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INTRODUCTION

The arid and semi-arid ecosystems have re-
sources that offer the pastoralist communities a
very resiricted range of enterprise options. The
climatic, biological and economic factors virtu-
ally restrict production to the conversion of natu-
ral forages to meat, milk and fibre by ruminant
livestock.

In Africa, by far the largest proportion of the
livestock (85-20%) and especially those of the
nomadic and transhumant communities, is en-
tirely dependent on natural grasslands and the
browse of trees and shrubs over vastcommunally
used grazing lands. In these communities, live-
stock provide essential items of food through out
the year to the majority of the people and are an
important element of food security to millions of
nomads and transhumants. Livestock also play
an important role in their contribution to employ-
ment, to family income and to government rev-
enue and foreign exchange. Yet, the potential of
animal production in these ecosystems is re-
siricted by the very nature of their environment,
which determines the feed quantity and quality.

In Kenya, animal production remains the most
profitable use of the arid and semi-arid areas,
which constitute over 80% of the country (GoK,
1989). However, the efficiency of animal pro-
duction in these vast areas is closely related to the
nutritional value ofthe forage grazed. Intropical
rangelands generally, forage is usually adequate
in quality and quantity during and immediately
after the rains. Thereafter there is a rapid decline
quantitatively and qualitatively, often to levels
unable to meetanimal requirements (Karue, 1974,
1975; Leng, 1990). This necessitates animal
supplementation where resources warrant. How-
ever, supplementation is only possible and effec-
tive where ‘when "and ‘what ' nutrients deficient
in the animal diets, are known to the managers.
Information on the nutrient content and charac-
teristics of forage plants at different stages of
growth in their life cycle is thus essential for

proper animal management. Formostof Kenya's
range forage plants such information remains
scarce or unpublished. The scanty extant litera-
ture gives levels of nutrient content without speci-
fying at what age and/or stage of growth of the
plant the information was collected, and from
which plants part(s). This reduces the usefulness
of the information for management purposes.

The purpose of this study therefore was to
document quantitative data on the nutritional
characteristics of some common range grasses
and browse plants that form the bulk of animal
dietsin Kenyanrangelands, and atspecified stages
of growth.

MATERIALS AND METHODS

Study Site

This study was conducted at the Kiboko Na-
tional Range Research Station, located 164 km
southeastof Nairobi, along the Nairobi-Mombasa
highway. The study site has been classified as an
inter-phase between ecological zones IV and V
(Prattetal., 1966). Due to its position along the
equator, the area experiences a bimodal pattern
of rainfall. Long rains are expected from April
through June and short rains from October
through December. Dry seasons are usually ex-
perienced from January to March and July to Sep-
tember,

Based on fifty-two years’ data, the mean an-
nual rainfall was 532.2 mm. The average mini-
mum and maximum temperatures based on the
same period were 16.7°Cand 28.8°Crespectively.
During the year which this study was conducted,
the total rainfall recorded was 735.9 mm, which
was above the long-term annual mean. The mini-
mum and maximum temperatures were 16.5°C
and 28.9° C respectively.

Plant Material Collection

Ten grass and browse species dominant at the
study site and which are a common and major
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source of forage for range livestock in Kenya,

were identified. Samples from grass species were

collected at three stages of growth, i.e.;

(i) Vegetative stage; new growth before stem
elongation,

(ii) Milk stage; stems had elongated, seeds had
formed but still soft and immature,

(iii) Dormant stage; plants had cured on stems
and seeds had been cast.

The samples were cut 5 cm from the ground
and consisted of leaves, stems and seeds depend-
ing on the stage of growth.

Samples from browse species werecolhﬂed
at two stages of growth, i.e.;

(i) Early leaf stage, when pla.nts had produced
new leaf growth,

(ii) Leaf-shed stage, whendeciduous plants were
shedding their leaves. Samples consisted of
leaves and their petioles.

All the samples were dried at 80°C, ground
through a Willey mill with 1 mm size sieve and
stored awaiting analyses.
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Nutritional Characterization

The samples were analyzed for crude protein
(CP), neutral detergent fibre (NDF) and acid de-
tergent lignin (ADL). CP was determined by the
KEjeldahl method (A.O.A.C., 1980). The other
components were determined by procedures de-
scribed by Goering and Van Soest(1970). [n-vivo
dry matter di {IVDMD) was determined
by the nylon bag technique (Orskov et al., 1980)

RESULTS AND DISCUSSION

Nutritional Characteristics

Tables 1 and 2 show the nutritional charac-
teristics of the identified plant species at speci-
fied stages of growth.

Grasses

Crude protein content at the vegetative stage
had a wide range, falling between 11% and 20%

Table 1: Nutritional characteristics of grass species at vegetative (V), milk (M), and dormancy (D)) stages of growth

Nutritional element

Grass species CP{%) NDF (%) ADL%) IVDMDy™%)

4 M o ¥ M D ¥ M D ¥ M D
1. Themeda triandra 14 7 4 8 79 83 5 7 9 76 53 7
2. Cymbopogon caesius 1n 7 5 T 73 78 [ 7 B 72 58 45
3. Digitaria macroblephara 19 7 4 68 72 76 6 7 7 Bl Lix] 41
4. Pamicum maximim 20 7 5 62 72 76 6 7 7 85 55 45
5. Chloris roxburghiana 14 ] & 2 7% 80 4 T 9 T2 57 47
b. Arisiida adoensis 13 7 3 68 74 78 5 6 B 75 5B 34
7. Sehima nervosum 11 6 4 T0 78 Bl 5 7 9 66 52 3B
8. Enteropogon spp. 12 6 4 T T4 % 5 1T 9 7 64 9
9. [ ] 18 9 4 71 73 76 5 7 B B8 60 35
WEJEW Fragrosiis meem 13 7 5 74 74 77 4 6 8 T8 51 47

Table 2: Nutritional characteristics of browse species at early leaf (EL) and leaf-shed (L5) stages of growth

Nuwtritional element

Browse species CP (%) NDF %) ADL (%) IVDMD

EL LS EL LS EL LS EL LS
. Acacia brevispica 26 18 46 51 1 16 67 56
2. Balanites aegypiiaca 11 10 41 57 12 14 79 49
3. Acacia tortilis 17 15 51 58 13 23 6l 49
4. Acacia mellifera 20 19 48 58 10 14 69 54
5. Grewila similis 18 12 45 56 B 11 Bl T0
6. Acacia senegal 17 16 51 57 15 16 54 52
7. Grewia bicolar 18 13 59 62 13 24 78 65
8. Grewia villosa 19 14 57 59 15 16 80 T
9. Maerua edulis 29 26 31 56 6] 13 89 73
10, Hermania alhiensis 19 11 50 62 15 19 69 47
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with a mean of 15%. Species on the lower end of
the range included Cymbopogon caesius (11%)
and Enteropogon machrostachyus (12%). High
values were recorded for Panicum maximum
(20%), digitaria macroblephara (19%) and
Eragrostis caespitosa (18%).

There was an approximate 50% decline in
crude protein content from the vegetative to the
milk stage. The mean crude protein content at
the milk stage was 7%, with values showing a
narrow range and lying between 9% and 6%. The
mean crude protein content at the milk stage was
significantly lower (P<0.05) than that at the veg-
etative stage.

From the milk stage to the dormancy stage,
there was an attenuated decline in crude protein
content of about 40%. The mean crude protein
content was 4%. Aristida adoensis (3%) fell be-
low the mean whereas Chloris roxburghiana had
the highest value (6%). A significant difference
{P<0.05) was observed between crude protein
contents at milk and dormancy stages.

Neutral detergent fibre content was high, with
means at 71%, 75% and 78% for vegetative, milk
and dormancy stages respectively. There was a
significant difference (P<0.1) between the neu-
tral detergent fibre at vegetative stage and that at
milk stage. However, there was no significant
difference (P=0.1) in the neutral detergent fibre
content between the milk and dormancy stages.
Species with high fibre values at vegetative stage
included Themeda triandra (78%) and Eragrostis
superba (74%). The lowest fibre content was re-
corded for Panicum maximum (62%). _

There wasana; i 6% increase inneu-
tral detergent fibre content, from the vegetative
to the milk stage. Values at milk stage ranged
between 79% for Themeda triandra, and 72% for
Digitaria macroblephara and Panicum maxi-
mum. A further4% increase in fibre wasrecorded,
between milk and dormancy stage, with values
ranging between 76% and 83%.

The mean lignin content at vegetative, milk
and dormancy stages was 5%, 7% and 8% respec-
tively. Values ranged between 4% and 6%, 6%
and 7% and 7% and 7% and 9% for vegetative,
milk and dormancy respectively. Species with
lowest values were Chloris roxburghiana and
Eragrostis superba (4%) at the vegetative stage,
Aristida adoensis and Eragrostis superba (6%)

at dormancy stage and Digitaria macroblephara
and Panicum maximum (7) at dormancy stage.
Increase in lignin content was more rapid between
vegetative and milk stage (40%), than between
the milk and the dormancy stages { 14%).

Dry matter digestibility at vegetative stage
ranged between 66% and 88% with a mean value
of 76%. Digestibility values above 80% were re-
corded for Digitariamacroblephara(81%), Pani-
cum maximum (85%) and Eragrostis caespitosa
(88%). Sehima nervosum had the lowest value
(66%5). There was an average 25% decrease in
digestibility at the milk stage, during which val-
ues ranged between 51% and 64%. The mean di-
gestibility was 57%.

At the dormancy stage, digestibility declined
by 28%, toamean value of 41%. The highest value
was recorded for Eragrostis superba and Chloris
roxburghiana (47%), whereas Aristida adoensis
had the lowest value (34%).

Browse

Trends in browse nutritional characteristics
were similar to those in grasses. Crude protein at
the early leaf stage ranged between 11% for Bal-
anites aegyptiaca and 29% for Maerua edulis.
The mean protein content at this stage was 19%.
A 21% decline in protein occurred between the
early leafand leaf shed stage. Hermania alhiensis
had the lowest protein content (11%) whereas
Maerua edulis maintained the highest (26%). The
mean value was 15%.

Fibre content at early leaf stage was highest
for Grewia bicolor (59%)and lowest for Maerua
edulis (31%), with a mean of 48%. A 21% in-
crease in fibre content was observed at the leaf-
shed stage, which had a mean value of 58%, with
values ranging between 62% for Hermania
alhiensis and Grewia bicolor and 51% for Aca-
cia brevispica. :

Mean lignin contents were 12% and 17% at
early leafand leaf shed stages respectively. Val-
ues at early stage ranged between 6% andil 5%.
At the leaf shade stage, the lignin content ranged
between 11% and 24%.

Dry matter digestibility at early leaf stage had
a mean value of 73%, with values ranging
between 54% for Acacia Senegal and 89% for
Maerua edulis. A 19% decline in digestibility was
observed at the leaf-shed stage. Values ranged
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between 47% for Hermania alhiensis and 75%
for Maerua edufis. The mean digestibility coef-
ficient was 59%.

Mean dry matter digestibility at the early leaf
stage was significantly higher (P<0.05) than that
at leaf shed stage. No significant difference was
observed between growth stages for crude pro-
tein, neutral detergent fibre and lignin contents.

The quantitative data presented in tables 1(a)
and 1({b) above is complementary to thatof French
{1956), Dougall and Bogdan (1958), Dougall et
al., (1964), Karue (1974, 1975) and Tessema
(1986). It gives the potential nutritive value of
various forage plants commeon in Kenyan, and
indeed East African pastoral livestock produc-
tion ecosystems, and at specified stages of growth.
The actual nutritive value however can only be
obtained after making allowances for the inevi-
table losses during digestion, absorption and me-
tabolism in the animal,

Generally, the time of high nutritive value in
grasses was limited to a short period of rapid
growth (3-4 weeks) during and immediately af-
ter the vegetative stage. Although CP wasashigh
as 20% at the vegetative stage, this component
showed the greatest change per unit of time, de-
clining to as low as 6% within a period of four
weeks, and then further toless than 4% by the age
of twenty weeks. As grasses age physiologically,
their percent content of CP declines as itbecomes
progressively diluted by an increasing percent-
age of non-nitrogenous organic matter (Dougall
etal., 1964; Van Soest, 1982).

Stem material in grasses increases with ad-
vancement in maturity thereby lowering the leaf:
stem ratio. The stems being plant support struc-
tures rapidly increase in fibre content, which be-
comes increasingly impregnated with lignin for
further structural support (Van Soest, 1982; Jung
and Vogel, 1986). This in effect increases the
cellwall contents (NDF) as the plants mature. Dry
matter digestibility subsequently declines. Lig-
nin is an indigestible non-carbohydrate
phenylpropanoid polymer (Kamstraetal., 1955;
Allinson and Osbourn, 1969; Van Soest, 1982;
Jung and Vogel, 1986), and acts as an encrusting
substance (Kamstra et al., 1955) thus preventing
intestinal and microbial enzymes from reaching
and attacking plant nutrients. This further con-
tributes to the decline in DMD as plants mature.
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Leng (1990) classified grasses with DMD val-
ues below 55% and CP below 8% as low quality
in terms of meeting the nutrient requirements of
unsupplemented free-ranging ruminants in arid
ecosystems. Using this criterion, past the milk
stage, all grasses were unable to meet nutrient
requirements of free-range ruminanits.

Browse species had higher CP contents than
grasses at contemporary stages of growth. This
has also been reported by Otsyina and McKell
(1985). The decline in the CP content of browse
plants was more attenuated than that of grasses.
Although some browse plants e.g. Balanires
aegypriaca had the lowest CP content at the early
leaf stage, there was little decline at the leaf shed
stage.

Both grasses and browse showed an increase
in ADL with advancement in maturity. Howewver,
the browse plants contained 2-3 times more ADL
than grasses. Jung and Vogel (1986) attributed
this to contamination of ADL by cutin, which
occurs in higher amounts in browse species.

It would be expected that due to the higher
CP content and lower total fibre (NDF) content,
browse species would have high DMD values,
probably above 85% at the early leafstage. How-
ever, only modest values were observed in more
than 60% of the species. This has been attributed
to plant secondary compounds, for example
tannins, insoluble phenolics and sappoinins which
interfere with digestion mechanisms in the ani-
mal due to their toxic effects or through enzyme
inhibition and substrate binding in the digestive
tract (Mahamadou and Huss, 1982; Van Soest,
1982; Amrik and Menke, 1986; Reed, 1986).
Tannins for example, have a protein precipitat-
ing action which reduces the level of available
nitrogen for umen micro-organisms. This in ef-
fect reduces the microbial populations and sub-
sequently the digestibility of forages. Digestive
enzymes, being protein in nature, are also pre-
cipitated by the tannins, thus rendering them in-
effective for substrate breakdown. This has the
effect of reducing the overall digestibility as well
as the nutritive value of the forage, which has a
direct negative effect on animal production.

The great ephemerality in nutrient content,
especially for grasses dictates that the forage be
utilized when still nutritious and of high nutritive
value to the animals. Otherwise forage nutrient
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content quickly declines with senescence and
even the standing dead plant material will increas-
ingly be lost through death and decomposition.

KEY WORDS Rangeland. Grass. Browse. Growth-stage.
Mutrient Content. Management. :

ABSTRACT A study was conducted to determine the nu-
tritional characteristics of selected grass and browse species
from Kenya'" rangelands. The identified species were ana-
Ivzed for their chemical compaosition (CP, NDF, ADL) and
in-vive DMD at specified stages of growth whereas browse
species were analyzed at early leaf and leaf shed stages of
growth. The time of high nutritive value in grasses was lim-
ited to a short period of rapid growth during the growing
season. Thereafter CP rapidly declined from as high as 19%
to less than 7% within a period of four weeks. fn-vive DMD
declined and total fibre increased, thereby lowering the po-
tential nutritive value. Browse species showed less decline
in their potential nutritive value and it is apparent that they
are potential supplements to grass-dependent range rumi-
nants during the dry season.
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