus sp.

Two additional species of importance were present in 1968

through 1973, these being Bothriochloa insculpta and Panicum massaiense.

Bothriochloa insculpta remained through the years under all treatments

except heavy continuous grazing, where it disappeared. Bothriochloa

insculpta was encouraded by continuous grazing at Ukiriguru, Tanzania
(Walker and Scott, 1968a). Cutting B. insculpta twice a year, once
during each dry season, maximized production at Buchuma, Kenya (Cassady,
1973). Lack of consistency in species identification of the EEEEEEE
genus at Ardai makes any discussion of trends impossible, but in 1973
all Panicums were noticeably lacking on the south block, particularly

Panicum atrosanguineum.

Themeda triandra became less abundant in light and moderate

continuous grazing paddocks over the yéars. particularly so under
moderate continuous use, but showed an ability to maintain itself in
light rotational use relative to these two treatments. Too little was
present in other treatments to speculate on its reaction., McKay (1971b)

noticed no difference in Themeda triandra composition between heavy and

light continuous wet season use. Themeda triandra was favored by light

grazing and harmed by heavy grazing at Muguga, Kenya (Ndawula-Senyimba,
1972). 1t was reduced under continuous grazing but increased under

rotated and deferred grazing during the wet season at Kitale, Kenya
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(Bogdan and Kidner, 1967). Cassady (1973) reported maximum forage pro-
duction when cut twice a year, once each dry season, at Buchuma, Kenya.

Themeda triandra was replaced by Bothriochloa insculpta and Chloris

virgata under heavy use at Kongwa, Tanzania (Watkins, about 1969), and

by Brachiaria decumbens at Ankole, Uganda (Harrington and Pratchett,

1974b). Past use at Ardai prevented succession to the tall grass stage
of Heady (1966), keeping the pastures in an intermediate grass stage

dominated by Cynodon dactylon.

Pennisetum mezianum may have increased in heavy continuous

grazed areas as compared to light and moderate use under continuous
grazing after five years (which agrees with Ndawula-Senyimba, 1972) but
it showed no change under rotated use at all three rates. Maximum
forage production was reported by Cassady (1973) at Buchuma, Kenya, when
cut twice a year, once in each dry season.

In 1968 there were more annuals in continuously grazed paddocks
(23.0%) than rotation paddocks (16.4%) but by 1972 the difference was
minimal (12.8% and 11.6%, respectively). &An eroded draw in the light
and moderate paddocks in the south block and large bare patches in heavy
and moderate use paddocks in the north block were the original areas of

occurrence of Aristida kenyensis, an annual threeawn, as well as other

annuals (Fig. 3). Under heavy and moderate rotated use on these areas
in the north, this species increased but with light rotational use in
the south it decreased. Of the areas not previously growing threeawn
in noticeable amounts, heavily used paddocks in the south, either in a
continuous or a rotation sSystem, provided an opportunity for its in-

vasion, as did light continuous use in the north. This species probably
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was misidentified in 1972, as Aristida rhiniochloa, since Aristida

kenyensis was not detected that year and the former species occurrence
follows the trend discussed above.

Brachiaria eruciformis increased from 1972 to 1973 in continuous

grazing at light and moderate intensities but showed no major change
under other treatments.
The presence of unidentified legumes did not change appreciably

from 1972 to 1973.

Total Plant Frequency

Frequency of hits on foliar cover of all plants was slightly
greater on rotated paddocks (96.7%) than on continuous paddocks (94.3%)
in 1968 (Appendix D). In 1973, continuously grazed paddocks were
slightly higher in frequency of hits on total plant basal cover (26.3%)
than rotated paddocks (24.8%) (Table 9).

Total plants were no different in frequency between grazing
rates in 1968 but by 1973 there was a substantially higher frequency of
hits on plants in lightly used paddocks (30.9%) than in heavily grazed
areas (19.9%) (Table 9, Appendix D, Fig. 9a and b). Moderate use was
intermediate between light and heavy use by 1973 having, therefore,
shown a slight increase in total plant frequency over heavy use,

Less total plant frequency based on basal hits on plants in all
treatments in 1973 (25.6%) as compared to 1972 (45.2%) (Appendix D)
ocould be due to more trampling with the increased stocking rates of 1973,
even though more rain was received in 1973 (Table 1), and thus the

increase in litter in the last year.



Table 9. Total plant, litter, and bare soil percentage frequency in 1973 after five years on

rotationally and continuously grazed paddocks under itnree levels of intensity at
Ardai, Tanzania.

Heavy Moderate Light
Rotation Continuous Rotation Continuous Rotation Continuous Mean
Average Average Average Rotation Continuous

Total Plants--%

20.9 18.8 24.8 27.2 28.8 32.9 24.8 26.3
19.9 26.0 30.9%

Litter--%
55.7 48.8 70.4 65.7 68.0 64.2 64.7 59.5
52.2 68.0 66.1
Bare Soil--%

23.3 32.4 4.9 7.1 3.2 2.8 10.4 14.1
27.8 5.9 3.0

aTreatments with the same letter are significantly different within that time period for
that variable at the 0.05 level.

€8
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(a) heavy

Fig. 9. Grazed pasture at the Ardai Ranch in 1973 immediately following
the long rainy season.
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Litter

In 1968, canopy cover was the criterion used for determining the
presence of a species which allowed little chance for components of
ground cover othe; than plants to be detected in vegetation of this
density (Fig. 9a and b). 1In 1972 and 1973 the use of basal cover in the
analysis prevented.total plant indices of 100%, thus making possible the
study of litter, bare soil, and plant composition trends.

In 1968 rotationally and continuously grazed paddocks contained
nearly equivalent amounts of litter (1.1% vs 2.3%, respectively)
(Appendix D). By 1972, however, continuous grazing had resulted in less
litter (33.8%) than rotation grazing (41.0%) and more litter continued
to be found under rotation grazing through the end of the trials (64.7%
under rotation; 59.5% under continuous use in 1973). This was due to
the fact that, under rotation grazing, one pasture was rested for the
growing season, plants matured and became less palatable, and trampling
of this dry forage occurred. This was true for all grazing rates.

By 1973 litter cover was considerably greater in moderate and
light use areas, regardless of grazing system, than in heavily stocked
paddocks (Table 9) when they had started out in 1968 with nearly equal
amounts (1.9%, 2.1%, and 1.3% for heavy, moderate, and light grazing,

respectively).

Bare Soil, Rock, and Erosion Pavement
Bare soil on continuously grazed pastures was slightly greater
in 1973 than rotationally grazed pastures (Table 9). Rotational

grazing, even though resulting in slightly less total plants than
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continuous grazing, provided more litter cover which reduced the amount
of bare soil and which will protect against soil erosion losses. The
greater bare soil in the continuously grazed paddocks was primarily a
result of high bare soil frequency in heavily grazed paddocks.
Harrington and Pratchett (1974b) concluded the same at Ankole, Uganda.
Joblin (1963c) in Uganda reported more bare soil under high intensity-
low frequency grazing than with a 3-paddock rotation system.

Heavy use paddocks by 1973 were extremely bare as compared to
moderate and light rates, regardless of grazing system (Table 9 and Fig.
9a and b). Heavy grazing, then, resulted in least total plants, least
litter cover, and the greatest amount of exposed soil. Thus, not only
was the forage potential reduced, but the susceptibility to soil erosion
losses was increased under heavy grazing.

Rock and erosion pavement were so uncommon on the study area

that their contribution to ground cover was insignificant.

Livestock

Forage Nutritive Content
Of the species available for grazing by livestock at Ardai,

Cynodon dactylon is the most valuable nutritionally (Appendix C). Crude

protein is generally above maintenance requirements for livestock year-
long, but may not meet requirements in the dry season(s). The protein

ocontent of Digitaria scalarum, the other of the two primary species

available at Ardai, is below maintenance in any dry season, the length
of time below maintenance depending on.the length of the rainless period.

Of the remaining important species at Ardai for which nutritive
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information is available (Appendix C), the Pennisetum and Panicum

species and Microchloa kunthii are low in crude protein in the dry

season. Bothriochloa insculpta is a relatively desirable species

having a slightly higher level of crude protein in the dry season.

Chloris virgata, Eriochloa nubica, Rhynchosia minima, and unidentified

legumes are high in crude protein value, whereas Aristida kenyensis,

Sporobolus pyramidalis, and Themeda triandra are normally inadequate

yearlong or only marginal in the wet season(s). For more detailed
information on forage nutritive values see pp. 12-15 and pp. 17-19 of
literature review and Appendix C of this dissertation.
Weight Changes of Livestock
by Season

Monthly livestock weight changes were very closely and directly
correlated with the amount of rainfall received the previous month or
past two to three months (Fig. 10). The rainfall received in any given
month affected the vegetation first and did not show up in cattle weight
changes until the following month(s). Exceptions to this were with
steers in October 1970, when steers gained with little or no precipita-
tion for the previous 5 months, and in October and November 1971, when
gains accrued with little or no rain for three to four months,
respectively. It could be that the short rains of this time of year
are more effective in producing high quality forage when temperatures
are high and moisture not excessive. It could also have resulted from
malfunctioning scales. Animals in the north block responded in live-
stock weight changes somewhat with current month's rainfall possibly due

to a higher annual plant population, which responded quicker and to less
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precipitation and thus provided available forage sooner (Appendix D
and Table 1).

Both groups of steers, 1969 and 1970-72, maintained their
weights in July and August, which was early in the dry season, but lost
weight the latter part of the dry seasons. Steers lost weight the first
month on green feed following the dry season (November 1970) and iﬁ the
rainy season when rainfall was unusually high the previous month (May
1971). Consumption of dry matter following periods of high rainfall
could have been inadequate due to high moisture contents. These
periods of weight gains and losses are in agreement with reports from
Ukiriguru, Tanzania (Walker and Scott, 1968a). Weight changes at the
beginning of the other rainy seasons during the Ardai trials cannot be
correlated with rainfall since weights were cumulative for several
months.

There was very little difference in weight change among animals
in different systems. Animals under heavy grazing gained slightly
better per animal in wet and average rainy seasons (1970-1971) compared
to those in moderately and lightly grazed pastures. Moderate grazing
also was advantageous compared to light grazing in the drier rainy
season of 1972, but differences were slight (Fig. 10). Better weight
gains under heavy grazing in these early years suggests that stocking
was not heavy enough to show the expected deleterious effects of heavy
grazing on animal weight gains. Stocking was, therefore, increased in
1973. Light grazing animals were able to regain weight slightly quicker
following an extremely wet month of April, 1971, possibly due to con-

sumption of more coarse, dry forage (Fig. 10). Moderate use in the last
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year and a half of the trials began to show consistently better or equal
animal weight gains over heavy and light use with steers, cows, and
calves (Fig. 10), which could have been due either to better pasture
conditions under moderate use by this time or due to better response in
dry years, as pointed out above.
Total Weight Changes per Animal
and per Hectare

There was no difference in effects of continuous and rotation
grazing on total weight gains per animal for either of the two groups of
steers (Tables 10 and 11) and only a véry slight advantage of rotation
over continuous for total gain of cows plus calves, rotation only being
advantageous to calves (Table 12 and Appendix D). After six years,
Thornton and Harrington (1971) also found no difference in livestock
performance between continuous and 2-paddock rotation grazing. The same
results wére obtained at Kitale, Kenya, after five years of wet season,
heavy stocking trials with a 4-paddock rotation system versus continuous
grazing (Bogdan and Kidner, 1967). Harrington and Pratchett (1974b),
however, found continuous use better than 5-pasture rotation after only
3.5 years. Walker (1968) and Walker and Scott (1968a), after a maximum
of 26 months, found, at least during the wet season, rotational grazing
to give better results the heavier the grazing rate applied. TUnder
moderate or light stocking they recommended continuous grazing (Walker
and Scott, 1968b; Walker, 1970). Joblin (1963c), with 16 months of
study in Uganda, found a 3-paddock rotational system slightly better
than high-intensity-low frequency grazing. In terms of both animal and

pPlant responses, Stobbs (1969a, 1969b, 1969c, 1969d) showed an advantage
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Table 10. Cumulative steer weight gain from July 1, 1969 to January 1,
1970, in kg/animal and kg/animal/ha on Ardai paddocks grazed
continuously and in rotation under three intensities of use.

Grazing intensity

System Heavy Moderate Light Mean
kg/animal
Rotation , 15.4 24.5 24.3 21.4
Continuous 17.2 25.0 29.8 23.8
Difference® -1.8 -0.5 -5.5 -2.4
Mean 16.3 24.7 26.9
kg/animal /ha
Rotation 2.5 1.4 0.8 1.6
Continuous 2.8 1.4 1.0 1.7
Difference” -0.3 0.0 - ~0.2 -0.1
Mean 2.7 1.4 0.9

Means may not add because of unequal numbers of livestock con-
tributing to weight measurements. Kg/animal/ha data not tested
statistically.

a_. . .
Difference = Rotation - Continuous.
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Table 11. Cumulative steer weight gain from September 1, 1970, to July

1, 1972 in kg/arimal and kg/animal/ha on Ardai paddocks

grazed continuously and in rotation under three intensities

of use.
Grazing intensity
System Heavy Moderate Light Mean

kg/animal
Rotation 174.3 168.4 165.7 169.5
Continuous 171.8 177.1 156.4 168.4
Difference® 2.5 -8.7 9.3 1.1
Mean 173.1 172.8 161.1

kg/animal/ha

Rotation 28.7 9.2 5.5 14.5
Continuous 28.3 9.7 5.2 14.4
Difference" 0.4 -0.5 0.3 0.1
Mean 28.5 9.5 5.3

Means may not add because of unequal numbers of livestock
contributing to weight measurements.

statistically.

a_.,
Difference

Rotation - Continuous.

Kg/animal/ha data not tested
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Table 12. Cumulative cow plus calf weight gain from April 1, 1973, to
August 1, 1973, in kg/animal and kg/animal/ha on Ardai
paddocks grazed continuously and in rotation under three
intensities of use.

Grazing intensity

System Heavy Moderate Light Mean
kg/animal
Rotation 80.2 90.8 87.6 83.9
Continuous 65.2 | 86.6 68.6 76.0
pifference® 15.0 4.2 19.0 7.9
Mean 70.3 87.6 79.7
kg/animal/ha
Rotation 13.2 5.0 2.9 7.0
Continuous 10.7 4.8 2.3 5.9
Difference® 2.5 0.2 0.6 1.1
Mean 11.6 4.8 2.6

Means may not add because of unequal numbers of livestock
contributing to weight measurements. Data not tested statistically.

a_. . .
Difference = Rotation - Continuous.
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of either high fregquency rotational grazing or light continuous grazing
during the dry season at Serere, Uganda, after four years.

For the first set of steers grazed during the dry season and
first part of the wet season in 1970, steers on lightly grazed pastures
gained the most per animal and steers on heavily grazed pastures the
least (Table 10). This agrees with the findings of McKay (1971b) after
two years, Harker and McKay (1962) after one year, and Harker (1963)
after two years.

The second group of steers at Ardai grazed from the dry season
of 1970 through the wet season of 1972, having been through only one
complete dry season but two complete wet seasons, showed that heavy and
moderate grazing produced the highest gains per animal and light grazing
the lowest gains (Table 11). The same results were found by Thornton
(1970) after four years.

Forage regrowth after grazing during the rainy seasons was not
measured at Ardai. This could account for the fact that, although total
forage produced after the long rains was least under heavy grazing,
steers under heavy grazing pressures were able to make weight gains
comparable with steers under moderate and light use.

Cows and calves in the paddocks during the end of the long rainy
season and start of the dry season of 1973 produced more gain at
moderate grazing rates (Table 12) and least under heavy grazing.
Moderate continuous grazing was recommended by Heady (1960a). At Ardai,
trends appearing in livestock weights near the end of the trials may
have resulted in advantages to rotation grazing and/or moderate use had

the study been continued over a longer time period.
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With only slight differences between systems and between rates
in total gain per animal, it is obvious that the greatest gains per
animal per hectare would be from denser stocking and the least from
sparse livestock distribution. Tables 10-13 very graphically illustrate
this point. From July 1969 to January 1970, each steer under heavy
grazing gained §3% and 200% more weight than under moderate and light
grazing, respectively. Steers under heavy grazing gained 200% and 438%
more weight than under moderate and light grazing, respectively from
September 1970 to July 1972. Each cow plus calf under heavy use grazed
from April to August 1973 gained 142% and 346% more weight than under
moderate and light grazing, respectively. A rotation system with a
combination of heavy grazing from April to December and light grazing
from January to March was recommended for sustained maximum livestock
production per hectare at Serere, Uganda (Stobbs, 196%a). During the
dry season Stobbs recommended either a more frequent rotation or light
continuous grazing (Stobbs, 1969b, 1969c, 1969d). The work of Stobbs
was conducted a maximum of four years.

Little difference in individual livestock gains per hectare
existed between rotation and continuous grazing for the two groups of
steers grazed between July 1969 and July 1972 (Tables 10 and 11). How-
ever, cows and calves grazed from April 1973 to August 1973 did show
slightly better gain per hectare under rotation grazing, as compared
to continuous grazing (Table 12).

Data in kg/animal/ha and kg/animal weight changes in response
to treatments were plotted as suggested by Bement (1969) wherein gain

per animal and gain per hectare are plotted against forage remaining.
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It is important that maximum gain per hectare and maximum gain per
animal be equivalent on the abscissa. A maximum gain per hectare was
not identified in this study even for cow plus calf data of 1973, which
was the heaviest stocking used during the trials (Fig. 11). This could
be due to the fact that Bement's method is based on herbage left un-
grazed at the end of the grazing season, while Ardai data for cows and
calves in 1973 is ungrazed forage at the end of the rainy season.
Failure to identify a maximum gain per hectare, as determined by
Bement's system, could also mean that stocking was not heavy enough, at
least for the rainy season. Optimum stocking in terms of livestock
gain, therefore, could not be determined by this method. Any future
work should concentrate on use rates heavier than studies in these
trials and it is speculated that optimum stocking would be somewhere
between the moderate and heavy intensities utilized here. This is in
agreement with the findings at Ankole, Uganda (Harrington and Pratchett,

1974b) .

Night Grazing

After having lost nine months of cow and calf weight data, as
previously mentioned, there remains but little results with which to
compare weight gains of animals grazed 24 hours a day with those taken
off feed during the night while locked in a boma. Also, lacking pre-
cipitation data for a portion of the period for which livestock weights
exist, explanation is somewhat conjectural.

It is highly probable that there was a malfunction of the scales

or personal error involved on July 1, 1973, which resulted in a weight
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loss of 48.1 kg and a small gain of 4.2 kg during June, 1973, for cows
and calves grazed only during the daylight and cows and calves grazed 24
hours a day, respectively. As discussed earlier, a loss could have been
due to very high or very low rainfall during the previous month, in

this case May, but previous years' experience with steers does not
exhibit this pattermn.

The significant point to note, however, is that cattle in the
boma realized better gains during thé latter part of the rainy season
and in the early dry season than animals grazed 24 hours (Table 13).
There seems to be no benefit to 24-~hour grazing in times of adequate
moisture for cpntinuous plant growth. Under these conditions, livestock
are able to consume adequate quantities of high quality forage during
the daylight hours. These results agree with those of Harker et al.
(1954) and Lampkin et al. (1958) who conducted their work under condi-

tions of adequate rainfall and green forage.

Table 13. Cumulative cow plus calf weight changes from April 1, 1973,
to August 1, 1973, in kg/animal for animals grazed 24 hours
a day and animals grazed only during daylight hours at Ardai.

Grazing system

Grazing period 24~-hour grazing Day grazing
——————————————— kg/ha~—————-m—mmmmum
April 1, 1973-May 1, 1973 17.2 24.4
May 1, 1973-June 1, 1973 29.9 48.4
June 1, 1973-July 1, 1973 4,22 -48.12
July 1, 1973-August 1, 1973 28.5 77.6

aFaulty data suspected.



CONCLUSIONS

Forage production was directly related to precipitation, and
rainfall received during any one month influenced livestock
weight changes the following month(s). Steers lost weight the
first month on new green feed, gained during the remainder of
the rainy season, maintained body weight in the early dry
season (July and August), and lost weight in the late dry
season.

After five years of heavy grazing, at which time 87% of the
forage was utilized with 450 kg/ha of forage left standing
following the rainy season, less fo;age was produced, less total
plants and litter cover existed, and more bare soil was present
than under either moderate or light use.

After five years of moderate grazing, at which time 52% of the
forage was utilized with 2200 kg/ha of forage left standing
following the rainy season, forage production was equivalent to
light grazing (25% use and 3500 kg/ha left standing following
the rainy season). Moderate stocking resulted in a total plant
frequency intermediate between heavy and light grazing. No
differences existed between moderate and light grazing in terms
of litter cover and amount of bare soil.

Moderate grazing may have shown a very slight advantage in
individual animal gains near the end of the study, but differ-
ences between grazing rates in livestock weight gains per

100
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hectare were much more significant. Heavy use averaged up to
two times more gain per hectare than moderate use and two to
four times more gain than light use.

Differences between grazing systems in terms of vegetative and
livestock responses were small. Trends appearing in livestock
weights near the end of the trials may have resulted in ad-
vantages to rotation grazing and/or moderate use had the study
been continued over a longer time period.

Frequency measurements based on basal contact is of greater
value than canopy contact in dense vegetation such as at Ardai.
Plant composition changes for bermuda grass and couchgrass over
yvears and among treatments were small. An unreasonably large
number of transects would have been necessary to statistically
identify significance even for these most abundant spec;es.
There was no advantage to 24-hour grazing, as compared to
traditional daytime grazing, in livestock weight gains during
the rainy season, since forage of adequate quality and quantity
could be consumed during the day. This aspect of the study

was not analyzed during the dry season.



APPENDIX A

PLANTS ENCOUNTERED ON ARDAI TRANSECTS

Abutilon grandiflorum G. Don

Alysicarpus glumaceus DC.

Aristida kenyensis Henrard

Aristida rhiniochloa Hochst.

Bidens sp. (Tourn.) L.

Bothriochloa insculpta (Hochst. ex A. Rich.) A. Camus

Bothriochloa vertusa (L.) A. Camus

Bothriochloa radicans (Lehm) A. Camus

Brachiaria brizantha (Hochst. ex A. Rich.) Stapf

Brachiaria deflexa (Schum.) C. E. Hubbard ex Robyns

Brachiaria eruciformis Griseb.

Brachiaria purpurascens (Raddi) Henrard

Chloris gayana Kunth

Chloris pycnothrix Trin.

Chloris robusta Stapf

Chloris virgata Sw.

Commelina sp. Plum.
Commicarpus sp. Standley

Crotalaria spinosa Hochst.

Cynodon dactylon (L.) Pers.

Cynodon plectostachyus (K. Schum.) Pilg.
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Cyperus sp. (Mich.) L.

Dactyloctenium aegyptium (L.) Beauv.

Digitaria nodosa Parl.

bigitaria scalarum (Schweinf.) Chiov.

Dolichos taubertii E. G. Baker

Enicostema hyssopifolium (Willd.) Verdoorn

Eriochloa nubica (Steud.) Hackel and Stapf ex Thell.

Eriochloa sp. H. B. and K.

Euphorbia systyloides Pax

Eustachys paspaloides (Vahl) Lanza and Mattei

Glycine javanica L.

Hermannia uhligii Engl.

Hibiscus sp. L.

Hirpicium diffusum (O. Hoffm.) Roessler

Kyllinga sp. Rottb.
Lequminosae Benth. and Hook.
Leucas sp. Burm.

Lintonia nutans Stapf

Microchloa kunthii Desv.

Panicum atrosanguineum Hochst.

Panicum brevifolium L.

Panicum coloratum L.

Panicum massaiense Mez

Panicum nyanzense K. Schum.

Pennisetum mezianun Leeke

Pennisetum stramineum Peter
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Rhynchosia chrysadenia Taub.

Rhynchosia minima DC.

Sericocomopsis pallida Schinz

Setaria smhacelata (Schumach) Stapf et C. E. Hubbard

Setaria sp. Beauv.
Sida sp. L.

Solanum incanum L.

Sporobolus fimbriatus Nees

Sporobolus helvolus (Trin.) Durand et Schinz

Sporobolus pyramidalis Beauv.

Tephrosia pumila Pers.

Themeda triandra Forsk.

Urochloa sp. Beauv.

Vigna fragans Baker




APPENDIX B

ESTABLISHMENT AND OPERATING COSTS OVER FIVE YEARS
AT THE ARDAI RANCH

(Based on 1972 prices; 7/00 shillings = $1.00.)

Existing Improvement Costs (pre-1972) Shillings
Labor:
Construction--50 man months @ 200/= per man month = 10,000/00
Fences:
Posts—--2074--6~1/2' posts @ 00.75/ft. = 10,110/75
Stays--14,518 @2/00 per stay = 29,036/00
Smooth wire~-~70.72 miles (4 wire) @00.10/yd = 12,446/72
Staples~-200 1lbs @ 00.85/1b = 170/00
Tie wire--20,740 yds @ 00.08/yd = 1,659/20
Gates (metal)--13 @ 650/00 = 8,450/00
Spray Race:
Chutes~--80'--32 posts = 156/00
640' of 2x4's @ 1.10/ft = 684/00
Spray rig = 5,000/00
Honda pump and hoses = 1,900/00
Building and walkways = 2,700/00
Corrals:
Large corral and chutes--35' chute
21'x27' corral
33 posts @ 00.75/ft on 6-12' posts = 160/88
2x4 poles-~-255' @ 1.10/ft = 280/50
Small corral and chute-~-20'x20'
24 posts = 117/00
160' corral poles = 176/00
40' of 4' woven wire = 126/00
Metal Rain Trap:
Storage tanks--4-~2000 gal ea @ 1500/00 = 6,000/00
Piping--672' of 3" metal = 4,928/00
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Posts--62 average 8'
Metal roof--(48'x44')--12/80 for 8'x2' sheet
Cement rain trough--45' long--4' high

Two Bomas--each 63'x36':

Posts--30-12' posts @ 270/00 each

Wire--12' high chain link @ 9.00/yd in 72"
roll = 1188/00 each

Gates (metal)--2 @ 650/00

Italian Tanks:

Cement apron--102'x84'
Storage tanks--2--20,000 gal ea--metal roof
Pump and hoses

Buildings:

Living quarters
2 (33'x12') @ 8000/00
2 (21°'x12') @ 5400/00
Cook houses--5 (92'x9') @ 2500/00
Out houses--10 @ 400/00
Tool shed--1 (21'x12') @ 5400/00
Machinery shed--1 (24'x42' open)
Sheet metal roof
12 posts (14') @ 40/00 each
222' of 2x4's @ 1.10/ft
Caravans--2 @ 8000/00

Water Facilities:

Cattle troughs
8--50 gallon troughs @ 300/00
8--100 gallon troughs @ 450/00
2--70 gallon troughs @ 125/00
1--150 gallon trough @ 250/00
Roof storage tanks
2--2000 gallon tanks @ 1500/00
2--1000 gallon tanks @ 600/00
Earth dam--500'x20'

Equipment:

Ford tractor--1--5000
Massey Ferguson tractor--1
Water trailer--1
Trailer--~1

Disc plow--1

It
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372/00
1,689/60
1,100/00

520/00

2,376/00
1,300/00

6,200/45
13,627/00
1,300/00

16,000,/00
10,800/00
12,500,/00
4,000/00
5,400,/00

806/00
480/00
244/20
16,000/00

2,400/00
3,600/00
250/00
250/00

3,000/00
1,200/00
25,000/00

45,090/00
35,000/00
8,000/00
5,200/00
7,382/00
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Harrow--1 = 2,000/00
Mower--1 = 7,250/00
Road plow--1 = 10,000/00
Hand tools = 700/00
Scales

1 balance @ 485/00 = 485/00

1 spring @ 150/00 = 150/00
Spray rig = 6,000/00
Veterinary supplies = 400/00

Back-pack sprayers--2 @ 294/00 = 588/00

Utilization cages--22 @ 85/00 = 1,870/00
Materials on Hand:

Posts--40--6-12" = 195/00

Stays--100 @ 2/00 = 200/00

Smooth wire--17,160 yds 12-1/2 guage = 1,716/00

Tie wire--1000 yds = 80/00
Barbed wire--521 yds @ 00.75/1b

(512 yds = 112 lbs) = 84/00
Chain link fencing--170' @ 9.00/yd = 513/00
Herbicide--10 gallons @ 205/00 = 2,050/00
Grass seed~-600 1lbs @ 42/00 per 100 1lbs = 252/00
Cement--6 bags @ 12/00 bag = 72/00
Sub~-Total 359,793/70
Added Improvement Costs (1972)
Grass Plot Fence (20'x260'):

Posts-~-25--6-1/2' posts = 121/88
Stays--175 @ 2/00 = 350/00
Wire--2240' @ 00.10/yd = 74/70

Italian Tank Fence (105'x105'):
Posts--25--6-1/2" = 121/88
Stays--175 @ 2/00 = 350/00
Wire--1680' @ 00.10/yd = 56/00

Metal Rain Trap Fence (230'x50')
Posts--25--6-1/2" = 121/88
Stays--175 @ 2/00 = 350/00
Wire-~-2240' @ 00.10/yd = 74/70

Pump House at Spray Race:

Building--9'x9' = 2,500/00



Corral Additions:
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Gates--3--3'; 6-8'; 520' of 2x4's & 2x6's = 572/00
Holding, dipping and weighing corrals
Posts--61-~7"' = 320/25
772" of 2x4's = 859/20
Stays--93 @ 2/00 = 186/00
Miscellaneous (spikes, hinges, bolts) = 1,000/00
Research Equipment:

100' tapes--2 @ 48/00 = 96/00

Transect sheets--1000 = 50/00

Grams scales--2 @ 25/00 = 50/00

Clippers--2 @ 8/00 = 16/00

Bags--50 = 5/00

Quadrats--2 = 10/00

Sub-Total 7,285/49
Recurrent Expenses—-annually
Supplemental Feed--mineralized salt--100 A.U.

@ 1-1/2 1b/month/A.U. = 2400 lbs/year @

1/14 per 1b. = 2,736/00
Salaries--13 men = 42,120/00
Diesel = 9,600/00
Petrol = 540/00
Veterinary Supplies = 500/00
Maintenance

Tractors (2) = 12,000/00

Trailers (2) = 1,000/00

Pumps (2) = 1,500/00

Plow, harrow, grader = 750/00
Miscellaneous = 1,000/00

Sub-Total 71,746/00

Life-of-Project Total Cost
Existing Improvement Costs (pre-1972) = 359,793/70
Added Improvement Costs (1972) = 7,285/49
Recurrent Expenses (5 years) = 358,730/00

Grand Total

725,809/19



APPENDIX C

NUTRITIVE VALUES FOUND THROUGHOUT EAST AFRICA ON
SPECIES OCCURRING AT ARDAI

Sources of species found in Appendix C:

o w N
N

11.

13.
14.
15.
16.
17.
18.

19.
20.
21.
22,

23.
24,
25.

26.
27.
28.
29,

Bewg (1956).

Bogdan (1954b).

Bogdan and Mwalka (1970).

Bredon, Harker, and Marshall
(1963a, 1963b)

Bredon and Horrell (196l1).

Bredon and Horrell (1962).

Bredon, Torell, and Marshall
(1967).

Bredon and Wilson (1963).

Butterworth (1967).

Casebeer and Koss (1970).

Catford (1952).

Dougall (1960).

Dougall (1963).

Dougall and Bogdan

Dougall and Bogdan

Dougall and Bogdan

Dougall and Bogdan

Dougall, Drysdale,
Glover (1964).

Dougall and Glover (1964).

Dougall and Sheldrick (1964).

Field (1976).

Field, Harrington, and
Pratchett (1973).

French (1943).

Glover and Dougall (1961).

Harrington and Pratchett
(1973).

Horrell (1958).

Hvidberg-Hansen (1971).

Joblin (1963a)

Karue (1974).

(1958a).
(1958b) .
(1960).
(1965).
and

Footnotes to Appendix C:

aEther Petroleun Extract.

30.
31.
32.
33.

34.
35.
36.

37.
38.

39.
40.
41.
42.
43.
44.

45.

46.
47.
48.
49.
50.

51.
52.
53.
54.
55.
56.
57.

bIn cal/grm.
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Kenya Dept. Agric. (1960).

Long (1970).

Long, Ndyanabo, et al.

Long, Thornton, and Marshall
(1969).

Long et al. (1970).

Marshall and Bredon (1967).

Marshall, Bredon, and Juko
(1961).

Marshall and Long (1967).

Marshall, Long, and Thornton
(1969).

McKay (1971b).

McKay and Frandsen (1969).

Morrison (1971).

Naik (1967).

Naveh and Anderson (1966).

Soneji, Musangi, and Olsen
(1971).

Soneji, Musangi, and Olsen
(1972).

Strange (1958).

Strange (1960b).

Taerum (1970).

Talbot (1962).

Thornton, Long, and Marshall
(1969) .

Todd (1956b).

Todd (1956¢c).

Van Rensburg (1950).

Van Rensburg (1956).

Van Rensburg (1960).

Wigg (1973).

Wilson and Bredon (1963).

cDigestible.

(1969) .



I. OQuantitative Information:

Species (source) . Part Used Place Date
Alysicarpus glumaceus (46) - - -
Aristida kenyensis (40) - Upland Kenya 8/67
— " 9/67
- " 10/67
- " 11/67
-— " 12/67
- 1/68
- " 2/68
- " 3/68
Bothriochloa insculpta (16) - Kenya early flw
(46) - - - :
(51) - Kenya May 2
- " June 2
—— " July 4
- " Aug 5‘
- " Mar 8
(52) - " - 9
(33) - Ankole Uganda - :
7) leaves " -
whole plants " -
(38) -- " -
(32) - - -
6] - Serere Uganda -
(29) - Rift V./Athi R. Dry season
- " Wet season
(1.8) Young, after burn Mara 9/62
" " 1 0/62
Whole plnt full flwr w 11/62
Whole plnt mature w 2/62
Mature w/T. triandra " 8/62
Bothriochloa pertusa (33) - Ankole Uganda -
Bothriochloa radicans (33) - " -
as) - Kenya early flw (May)
Brachiaria brizantha (46) - - - :
(52) - Kenya - q
(30,2) - Kitale Kenya - ~
(33) - Ankole Uganda -
7) whole plant " -—
(31) - Uganda -
(54) - - -
(6) - Kawanda Uganda 1957-8
- Entebbe Uganda 1957-8
- Serere Uganda  1957-8
(25) -- Muko Uganda -



Silica Gross
Free Dig.
DM DCp TDN Ccp CF EE NFE Ash Silica Ash Energ

—— - - —— - - - - - -—— ——

* & & s & 2 a2
WWOHFERFRFWNREWUW
1
1
1
1
1
I
1
1
1
1
]
|
t
i

|

|

1

1

1

1
SNSWNhWwnb W oW

20 5.84 59.9 9.2Q0 34.92 2.73 41.2 12.03 - - -
25 6.07 60.6 9.68 32.48 2.56 42.5 12.70 - - -
40 4.56 54.4 8.41 32.40 2,27 42.7 14.23 - - -
50 3.28 48.3 7.35 31.94 2.34 44.6 13.88 - - -
80 Q.70 41.Q 4.45 30,82 2.71 49.5 12.64 - — -
Q1.0 1.56 - 4.64 35.18 1.82 - - - - -

- - —- 6.05 34.36 (C.P., range = 3.16-10.56) (C.F. range
- - - 5.75 33.30 - 46.65 - - — -
-~ - - 2.77 40,20 - 46.72 - - - -

1
[\S]
~I!

0
\0
N

|
-
ol |
.

—_— — - 5.36 -— - -— - - - -
—_— - - - -_— - -— - - - -
- - - - - - - - —_ - -

26,82 1.64 42.50 12.81 6.66 6.15 -
36.45 1.18 37.85 15.39 10.97 4.42 -
27.44 2.59 49,32 13.55 8.81 4.74 -
1.77 44.68 11.74 8.03 3.71 -
34.00 .80 44,59 12.18 9.32 2.86 -
31,68 - - - - -- -

1
3
1
1
1
1
[

1
]
1
)
b
bl
CLOBOWNVLO U
NOOAOEREDON
NS WNOoOWW
W
~
0
©

-~ - - . 33,12 (C.P. range = 3,89-9.58) (C.F. range = 30.89-44.4
May) —- _—- -~ 10. 28.8 - - - -— - -
20.6 5.67 53.0 8,70 28.04 1.62 50.9 — - - -

- - - 6.32 32.82 (C.P. range = 3.35-12.74) (C.F. range = 26.31-38.
- - - 3.10 37.99 - 48,93 —-— - —_ -

- 2,0 -~ 5.2 35.9 - - - - - -
— 2.5 -~ 6.1 36.7 - — - - - -
- 1.9 ~ 5.3 39.1 - -— - - - --
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. Gross
Dig. Org. Nut. Protein Starch
Energy Ca P Na K Mg N Matter Ratio Equiv. Equiv.

- -—— - - —— - - - — - —
_— - - —— -— - _— - —— —— -
-— - - - - - - -_— - - ——
-— - — —— o —_— - - — - -
- - —— —— - —— —— -— - - -
-_— -— - - — —— - - — - -
- - - - - - - - - - -
—-— -_ - - - - - - -—— - —-—
- ——— - — - - - - ——— - ——
- - - - - - — —— - —— -
- - - —— - —— - - - — -

- .24 .17 .030 .84 .14 - - - - -

.89-44.47) - -- — e= em e - - - -
- - .27 — - - - - - -~ -~
- -- - ~— == ~= -= 89.29 1:8 4.50  42.0
6.31-38.87) - - —_ = - - -- -- -- -~
- .39 .21 .045 1.16 .17 -- - -_— - -
-— - - - - - —— -—am - -—— 31_9
— - - — e s e - - - 31.8
- - - — = - - - -— _— 26.8



Species (source) Part Used Place Date
Brachiaria brizantha (38) - Ankole Uganda -
(32) - - -
(5,6) - various Uganda -
(8) - Karamoja Uganda -
Brachiaria deflexa (20) stemmy some burn - -
(18) whole plnt early flw Kiasa 12/61
Browse leguminous (18) - Kenya -
nonleguminous - " -
leguminous (13) —_— v -
nonleguminous - " -
Chloris gayana (4) - Serere Uganda -
- Entebbe Uganda -
young Nakyesasa Uganda e
- Uganda -
(47) - - -
(40) - Upland Kenya 12/66
- " 1/67
-— " 2/67
- " 3/67
- " 4/67
- " 6/67
- " 7/67
- " 8/67
- " 9/67
- " 10/67
- " 11/67
- " 12/67
-- " 1/68
-— " 2/68
- " 3/68
- " 4/68
- " 5/68
- " 6/68
- " 7/68
(44,45) - - boot
-- -— head
-~ - bloom
- - seed
(46) - —_— -_—
(51) - Kenya Sept.
- " Nov.
(39) - —_— -
(42) -~ Tanzania tall



Silica Gross
Free Dig.
DM DCP TDN Ccp CF EE NFE Ash Silica Ash Energy

- - - 6.94 _— - —_— - - - —
—— ——— - - - —— - - - ———— -
——— —— - - - - - - ——— -—— -
- —— - «r - - - - —— - om -

- - Aot 10.87 29,95 1.68 48.77 8.73 2.92 5.81 -
- - - 12,49 29,96 2,13 42.80 12.62 4.82 7.80 -
-— - - 14.77 29,54 e 45.25 8.60 0.56 8.04 -
-— - - 12,70 29.27 - 43.75 11.73 - 1.46 10.27 -
- - -~  range range - range range range - -—
3=->35 <15+55 <30-~70 3-19 0-5
- - ~-  range range - range range range - -
>3-35 >15~>55 >30-~75 3-35 0->10
- - - 7.29 38.77 - - - - - —
- -— - 8.52 36.25 - - - - - -
— - - 7.21 40.02 - - - - - —
- - - 4.36 38.81 - - - - - -

1
!
1
1
1
1
WbhHOEONON_BLEAMUTON AN RANWW
e 8 2 @ ¢ s e s & 2 » a2 = e » a
wWuuoowoouNvUObWOAOANWO U
1
1
|
1
|
1
!
!
i
i
1
!
[
|

- - -~  12.35 -_— -— - - -— - -
- -- --  10.33 - - - - - - -
- - - 6.86 - - - -— -— - -—
- - - 8.23 - - - - -— - -

30 8.19 57.4 12.42 29.51 2.87 43.1 12.09 - - -

45 4.62 - 8.29 33.88 2.46 - 11.64 - - -

- - - yearly mean range - —e - -— _ -
4,9 26-39

100 - - 5.9 - 1.7 - 8.3 - - -
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Gross
Dig. Org. Nut. Protein Starch
Energy Ca P Na K Mg N Matter Ratio Equiv, Equiv.

- .39 .21 .045 1.16 .17 — - - - -

- .54 .14 .027 2.09 - - -— —— —_— -

- .48 .190 .029 3.36 - -_ - - - -

- 1.82 .186 .066 1.19 - 2.36 - - - -

- 1.82 .212 .074 2.13 - 2.03 - —_— —_— -

- range range - -—— — - - - - -
<.2-6 <,05->,55

- range range - — - - - —_— . —
>.2=>6 >.05->,55

—_—— - - — - - — - -— — -
- —— — -—— - - - - —— - -——
-— - - - - -—— - - — - -——
-— - - — —— — -—— - - - -—
. J— — - - - - — - —— —_—
- —— — - — - -— - - — -——
—— —— ——— — - — - -_— - — -
-— -— - —— — - -—— -— -— — ——
- — - -—— - - -— -— —— —-— -
- - - - — — — -_— — —— -
—— — - - -——— - - - -—— -—— —_—
- - — - —— - - -— -——— - -
- - —— — - - - —— - -— -
- - - —— -— - — - - — -
- — - - — -~ - - —— - -
- —— — - - - - — - - -
— J— — — _— - - - p— -— —_——
iy - -— - - - —— - - - -
- — - - - . - — -— - -
- - - - -—— — -—— - [ -— -
- — - - - — - - - —— -
- —-— - - ——— -— - - —— —_— -
- - _— - — — — -_— - - -
- - - —— — - - - -_ - -
— — - - — - - [p. - —_— -
- - - — - - - -_— -— - R
- - - -—— - - - - -— —_ -
—-—— — - - - —— -— ——— —_— -— -
- - - - - - - — -—— - -



" Species (source) Part Used Place Date DM

Chloris gayana (42) - Tanzania short 100

- " green 18

-— " hay 92

(43) - Tengeru early hay -
Tanzania stage

(36) hay Serere Uganda - -=

hay : Entebbe Uganda - -=

(55) regrowth Mpwapwa TBnzania dry season -

" " " — -

w ” L1 ———

green " rainy season -

coarse " dry season -

(37) hay —_— -— -

" -— — ——

" o —_— -

“ —— —_— -

" — —_ -

(Giant) (28) - Serere Uganda - -

(34) - Uganda - (Mn

) - - - -

(24) mature - - -

(22) - Mbarara Uganda rainy season -

(30,2) - Kitale Kenya - -=

(12) young v - -

regrwth after cut " Feb -

11 " NOV .

(21) stem Uganda June -

" " July -

" " Sept -

green leaf " yearly mean -

dead leaf " v -

Stem " " ——

(33} - Ankole Uganda - -

() leaves " - -

whole plant ’ " - -

(31) - Uganda — -

(21) green leaf " June -

" " July —

" " Aug —

" " Sept -

dead leaf " June -

" " July -

" " Aug —_—

u " Sept - —

(61 - Kawanda Uganda 1952-3 --

- Entebbe Uganda 1954-5 -



Silica Gross
Free Dig.
DM DCP TDN CP CF EE NFE Ash Silica Ash Enerqgy

100 - -

(Mn = 41, Cu = 5.2, Zn = 10,2, Co = .13, Mo = .22 ppm; S = .27%) - - -
- - - 7-12 - - - B -— - -
- 4.0 - 8.2 - - - - - - -

-~  14.3 6l 19.3 24.4 -— - -— — Y.
-- 2.4 56 5.9 27,2 - _— -~ -— — 57
- 9.3 6Q 14.4 © 33,7 - - -— —_— -~ 6l

- - - — - - - - -—— -—— -
- - —— - —e - - — —— - -——
- —— -~ —— - ——— - - - v ——

- - — 8,74 30.51 2.03 46.23 - 5.76 6.49 -
- - - 4,71 32.49 1.23 47.39 ~-— 11.17 2.65 -
- - - 3.96 42,22 .66 46.62 - 3.07 3.47 -
- - - 5,96 35.65 (C.P. range = 3.00-16,79) (C.F. range = 25.59-4l.
- - - 6.81 34,12 -~ 46.80 - - - -
- - - 4,93 42,52 - 41.92 - - - -

- —— - - —— - — - -—— - -—
— - —— ——— ——— —— - - - —— -
—— - —— - - - - - -—— - >
- -— - -—— - - -—— -~ -— - -—
- - - - —— -—— —— —— -—— - -
-—— - - —— - - -—— — -—— -—— -
- ——— - -— - —— - - - -— -
— - —— - - -—— - — —— —— —
—— - -— - - -~ - ———— - - —-——

= W



org.

Nut.

Protein

Matter Ratio Equiv.
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Starch
Equiv.

67
57
61

.93)

.47

.50

-



Species (source) Part Used Place Date )
Chloris gayana ) - Kawanda Uganda 1957-8 -
- " " -
- Entebbe Uganda " -
- Serere Uganda " -
hay type . Entebbe Uganda past flwr -
” " " -
" " 11 -
fine leaf " " -
(25) - Muko Uganda - -
(38) - Ankole Uganda - -
(32) - —_ - -
(26) - Serere Uganda - -
(29) - Rift V./Athi R. yearly ave. -
(5,6) - Various Uganda - -
Chloris pycnothrix (40) - Upland Kenya 11/66 -
- " 12/66 -
- " 1/67 -
- " 8/67 -
- " 9/67 -
- " 10/67 -
- " 11/67 -
- " 12/67
- " 1/68
- " 2/68
- " July
(33) - Ankole Uganda -
Chloris virgata (33) - " -
a7 - Kenya early flw (May)
(18) whole plnt full flw Marigat 8/61
Commelina sp. (39) - -— -
(57) - Karamoja Uganda June (
- " 8/58 (
—_ " " (
-—— " " (
—_—— " " (
— " " (
Cynodon dactylon 4) -— Solai Kenya - .
-— Rongai Kenya -
4a7) - - -
(46) - - -
(39) - - -
(10) - - -
(50) - Uganda -



O
a+}

Silica Gross

Free

Silica Ash

Dig.

Energy

fat)
fat)
fat)
fat)
fat)
fat)

W N

b OUhgWw

W

Wb bbb g0

o8]
'y

-———

ONOD NOIWNONDOY
W WO WD WA RN

8
5

13.0
12.86
yearly
9.6
20.73
7.09
8.85
9.66
10.93
14.41
4.65
5.93
4.37

yearly
5.0

mean

mean

33.06 (C.P. range = 3.18-14.82) (C.F.
32.48 (C.P. range = 4.01-12,90) (C.F.

31,09
range
16-23
18.41
21.27
19.76
27.33
28,27
23.47
36,25
36.13
38,06

(.98 crude fat)
(1.33 crude
(1.22 crude
(1.49 crude

1.80 40.45

fat)
fat)
fat)

13.

26.
25.
19.
17.
20.
17.

80

3.24

range
range

10.56

= 20.51-38
= 24.30-39

.09)
.15)
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ross
ig. Org. Nut. Protein Starch
nergy Ca P Na K Mg N Matter Ratio Equiv. Equiv.

—_— - - -— — -_— _— —-— _— - 27.3
- - —_— - - —-— - —_ - —_— 28.3
- - - - - _ - - - - 26.0
- - - - - - - —_— —_ - 26.8
_— _— -— _— - - - -— _— - _—
_— - - - - - - -_— _— _— _—
- -_— _— -_— -— -— -— _— -— — -—
_— _— -— -— - -— -— -— -_— _— -_—
-— -_— - _ -— ~— -— _— -— _— _—
_— _ - _— _— -— - - _— _— -_—
- .29 .22 .041 1.17 .15 -- ~ - —_— -—
_— - - _— -— - -_— - -— -_ -—
- - - _— -— - —_— - —_— - _—
-— - _— _— - - -— _— - _— _—
_— _— - - -_— - - - - _— -
- -~ ——— > - - —— -~ ———— -—— -
-— - _ _— _— -— _— - - _— -
- - -— - -_— -— - -_— - _— -_—
_— _— _— -_— _— - -_— — -— _— -—
_ - _— -— — - - - _ _— —
_— - _— -— _— - -— _— - _— -
— - -— - _— - -— -— - - -
- - —_— - — - - - - _— _—
_— - _— _— - - - - _— _— _—
-— _ _— - - -— - -— - _— _—

51-38.09) - - — e = e _— — _— -
30-39.15) - - — == = - - - - -

-
-_— .55 .190 - - -_— -— —-— _ _ -—
- - -— -— -— —-— -— -— — - -
- - -_— _— —-— - - - - -_ -
- -_— - - -— -— - - -— —_— -—
- - - - -— - - - - _— -
—_— -— -_— —_— _— - - - —_— - -
_ -_— -— - - - -— _— -— _— -
- -— - — - — -— - - —_— -
-— _— _— - - - - - - - -
- _— -_— _— -— - - _— . _ -
- - _ -— - - - - - _ -
_— _ - - _— -— _— - _ -— -
_— —_— -_— - - - - - - - -
- —_— - -— -~ - - -_ - - —_—
—_— —_— —_— - _— —_ - - - ~— -—
- —_ - - -— - —_ - _— — -



Species (source) Part Used Place Date D
Cynodon dactylon (36) hay Solai Kenya - -
|1 " - -

" Rongai Kenya - -

37) " - - -
w —— R -

27) - - - -
(21) whole plant Uganda - -
(34) - v - M
Q) - Tanganyika - -
(11) - Uganda - -
(24) - - - -
(22) - Mbarara Uganda rainy season -
12) - Kitale Kenya Feb -
- * Nov -

{19) mown - - -
(21) whole plant Uganda June -
" July -

" Aug -

w v Sept -

(33) - Ankole Uganda - -
(20) stemmy flowering - - -
stemmy - - -

6) - Entebbe Uganda 1954-5 -
—_— " " -

25) - Muko Uganda - -
(38) - Ankole Uganda - -
(32) - - - -
(26) - Serere Uganda - -
(29) - Rift V./Athi R. yearly ave. -
- * dry season -

- v wet season -

5,6) - Various Uganda - -
(49) - - - -
(56) - - - -
(18) whole plant after burn ~Mara 10/62 -
" '] " -

whole plant early flw " " -

£full flw some burn v 11/62 -

whole plant after burn v 12/62 -

with Setaria " 9/62 -
Cynodon plectostachyus (46) - - - -
(42) -- Tanzania - 10
(20) stemmy some burn - - -
23,9) - Tanganyika before flw 2



(&4

EE NFE

Silica
Free

Silica Ash

Gross
Dig.
Enerq

n

-

15.3

,5.93
" 4.65
4.37
4,65
4,37

———

7.09

36.13
36.25
38.06

32.81

1.382 46.57
.972 49,51
.982 48.75

— -
-— -——
—— -

1.50 50.50

7, Zn = 27,4, Co = ,07, Mo = .28 ppm; S = .23%)

21.9
25.0
7.8

———

- -
— -
- -
- -_—
- ——
- ——
- —
- -
- -
- —_—
—— -——

210;:
189

33.02 (C.P. range = 3.98-21,10) (C.F, range = 25.08-39.

33.83
31,53
34,5
35.0

30,11
22.6

1.69 46.77
1.93 49.45

- -
— —
- —
—— -
—— —_—
- -~
- —
- -
- -
— ——
- -

2.24
2.42
1.93
2.85
2,69
1.88

1.7 -

range -
1.3-2.1

1.89 46,69
2.9 42.4

7.08
8.07

14.07
15.10
11,19
13.23
12.52
14.42
l1.6
range
9.1-14.0
10.10
13.0

.14
3.91

6.94
4.16
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Gross
Dig. Oxg. Nut. Protein Starch
Energy Ca P Na K Mg N Matter Ratio Equiv. Equiv.

- - -— - - -— - 49.71€ - - 27.01
. —_— -— - - -— -- 50.37° —_ - 28.67

-_— - - e - -— ~  45,33° - -— 23,54
21012 — -— - — - - - - - —_
1899 - -- — = == - -— - - -

-— .44 .47 .035 2,13 .17 3.80 ~-- - - -

71 - - - - -— -- -- -- -- --

57 - - - .- - -- -- - -- -

.08-39.87) - - - -— - - - - -— -

— _— _— -— - —_— - - —_— -— 34.0
—_— - - -— - - - - —-_— - 35.4
- - - - - - -_— - - -_— —_—
—_— —-— - - - —-— - - —_— - -
- .33 .22 .075 1.14 .17 - - - - -
—— - - Al o = - - - .- - ————
—— - - - - - - - —— - ———
—— - - - —— - e ——— - — -
——— -—— - -——— - - - ——— —— - -
- -_— —_— - _ _— —_ - _— _ -
—_— —-— -— - - —_— - - _— _ -
_— - —_— - -— -_— —-_— - - —_ _

-— - - - -—— - - -—— - - -
- .31 .11 -- - -— -_— -_ —_— — -
- — -—— - -——— - - -——— -—— —— ——

- .61 .13 .027 1.91 - - - - - -

— -—— - —— - -~ —— -—— - -



Species (source) Part Used Place Date D
Cynodon plectostachyus (23,9) - - early flw 2
- -— mid flw 3

(26) - Serere Uganda - -

Cyperus sp. (39) - - - -
Dactyloctenium aegyptium (16) - - - -
(33) - Ankole Uganda - -

Q7}) - Kenya early flw (Aug ~

(18) whole plant full flw Marigat 8/61 -

(40) - Upland Kenya 11/66 -

- " 12/66 -

- " 1/67 -

_— " 4/68 -

- " 5/68 -

— v 6/68 -

Digitaria scalarum (16) - - - -
(39) - - - -

7) - - - -

(34) - Uganda - ™

1) - w —_— -

(33) - Ankole Uganda -— -

(25) -— Muko Uganda - -

(38} - Ankole Uganda -— -

(32) - - - -

(ia) whole plant after burn Mara 10/62 -

11} " ” -

" " 11/62 -

(40) - Upland Kenya 11/66 -

- " 12/66 -

- " 1/67 -

- " 4/67 -

—_— " 5/67 -

- " 6/67 -

- " 7/67 -

- " 8/67 -

- " 9/67 -

- " 10/67 -

-— " 11/67 -

- " 12/67 -

_— " 1/68 -

- " 2/68 -

- " 3/68 -

—_— " 4/68 -

- " 5/68 -

- " 6/68 -



CpP

Ash

Silica Gross

Free

Silica Ash

Dig.

Energy

g

11.0

11.0

yearly mean
5.8

15.8

10,96

15.6

15,62

14,6
2,8

yeérly mean
5.2

-

Zn = 34.8, Co =

8,07
8.17

o

B NOANEFEALWUAN BN O WWON
- L] - 1 ] [

OB HONWOVORNUTUVMOONNONN

-
« = * e » e .

29.Q
range
26-32

-

31.49 (C.P, range = 3.50-18.71) (C.F. range

.03, Mo

" -
——— -

1,51 41.31

= .29 ppm; S = .19%)

—— -

- ——
- ———
- ———

1.66 38,06
2.84 43,12
2,48 45,82

- —
- hand o
- ——
— -
— -
— -
—— -
—_— ——
- —
- -
-—— -——
- -
- -
- —
- —
— ——
- ——
- —
— ———

11.4
11,6

—

-

13,65

-——

-

6.85
5.50
6.71

——

—
-
—
-—

-

12,07

8,95
8.07
6.929

(C.P. range = 6.33-15.26) (C.F. range = 24.19-36

i
N
Y
.
(8]
~

|
w
@

.56

.5¢
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ica Gross

e Dig. org. Nut. Protein Starch
Energy Ca P Na K Mg N Matter Ratio Equiv, Equiv,

- - - -—— ——— - - — - - ——— ——
- -— - - - - -— - ——— — — ——
- -— —— ——— - -— - - - —— ——— ——
- - - - - - -r - - — -— —
- -—— 1 - (0]} - e - - L ool —— - - -

24.19-36.56) - - T - -— - -~
-— - — _— - Lol e - - — — —
07 —_— . 73 . 303 Amhal h ot bl - - -—— - -
- - - - =e - - — - - - ——
- - - - - - - - - - - - ——
- - [ - - — —— -— -——— - - —
- - —— - — - — —— - - —— -
- -— - -—— - - —— - —— - — -
- -— — - e - - —— - —— —— -
- - — -—— ——— - - - -— —— —a -—
-— - ——— - —_— — —— - — - - —_—
- —_— - -—— —— - -—— - - - -_— -
- - .46 .49 .032 3.34 .20 3.22 - - - -
- - - — - - - - - —_— — -

24.57-38.59) - - -_— e - - - - - -
- ——— — —— - -— —— ——— —_— —— —— -
- - -—— - -— - —— — _— — — ——

29 - .51 .371 .020 2.27 -- - - - -— -

- - e — - - - - - - —— -
- - ——— ——— - - — —— — -—— - -
- - -—— -—— - - - e —_— - - -
- - —— - - - —— - = —— -—— -
- - —— —— - -—— -— -—— ——— —— — ——
e~ —— -—— -—— —— - - -—— —— - —— -
.- - e - - -— - - - - ——— -——
- - -—— -—— -—— .- - —— — - —— -
- - —— —— - -~ —— —— — —— - -
N - - - —— v —— - - - - .-
- —— -—— -_— - -— - ——— - - - v
- - ——— - - - - —— ——— - - -
- e - -~ - - - —— -— — - -
- - - —— - — — - — —— -— -———
e - - - -— - - —— ——— - - -
- — - ——— - - - - —— - —— —
- - -—— -— —— -— - - —— - —— -
—— - —— —— - —— - - - -—— —— ——



Species (source) Part Used Place Date Dl
Eriochloa nubica (18) whole plant full flw Marigat 8/61 -
Eustachys paspaloides (18) after burn Mara 11/62 -
Glycine javanica (46) -— - - -

(18) leaves & stem Mara 11/62 -

Grasses (18) - Kenya - -
(13) young leaf to mature Kenya semi-arid - -

Hermannia uhligii (18) twigs w/some leaves Tsavo East 10/62 -
Leguminosae (18} - Kenya - -
(13) mostly in early flw Kenya - -

25) - Muko Uganda - -

Lintonia nutans @(1e6) -— - - -
Microchloa kunthii (10) - —_ - -
(33) - Ankole Uganda - -

Panicum atrosanguineum (33) - " - AR
Panicum c¢oloratum (46) - - - -
- 3) - - - -

(30.,2) - Kitale Kenya - -

(33) - Ankole Uganda - --

(15) - Kenya early flw (May) -

(18) whole plant Mara 12/62 --

Panicum massaiense (16) - - - --
Pennisetum mezianum (10) -— - - -
(29) -— Rift V./Athi R, dry season -

- " wet season -

(8) - Karamoja Uganda - e

as) - Kenya early flw (May) -~

(18) mature Mara 8/62 -

whole plant early flw Mara 12/62 --

mature w/T. triandra " 8/62 -

Pennisetunm stramineum (46) - - - -
(52) - Kenya - a(

o) - - - -

27) ale - -— —-

a2) - Kitale Kenya May -

- " Sept ="

as5) - Kenvya early flw (May) -—-

Rough grazing a2) - Kitale Kenya Apr -
- " Dec -

Rhynchosia minima (46) - - - -
(39) - - - -

Sericocomopsis pallida (18) leaves Mopia gap 12/61 -
leaves & twigs H.Q. Aniba Rd. 4/62 -

leaves & shoots Kandetcha 4/62 -



Silica Gross

Free Dig.
DM DCP TDN cp CF EE NFE Ash Silica Ash Energy
- - - 10.15 33.49 1,45 38.73 16.18 3.78 12.40 -
- - e 9,97 31,72 2,69 41.85 13.77 8.46 5.31 -
- - - 18,65 28.96 1.70 38.88 11.81 1.45 10.36 -
-— - -~ 11.51 30,34 - 45.01 10,85 4.95 5.90 -
- e =~  range range - range range range . - -
<3=>35 <15-45 30~60 3-19 a->10
- - = 6,89 51.90 1,84 34.16 5.21 .03 5.18 -
- - -= 21,86 21,9Q - 43,28 11,12 1.18 9,94 -
- - -~ range range - range range range - -
11->35 <15-40 <30-65 5-19 0->10
- - - 13,7 31.5 — - - -— -— -
- - - 5.44 33.67 (C.P, range = 4,42-9.23) (C.F. range = 30.19-37,57)
- - s 6.61 30.46 (C.P. range = 4.61-13,25) (C.F. range = 24.29-34,52)
_ - - 7,92 32.94 (C.P. range = 5.17-10.67) (C.F. range = 32.,79-33.08)
N o— - - 18.9 28,6 - - - - - -
- - - 10.7Q 29.49 2,51 42.58 14.72 7.64 7.08 -
- - - 19.66 23,98 - - - - - -
- 0.9 51.Q 3,6 - - - - -— - -
- 2,1 53.4 5.5 - - - - - - -
- - = .59 32.79 1.18 42.69 13.75 9.90 3.85 -
-— - -~ 11,53 30.98 2,53 41.43 13.53 8.14 5.29 -
- - = 5.01 34,45 .92 47.79 11.83 9.12 2.71 -
= - Lol o - - - L alad - - - -
Q.3 5.97 42,6 Q9,97 36.84 1.86 39.6 - - - -
- 2.4 53 6.1 37 - - - - - 54
- .4 40 2.4 40 - - - - - 40
y) - - - 11.9 35,8 - - - - - --
- 4.4 59 8,7 27.1 - - - - - 58
- .6 47 2.8 38,2 - -— -— - - 47
- - - yearly mean range - e - - - -
9,1 31-32
- — -~ 16.17 21,96 2.02 44.17 15.68 1.61 14.07 -
- - - 14,83 32.20 .83 39.34 12,80 14 12,66 -
- - - 11,74 34,41 .76 40.43 12.66 .27 12.39 -



a Gross

Dig.

Energy

P

Or

Matter Ratio Equiv.

g.

Nut.

Protein St

116

arch

Equiv,

«19-37.57)

4.29-34

.52)

.08)

2,27
2.07
2.03

.302
.142
.292
.234
range
<.05->.55
.129
.288
range
«05+~>,55

-

.230
111
.164

.023 1.33

.024 3,05
.031 2,54

114 .42
.028 3.08

- -
- -
- ——
- -
- ——
- ——
- -
- -
- -
—— -
- —
.023 1,90
- —
—— —
- -
- -
- -
- -

.027 .61
.014 1.51
.Q14 .33

- -
—— -
—— -
- —
—— -—
- -
- -
- -
—— -
- -——
- -

.320 4.44
.032 3.61
.042 3,57

88



Species (source) Part Used Place Date DM
Setaria sphacelata a7) - - - -
(44,45} - - boot -

- - head -

- - bloom -

- - seed -

(46) - - - -

(Nandi) (41) - Kitale Kenya - -

(53) -~ - -- -

(28) - Serere Uganda - -

(34) - Uganda - (Mn

(1) - Tanganyika - -

3) - - - -

(24) 1late growth - - -

(12) - Kitale Kenya May -

- " Sept -

(33) - Ankole Uganda - -

(7) whole plant v - -

(31) - Uganda - -

(54) kept at 1' ht Mpwapwa PBnzania - -

kept at 2' ht " - -

kept at 4' ht " - -

kept at 6' ht " -— -—

(6) - Kawanda Uganda 1952-3 -

(25) - Muko Uganda - -

(38) - Ankole Uganda -— -

(32) - - -- -

(5,6) -= Various Uganda - -

Solanum incanum (14) 1leaves South Baringo 2/57 -
(39) - - - -

(18) leaves South Baringo 2/57 -

Sporobolus fimbriatus (18) whole plant Mara 11/62 -
whole plant early flw " 1/63 -

Sporobolus helvolus (16) - - - -
(30,2) - Kitale Kenya -— -

Sporobolus pyramidalis (21) green leaf Uganda June -
" " July —_—

" Aug -

" " Sept ——

dead leaf " June -

" " July —

" [ Aug —

" " Sept —

stem " June -

" " July i

" " Aug —



CpP

Silica Ash

Silica Gross

Free Dig.

Enerqgy

-

————

-

-

13,19
11,11
8.79
8,46
5,73

23
42

——— -
- -
- -——
- -
-—— -
—— -
—— -
- -
- -
- -
-— -
- -
— ——

- 66
- 50

36.70 (C.P. range = 2,74-17.22) (C.F. range = 24.65-44

37.35

46.92

33.96
46,18
42.56

12.75

12.75
14.82
8.74

9.22
4.09

— -
—— -
- -——
—— -
—— -——
- -——
-— -—
——— -
- ——
-—— -——

5.60 --
4,65 -

-— -
- -—
- -
— -
— -
— -
—— -
— -—
- -——
- -
—_— -
- -
—— -

.93
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ica Gross
e Dig. Org. Nut. Protein Starch
Energy Ca P Na K Mg N Matter Ratio Equiv. Equiv.

- . — -— -— _— _— -— -— - - —
- _— ” .39 .43 .032 2.98 .22 2.33 -— - _— -—
- —— _—— - - - —— — - - -—— -
- 66 - - - - - —— —— hahad - -
- 50 - - - - - - - - —_— —

24.65-44.93) - - - - - - - — - -
- —_— .41 .26 ,046 1.82 ,13 -- - -— _— -
- -_ - - - - — —_— -— - - 24.4
- _ .41 .26 ,046 1.82 .13 -- _— - - -—
rate) -- 1.56 .32 -— - -— - - - - -

- - 1.56 .320 - - - - - - - -
.60 - .52 .343 .019 1,39 - - - - - -
.65 e .27 ,242 .020 1.50 - - - - - -

—— - - - —— —— - —— - - —— -

— - .20 .25 -— 2,40 -- - - - -— -
- - .25 .23 — 2,62 --= - - -— _— -
— - .25 .17 — 2,14 - -— - - _— _—
-— - .25 .15 -— 2,24 == -— - - _— -—
— - .15 .10 -~ Q0,75 ~-= -_— - - -— -—
— - .20 .13 -— .50 -- - - -— - -—
-— - .15 .08 - .30 - _— - -— - -
-— - .15 .08 - .30 ~-- _— - -— _— -—
— - .15 .22 -— 2,15 == - - - - —
_— - .16 .21 -— 1,65 -—- - - - _— _—
_— - .13 .Q9 - .92 -- - - - -— -
- _ .15 .Q9 - .98  ~- - - - -— -



Species (source) Part Used Place Date
Sporobolus pyramidalis (21) green leaf Uganda yearly mean
dead leaf " "
Steln " ”

Themeda triandra

(33)
@1

(25)
(38)
(15)
(40)

¢)

48)

(39)

(35)
(10)
(37)

(27)
24)
(22)
(12)

(19)
(21)

whole plant

hay

mature

regrowth after burn

green leaf

Ankole Uganda -
Muko Uganda -
Ankole Uganda -
Kenya Early
Upland Kenya 11/66

Uganda -
Muguaa Kenya -
Kodong Kenya -

- -

—— —

Kenya Masailand -

Mbarara Uganda rainy
Kitale Kenya May
" Sept
" Feb
May

Uganda June

flw (May)

season



TDN

Ccp

EE

NFE

Silica
Free

Silica Ash

Gross
Dig.
Energ

vay)

on

-

—

-

——

-

-——

-——

-

-

«o

-

6.96
4,02
4,14
5,16

W

s 6 4 & @& e e e e
~J
O\N:Ul

-

VWUWN_BAMUNODWWAROANMWARWULULOGULWE OO WM
WYLV WONODODOFUOOHFNMNYMHEOAOOULAWUBOO

o O

mean range
29-40

35
35
27
34

—

1.92 48.64
1.40 50.10
.86 48.07
(C.P, range = 1.81-10,95) (C.F. range = 30,.36-43.

47,93

3.67
7.14
2.97

4.32
2.06
4,07
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ca Gross

' Dig. Oorg. Nut. Protein Starch
Energy Ca P Na K Mg N Matter Ratio Equiv. Equiv.

12 - — - - —_— - - —_— - — -
)6 - - - - - - —_— —_— —_— -— -
)7 — -—— —— L lend - - - - - - -——
30.36-43.33) - - ~— = = e - - - -
- —— — T - - - - - — ——— -——
- —_— -— - — - - — — —— - ———
- - - - - - - - - —— — -
- - -—— - -—— —— - —— - - — -
- - -_— - - - - - -—— - - —
- - - - - - - — - o~ - -
- - - - - —— - - - — - -
- - ——— - L Y v - - - - - -
- - - - - - .- -— - - —— ——
- — —— ——— — - Yo - - - —— -
- —— -—— —— - - - -~ - —-— ——— ——
- - - — - - —— - - — —— —_—
- - —— - .- o e —— - ——— ——— ———
- - - - - - — - ——— - - -
- - - - - - —— - - - ——— -
- - —— - - - - - - - - -

r-— — — - LN e - - — —— - -—

.- - - - -—— - — -— -_— - -—— -—

‘- - -—— - - - — - - - - —_— -

- - -—— - - - — —_— —— - - -

- - - —— - - - - - - - ——

—— - - —— - - —— — -—— - - -

n— - - ——— —- - - -_—— - -—— —_— -

m— - — - - - —— —— ——— —— —— -

-~ - - - - - - -— -_ -— —_— -——

—— -——— -—— —_— - — - —_— - - - -

—— - - - —— - — -— - - - -

- - — — o - - -—— -—— - -—— -

— - - - o - - - - - — -

_—— — -— —— - —— - - -— - -_ -

-~ 1985 - -— —~ - -— - - - - -
-~ 221 - - - - - - - - - —
—— - - - — -~ - - - -_— - -
-~ - - - — - - - - - —— -
- - - — —— _—— - - - J— - -
-— 56 — — - —— - - - -_— -— -
- 42 - - - - -_— —— — - - -
- 64 - —— - - - — -~ - -— ——
e 57 - -— - - - — -—— - - -
- . -—— - - - - ———— - — -—— -—

- - .38 .23 — 2,10 -~ - - - - -



Species (source) Part Used Place Date
Themeda triandra (21) green leaf Uganda July
n " Aug
" " S ept
dead leaf " June
" " July
" " Aug
" " Sept
stem " June
w " July
" L Aug
" " Sept
inflorescence * July
green leaf " yearly mean
dead leaf " "
S tem [13 "

(33) - Ankole Uganda -

7) whole plant " -
leaves " -

(31) - Uganda -

(25) - Muko Uganda -

(38) - Ankole Uganda -

(32) - - . -

(29) - Rift V./Athi R. yearly ave.

- " dry season
- " wet season

8) - Karamoja Uganda -

(18) whole plant full flw Mara 2/62
whole plant after burn 10/62
after burn 11/62

" 12/62
Vigna fragrans (18} whole plant Kandetcha 4/62




TDN

Silica Gross

Free

Silica Ash

Dig.

Energy

e

-
-
-
hal ol
-

-

8.54
4.88
3.29
4,14
3,22
4.89

2.23
1.27
.74

48.22
46.36
44.42

7.91
14.29
7.98

3.89
1.84
1.95

(C.P. range = 1.16-17.80) (C.F. range = 27.00-45

49.37
49.84

.45)
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sross
Dig. orgqg. Nut. Protein Starch
Energy Ca P Na K Mg N Matter Ratio Equiv. Equiv,

- .32 .15 -— 2.14 - - - _ —_— -
- .33 .08 - .44 - - - —. - -
- .33 .22 -- 34— -_— - - _— _—
— . 45 - 10 bt . 50 - - - -—— - -
- .35 .10 2 .54 - -— - - - -
haan . 10 - 09 .- - 63 ——— - - - — -——
— ’ .30 .Q8 - . 36 — - —-— —— - ——
- .15 .10 - 72— - - - - -—
- .14 .07 -— .78 - -- -— —_— - -—
- .18 .a9 ~  1.05 - - - _— - —
- .15 .11 - 2,78 - - - -~ —_ —

—_— - -— - - - - — — — -
— -— — - - —_ - - - — -
—— - - - — f— - - - - —

)0-45.45) - — - - - - — - - -
_ - — - —~ - - - - . —_—
- — —— - - - - - . - -
—_— .31 11 .034 .50 .09 ~~ - - -~ -
— - - - - - - - - — —
—_— - - - - - -— - — - -
_— .31 .11 .034 .50 .09 -~ — - - -
— — — - —— - - . - - -
- ——— - - - —— - —— - —— -
= -—— —— ——— e - - - - - -
—— - - ——— - - - ——— - - -
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II. Qualitative Information:

Species (Source)

Alysicarpus glumaceus
(46) Palatable; certain forms persist under grazing.
Bothriochloa insculpta

(46) Productive; palatable; inclines to stemminess; known as sweet
pitted grass.

(51) Moderately highly digestible in young stage but low in
digestible protein.

(38) More digestibility than expected from crude protein analysis.

(26) Forms a fairly good cover.

Bothriochloa radicans
(15) Well liked by grazing animals.
Brachiaria brizantha

(46) Does not form such a good cover as B. ruziziensis.

(30,2) Wide difference in performance in varieties at Kitale, Kenya.

(33) Impressive nutritionally; more frequently grazed.

(54) Requires higher rainfall than Mpwapwa, Tanzania.

(6) 4-7 and 12 months above maintenance for D.C.P. and Starch
equivalent, respectively, depending on location.

(25) Unacceptable at Muko, Uganda, to cattle even though Long,
Thornton, and Marshall (33) found it nutritionally desirable.

(38) Good crude protein. Digestibility equal to that expected from
crude protein analysis.

(32) Only species which came close to meeting calcium needs of milk
cows; also came close on phosphorus; adequate in P for beef
COWS.

(5,6) High nutritive value from various locations in Uganda.

(8) Maximum of 5-6% digestible crude protein in May and minimum of
0.5-2% in November-January at Karamoja, Uganda.

Chloris gayana

(44,45) Nutritious early herbage; rapid grower.

(46) Good grazing during the rains and early in dry weather.

(51) Moderately highly digestible in young stage but low in
digestible protein.

(43) More frequent cutting than twice each year would have probably
improved the protein content but reduced bulk thus not
increasing total protein yiéld per acre.

(28) Giant variety improved in palatability when it was growing
strongly in July and August at Serere, Uganda.

(3) Lasted longer in the dry season.

(22) Highly acceptable to cattle in rainy season at Mbarara, Uganda.

(30,2) Wide difference in performance in varieties. Nzoia variety
gave greater liveweight gain/animal and /acre than Nandi
Setaria at Kitale, Kenya.

(12) High C.P. in April and August-September.

(6) 2-12 and 9-12 months above maintenance for D.C.P. and Starch
equivalent, respectively, depending upon location.
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Species (Source)
Cchloris gayana

(25) Acceptable species to cattle; mediocre nutritionally at Muko,
Uganda.

(38) Below average crude protein. Digestibility equal to that
expected from crude protein analysis.

(32) Came close to P needs of milk cows; adequate for beef cows.

(26) Forms a good soil cover due to stoloniferous growth at Serere,
Uganda.

(5,6) Moderate nutritive value at various locations in Uganda.

Cynodon dactylon

(47) Less productive and palatable than Setaria sphacelata or
Chloris gayana.

(46) Not heaviest yielder but generally of better quality; may prove
to be especially useful for late season reserve grazing as it is
comparatively drough~resistant and does not lose its quality

- as rapidly as many other grasses.

(10) Preferred in rainy season--not in dry season.

(50) One paddock used continuously at night with pure stand of C.
dactylon was relatively high in total nitrogen in Uganda; cites
C. dactylon as indicator of soil nitrogen.

(27) Mixture of C. dactylon, Pennisetum stramineum, Digitaria
scalarum withstood heavy grazing better than Themeda triandra.

(1) Grows satisfactorily on cultivated and manured fields but not on
hard soil in Southern Tanganyika.

(11) Common weed grass in the Short Grass Zone of Uganda.

(22) Highly acceptable to cattle during rainy season at Mbarara,
Uganda.

(12) High C.P. in Aug. rains of the 3 rains which occur in April-May,
July-August, and Oct-Nov; low in July.

(19) Higher protein and mineral content in mown than unmown; unmown,
however, showed only slight deterioration in last month of
rainy season.

(33) More frequently grazed.

6) 11-12 and 12 months above maintenance for D.C.P. and Starch
equivalent, respectively, depending upon location.

(25) Acceptable species at Muko, Uganda.

(38) Less digestiblity than expected from crude protein analysis.,

(32) Came close to P needs of milk cows; adequate for beef cows.

(26) Most types too small and unproductive to be important for
grazing but larger ones exist near Serere, Uganda.

(5,6) Cattle tend to graze it mainly in the dry season; can be
excellent permanent pasture; high nutritive value at various
locations in Uganda.

(49) Highly preferred by 4 of 5 wild ungulates studied.

(56) Can cause hydrocyanic acid poisoning if grazed as a pure stand

which is wilted in a hot spell between rains.
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Species (Source)

Cynodon plectostachyus
(46) Did not persist when intensively grazed.
(26) Like C. Dactylon, requires high fertility for good production
at Serere, Uganda.
Digitaria scalarum
(16) Nutritious; well liked by cattle; lacks vigor.
(27) Mixture of Cynodon dactylon, Pennisetum stramineum, Digitaria
scalarum withstood heavy grazing better than Themeda triandra.
(11) Early invader when overgrazing has occurred in the Long Grass
Zone of Uganda.
(25) Acceptable in the wet season but not in the dry season at
Muko, Uganda.
(38) Less digestibility than expected from crude protein analysis.
Glycine javanica
(46) Vigorous and drought resistant.
Leguminosae
(25) Avoided in wet season at Muko, Uganda.
Lintonia nutans
(16) Not highly palatable.
Microchloa kunthii
(10) Does not appear preferable.
Panicum coloratum
(46) Persisted for three years under intensive grazing.
(30,2) Did well on dry land at Kitale, Kenya.
Panicum massaiense
(16) Poor seeding quality; remarkably high crude protein.
Pennisetum mezianum
(10) Highly unprefereable.
(8) Maximum of 5-6% digestible crude protein in May and minimum of
0.5-2% in November-January at Karamoja, Uganda.
Pennisetum stramineum ’
(46) Persistent; quite productive; rapidly formed hard stems and
became unpalatable unless kept well grazed down.
(10) Does not appear preferable.
(27) Mixture of Cynodon dactylon, Pennisetum stramineum, Digitaria
scalarum withstood heavy grazing better than Themeda triandra,
Rhynchosia minima
(46) Vigorous but hardly palatable and was of poor quality.
Setaria sphacelata
(47) Formed persistent, vigorous sword when grazed and mowed.
(44,45) Slow grower--low in nutritive value in late stages.
(46) Persistent; productive; palatable and of fair quality.
(41) In 3rd harvest year, got 8 cuts during growing season with
Nandi Setaria.
(53) Recommends using when young and succulent,
(28) Steady improvement in relative palatability as pasture aged
at Serere, Uganda.
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Species (Source)
Setaria sphacelata
1) Mixed well with star grass and produced grazing at end of dry
season when stock generally dropped in condition, in Southern
Tanganyika
(12) ©Nutritive value declines rapidly after flowering.
(54) Could not stand drought years and died out.
(6) 5 and 8 months above maintenance for D.C.P. and Starch
equivalent, respectively.
(25) Acceptable species to cattle; mediocre nutritionally at Muko,
Uganda.
(38) Digestibility equal to that expected from crude protein analysis.
(5,6) One of lowest in nutritive value at various locations in Uganda.
Solanum incanum
(14) cCattle and sheep do not use but goats do, although believed

poisonous; leaves high in crude protein and calcium and low in
fiber.

Sporobolus helvolus

(16)
(30,2)

One of the best grazing grasses.
Well grazed by cattle at Kitale, Kenya.

Sporobolus pyramidalis

(25)

(38)

(15)
Themeda

Unacceptable at Muko, Uganda.

Digestibility equal to that expected from crude protein analysis.
Poor chemical composition.

trianda

(35)

(10)
(27)

(22)
(12)
(19)
(33)
(25)

(38)

(8)

Avoided by animals in mature stage of growth; speculate that
other workers high value arises from contributions of other
species, such as Chloris Gayana and Brachiaria spp. which in
mature stages are more palatable and of higher protein content,
High preference in Kenya, Masailand.

Mixture of Cynodon dactylon, Pennisetum stramineum, Digitaria
scalarum withstood heavy grazing better than Themeda triandra.
Highly acceptable to cattle during the rainy season at Mbarara,
Uganda.

Picked up in C.P. when burnt but by May back to normal.

2.45 to 17.23 C.P. depending on maturity, burning and grazing
management; green leaves better than older leaves or total
plant in protein, calcium, phosphorus.

Low quality.

Acceptable species to cattle at Muko, Uganda, even though Long,
Thornton, and Marshall (33) found it undesirable.

Low crude protein; digestibility equal to that expected from
crude protein analysis.

Maximum of 5-6% digestible crude protein in May and minimum of
0.5-2% in November-January at Karamoja, Uganda.




APPENDIX D

TREATMENT MEANS AND SIGNIFICANT DIFFERENCES WITHIN VARIABLES

a, b, c, etc. = treatments with like letter are significantly different
within that time period for that variable at the .05
level unless indicated as below by *.

*
|

significant at the .01 level.

only significant when arc sine square root transformation is applied.

4
i

not tested statistically.
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North South East West
Time Period Block Block Pas. Pas. Cont. Rot. Heavy Mod. Light
Cynodon dactylon composition
1968 16.0a 32.0a 22.1 29.3 21.4 26.6 27.1 21.1 20.7
1971 20.7 25.7 18.2 27.9 22.1 24.2 22.6 20.3 25.3
1972 9.7 16.0 6.3 18.3 11.9 13.8 16.3 12.1 12.2
1973 23.3 24.6 26.1 25.0 22.3 25.6 22.0 26.4 23.5
Digitaria scalarum composition
1968 25.1 45.9 31.5 40.7 33.7 37.3 33.8 39.2 33.6
1971 30.7 53.0 41.4 47.5 38.5 45,2 37.8 45.2 41.0
1972 36.2 59.3 50.7 52.8 43.6 52.0 36.5 46.3 52.5
1973 27.4 55.1 46.2 40.1 39.3 43.2 38.2 41.5 44.0
Unknown annuals composition
1968 32.5 6.9 14.3 17.6 23.0% 16.4% 37.9 22.8 11.5
1972 20.6 3.8 11.8 11.4 12.8 11.6 23.9 13.0 7.7
Total plants frequency
1968 93.1a 97.9a 95.6 97.4 94.3 96.7 96.4 94.6 95.8
1971 93.2 94.6 93.4 93.0 94.6 93.2 92.3 93.5 94.7
1972 43.2 47.2 43.4 43.5 47.0 43.5 50.3 48.2 41.5
1973 26.8 24.4 24.2 25.5 26.3 24.8 19.9a 26.0 30.9a
Litter frequency
1968 2.6 0.8 1.4 0.9 2.3 1.1 1.9 2.1 1.3
1972 32.2 42.06 41.2 40.9 33.8 41.0 29.9 38.2 39.4
1973 66.5 57.8 63.1 66.3 59.5 64.7 52.2 68.0 66.1
Bare soil frequency
1968 432 128 31 17 33 2.2 126° 3.3°  2.9°
1971 6.5'% 4.7'2 6.1 6.1 5.1 6.1 7.6 5.5'P 4.9!c
'b,c*
1972 24.5 10.0 15.4 15.6 19.0 15.5 19.8 13.5 19.0
1973 6.7 17.8 12.7 8.2 14.1 10.4 27.8 5.9 3.0
Forage production (kg/ha)
1968 6552 6531 7790 6807 5906a 7176a 6414 5731 7123
1969 6200 6048 5972a 6352a 5718 5844 6455
1970 8241 10443 8 8467 11092 9271 2060 9589
1972 5410 6524 5167 6147 6255a 5820a 4663 6279 6350
1973 4357 4178 4775 4454 3920 4614 3591 4574 4636

East

17.7
28.5
14.9
28.3

42.9
37.9
43.4
50.9

99.0
90.0
53.0
19.1

8129

4548
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Heavy Moderate Light

Mod. Light East West Rot. Cont. East West Rot. Cont. East West Rot. Cont.
21.1 20.7 17.7 14.5 15.3 26.1 14.9 31.5 23.2 19.0 30.5 33.8 32.7 21.5
20.3  25.3 28.5 16.2 19.3 26.0 9.8 24.8 17.3 23.4 24.0 33.8 30.5 20.0
12.1  12.2 14.9 9.7 11.0 21.6 1.7 25.2 13.4 10.8 8.7 18.1 14.9 9.4
26.4  23.5 28.3 23.8 26.1 17.9 31.4 20.8 26.1 26.7 18.6 30.5 24.5 22.4
1

39.2  133.6 42.9 39.1 40.0 27.7 40.0 35.4 37.7 40.7 20.2 44.0 36.1 31.1
45.2 41.0 37.9 44.0 42.4 33.1 44.0 51.6 47.8 42.7 39.6 46.7 44.3 37.6
46.3 52.5 43.4 40.4 41.2 31.7 50.4 42.2 46.3 46.4 52.7 62.6 59.3 45.6
41.5 44.0 50.9 32.5 41.7 34.8 38.2 45.4 41.8 41.2 49.4 42.6 46.0 42.0
ion

22.8 11.5 32.8 34.7 34.2 41.6 18.0 21.1 19.5 26.1 6.0 9.4 8.3 14.7
13.0 7.7 20.8 20.2 20.4 27.4 15.9 15.1 15.5 10.6 5.6 6.3 6.1 9.4
ancy

94.6 95.8 99.0 99.0 99.0 93.3 96.4 95.2 95.8 93.3 93.9 97.8 96.5 95.2
93.5 94.7 90.0 88.3 88.8 95.9 92.6 91.9 92.2 94.7 95.1 95.2 95.2 94.1
48.2  41.5 53.0 51.3 51.8 48.9 38.8 39.9 39.3 57.1 45.8 42.3 43.5 39.6
26.0 30.92 19.1 22.8 20.9 18.8 23.2 26.4 24.8 27.2 30.1 27.4 28.8 32.9
2y

2.1 1.3 0.5 0.8 0.8 3.1 0.6 1.1 0.9 3.3 2.4 0.8 1.3 1.4
38.2 39.4 23.5 33.5 31.0 28.8 45.1 49.4 47.2 29.1 41.6 39.5 40.2 38.6
68.0 66.1 52.4 59.0 55.7 48.8 70.9 69.9 70.4 65.7 66.0 70.0 68.0 64.2
%

3.3 2.7° 0.5 0.2 0.2 3.0 3.0 3.6 3.3 3.4 3.8 1.3 2.1 3.3

5.5'P 4.9'¢* 10.0 11.7 11.2 4.0 6.5 5.4 5.9 5.1 4.6 4.4 4.5 5.4
]

13.5 19.0 23.5 15.2 17.2 22.4 16.1 10.6 13.4 13.6 12.6 18.2 16.3 21.6

5.9 3.0 28.3 18.2 23.3 32.4 5. 3.7 4.9 7. 3. 2.6 3.2 2.8
kg/ha)

5731 7123 8129 7790 7875 4953 7302 5842 6572 4890 8192 6922 7345 6900
5844 6455 6860 4575 4827 6354 6860 6185
9060 9589 y 8891 9653 410161 8510 414224 8044
6279 6350 5264" 5264 4060 52927 6944 6119 6440 5040" 6188" 5805 7168
4574 4636 4548 3503 4025 3157 5320 4978 5149 4001 4455 4882 4669 4602



North South East West
Time Period Block Block Pas. Pas. Cont. Rot. Heavy Mod. Light East
Forage remaining (kg/ha)
1969 3610 3405 3304 3812 2290 3556 3965
1970 5024a 78462 5673 7959 5970 5927 7049
1972 3494 4058 3661 4038 3648 3896 1886 4076a 4199 24 3¢
a,b
1973 2314 1790 1904 2183 2001 2043 448 2197a 3510b 56¢
a,b
Per cent forage utilized
1969 44.2 39.0 44.5 37.2 60.3 39.3 35.5
1970 38.5# 25.8# 32.4# 31.6# 36.0# 35.7# 27.6#
1972 35.4 37.9 29.1 34.3 41.7 33.0 59.5 35.1 33.9
A1973 51.5 58.4 58.7 55.2 52.9 57.0 87.4 52.2 25.2 87.¢
a,c* a,b b,c*
Steer weight changes (kg)
* *
7/1/69-8/1/69 4.9a 20.0a 14.2 11.0 13.6 10.4 13.7
8/1/69-9/1/69 3.8 -5.0 -1.7 0.3 ~-0.9 1.1 =-2.4
9/1/69-12/1/69 -26.6 -=21.6 -22.5 -=25.6 -32.7 -=23.6 -15.5
12/1/69-1/1/70 36.2 33.4 33.8 35.7 36.3 36.8 31.1
9/1/70-10/1/70 -3.2 9.8 2.6 4.0 8.7 2.0 -0.7
10/1/70-11/1/70 3.3 * 15.9 8.8 10.4 6.5 7.9 14.4
11/1/70-12/1/70 -9.1 —32.4a -22.2 -19.3 -18.9 -18.6 -24.8
12/1/70-1/1/71 4.4a 5.6a 5.7 4.3 1.5 3.2b* 10.30*
1/1/71-2/1/71 18.1 12.7 13.4 17.4 21.1 12.9 12.2
* *
2/1/71-3/1/71 22.7a 38.5a 31.8 29.4 32.;c 28.2 30.2
3/1/71-4/1/71 11.4a 11.3a 11.5 11.2 9.6 14.5 10.0
4/1/71-5/1/71 8.5a —4.0a 1.4 3.1 2.8 3.2 0.8
5/1/71-6/1/71 -12.2 -0.2 -5.9 -6.5 -8.0 -5.6 -4.8
6/1/71-7/1/71  24.9° 9.7% 17.6 17.1 18.5 13.8 19.6
7/r/71-8/1/71 =-5.7 -3.6 -4.5 -4.9 =-5.5 0.6 -9.0
8/1/71-9/1/71 3.7a -2.2a 0.7 0.8 11.0 0.2 -9.0
9/1/71-10/1/71 -41.8 -32.3 -34.7 -39.5 -48.8 -36.8 -25.8
b*,d* b*,c* c¥*,d*
10/1/71-11/1/71 18.0 25.7 21.8 21.8 24.2 22.8 18.4
11/1/71-12/1/71 43.0 33.9 37.6 39.4 34.4 39.5 41.5
12/1/71-7/1/72 77.2 86.4 82.8 80.7 82.6 85.0 77.8
Cow weight changes (kg)
4/1/73-5/1/73 2.4: 0.8: 3.0: 0.2: —1.3: 3.8: 2.3:
5/1/73-6/1/73 15.9# 6.7# 10.6# 12.1# 13.4# 8.8# 11.8#
6/1/73-7/1/73 -6.3# —6.3# —7.3# -5.3# —9.6# —3.6# -5.4#
7/1r/73-8/1/73 9.9 14.4 11.7 12.4 11.0 12.6 12.6
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Heavy Moderate Light
'y Mod. Light East West Rot. Cont. East West Rot. Cont. East West Rot. Cont.
g/ha)
) 3556 3965 2542 2038 3814 3427 4446 3643
) 5927 7049 6096 5842 6859 5461 10923 5758
) 4076% 4199 2436 2548 2520 1253 3024 5195 4109 4042 4607 4019 4215 4183
b
‘ 21972 3510b 569 495 532 365 2008 2645 2326 2068 3134 3409 3272 3750
b
ized
39.3 35.5 63.2 57.4 22.6 47.7 31.6 38.2
35.7 27.6 31.9, 40.1 36.7, 35.2 26.3, 28.0
¥ 35.1# 33.9# 51.6# 52.1# 69.1# 42.9# 25.2# 32.8# 37.2# 8.6# 35.1# 27.4# 41.6#
52.2 25,2 87.9 86.6 87.2 87.5 60.9 46.2 53.6 50.8 27.2 32.8 30.0 20.5
* a,b b,c*
s (kg)
10.4 13.7 11.8 15.4 9.1 11.8 12.0 15.6
1.1 -2.4 -1.8 0.0 3.2 -0.9 -0.5 -4.5
-23.6 =15.5 -34.0 -31.3 -23.6 -23.6 -19.1 -11.6
36.8 31.1 39.5 33.1 35.9 37.7 31.8 30.3
2.0 -0.7 10.6 6.8 2.7 1.2 -1.3 -0.1
7.9 14.4 8.0 5.0 9.2 6.6 13.9 14.8
-18.6 -24.8 -20.1 -17.7 -19.1 -18.1 -18.8 -30.8
3'2b* 10.3C 3.1 -0.1 1.3 5.1 8.6 12.0
12.9 12.2 25.3 16.9 15.5 10.3 11.4 12.9
%
28.2 30.2 33.8 33.1 27.5 28.9 27.0 33.3
14.5 10.0 l10.0 9.1 10.5 18.5 13.0 7.0
3.2 0.8 -0.4 6.0 3.5 2.8 6.3 -=4.7
-5.6 -4.8 -8.7 -=7.5 -4.7 -6.6 -6.1 =3.5
13.8 19.6 20.6 16.4 13.2 14.5 17.4 21.9
0.6 -9.0 -6.0 -5.0 0.5 0.6 -9.1 -9.0
0.2 -9.0 3.5 18.5 1.0 -0.5 -2.0 -16.0
-36.8 -25.8 -44.5 -53.0 -39.0 -34.5 ~-35.0 -16.5
¥ b¥*,c* c¥,4d*
22.8 18.4 23.5 25.0 20.7 25.0 21.3 15.5
39.5 41.5 33.1 35.7 40.0 39.0 45.1 38.0
85.0 77.8 82.5 82.6 85.6 84.3 74.0 8l.6
(kg)
: 3.81 2.3: —2.6: 0.0z 2.9: 4.7: 0.2: 4.43
‘ 8.8# 11.8# 14.1# 12.6# 10.2# 7.5# 11.8# 11.7#
' ~3.6# —5.4# -10.1# —9.1# 0.9# —8.5# —6.3# —4.4#
12.6 12.6 13.6 8.4 9.3 16.3 14.1° 11.2



North South East West
Time Period Block Block Pas. Pas. Cont. Rot. Heavy Mod. Light East
Calves weight changes (kg)
# # # # # # #
4/1/73-5/1/73 16.7# 14.6# 16.4# 14.8# 15.1# 16.6# 14.1#
5/1/73-6/1/73 23.3# 15.7# 17.3# 20.7# 17.0# 19.3# 19.1#
6/1/73-7/1/73 12.2# 9.5# 11.2# 9.5# 11.0# 10.9# 9.1#
7/1/73-8/1/73 16.7 16.2 13.1 19.6 13.6 19.2 16.2
Total weight cha'ge per animal~-steers (kg)
7/1/69-1/1/70 18.2 26.9 23.8 21.4 16.3 24.7 26.9
Total

9/1/70-7/1/72

4/1/73-8/1/73

7/1/69-1/1/70

9/1/70-7/1/72

4/1/73-8/1/73

165.4 174.0

# #

90.9 71.7

Total weight

Total weight change

Total weight change

Total weight change per animal per hectare--cows and calves (kg)

7.0

weight change per animal--steers (kg)
168.4 169.5

change per animal--cows and calves (kg)

83.9

76.0#

173.1 172.8 16l1.1

¥ 20.3% g7.6" 79.7"

per animal per hectare--steers (kg)

1.7#

1.6

# 2.7# 1.4# 0.9#

per animal per hectare--steers (kg)

14.4#

14.5

# 28.5# 9.5# 5.3#

# 11.6# 4.8# 2.6#

—— . —— — —— " —— —— — T . ——— ——— T —— o T — o " T " — —— T . 50 e o o e e e G Ay et S P GV YR A PR R T e S R - P . o

24-Hour Day
Time Period Grazing Grazing
Cow weight changes (kg)
4/1/73-5/1/73 1.6: 6.2:
5/1/73-6/1/73 11.3# 20.8#
6/1/73-7/1/73 -6.3# —25.4#
7/1/73-8/1/73 12.1 32.1

Total weight change--cows (kg)

4/1/73-8/1/73

18.7#

33.7#

Calves weight changes (kg)

4/1/73-5/1/73
5/1/73-6/1/73
6/1/73-7/1/73
7/1/173-8/1/173

15.6#

18.6
10.5

#
#
16.4#

18.2
27.6
-22.7
45.5

H#H I I I
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Heavy Moderate Light

Mod. Light East West Rot. Cont. East West Rot. Cont. East West Rot. Cont.
(kg)

16.6§ 14.1§ 11.4: 17.0: 14.2: 18.6: 16.6: 10.2:
19.3# 19.1# 27.2# 15.0# 19.9# 18.9# 19.7# 18.2#
10.9# 9.1# 10.6# 11.4# 6.2# 14.0# 12.9# 5.3#
19.2 16.2 15.9 9.8 27.27 15.1 18.6"° 12.1
al--steers (kqg)

24.7 26.9 15.4 17.2 24.5 25.0 24.3 29.8
al--steers (kg)
L72.8 161.1 174.3 171.8 168.4 177.1 165.7 156.4
35 and calves (kg)

87.6#' 79.7# 80.2# 65.2# 90.8# 86.6# 87.6# 68.6#
--steers (kq)

1.4# 0.9# 2.5# 2.8# 1.4# 1.4# 0.8# 1.0#
--steers (kq)

9.5# 5.3# 28,7# 28.3# 9.2# 9.7# 5.5# 5.2#
ind calves (kg)

4.8# 2.6# 13.2# 10.7# 5.0# 4.8# 2.9# 2.3#




24~Hour Day
Time Period Grazing Grazing

Total weight change--calves (kg)

4/1/73-8/1/73 61.1# 68.5#

Total weight change--cows and calves (kg)

4/1/73-8/1/73 79.8# 102.2#
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