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ABSTRACT

The nutritive value of Rhodes grass (chiloris gavana) at different

levels of growth, with minimum fertilisation was studied.
Nutritive value is in reference to the chemical compositicn and
digestibility of the grass. The grass was harvested at eilght
growth stages with respect to time after seedling emergence and
height of plants above ground; with the first to last harvests
being done at 12c¢cm, 20cm, 30cm, 4%cm, 60cm and on average >70cm
for the sixth, seventh and eighth harvests.

Proximatie analysis for the samples showed a steady decline in CP
from 8.61% at 4 weeks old to 2.83% at 15 weeks when it was cut
as hay at eighth harvest. CF increased from 32.34% at initial
harvest to 42.03% during the eighth harvest. This reciprocal
relationship hetween CF and CP agreed with previous raports. DM
vield increased from 1.75tonnes per hectare at 1initial harvest
to 14.5t/ha at eighth harvest. Invitro OMD alsc iandicated a
steady fall from 75.52% at harvest level one, to 54.1% for the
eighth. The drop in CP and OMD, rise in CF were attributed to
the increase in lignin content of the grass. Invivo OMD was
estimated for the eighth harvest level (62.82%) and compared o
the laboratory invitro method. The former was higher than the
latter which contrasted with earlier reports. Invivo
digestibilities for OM, DM, CF and GE were consistent with other
figures reported.

The analysis helped to determine how much a ruminant animal would
obtain in terms of nutrients &at each harvest level. It was

concluded that the optimum cutting stage would be at 45-60 CM



(i1ii}
when CP and GE are sitill relatively high, and when DM yvield at
6.69 t/ha and OMD at 60.14% are within levels that benefit the
animals. Beyond the fourth harvest level, the 1increase 1n
iignification which goes with the reproductive stage of plant
growth causes a drop in digestibility and hence affects nutrient

uptake.
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CHAPTER 1

INTRODUCTION

The increase in the world population and general awareness for

improved nutrition among humans has caused an 1ncrease in demand
for meat and it's by-products. Meat is among other things a major
source of protein and for this reason, research continues to be
dene on the subject of animal nutrition (Maynard 1962). Animal
produts and by-products such as meat, milk, wool and hides have

proved to be of nutritional and economical value to many pzople

involved in production (Adegbola et al 1986).

One of the most important aspects of animal nut-ition especially in
ruminants is the provision of good quality grass (Crowder and
Chheda 1982). The expansion of ruminant production in the :tropics
has stimulated increased interest in the quality of available
sources of nutrients. Grasslands are presently the ma’or scurce of
these nutrients and will continue as such (Crampton, 1969).

By nutritive value is meant chemical composition of the grass, its
digestibility and nature of digested products, although voluntary
intake may also be used as a measure of feeding value (Bogdan
1977, Chemical composition can be determined by carrying out
rroximate analysis for DM, CP, CF, OM, EE, ADF, NDF and NFE. The
levels of each of these conmponents will tell the nutritive value in
a feed stuff based on its chemical composition; however, they must
he digested and absorbed to be of any value to the animal (McMeekan
and Walshe 1963).

Digestibility is a principle measurement used to predict or



ascertain the nutritive value of feeds. i1t is probably the most
useful single measure of the nutritive value of a grassland feecd
{Cowlishaw and Miller 1975%). Tt is defined as the difference in
value between the feed eaten and materials voided by the animals.
The digestibility value is alsc a measure of loss by excretion of
energy, dry matter, crude fibre or any other component of nutrient
material available in the feed.

The rnatural grasslands provide the basic diet for the vast majority
of ruminant livestock in the tropics. The nutritive valiue of feeds
for domestic livestock 1is expressed by the level of animal
production of the desired type that is achieved andéd the lencgth of
the productive life. The nutritive value of feeds is generally
given in terms of value per unity weight, but that of'grassland
herbage is viewed in its ability to meet the requirements of the
animal for energy and protein {(Crampton 1969).

One such grass that has been cuitivated is Rhodes grass ({(chloris
gayana). It is a perennial tropical plant that is very adaptable
and has ease of establishment on newly cleared lard. It i3
responsive to high soil fertility and has an added advantage of
drought resistance, tolerance to heavy grazing and high soil
salinity (Xretschner 1985}, but will disappéar if poorly managel.
It also occurs naturally in most tropical and subtropical areas of
Africa (Rotar et al 1985). Rhodes grass is one cof the most

satisfatory of the tropical grasses for hay, but is is not suitakble

for silage (Gotil 1981). Various cultivars have been developed in



(e8]

Zambia, Kenya, Zimbabwe and South Africa.

Grasses are used in rum:nant production solely for the reason that
man does nct compete for grass with the animals as is the case witn
grains, Grass does ncot have the nutrient composition that would
benefit man directly, but ruminant animais derive a largs
proportion cof nutrients from grass.

However, good quality grass is not available throughout the year in
the tropics., There is a strict time for growth and maturity in the
rainy season. Dry season feeding is dependent on cconserved grass
either as hay or silage.

The time of harvest has a pronounced effect on forage guality. One
must always provide herbage which is at a stage of growth where it
will do most good to livestock. Grasses generally lose their
nutritive value with advancing maturity.

The nction that grasses can be supplemented with concentrate feed
may be a far crv for most livestock producers of whom the majority
are small scale farmers with no access to sguch materials as
concentrate feed.

Therefore, this experiement attempts to determine the optinum
cutting stage for Rhodes grass which can then be stored as hay
without adversely affecting its nutritive value. The digestibility
and chemical composition will be determined at different growth
stages so as to establish potential for dry season feeding 1in

ruminants.
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CHAPTER 2

LITERATURE REVIEW

INTRODUCTION

The nutritive value of a pasture is kasically a function of
the gpecies in the pasture and the stage of growth, hut may be
medified by climatic factors during growth, scoil factors waich
affect nitrogen and other mineral status, and management
factors which affect pasture re-growth rate and botanical
composition.

The chemical compesition of a pas-ure 1g influenced by so0il
fertiilty, species composition and such factors as temperature
and soil moisture {(Mannetije et al 1976). It can be a valuable
indicator of the gquality of pasture in terms of protein and
mineral composition and also a means of explaining animal
production over the various seasons of the year {(Howard et =zl
1962).

Forage guality 1s best defined as output per animal and is a
function of voluntary intake and digestibility of nutrients
when forage 1s fed alone and ad libitum to a specified animal
(Moore and Mottt 1973). Minscon {(1968) suggested fthat pasture
Juality can Dpe expressed as gquantity cf milk, meat or weool
produced by animals when they graze pastures with adeguate
available forage. However, forage quality can only be
expressed in :ferms of output per animal only when forage

availability is nect limiting.
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Factors Affecting Forage Quaiizt

Z.

1.

1

Stage of Growth and Maturity

The general effect ©0f i1ncreaslng age or stage ¢
growth o¢f pastures on nutritive wvalue has bee
studied before. Most forages decline 1in nutritiv
value with age. The effect is a complex respons
and is not guaranteed in all instances. First, 1
should be recognised that age and physiclogica
maturity are not identical (Van Soest 1982). Thus
an ©ld plant may have 1ts physiological maturit
delayed due to limitations in plant reguiremant
such as moisture, nutrients and prevailing c¢limati
conditions.

With increasing age, the proporticn of potentiall
digestible conponents corprising solubl
carbohvdrates, proteins and other cell content
tends to decline while the proportion of lignin
protected cellulose and hemicellulose and cthe
indigestikle fractions such as cuticle, silic
increase. Minson (1971) has shown a linear declin
in the digesgtibility of cellulose as the percentag
of lignin in cellulose is increased.

As plants grow, there 1s a gJgreater need fo
structural tissuves, and therefore the structura
CHOs {Cellulose and hemicellulose} and 1ligni;

increase. This 1is reflected in the CF conten
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which in the drv matier may increase from below 20% in
young plants to as much as 40% in mature crop. As the
plant ages, the percentage of protein decreases; there is
therefore a reciprocal reiationship between CP and CF in
a given species, althcugh this can be upset by the
application of nitrogen fertilisers (Greenhalgh ad
MacDonald 1973).
Forages are highly digestible at vyoung and Imnature
staues of growth and this declines with age. The initial
high digestibility is attributed to the high level of
cell contents and high digestibility of the cell wall
fractions. The ceil wall constituents become
increasingly indigestible as the plant becomes more
mature, dry and fibrous (Hamilton 1970).
In an experiment with grass of Digitaria spp [(Cowlishaw
and Miller 1976) observed a linear increase in CF content
amounting up to 1.58% per week when the grass was cut at
weekly intervals for up to 8 weeks.
The greatest differences in digestibility between forages
are those due to differences of stage of growth, and as
the piants mature, their composition show large changes
(Corbett 1969). To the animal, the most important change
is the increase in structural constituents especially
lignin which with a variety of other 3substances

contribute to the CF fraction.



Even in the voung plant, cellulcose and hemicelliu’cse
comprise at least one-third of the dry matter, but are
then highly digestible {Waite et al 1964). As their
concentration in the plant increases, thelr digestibility
decreases. This may be due in part to physicc-chemical
changes such as an increase in crystallinity (Halliwel
and Head 1961} o<r degree of polymerisation of the
cellulose chiefly due to lignification.
Further investigationsg carried out 1in Australia
(Milford ad Miriscn 1966, 1968) on the daily intake
{g/kg LWT 0.75) for several forages, chloris gavana
included, at various stages of growth indicated
that the 1intake of these samples declined with
increasing maturity. This was alsoc confirmed by
Crowder and Chedda {1982).
A daily decline in digestibility of 1% was chserved
in a trial on a commonly grown Nigerian pasture

species Cynodon nemfluesis (Mohammed £aleem 1978).

Another important change that occurs as pastures
mature is that the proportion of stem compared with
leaf increases. The stem fraction at a given stage
of growth i1s often of lower digestibility as shown

by the data of Jones (1969).



: RO -
Age of regrowth (days) E 56 84 112
- I S
Invitro (%) Leaf 64.8 6h.1 68.5
Stem 53.8 63.1 56.8

However, even at similar levels of digestibility.
intake of leaf is up to 46 percent higher than for
stem (Laredo and Minson 1973). Thus, ilncreasing
the proportion of stem in the pasture reduces the
overall nutritive value of the dry matter on offer.

Lignification

The physico-chemical structure of the cell wall is
important in determining the bicdegradability of
the component parts of hte structure. There ars
three possibie modes of action of lignin upen the
availability of plant carbohydrates:
- Lignirn is toxic to digesting micro organisms
- Lignin physically encrusts CHOs, rendering
parts of them 1naccessgible to digestive
organisms
- Lignin 1is linked to CHOs § by covalent and
hydrogen bonds which cellulytic organisms dc
not possess appropriate enzymes to hydrolyse.
Of these theories, the first has been reccgnised,
but highly ignored (Maynard and Crampton 19328;.

The theory of encrustation has been supported by
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evidence that ball milling cf lignified tissue
greatly ircrezsed the 1in-vitro digestibkility of
celiulcgse (Dehority st al 1962). As for *he third
theory invelving lignin-CHO bonds, recent evidence
shows that lignin surrounds the carbohydrates and
renders them unavailable slthough the nature of the
sonds formed is controversial (Head 1966).
However, it should be appreciated that structural
carbonydrates are not completely digestible with
the main factor limiting the extent of digestion
being lignin. 7Isolated lignin had no effact on in-
vitro cellulose digestion, but there were cood
relationships between increasing maturity,
increasing lignifacticn and decreasing
digestibility of c¢ellulose {(Johnson and Dszshority
1965 ).
urther evidence that 1lignin is the pronciple
factor affecting availability of cell wall
carbohydrates lies in the incresase in digestibility
obtained when plant fibras are delignified
{Hvidsten and Simonsen 1652). The very low
digestibility of wool can be increased Lo about 95%
for ruminants by paper making processes (Saarinen
et al 1959).

The usefulness of CF tc the host animal depends
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initially con its digestion by the rumen or ca=cal
microfilora. The extent of micreflcoral activity
depends in part on how adeguate the ration ig 1in
Nitrcger anrnd Phosphorous which are needed for the
nourishment of microflora.

Tt is suggested that when nitrogen intake is below
a critical level, activity of rumen micro-organisms
is reduced, so that efficiency and rate of
digestion of DM, and hence its intake is inhibited
!¥inson 1971). Eowever, it has been shown (Egan

1977) that sheep on low nitrogen diets (1 to 1.5 g

[N

N per 100g DM), dry matter intake was increased by
15-20% when readily available soluble protein was
perfused directly into the duodenum.

Pasture Epecies

The nutritive valuye ¢f pasture species even a-
similar stages of growth varies widely, both in DMD
and voluntary intake. Reviewing compariscn of over
1000 tropical and temperate grass samples, Minson
and Macleod (197C) showed that tropical grasses
were on average 13% units lower in DMD. Most
samples of temperate grasses had digestibilities
above €5 per cent, but few tropical grass samples
were in that category.

The tropical environmen=: differs in that there ig



i
generally a much higher solar intensizy, wihich, in
comdination with adeguate moisture and high
temperature results in rap:d plant developm=ant and
growth toward maturity. As presently grown,

-

tropical forages are on average inferior e
temperate cnes {McDowell 1972; Van Soest 19&2).
However most of this difference could prchably be
corrected with Lketter management of tropical
plantings.

Minson and Maclecod {(1970) suggested that low DMD%
vaides o0f tropical grasses may, in part, be due to
higher growing temperatures, bu:t the data of Reid
and Rugerwa {1973} supports the view that for
ga2lected sgpecies of tropical grasses such  as

hioris spp, Setaria and Panicum

Brach_aria spp,
spp, DMD values are comparable to those of
similarly managed temperate grasses.

The protein content of tropical forages has been
shown to be generally low, falling rapidly with
growth to time of flowering. During the dry
seasorn, this drops even further to as low as 2%
(French 1957; Bredon et al 1961)

A review of tropical grassges 1in *erms of milk
production showed that production per cow per day

when measured at low grazing would be about 8 -




9¥g; contrasted to 16Kg/cow/day for cocws grazing
temperate grass (Gresnhalgh and Stobbs 1971). The
lower production per cow on tropical grasses may Se
explained by lower intake, primarily cue to lower
digestibiiity {(Hamilton et al 1970) altiough low
protein may sometimes bhe a factor (Hardiscn 1966).
Tropical grasses are low in protein and energy
largely as a result of their rapid growth as
influenced by light and temperature (French 1967;
Devendra and Gohl 13970).

1V 1 mmental Factors

=1

(@

iimate - The relative importances of temperature,

light and moisture upon the ruiritive value of
pastures are in the order listed.

{i) Temperature - ilncreases netabelic

activity of all nonhomeothermic organisms

(Van Soest 1¢82). This means a more

rapid turnover of energy and pooled

metabolites as well as more rapid

synthesis of new cells and substances.

Plants accumulate cell wall structures

containing lignin and cellulolytic CHOs

that are irretrievable by the organism

and accumulation of lignin and CWC 1is

likely to Dbe a temperaturs related

phencmenon because of the more
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rapid collecticn o0f metabollites. Increasing
temperature tends to lower nutritive value at the
same physiclcgical age in ¢grasses (Wilson 1983).
As a result of reguirement {for frost hardiness,
forages grown in cold climates develop reserves of
CHC s and proteins in leaves and stens that are of
“1igh nutritive value. Low vield and high nutritive
value are characteristics of temperate grasses
‘B3toebbs 1973).

(i1} Zight - supports rphotosynthesis which
festers the synthesis of sugars and
organic acids. independent of
temperature, this becomes a vegtor
towards increasing digestibility of the
plant, (Van Scest 1980)

{iii) Moigture The effect of moisture is more
variable 1f moisture is 1limited, the
rlant may be prevented from devalopin

toward maturity. Eowever, some adapted

m

perennial plants go into dormancy 1n
éry season, pulling reserves intc the

rocts and leaving an upper part of lower

th

value. Moisture content of pesture .3 ¢

-
mn

particular ilmportance whers a crop

[N
7]

being harvested for conservation and
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high at earlier stages of growih,but
falls as the plants mature. {(Cowlishaw
and Miller 1976)

Effects of fertilisaticn

Crade protein content as influenced by fertiliser
nitrogen is the most important effect of
fertilisation (Van Scest 1982). The effects of
octher minsrals is mainly on yvield and content of
the in the forage. Digestibility is affected verw
little althogh palatability mavbe.

N fertilisation of grasses increases CP content,
depresses soluble CHOs 1in leaves and stems and
promotes more rapid lignifaction.

edicticon of Digestibility

Digestibility, expressed as DM, OM, energy or TDN
is the most commonly used measure of nutritive
valuee, Tt is used mostly because of the relative
ease with which it can be applied as well as its
reproducibility compared to consumption and
efficiency which are other indices of nutritive
value (Van Scest 1982). Various methods of

digesgtibility have been described:

APPARENT DIGESTIBILITY

This is the balance of feed ingssted less the
matter leost in the faeces. This method agsumsas

that whatever dces not appear 1in the faeces hé&s


http://assum.es
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been digested and can be applied tc DM, energy or any

15

¥
v

ther feec component. (MacDonald et a’ 1987},
S

TIBILITY

This is the actua’l digestibility or availability of
a feed, forage or nutrient as represented by thre
balance between intake &nd faecal loss of the same
undigested material. True digestibilizty of whole
rations, forage ard protein is always greater than
apparent digestibiliiy because part cof the faeces
is of metabollic {non feed) origin (Van B3ces:
15821,

INVIVO ESTIMATION

The standard technique for estimating dicestibility
is based on measuring ths intake andéd digestion of
cut pasture samples fed to animals 1in metaboliswm
pens {(Minson 1971). This 1is termed invive
estimaticn. Forages to be compared must be grown
under the same conditons, cut and fed at the same
time.

The invivo estimation involves the determinaticn of
difference in nutrient conzent between feed eaten
ant. materials voided as faecgs (Mcbhonald et al

1987). The nutirient being considered can be CP,

DM, OM and so on.
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As

3
<3}

for DM,

DM eaten-DM faeces

DM eaten
This gives the apparent digestibilaity ana
represents the proportiosn that does not appear as

waste in faeces,

- obtains results that are applicable to the
ahimals used in the trial

Disadvantage

- vequires considerabls work and time,gad 1s costly
too.

- a number of animals to experiment with are
needed.

- demands for a considerable amount of herbage.
Moreover, the digestibility of herbage s
infiuenced by the type and breed of animal, its age
and health. Digestibility thus obtained 1s not a
constant characteristic of the herbage (Tilley and
Terry 1973).

Labkoratory Methods For Predicting Dicestibhility

Some chemical laboratory methods have been prorosed
focr use with small pasture samples owing to the

time and expense 1n invivo feeding trials. Scme cf



the methods are:

(i) Nylon bag technigue - _n wailch prewelighed

ground samples of feed are put in smal. nylon
nags which are plazed 1in tre rumen of a
fistulated animail. After 48 hours,., *Lhe

material is removed ard subiected to acid-

=

pepsin digestion and weight of the DX

determined.

{ii' Z2-3tage invitro estimation

For tropical pastures, thiz has bhecome ftihe mcst

[l

accurate lap method for predicting digestibility.

]

Cha

It nhas given the lowesT errors in predictiion and L
used zr rapié screening c¢f a lazrge number of

sampleg since 1t was developzad by Tilley and Terry

Stage one of this method s¥imulates <igestien of
feed stuff in the rumen Ly action of rumen micro-
srganisms. The method invoives a weighed guantit:

cf greound forage pleced in a test tube to which

rumer. fluid innoculum &ere

o))

artificial saliva an
adéed. The rumen fiuid can bs cobtained from rumsn-
fistulated sheep or grats, fed on a high quality

Stage two simulates the digestion, primarily of
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protein and energy in the lower digestive tract
using acid papsin or neutral detergent.

Advantages

1. There &are many sources of wvariation 1ixn the
method which make it difficult <¢ standardise
and adapt toc a routine ecoromic method of
testing forages.

2. This method 1z .Zess useful in satisfactorily
assessing Ieed 1intake or animal efficiency
{Van Soest 1982

It tends to yield higher wvalues hecause 3ome

[7%)

animal metabolic products cannot be generated
invitro.

{(1ii} Cellulase digestion technique

This 1s a more recent technigue which prom.ses tc
be more rapid, ccnvenient and precise than the
invitro method (Jones and Hayward 1975).
In this exﬁeriment, the invivo and invitro techrniques ars
used. A drop in digestibility as the grass matures 18
expected and a reciprocal relationship between CP and CF with
the former falling with age.

EFFECTS OF DIGESTIBILITY ON THE ANIMAL

Low digestibility usually results from feeds of high fibre as
18 the case with clder plants where lignification is hich. In

che first instances, the rate at which payvsical breakdown in
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the rumen cccurs 1is slow {MacDonald ef al 19%66). This alszc
de_ays enzyme access to the feood constituents and results in
lengthy retention n the rumen. As a result of poor
digestibility therefore, uptake of nutrients by the animals 1s
impalred with poor performance being recorded (Norris et al
19737,

ANTMAL FACTQRS AFFECTING DIGESTIBILITY

The factors which may affect digestibility of feeds in the
anima. are such as stress on the animal and its health. A

17

s.ck animal will be less inclined to ingest feedstuff and even

pei
it
o

t ate, the digestibilizy is pocr because of disease which

i defined as a deviation from the normal phys-olegical

5
function of the body (Hall et al 1978). Digestive upsets in
the animal can also cause low digestibility. A nornally
ruminating cow will defaecate 12 - 18 times a day giving at

least 40Kg of moderately hard faecal material (Alexander,
1978). Below 12 defaecaticns 1is indicative of low
digestibility while above 18 times indlcates 2 stomach upse:

and usually results in waterly stool.

L

Stress 1is a deviation from the c¢onditions that animal is

4
¥

content with. It can either be due to high temperature and
humidity, or high radiation, overcrowding and intimidatiozn.
The effect of high temperature 1s very prcnounced with Food

u

ih

consumption and rumination practically ceasing in Bos tau

Lype cattle {Perry and Wainmen 1961). Increasing humidity
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with high temperature has been seen o depress intake

effect on Bos taurus, but nct

on Bos indicus tType cattle

{Rrody et al 1954).
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CHAPTER 3

MATERIALS AND METHODS

The experiment was carried ocut at the University of Zambia, School
of Agricultural Sciences, Field Staticn.

Rhodes grass {(Chloris gayvana) cultivar Katambora was brocadcast on
& well prepared piot (70m x 58m) and fertilisation was as
prescribed 1in the Zamseed production manual at 50C0Kg/ha of D-
compound fertiliser. The pliot was dJilvided into five equal sub-
rlots from which grasg was harvested at different growth stages,
meaning that each collection had five replications. The growth
stages are designated 1 to 8 according to progressive growth stags

as given below.
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At each harvest level, average height was determined and the
area harvesed ncted too. This was done tc faciliitate for the
estimation of DM vieldé per hectare. (Table 4}. Each of the
samples collected was oven dried at 100°C for Z4hours in crider
to determine dry matter.

The 8th sample was cut and left to dry as hay in the field for
4 days before beinc collected and put to safe storage. A

representative sample of the hay was oven dried anc DM
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determined too. The dried samples wore thern ground Lo pass
through =2 Zmm and 1.5mm sieve, bulkzd and sicred. 2

representative sample at each harvest leval wag taken for
chemical analysis.

CHEMICAL ANALYSIS

Proximate chemical analivsis was deoene for (DM, Ash, EE, CF, GE,
OM and CP; for each of the zamples. ADF., NDF cellulcse and
lignin were also determined by using the methods of Goering

znd Van Scest [1970).

p]
i

DM was determined hy drying each o2f the samples at 200 ¢ for

b

24 hours as stated. OM was caiculated by subiracting the Ash
acontent from dry matter. Ash was determined by subjecting the
samples to SSOOC for 3 hours untl. they w=sre ashad (A.C A.C.
1970 .

Gross energy was determired by using a 1241 Ad_akatlc Bomp
Calorimeter as per instructions given 1in the Laboratory
Analysis handbook.

All results arsz shown in Tabl= 1.

7

ESTIMATION OF DIGESTIE

e

Lz

[

Digestzibility was sestimated by using +<he Z-stage invitro
fermentetlon technigue (Tilley and Terry 1963;. The rumen
fluid was collected from a rumen-fistulated sheep that had
been on & grass diet prior tco ccllection of hte fluid. fhe
hasic steps usad were as by Minscon and Macleod (1872). In
this experiment only CMD was estimated and resuits ars as

shown in table 2 for all the eight samples
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Digestibility was calculated by looking at nutrient content in
faecal material compared to that in the hay sample. For
example
OM hay - OM faeces

OMD{%) = = ~m-remeoosemseoomomemeoo x 100

of 0P, CF, GE and DM. Results are given in table 3.

ANALYBTE OF RESULTS

There wag no statistical analvsiz of data apart from the
comparison of the chemical composition of the different levels
of harvest of the grass,

Invitre OMD at the different growth stages was also noted.
Tnvivo COMD for sample number 8 was compared to the inviiro
OMD for the same sample.

Therefore, analysis of results was more descriptive thar
statistical with an explanation being offered for each sei of

results obtained as given in the discussion of results.
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TAB

r
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NUTRIENT COMPOSITION OF RECDES CORASS AT
DIFFERENT GROWTH STAGES
HARVEST | 2 2 3 4 5 6 7 8
1
J
LEVEL ;
| -
DM % | z4.4  36.8  44.07 51.63 64.36 58.41 69.73 72.3"
oM % 29.92 32.28 38.44 45.67 53.05 60.31 64.59 65.8¢
EE % 2.1& 2.02  1.94 1.e1  1.69  1.54  1.43  1.44
GE ©4.09  4.05  4.01  3.99  3.99  3.90 3.74  3.0¢6
1
{Kcal/g) ;
i
CE % $8.51  8.01 7.58 6.03 5.68 4.2 3.8 A2
CF % 32.34 32.63 34.37 3€.14 38.70 39.83 42.36 42.0°
ADF 8 22.22 26.64 29.42 35.2¢ 34.55 3€.25 37.23 34.:¢9
NDF % 68.46 65.56 66.95 67.72 71.52 72.97 74.19 70.7%
Lignin % ! 3.82 4.4% 4.34 6.17 5.75 5.94 6.13  6.21
i
Cellulose | 18.42 24.42 23.63 28.42 29.12 30.26 30.48 29.37
o i
©




TABLE 2. INVITRC ORGANIC MATTEX D

]

GESTIBILITY OF

GRASS SAMPLES

== == TS T T T T e T T R T T T T T TR T T TR

.
i
[¥%]
W
w
%)

| HARVEST

~

.52 5£59.63 71.63 60.24 64.24 £0.9%

[€)
o

TABLE 3 INVIVO NUTRIENT DIGESTIRILITY
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CHAPTER 4
RESULTS
Proximate chemical composition values for the different harvest
levels of the grass are presented -n Takle 1. DM wvalues show an
increase with advancing maturity from 34.4% at first harvest, to
72.31% at the hey stage. DM is a rough estimate of the amount of
nutrients, usually CHOs and a few proteins whica rermain the

feedstuff after moisture has been removed. It may also contain

DM yield per hectare is given in table 4. There 1s a gradual
increase in yield from 1.75/ha to 6.69 t/ha between the first and
fourth harvest levels, After flowering at the fifth level, there
is a drastic rise (8.69 t/ha} and this tendency continues up to the
last harvest.

Similar patterns of increasing content are observed for CF, ADF,
NDF and OM. The CF fraction contains cellulose, lignin and
hemicellulose and ranges between 32.34% in the initial harvest tc
42.03% in the hay. This is consistent with the observations made
by Salim {(1¢78) on plantings of Rhodes grass done in Tanzania where
CF values were between 28% and 44% at 4 weeks and at time of
harvest as hay. ADF divides the CHOs into those which are readily
available and digestible, and those poorly available. NDF 1is a
measure of tcotal CWC of the gsample which excludes soluble contents
tike sugars, starch anéd fats, but includes hemicelluloses,

cellulose and lignin too.



Buttersworth {14967) had CF ranges of 24 - 47%, ADF and lic¢nin
randges of 30-40% and 1-11% respectively when he experimented with
chloris gavana at different growth stages, althoughr this d4id act
differ much with ranges for temperate grasses (Mingon anéd Macleod
1970). Lignin in this experiment ranged between 3.82-6.21% hetwean
the initial harvest at 4 weels and the hay at 15 weeks indicating

an increase of 0.22% per week.

A reciprocal relationship is established between CF and CP with :the
former increasing as the latter fallis. The CP levels hetween the
first and fourth harvest stages are £.61%m, 2.01%m, 7.58% znd

6.33%. These figures are near the maintenance regquirements for an
average ruminant animal at 8.5% CP {NRC publiéation No. 4, 1970;.
Woodman and Fagan (1968} observed a progressive fall in prctein
content of various pastures as they matured, which was accompanied

by an ilncreasge in fibre.

£y

The ether extract (ZE) gives a non specific energy source an
contalng fats, oils, waxes, organic acids, stercls and vitamins
A,D,E,K. This was reducing wiht maturity anéd the reducition was

more drastic after flcocwering had occurzsd. It ranged between 2.18%

[L5]

in the initial harvest and 1.44% in the hav =sample. Gross snergy
was also dropping as the plant matured although the drop is more
steady.

4.1 INVIT ORGANIC M

The results for invitro CMD are given in table 2 for all the

harvest levels which show a reduction teco. Harvest level one
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was at 75.52% OMD while the hay was 54.1% OMD. Thig reducticn

in digestibility comes in the wake of increasing OM. This

1]

reciprocal tendency has also been observed by Johnson (1872)

anc¢ Harris ef ai {(1973).

INVITRO AND INVIVO OMD

The OMD of the hay sample as analysed both by invitro and
invivo estimations (results in takle 3) gave the results as
54.1% and 62.82% respectively. This contrasts with Van Scast
et al  {1972) who nocted that invitro OMD was higher and
attributed this to the fact that some of the synthetic

materials used in the estimation cannot be produced 1n the

animal and hence results in higher invitro OMD,



Lar

1

CHAPTER 5

DISCUSSION
An increase in DM and COM was observed as maturity zet in. The
reason for this is that there is an increase 13 percentage of
cell wall contents which give the plants its structure and
strength. A voung plant tends to have more of water tnhan
other CWCs which explains the low DM and OM at the initial
stages of growth. There 18 generally an 1ncrease 1in the
structural tigsues as the plants grow older.
The rate of DM accumulaticn is faster between the seedliing
emergence and flowering stage at fourth harves:t level., Thism
is during vegetative growth beyond which comes tae
reproductive stage when the plant devotes most of its energy
to the development of flcwers and seeds. This 1s also
confirmed by the DM vield pattern.
MacDoneid et al (1966) observed a similar pattern cf increased
DM, OM, ADF, NDF and CF irn an experiment with 14 tropical
pasture speciles and concluded that as plants grew, there was

greater need for structural tissues and therefore

A

1

s

carbohydrates like cellulose, hemicellulose adn  ign

(e]

increased. This was reflected in the CF content which rose
from beiow 200g/kg DM in a young plant to as much as 400g/Kg
DM in mature plants.

The role of protein in the overall quality of tropical grasses
cannot be dismissed. The level of CP pbelow which nitrogen is

the first limiting factor in tropical grass is about 7% on the
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DM basis {Minson and Milford, 1967). This 1s approXimately
the minimum level required for positive nitrcgen balance
(Milford and Haydock 1968). Therefore, when an explanation cf
unexpected low production is sought, the CP percentags should
be examined first, before turning to structural limltations
and then to other nutrients and toxic agents {Moore et a.
1969).
This means that the cutting stage for grass is when minimum CP
requirement i1s just about met and adeguate dry matfer has been
accumulated. The need for adequate DM is what a farmer
desires that his herd eats to fill their stomachswithin
minimum feeding time, but that the feed should also bhe
digestible. After flowering, plantings tend tco concentrate
their reserves on the development of their reproductive
system and the acguired DM begins tc lignify. The 4th
harvest level should meet the CP reguiremants and preovide
adequate dry matter which is fairly digestible. The grass
should not ke harvested at earlier stages of growth unless
efficient drying equipment is available that will dry the
grass without adversely ffecting the availlabilizy of
nutrients.
Besides, dry seascon feeding for which hay is essentiaily cut,
is dene for maintenance purposss and the energy for thils comes
from the digestion of structural carbohydrates. But ifhese are
lower at early harvest. More and more of the feed would have

to be given in order to meet the 1inftake requirements of the




same time, very late harvest woulld zrovide a high DM supsly tc
the animals with other nutrients deficient and less available

DooY digestibiiity regulting from high
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A compromise has to be struck ameng such characteristic
energy previsicn, protein availability, Zigrification anad
digestibility 1in order *to determine cutting stage. o
increases with age of plant as seen 1n the vield levels {(Table
4Y, but should be given when it is mocera%tely digestilklie. In
this exparirnient OMD at the 4th harvest was €0.14%. According

T enery

[

to Hamilton et al (1970), a digestibility of DM, OM an

ot

of 65% in a grass should be indicaitive of good nutritive valus
and should permit an adequate intake of digesitive onergy,
except in lactating animals.

This is also <onsistent with the findings of Minson anfd
Macleod {(1970C) where the freguency distributicn of OMD for 592
cuts of temperate grasses and 543 czuts of tropical grasses
were plotrted; the nighest frequency for temperatre grasses was

-

70-75%% while the tropical -50%.

[$3]

grasses were at 5

In this experiment, invitrc OMD values were reducing as the

plant matured. This can bhe atiribufted %tc¢ *the increagsing
lignin content 1n plants. Lignin bkinds most of the CWC
to its own structure and hence, reduces Their

Thig 1s <2nsistent with the findings of
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grass plantings of the Hemarthrie srp matursd and attributed
the drcp to the lignification ¢f the bhundle sheath cells.
Fagan and Woodman (1968) also observed a fall irn digestibilizy
with age in an experiment with Temperate Jgrass specles and

agreed that this was due to the conversion 1into fibre of

soluble and easily digestible CHCs.

INVITRO AND INVIVO OMD RELATIONSEIP

The invitrg and invivo OMD results showed a higher dejree of
digestibil:ity in invivo estimation than in the cther. The
digcrepancy 1n this experiment can be due to the different
animals used 1n both experiments. The rumen fiuwilid usged in

invitro analysis was obtained from sheep, while imnvivg
analysis was carried out in feeding trials with goats. Goats
are generally known to be efficient converters into thelr own
use of the worst kind cf feed in a given circumstanses; that
18, they are 1likely to survive more =<han shesp in rough
environments (Devendra and Lercy 19678%. Therefcre, the
difference ipn a2ility to digest material could have bheen due

to varving degrees of rumer. fluid activity.

The cdifference could also nnave been due to experimenial errou
when carryinu cut the feeding trials. Even though the goats

were given 10 days in which to acclimatise to the new feed

+y
m
)

with 10% more feed being giver on each subeguent day, they i

3 *

not stabllised 1n theilr int

O
o)

ake ard this cculd heve affect

The OMD results.
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G132 be that “he rumen fluid us=2d in the
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¢ OMD estimation was of low ectiviitvy. NKormally,

iFe

temperate rastures on which the sheep that provided the ruman
fluld was fed. are supposed to ke of a higher rnutritive value
than tropica. grasses at similar growth stages {(Whiteman

"

1980}, and hence highs«

)

by

I rumen

1

1uid activzty. But then., poor
management even in the tempearate pastures can resgist in loss
of quality. Therefore, the low activity of rumen microbes zan

be attributed to poor quality herbage prior =“c colleczion.

M

Another reason for the higher inviveg OMD can oe Que Lo tn
slow rate of passage of the grass feed in the rumen. Although

- .

rate of passage was not measured, the highly ligniiied hay

>
3}

1]

would have dslaved in i1ts passage thrcoucgh the rumen, hen
allowing for greater diges-ikili’y by ths rumen mlcro-
organisms. The rpassajze oI food through *the *he gastral
intestiral trac: is influenced by & numnber of factors such &s
quality ¢f the fe=2d, texture of the ingredients, chemical
composition and so on (Calvean et al 19871, At maturity,
pasture 1s Just & little better than straw wilith its low
protein level and hence will stay longer in the rumen for

maximum utilisation of available nutrients by the micrc-

organisms. However, this also Gepresges intake.



The nutritive of grasses decreases with age. Nutrilents =zhat

fulfil the requirements cof ruminant animals tend to he more

avallakle at a young age of hte plants and yet harvest at this
stage 13 not encouraged. Plants at this stage are more of

moisture than structural tissues which will only increase with
maturity. Tnis is observed in the DM content as well as total
DM vield per hectare which increases. The major DM componentis
are (CHOs and some proteins. These comprise the structural
tissues which supply energy once digested in the rumen.
infortunately, one of the structural tissues 1s lignin which
as 1t increases binds the other more available nutrients to
its structure and renders them indigestible and hence, poorly
availahle for animal uptake.

Therefore in determining an optimum cutting stage of grass for
Lhay, the factcors tc consider are such as  amount of
lignification, CP content and accumulation of drv matter which
must also be reasonably digestible. Digestibility tends to
fall drastically after flowering because of increased lijynin.
In this experiment, the fourth harvest level at 45-60cm above
ground is suggested as optinum. The plants have acquired
enocugh PM and the CP level 1s within acceptable limits.
Lignification 1is not s¢ serious as to markedly affect the

digestibility of other nutrients.
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There 1s a time when grass hay is just & little better than
straw in terms of nuitritive value. To improve its potential
for ruminant nutrition, there i3 need to 1ncorporate
compatible legume forages which have been reported to he of
high nutritive value, Future vresearch should look at th=
nutritive value of a grass-legume fodder.

The use of similar species of animals is recommended for both

invitro and invivo digestibility estimations to reduce the

experimental error that goes with using different animal
specles. There is need for replication of results so as to

allow for statigtical analysis and to estabiish whether the

observed differences are sigunificant or not.
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