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ABSTRACT 

The n u t r i t i v e v a l u e of Rhodes g r a s s ( c h l o r i s gayana) at d i f f e r e n t 

l e v e l s of growth, w i t h minimum f e r t i l i s a t i o n was s t u d i e d . 

N u t r i t i v e v a l u e i s i n r e f e r e n c e t o the c h e m i c a l c o m p o s i t i o n and 

d i g e s t i b i l i t y of the g r a s s . The g r a s s was h a r v e s t e d a t e i g h t 

growth s t a g e s w i t h r e s p e c t t o time a f t e r s e e d l i n g emergence and 

h e i g h t of p l a n t s above ground; w i t h the f i r s t t o l a s t h a r v e s t s 

b e i n g done at 12cm, 20cm, 30cm, 45cm, 60cm and on average >70cm 

f o r the s i x t h , s e v e n t h and e i g h t h h a r v e s t s . 

P r o x i m a t e a n a l y s i s f o r the samples showed a s t e a d y d e c l i n e i n CP 

from 8.61% a t 4 weeks o l d t o 2.83% a t 15 weeks when i t was cut 

as hay a t e i g h t h h a r v e s t . CF i n c r e a s e d from 32.34% at i n i t i a l 

h a r v e s t t o 42.03% d u r i n g the e i g h t h h a r v e s t . T h i s r e c i p r o c a l 

r e l a t i o n s h i p between CF and. CP agreed w i t h p r e v i o u s r e p o r t s . DM 

y i e l d i n c r e a s e d from 1.75tonnes per h e c t a r e a t i n i t i a l h a r v e s t 

t o 14.5t/ha at e i g h t h h a r v e s t . I n v i t r o OMD a l s o i n d i c a t e d a 

s t e a d y f a l l from 75.52% a t h a r v e s t l e v e l one, t o 54.1% f o r the 

e i g h t h . The drop i n CP and OMD, r i s e i n CF were a t t r i b u t e d t o 

the i n c r e a s e i n l i g n i n c o n t e n t of the g r a s s . I n v i v o OMD was 

e s t i m a t e d f o r the e i g h t h h a r v e s t l e v e l (62.82%) and compared t o 

the l a b o r a t o r y i n v i t r o method. The former was h i g h e r t h a n the 

l a t t e r w hich c o n t r a s t e d w i t h e a r l i e r r e p o r t s . I n v i v o 

d i g e s t i b i l i t i e s f o r OM, DM, CF and GE were c o n s i s t e n t w i t h o t h e r 

f i g u r e s r e p o r t e d . 

The a n a l y s i s h e l p e d t o d e t e r m i n e how much a ruminant ani.mal would 

o b t a i n i n terms of n u t r i e n t s a t each h a r v e s t l e v e l . I t was 

c o n c l u d e d t h a t the optimum c u t t i n g s t a g e would be at 45-60 CM 
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when CP and GE are s t i l l r e l a t i v e l y h i g h , and when DM y i e l d at 

6.69 t / h a and OMD a t 60.14% are w i t h i n l e v e l s t h a t b e n e f i t the 

a n i m a l s . Beyond the f o u r t h h a r v e s t l e v e l , the i n c r e a s e i n 

l i g n i f i c a t i o n w h i c h goes w i t h the r e p r o d u c t i v e stage of p l a n t 

growth causes a drop m d i g e s t i b i l i t y and hence a f f e c t s n u t r i e n t 

uptake. 
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CHAPTER 1 

INTRODUCTION 

The i n c r e a s e i n the w o r l d p o p u l a t i o n and g e n e r a l awareness f o r 

improved n u t r i t i o n among humans has caused an i n c r e a s e i n demand 

f o r meat and i t ' s b y - p r o d u c t s . Meat i s among o t h e r t h i n g s a major 

s o u r c e of p r o t e i n and f o r t h i s r e a s o n , r e s e a r c h c o n t i n u e s t o be 

done on the s u b j e c t of a n i m a l n u t r i t i o n (Maynard 1962). Animal 

p r o d u t s and b y - p r o d u c t s such as meat, m i l k , wool and h i d e s have 

proved t o be of n u t r i t i o n a l and e c o n o m i c a l v a l u e t o many paople 

i n v o l v e d i n p r o d u c t i o n (Adegbola e t a l 1986). 

One of the most i m p o r t a n t a s p e c t s of a n i m a l n u t r i t i o n e s p e c i a l l y i n 

rumin a n t s i s the p r o v i s i o n of good q u a l i t y g r a s s (Crowder and 

Chheda 1982). The e x p a n s i o n of ruminant p r o d u c t i o n i n the t r o p i c s 

has s t i m u l a t e d i n c r e a s e d i n t e r e s t i n the q u a l i t y of a v a i l a b l e 

s o u r c e s of n u t r i e n t s . G r a s s l a n d s are p r e s e n t l y the major source of 

thes e n u t r i e n t s and w i l l c o n t i n u e as such (Crampton, 1969). 

By n u t r i t i v e v a l u e i s meant chem.ical com.position of the g r a s s , i t s 

d i g e s t i b i l i t y and n a t u r e of d i g e s t e d p r o d u c t s , a l t h o u g h v o l u n t a r y 

i n t a k e may a l s o be used as a measure o f f e e d i n g v a l u e (Bogdan 

1977). C h e m i c a l c o m p o s i t i o n can be d e t e r m i n e d by c a r r y i n g out 

pr o x i m a t e a n a l y s i s f o r DM, CP, CF, OM, EE, ADF, NDF and NFE. The 

l e v e l s of each of t h e s e components w i l l t e l l t he n u t r i t i v e v a l u e i n 

a f e e d s t u f f based on i t s c h e m i c a l c o m p o s i t i o n ; however, t h e y must 

be d i g e s t e d and absorbed t o be of any v a l u e t o the a n i m a l (McMeekan 

and Walshe 1963 ) . 

D i g e s t i b i l i t y i s a p r i n c i p l e measurement used t o p r e d i c t or 
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a s c e r t a i n the n u t r i t i v e v a l u e of f e e d s . I t i s p r o b a b l y the most 

u s e f u l s i n g l e measure of the n u t r i t i v e v a l u e of a g r a s s l a n d feed 

(Cowlishaw and M i l l e r 1975). I t i s d e f i n e d as the d i f f e r e n c e i n 

v a l u e between th e f e e d e a t e n and m a t e r i a l s v o i d e d by the a n i m a l s . 

The d i g e s t i b i l i t y v a l u e i s a l s o a measure of l o s s by e x c r e t i o n of 

energy, d r y m a t t e r , crude f i b r e or any o t h e r component of n u t r i e n t 

m a t e r i a l a v a i l a b l e i n the f e e d . 

The n a t u r a l g r a s s l a n d s p r o v i d e the b a s i c d i e t f o r the v a s t m a j o r i t y 

of ruminant l i v e s t o c k i n the t r o p i c s . The n u t r i t i v e v a l u e of feeds 

f o r d o m e s t i c l i v e s t o c k i s e x p r e s s e d by the l e v e l of animal 

p r o d u c t i o n of the d e s i r e d type t h a t i s a c h i e v e d and the l e n g t h of 

the p r o d u c t i v e l i f e . The n u t r i t i v e v a l u e of feeds i s g e n e r a l l y 

g i v e n i n terms of v a l u e per u n i t y w e i g h t , but t h a t of g r a s s l a n d 

herbage i s viewed i n i t s a b i l i t y t o meet the r e q u i r e m e n t s of the 

a n i m a l f o r energy and p r o t e i n (Crampton 1969). 

One such g r a s s t h a t has been c u l t i v a t e d i s Rhodes g r a s s ( c h l o r i s . 

qayana). I t i s a p e r e n n i a l t r o p i c a l p l a n t t h a t i s v e r y a d a p t a b l e 

and has ease of e s t a b l i s h m e n t on newly c l e a r e d l a n d . I t i s 

r e s p o n s i v e t o h i g h s o i l f e r t i l i t y and has an added advantage of 

drought r e s i s t a n c e , t o l e r a n c e t o heavy g r a z i n g and h i g h s o i l 

s a l i n i t y ( K r e t s c h n e r 1985), but w i l l d i s a p p e a r i f p o o r l y managed. 

I t a l s o o c c u r s n a t u r a l l y i n most t r o p i c a l and s u b t r o p i c a l areas of 

A f r i c a ( R o t a r e t a l 1985). Rhodes g r a s s i s one of the .most 

s a t i s f a t o r y of the t r o p i c a l g r a s s e s f o r hay, but i s i s not s u i t a b l e 

f o r s i l a g e ( G o t i l 1981). V a r i o u s c u l t i v a r s have been deve l o p e d i n 



Zambia, Kenya, Zimbabv/e and South A f r i c a . 

G r a s s e s are used i n ruminant p r o d u c t i o n s o l e l y f o r the r e a s o n t h a t 

man does not compete f o r g r a s s v / i t h the a n i m a l s as i s the case w i t h 

g r a i n s . Grass does not have the n u t r i e n t c o m p o s i t i o n t h a t would 

b e n e f i t man d i r e c t l y , but ruminant a n i m a l s d e r i v e a l a r g e 

p r o p o r t i o n of n u t r i e n t s from g r a s s . 

However, good q u a l i t y g r a s s i s not a v a i l a b l e t h r o u g h o u t the year i n 

the t r o p i c s . There i s a s t r i c t time f o r growth and m a t u r i t y i n the 

r a i n y season. Dry season f e e d i n g i s dependent on c o n s e r v e d g r a s s 

e i t h e r as hay or s i l a g e . 

The time of h a r v e s t has a pronounced e f f e c t on f o r a g e q u a l i t y . One 

must always p r o v i d e herbage which i s a t a s t a g e of growth where i t 

w i l l do most good t o l i v e s t o c k . G r a s s e s g e n e r a l l y l o s e t h e i r 

n u t r i t i v e v a l u e w i t h a d v a n c i n g m a t u r i t y . 

The n o t i o n t h a t g r a s s e s can be supplemented w i t h c o n c e n t r a t e f e e d 

may be a f a r c r y f o r most l i v e s t o c k p r o d u c e r s of whom the m a j o r i t y 

are s m a l l s c a l e f a r m e r s w i t h no a c c e s s t o such m a t e r i a l s as 

c o n c e n t r a t e f e e d . 

T h e r e f o r e , t h i s experiem.ent a t t e m p t s t o determdne the optimum 

c u t t i n g s t a g e f o r Rhodes g r a s s w h i c h can t h e n be s t o r e d as hay 

w i t h o u t a d v e r s e l y a f f e c t i n g i t s n u t r i t i v e v a l u e . The d i g e s t i b i l i t y 

and c h e m i c a l c o m p o s i t i o n w i l l be d e t e r m i n e d a t d i f f e r e n t growth 

s t a g e s so as t o e s t a b l i s h p o t e n t i a l f o r d r y season f e e d i n g i n 

r u m i n a n t s . 
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CHAPTER 2 

LITERATURE REVIEW 

2.0 INTRODUCTION 

The n u t r i t i v e v a l u e of a p a s t u r e i s b a s i c a l l y a f u n c t i o n of 

the s p e c i e s i n the p a s t u r e and the st a g e of growth, but may be 

m o d i f i e d by c l i m a t i c f a c t o r s d u r i n g growth, s o i l f a c t o r s wnich 

a f f e c t n i t r o g e n and o t h e r m i n e r a l s t a t u s , and management 

f a c t o r s which a f f e c t p a s t u r e r e - g r o w t h r a t e and b o t a n i c a l 

c o m p o s i t i o n . 

The chem.ical c o m p o s i t i o n of a p a s t u r e i s i n f l u e n c e d by s o i l 

f e r t i l i t y , s p e c i e s c o m p o s i t i o n and such f a c t o r s as temperature 

and s o i l m o i s t u r e (Mannetje e t a l 1976 ) . I t can be a v a l u a b l e 

i n d i c a t o r of the q u a l i t y of p a s t u r e i n terms of p r o t e i n and 

m i n e r a l c o m p o s i t i o n and a l s o a means of e x p l a i n i n g a n i m a l 

p r o d u c t i o n over the v a r i o u s seasons of the year (Howard e t a l 

1962 ) . 

Forage q u a l i t y i s b e s t d e f i n e d as o u t p u t per a n i m a l and i s a 

f u n c t i o n of v o l u n t a r y i n t a k e and d i g e s t i b i l i t y of n u t r i e n t s 

when f o r a g e i s f e d al o n e and ad l i b i t u m t o a s p e c i f i e d a n i m a l 

(Moore and Mott 1973). Minson (1968) suggested t h a t p a s t u r e 

q u a l i t y can be e x p r e s s e d as q u a n t i t y of mdlk, meat or wool 

produced by a n i m a l s when they g r a z e p a s t u r e s w i t h adequate 

a v a i l a b l e f o r a g e . However, f o r a g e q u a l i t y can o n l y be 

e x p r e s s e d i n terms of o u t p u t per animial o n l y when for a g e 

a v a i l a b i l i t y i s not l i m d t i n g . 
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2.2 F a c t o r s A f f e c t i n g Forage Q u a l i t y 

2•1•1 Stage of Growth and M a t u r i t y 

The g e n e r a l e f f e c t of i n c r e a s i n g age or stage o 

growth of p a s t u r e s on n u t r i t i v e v a l u e has bee 

s t u d i e d b e f o r e . Most f o r a g e s d e c l i n e i n n u t r i t i v 

v a l u e w i t h age. The e f f e c t i s a complex respons 

and i s not g u aranteed i n a l l i n s t a n c e s . F i r s t , i 

s h o u l d be r e c o g n i s e d t h a t age and p h y s i o l o g i c a 

m a t u r i t y are not i d e n t i c a l (Van Soest 1982). Thus 

an o l d p l a n t may have i t s p h y s i o l o g i c a l m a t u r i t 

d e l a y e d due t o l i m i t a t i o n s i n p l a n t r e q u i r e m e n t 

such as m o i s t u r e , n u t r i e n t s and p r e v a i l i n g c l i m a t i 

c o n d i t i o n s . 

W i t h i n c r e a s i n g age, the p r o p o r t i o n of p o t e n t i a l l 

d i g e s t i b l e components c o m p r i s i n g s o l u b l 

c a r b o h y d r a t e s , p r o t e i n s and o t h e r c e l l c o n t e n t 

tends t o d e c l i n e w h i l e the p r o p o r t i o n of l i g n i n 

p r o t e c t e d c e l l u l o s e and h e m i c e l l u l o s e and othe 

i n d i g e s t i b l e f r a c t i o n s such as c u t i c l e , s i l i c 

i n c r e a s e . Minson (1971) has shown a l i n e a r d e c l i n 

i n the d i g e s t i b i l i t y of c e l l u l o s e as the p e r c e n t a g 

of l i g n i n i n c e l l u l o s e i s i n c r e a s e d . 

As p l a n t s grow, t h e r e i s a g r e a t e r need fo: 

s t r u c t u r a l t i s s u e s , and t h e r e f o r e the s t r u c t u r a 

CHOs ( C e l l u l o s e and h e m i c e l l u l o s e ) and l i g n i ; 

i n c r e a s e . T h i s i s r e f l e c t e d i n the CF conten-
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v/hich i n the d r y matter may i n c r e a s e from below 20% i n 

young p l a n t s t o as much as 40% i n mature c r o p . As the 

p l a n t ages, the p e r c e n t a g e of p r o t e i n d e c r e a s e s ; t h e r e i s 

t h e r e f o r e a r e c i p r o c a l r e l a t i o n s h i p between CP and CF i n 

a g i v e n s p e c i e s , a l t h o u g h t h i s can be upset by the 

a p p l i c a t i o n of n i t r o g e n f e r t i l i s e r s ( Greenhalgh ad 

MacDonald 1973 ) . 

Forages are h i g h l y d i g e s t i b l e a t young and immature 

s t a g e s of growth and t h i s d e c l i n e s w i t h age. The i n i t i a l 

h i g h d i g e s t i b i l i t y i s a t t r i b u t e d t o the h i g h l e v e l of 

c e l l c o n t e n t s and h i g h d i g e s t i b i l i t y of the c e l l w a l l 

f r a c t i o n s . The c e l l w a l l c o n s t i t u e n t s become 

i n c r e a s i n g l y i n d i g e s t i b l e as the p l a n t becomes more 

mature, d r y and f i b r o u s ( H a m i l t o n 1970). 

In an experiment w i t h g r a s s of D i g i t a r i a spp (Cowlishaw 

and M i l l e r 1976) o b s e r v e d a l i n e a r i n c r e a s e i n CF c o n t e n t 

amounting up t o 1.58% per week when the g r a s s was cut at 

weekly i n t e r v a l s f o r up t o 8 weeks. 

The g r e a t e s t , d i f f e r e n c e s i n d i g e s t i b i l i t y between f o r a g e s 

are those due t o d i f f e r e n c e s of s t a g e of growth, and as 

the p l a n t s mature, t h e i r c o m p o s i t i o n show l a r g e changes 

( C o r b e t t 1969). To the a n i m a l , the most i m p o r t a n t chance 

i s the i n c r e a s e i n s t r u c t u r a l c o n s t i t u e n t s e s p e c i a l l y 

l i g n i n w hich w i t h a v a r i e t y of o t h e r s u b s t a n c e s 

c o n t r i b u t e t o the CF f r a c t i o n . 
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Even i n the young p l a n t , c e l l u l o s e and h e m i c e l l u l o s e 

c omprise at l e a s t o n e - t h i r d of the d r y m a t t e r , but are 

t h e n h i g h l y d i g e s t i b l e (Waite et a l 1964). As t h e i r 

c o n c e n t r a t i o n m the p l a n t i n c r e a s e s , t h e i r d i g e s t i b i l i t y 

d e c r e a s e s . T h i s m.ay be due i n p a r t t o p h y s i c o - c h e m d c a l 

changes such as an i n c r e a s e i n c r y s t a l l i n i t y ( H a l l i w e l 

and Head 1961) or degree of p o l y m e r i s a t i o n of the 

c e l l u l o s e c h i e f l y due t o l i g n i f i c a t i o n . 

F u r t h e r i n v e s t i g a t i o n s c a r r i e d out i n A u s t r a l i a 

( M i l f o r d ad M i r i s o n 1966, 1968) on the d a i l y i n t a k e 

(g/kg LWT 0.75) f o r s e v e r a l f o r a g e s , c h l o r i s qayana 

i n c l u d e d , at v a r i o u s s t a g e s of growth i n d i c a t e d 

t h a t the i n t a k e of t h e s e sam.ples d e c l i n e d v/ith 

i n c r e a s i n g m a t u r i t y . T h i s was a l s o c o n f i r m e d by 

Crowder and Chedda (1982). 

A d a i l y d e c l i n e i n d i g e s t i b i l i t y of 1% was observed 

i n a t r i a l on a commonly grown N i g e r i a n p a s t u r e 

s p e c i e s Cynodon n e m f l u e s i s (Mohammed Saleem 1978). 

Another i m p o r t a n t change t h a t o c c u r s as p a s t u r e s 

mature i s t h a t the p r o p o r t i o n of stem compared w i t h 

l e a f i n c r e a s e s . The stem f r a c t i o n at a g i v e n stage 

of growth i s o f t e n of lower d i g e s t i b i l i t y as shown 

by the d a t a of Jones (1969). 
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Age of r e g r o w t h (days) 56 84 112 

I n v i t r o OMD (%) Leaf 64.8 66 . 4 68 . 5 
Stem 59 . 8 53 .1 59.8 

Hov/ever, even a t s i m i l a r l e v e l s of d i g e s t i b i l i t y , , 

i n t a k e of l e a f i s up t o 46 p e r c e n t h i g h e r than f o r 

stem (Laredo and Minson 1973). Thus, i n c r e a s i n g 

the p r o p o r t i o n of stem i n the p a s t u r e reduces the 

o v e r a l l n u t r i t i v e v a l u e of the d r y matter on o f f e r . 

The p h y s i c o - c h e m i c a l s t r u c t u r e of the c e l l w a l l i s 

i m p o r t a n t i n d e t e r m i n i n g the b i o d e g r a d a b i l i t y of 

the component p a r t s of h t e s t r u c t u r e . There are 

t h r e e p o s s i b l e modes of a c t i o n of l i g n i n upon the 

a v a i l a b i l i t y of p l a n t c a r b o h y d r a t e s : 

L i g n i n i s t o x i c t o d i g e s t i n g m i c r o organisms 

L i g n i n p h y s i c a l l y e n c r u s t s CHOs, r e n d e r i n g 

p a r t s of them i n a c c e s s i b l e t o d i g e s t i v e 

organisms 

L i g n i n i s l i n k e d t o CHOS fc by c o v a l e n t and 

hydrogen bonds which c e l l u l y t i c organisms do 

not p o s s e s s a p p r o p r i a t e enzymes t o h y d r o l y s e . 

Of t h e s e t h e o r i e s , the f i r s t has been r e c o g n i s e d , 

but h i g h l y i g n o r e d (Haynard and Crampton 1938). 

The t h e o r y of e n c r u s t a t i o n has been s u p p o r t e d by 

2.1.2 L i q n i f i c a t i o n 



9 

ev i d e n c e t h a t b a l l m i l l i n g c f l i g n i f i e d t i s s u e 

g r e a t l y i n c r e a s e d the i n - v i t r o d i g e s t i b i l i t y of 

c e l l u l o s e ( D e h o r i t y e t ^ a l _ _ 1962). As f o r the t h i r d 

r h e o r y i n v o l v i n g l i g n i n - C H O bonds, r e c e n t evidence 

shows t h a t l i g n i n s u r r o u n d s the c a r b o h y d r a t e s anc. 

r e n d e r s them u n a v a i l a b l e a l t h o u g h the n a t u r e of the 

bonds formed i s c o n t r o v e r s i a l (Head 1966). 

However, i t s h o u l d be a p p r e c i a t e d t h a t s t r u c t u r a l 

c a r b o h y d r a t e s are not com.pletely d i g e s t i b l e w i t h 

the .main f a c t o r l i m i t i n g the e x t e n t of d i g e s t i o n 

b e i n g l i g n i n . I s o l a t e d l i g n i n had no e f f e c t on i n ­

v i t r o c e l l u l o s e d i g e s t i o n , but t h e r e were good 

r e l a t i o n s h i p s between i n c r e a s i n g m a t u r i t y , 

i n c r e a s i n g l i g n i f a c t i o n and d e c r e a s i n g 

d i g e s t i b i l i t y of c e l l u l o s e (Johnson and D e h o r i t y 

1965 ) . 

F u r t h e r e v i d e n c e t h a t l i g n i n i s the p r i n c i p l e 

f a c t o r a f f e c t i n g a v a i l a b i l i t y of c e l l w a l l 

c a r b o h y d r a t e s l i e s i n the i n c r e a s e i n d i g e s t i b i l i t y 

o b t a i n e d when p l a n t f i b r e s are d e l i g n i f i e d 

( H v i d s t e n and Simonsen 19 52 ). The v e r y lov/ 

d i g e s t i b i l i t y of wood can be i n c r e a s e d t o about 95% 

f o r r u m i n a n t s by paper making p r o c e s s e s ( S a a r i n e n 

e t a l 19 5 9 ) . 

The u s e f u l n e s s of CF t o the host anim.al depends 
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i n i t i a l l y on i t s d i g e s t i o n by the rumen or c a e c a l 

m i c r o f l o r a . The e x t e n t of m i c r o f l o r a l a c t i v i t y 

depends i n p a r t on how adequate the r a t i o n i s i n 

N i t r o g e n and Phosphorous which are needed f o r the 

nourishment of m i c r o f l o r a . 

I t i s s u g g ested t h a t when n i t r o g e n i n t a k e i s belov/ 

a c r i t i c a l l e v e l , a c t i v i t y of rum.en mi c r o - o r g a n i s m s 

i s r e d u c e d , so t h a t e f f i c i e n c y and r a t e of 

d i g e s t i o n of DM, and hence i t s i n t a k e i s i n h i b i t e d 

( K i n s o n 1971). However, i t has been shown (Egan 

1977) t h a t sheep on low n i t r o g e n d i e t s (1 t o 1.5 g 

N per lOOg DM), d r y m a t t e r i n t a k e was i n c r e a s e d by 

15-20% when r e a d i l y a v a i l a b l e s o l u b l e p r o t e i n was 

p e r f u s e d d i r e c t l y i n t o the duodenum. 

2.1.3 P a s t u r e S p e c i e s 

The n u t r i t i v e v a l u e of p a s t u r e s p e c i e s even at 

s i m i l a r s t a g e s of growth v a r i e s w i d e l y , b oth i n DMD 

and v o l u n t a r y i n t a k e . R e v i e w i n g comparison of over 

1000 t r o p i c a l and temperate g r a s s samples, Minson 

and Macleod (1970) showed t h a t t r o p i c a l g r a s s e s 

were on average 13% u n i t s lower i n DMD. Most 

samples of temperate g r a s s e s had d i g e s t i b i l i t i e s 

above 65 per c e n t , but few t r o p i c a l g r a s s samples 

were i n t h a t c a t e g o r y . 

The t r o p i c a l environm.ent d i f f e r s i n t h a t t h e r e i s 
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g e n e r a l l y a much h i g h e r s o l a r i n t e n s i t y , w h i c h , i n 

c o m b i n a t i o n w i t h adequate m o i s t u r e and h i g h 

t e m p e r a t u r e r e s u l t s i n r a p i d p l a n t development and 

growth toward m a t u r i t y . As p r e s e n t l y grown, 

t r o p i c a l f o r a g e s are on average i n f e r i o r t o 

temperate ones (McDowell 1972; Van Soest 19£2). 

However most of t h i s d i f f e r e n c e c o u l d p r o b a b l y be 

c o r r e c t e d w i t h b e t t e r management of t r o p i c a l 

p l a n t i n g s . 

Minson and Macleod (1970) s u g g e s t e d t h a t low DMD% 

v a l u e s of t r o p i c a l g r a s s e s may, i n p a r t , be due t o 

h i g h e r growing t e m p e r a t u r e s , but the d a t a of R e i d 

and Rugerwa ( 1973 ) s u p p o r t s the view t h a t f o r 

s e l e c t e d s p e c i e s of t r o p i c a l g r a s s e s such as 

B r a c h i a r i a spp, C h l o r i s spp, S e t a r i a and Panicum 

spp, DMD v a l u e s are comparable t o those of 

s i m i l a r l y managed tem.perate g r a s s e s . 

The p r o t e i n c o n t e n t of t r o p i c a l f o r a g e s has been 

shown t o be g e n e r a l l y low, f a l l i n g r a p i d l y w i t h 

growth t o time of f l o w e r i n g . D u r i n g the dry 

season, t h i s drops even f u r t h e r t o as low as 2% 

( F r e n c h 1957; Bredon et a l 1961) 

A r e v i e w o f t r o p i c a l g r a s s e s i n terms of .milk 

p r o d u c t i o n showed t h a t p r o d u c t i o n per cow per day 

when measured at low grazing would be about 8 -
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temperate g r a s s ( G r e e n h a l g h and Stobbs 1971). The 

lower p r o d u c t i o n per cow on t r o p i c a l g r a s s e s may be 

e x p l a i n e d by lower i n t a k e , p r i m a r i l y due t o lower 

d i g e s t i b i l i t y ( H a m i l t o n e t a l 1970) a l t h o u g h low 

p r o t e i n may sometimes be a f a c t o r ( H a r d i s o n 1966). 

T r o p i c a l g r a s s e s are low i n p r o t e i n and energy 

l a r g e l y as a r e s u l t of t h e i r r a p i d growth as 

i n f l u e n c e d by l i g h t and t e m p e r a t u r e ( F r e n c h 1967; 

Devendra and Gohl 1970). 

E n v i r o n m e n t a l F a c t o r s 

C l i m a t e - The r e l a t i v e i m p o r t a n c e s of t e m p e r a t u r e , 

l i g h t and m o i s t u r e upon the n u t r i t i v e v a l u e of 

p a s t u r e s are i n the o r d e r l i s t e d . 

( i ) Temperature - i n c r e a s e s m e t a b o l i c 

a c t i v i t y of a l l nonhom.eothermic organisms 

(Van Soest 1982 ). T h i s means a more 

r a p i d t u r n o v e r of energy and p o o l e d 

m e t a b o l i t e s as w e l l as more r a p i d 

s y n t h e s i s of new c e l l s and s u b s t a n c e s . 

P l a n t s accumulate c e l l w a l l s t r u c t u r e s 

c o n t a i n i n g l i g n i n and c e l l u l o l y t i c CKOs 

t h a t are i r r e t r i e v a b l e by the organism 

and a c c u m u l a t i o n of l i g n i n and CWC i s 

l i k e l y t o be a t e m p e r a t u r e r e l a t e d 

phenomenon because of the more 



r a p i d c o l l e c t i o n of m e t a b o l l i t e s . I n c r e a s i n g 

t e m p e r a t u r e tends t o lower n u t r i t i v e v a l u e a t the 

same p h y s i o l o g i c a l age i n g r a s s e s ( W i l s o n 1983). 

As a r e s u l t of r e q u i r e m e n t f o r f r o s t h a r d i n e s s , 

f o r a g e s grown i n c o l d c l i m a t e s d e v e l o p r e s e r v e s of 

CHO s and p r o t e i n s i n l e a v e s and stems t h a t are of 

h i g h n u t r i t i v e v a l u e . Low y i e l d and h i g h n u t r i t i v e 

v a l u e are c h a r a c t e r i s t i c s of temperate g r a s s e s 

(Stobbs 1973). 

( i i ) L i g h t - s u p p o r t s p h o t o s y n t h e s i s v/hich 

f o s t e r s the s y n t h e s i s of sugars and 

o r g a n i c a c i d s . Independent of 

temiperature, t h i s becomes a v e c t o r 

towards i n c r e a s i n g d i g e s t i b i l i t y of the 

p l a n t . (Van S c e s t 1980) 

( i i i ) M o i s t u r e The e f f e c t of m o i s t u r e i s more 

v a r i a b l e i f m o i s t u r e i s l i m i t e d , the 

p l a n t m.ay be p r e v e n t e d from d e v e l o p i n g 

toward m a t u r i t y . However, some adapted 

p e r e n n i a l p l a n t s go i n t o dormancy i n a 

d r y season, p u l l i n g r e s e r v e s i n t o the 

r o o t s and l e a v i n g an upper p a r t of lower 

v a l u e . M o i s t u r e c o n t e n t of p a s t u r e i s of 

p a r t i c u l a r importance where a c r o p i s 

b e i n g h a r v e s t e d f o r c o n s e r v a t i o n and i s 
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h i g h a t e a r l i e r s t a g e s of grov/th,but 

f a l l s as the p l a n t s mature. {Cowlishaw 

and M i l l e r 1976) 

2-1.5 E f f e c t s of f e r t i l i s a t i o n 

Crude p r o t e i n c o n t e n t as i n f l u e n c e d by f e r t i l i s e r 

n i t r o g e n i s the most i m p o r t a n t e f f e c t of 

f e r t i l i s a t i o n (Van Soest 1982). The e f f e c t s of 

o t h e r m i n e r a l s i s m a i n l y on y i e l d and c o n t e n t of 

the i n the f o r a g e . D i g e s t i b i l i t y i s a f f e c t e d v e r y 

l i t t l e a l t h o g h p a l a t a b i l i t y maybe. 

N f e r t i l i s a t i o n of g r a s s e s i n c r e a s e s CP c o n t e n t , 

d e p r e s s e s s o l u b l e CHOs m l e a v e s and stems and 

promotes more r a p i d l i g n i f a c t i o n . 

2.2 E s t i m a t i o n and P r e d i c t i o n of D i g e s t i b i l i t y 

D i g e s t i b i l i t y , e x p r e s s e d as DM, OM, energy or TDN 

IS the most com.monly used measure of n u t r i t i v e 

value*. I t i s used m o s t l y because of the r e l a t i v e 

ease w i t h w h i c h i t can be a p p l i e d as w e l l as i t s 

r e p r o d u c i b i l i t y compared t o consumption and 

e f f i c i e n c y w hich are o t h e r i n d i c e s of n u t r i t i v e 

v a l u e (Van Soest 1982). V a r i o u s methods of 

d i g e s t i b i l i t y have been d e s c r i b e d : 

APPARENT DIGESTIBILITY 

T h i s i s the b a l a n c e of f e e d i n g e s t e d l e s s the 

matter l o s t i n the f a e c e s . T h i s method assum.es 

t h a t whatever does not appear i n the f a e c e s has 

http://assum.es
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been d i g e s t e d and can be a p p l i e d t o DM, energy or any 

o t h e r f e e d component. (MacDonald et a l 198? ) . 

TRUE DIGESTIBILITY 

T h i s i s the a c t u a l d i g e s t i b i l i t y or a v a i l a b i l i t y of 

a f e e d , f o r a g e or n u t r i e n t as r e p r e s e n t e d by the 

b a l a n c e between i n t a k e and f a e c a l l o s s of the same 

u n d i g e s t e d m a t e r i a l . True d i g e s t i b i l i t y of whole 

r a t i o n s , f o r a g e and p r o t e i n i s always g r e a t e r than 

apparent d i g e s t i b i l i t y because p a r t of the f a e c e s 

i s of m e t a b o l l i c (non feed) o r i g i n (Van Scest 

1982) . 

2.2.1 INVIVO ESTIMATION 

The s t a n d a r d t e c h n i q u e f o r e s t i m a t i n g d i g e s t i b i l i t y 

i s based on m.easuring the i n t a k e and d i g e s t i o n of 

c u t p a s t u r e samples f e d t o anim.als i n metabolism 

pens (Minson 1971). T h i s i s termed i n v i v o 

e s t i m . a t i o n . Forages t o be compared must be grov/n 

under the same c o n d i t o n s , c u t and f e d a t the same 

time . 

The i n v i v o e s t i m a t i o n i n v o l v e s the d e t e r m i n a t i o n of 

d i f f e r e n c e i n n u t r i e n t c o n t e n t between fee d eaten 

and m a t e r i a l s v o i d e d as f a e c e s (McDonald et a l 

1987). The n u t r i e n t b e i n g c o n s i d e r e d can be CP, 

DM, OM and so on. 
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As f o r DM, 

DM eaten-DM f a e c e s 

DMD% = X 100 

DM ea t e n 

T h i s g i v e s the apparent d i g e s t i b i l i t y and 

r e p r e s e n t s the p r o p o r t i o n t h a t does not appear as 

waste i n f a e c e s . 

Advantage: 

- o b t a i n s r e s u l t s t h a t are a p p l i c a b l e t o the 

an i m a l s used i n the t r i a l 

D i s a d v a n t a g e 

- r e q u i r e s c o n s i d e r a b l e work and time , a f l d i s c o s t l y 

t o o . 

a number of a n i m a l s t o experiment w i t h are 

needed. 

- demands f o r a c o n s i d e r a b l e amount of herbage. 

Moreover, the d i g e s t i b i l i t y of herbage i s 

i n f l u e n c e d by the type and breed of a n i m a l , i t s age 

and h e a l t h . D i g e s t i b i l i t y t h u s o b t a i n e d i s not a 

c o n s t a n t c h a r a c t e r i s t i c of the herbage ( T i l l e y and 

T e r r y 1973 ) . 

2-2.2 L a b o r a t o r y Methods For P r e d i c t i n g D i g e s t i b i l i t y 

Some c h e m i c a l l a b o r a t o r y methods have been proposed 

f o r use w i t h sm>all p a s t u r e sam.ples owing t o the 

time and expense i n i n v i v o f e e d i n g t r i a l s . Seme of 



17 

the methods a r e : 

( i ) N y l o n bag t e c h n i q u e - m wnich preweighed 
ground samples of f e e d are put i n smiall n y l o n 

bags v/hich are p l a c e d i n the rumen of a 

f i s t u l a t e d a n i m a l . A f t e r 48 h o u r s , the 

m a t e r i a l i s removed and s u b j e c t e d t o a c i d -

p e p s i n d i g e s t i o n and weight of the DM 

det e r m i n e d . 

( i i ) 2-staqe i n v i t r o e s t i m a t i o n 

For t r o p i c a l p a s t u r e s , t h i s has become the most 

a c c u r a t e l a b method f o r p r e d i c t i n g d i g e s t i b i l i t y . 

I t has g i v e n the l o w e s t e r r o r s i n p r e d i c t i o n and i s 

used f o r r a p i d s c r e e n i n g of a l a r g e number of 

samples s i n c e i t v/as de v e l o p e d by T i l l e y and T e r r y 

( 1963 ) . 

Stage one of t h i s method s t i m u l a t e s d i g e s t i o n of 

f e e d s t u f f i n the rumien by a c t i o n of rumen micro­

organisms. The method i n v o l v e s a weighed q u a n t i t y 

of ground f o r a g e p l a c e d i n a t e s t tube t o which 

a r t i f i c i a l s a l i v a and rum.en f l u i d innoculum a r e 
added. The rumen f l u i d can be o b t a i n e d from rumen-

f i s t u l a t e d sheep or g o a t s , f e d on a h i g h q u a l i t y 

g r a s s d i e t . 

Stage two s i m u l a t e s the d i g e s t i o n , p r i m a r i l y of 



p r o t e i n and energy i n the lower d i g e s t i v e t r a c t 

u s i n g a c i d p e p s i n or n e u t r a l d e t e r g e n t . 

Advantages 

1. There are many s o u r c e s of v a r i a t i o n i n the 

method wh i c h mtake i t d i f f i c u l t t o s t a n d a r d i s e 

and adapt t o a r o u t i n e economic method of 

t e s t i n g f o r a g e s . 

2. T h i s method i s l e s s u s e f u l i n s a t i s f a c t o r i l y 

a s s e s s i n g f e e d i n t a k e o r a n i m a l e f f i c i e n c y 

(Van Soest 1982) 

3. I t tends t o y i e l d h i g h e r v a l u e s because som.e 

a n i m a l m^etabolic p r o d u c t s cannot be generated 

i n v i t r o . 

( i i i ) C e l l u l a s e d i g e s t i o n t e c h n i q u e 

T h i s i s a more r e c e n t t e c h n i q u e w h i c h promises to 

be more r a p i d , c o n v e n i e n t and p r e c i s e t h a n the 

i n v i t r o method (Jones and Hayward 1975). 

In t h i s e x p e r i m e n t , the i n v i v o and i n v i t r o t e c h n i q u e s are 

used. A drop i n d i g e s t i b i l i t y as the g r a s s matures i s 

ex p e c t e d and a r e c i p r o c a l r e l a t i o n s h i p between CP and CF w i t h 

the form.er f a l l i n g w i t h age. 

EFFECTS OF DIGESTIBILITY ON THE ANIMAL 

Low d i g e s t i b i l i t y u s u a l l y r e s u l t s from, feeds of h i g h f i b r e as 

i s the case w i t h o l d e r p l a n t s where l i g n i f i c a t i o n i s h i g h . In 

the f i r s t i n s t a n c e , the r a t e a t which p h y s i c a l breakdown i n 
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the rumen o c c u r s i s slow (MacDonald e t a l 1966). T h i s a l s c 

d e l a y s enzyme a c c e s s t o the f o o d c o n s t i t u e n t s and r e s u l t s i n 

l e n g t h y r e t e n t i o n m the rumen. .̂ s a r e s u l t of poor 

d i g e s t i b i l i t y t h e r e f o r e , uptake of n u t r i e n t s by the a n i m a l s i s 

i m p a i r e d w i t h poor performance b e i n g r e c o r d e d ( N o r r i s e t _ _ a l 

1973 ) . 

2.4 ANIMAL FACTORS AFFECTING DIGESTIBILITY 

The f a c t o r s w h i c h may a f f e c t d i g e s t i b i l i t y of feeds i n the 

a n i m a l are such as s t r e s s on the a n i m a l and i t s h e a l t h . A 

s i c k ani.mal w i l l be l e s s i n c l i n e d t o i n g e s t f e e d s t u f f and even 

i f i t a t e , the d i g e s t i b i l i t y i s poor because of d i s e a s e which 

i s d e f i n e d as a d e v i a t i o n from, the normal p h y s i o l o g i c a l 

f u n c t i o n of the body ( H a l l e t a l 1978) . D i g e s t i v e u p s e t s i n 

the a n i m a l can a l s o cause low d i g e s t i b i l i t y . A n o r m a l l y 

rum.inating cow w i l l d e f a e c a t e 12 - 18 t i m e s a day g i v i n g at 

l e a s t 40Kg of m o d e r a t e l y hard f a e c a l m a t e r i a l ( A l e x a n d e r , 

1978). Below 12 d e f a e c a t i o n s i s i n d i c a t i v e of lov/ 

d i g e s t i b i l i t y v/hile above 18 t i m e s i n d i c a t e s a stomach upset 

and u s u a l l y r e s u l t s i n w a t e r l y s t o o l . 

S t r e s s i s a d e v i a t i o n from the c o n d i t i o n s t h a t a n i m a l i s 

c o n t e n t w i t h . I t can e i t h e r be due t o h i g h temperature and 

h u m i d i t y , or h i g h r a d i a t i o n , o v e r c r o w d i n g and i n t i m i d a t i o n . 

The e f f e c t of h i g h temperature i s v e r y pronounced w i t h ^ood 

consumption and r u m i n a t i o n p r a c t i c a l l y c e a s i n g i n Bos t a u r u s 

type c a t t l e ( P e r r y and Wainman 1961). I n c r e a s i n g h u m i d i t y 
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w i t h h i g h t e m p e r a t u r e has been seen t o d e p r e s s i n t a k e 

( Ragsdale e t a l 1953) w h i l e r a d i a t i o n s t r e s s has the same 

e f f e c t on Bos t a u r u s , but not on Bos m d i c u s type c a t t l e 

(Brody e t a l 1954). 



CHAPTER 3 

MATERIALS AND METHODS 

The experiment was c a r r i e d out at the U n i v e r s i t y of Zambia, School 

of A g r i c u l t u r a l S c i e n c e s , F i e l d S t a t i o n . 

Rhodes g r a s s ( C h l o r i s gayana) c u l t i v a r Katambora was b r o a d c a s t on 

a w e l l p r e p a r e d p l o t (70m x 58m) and f e r t i l i s a t i o n was as 

p r e s c r i b e d i n the Zamseed p r o d u c t i o n manual at 500Kg,/ha of D-

compound f e r t i l i s e r . The p l o t was d i v i d e d i n t o f i v e e q u a l sub­

p l o t s from w h i c h g r a s s was h a r v e s t e d at d i f f e r e n t growth s t a g e s , 

meaning t h a t each c o l l e c t i o n had f i v e r e p l i c a t i o n s . The growth 

s t a g e s are d e s i g n a t e d 1 t o 8 a c c o r d i n g t o p r o g r e s s i v e growth stage 

as g i v e n below. 
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1 HARVEST LEVEL 
1 

AGE IN WEEKS 
i 

HEIGHT (CM) 
1 

INFLUORESCENCE | 
1 1 1 4 weeks a f t e r 12 

emergence 

1 2 
i 
I 

6 weeks a f t e r 

emergence 

20 N i l 1 
! 
i 

i 
i 
1 

8 weeks a f t e r 

emergence 

30 1 , 
i 

4 10 weeks a f t e r 45 F i r s t seen | 

i emergence 

F i r s t seen | 

i 

5 12 weeks a f t e r 

emergence 

60 I n c r e a s i n g 

t 

6 14 weeks a f t e r 

emergence 

70 >50% 
; 

15 weeks a f t e r 

emergence 

>70 >50% 

8 4 days l a t e r >70 >50% 
i 

At each h a r v e s t l e v e l , average h e i g h t was determined and the 

are a h a r v e s e d noted t o o . T h i s was done t o f a c i l i t a t e f o r the 

e s t i m a t i o n of DM y i e l d per h e c t a r e . ( T a b l e 4 ) . Each of the 

samples c o l l e c t e d was oven d r i e d a t lOO'c f o r 24hours i n o r d e r 

t o d e termine d r y m a t t e r . 

The 8 t h sample was c u t and l e f t t o d r y as hay i n the f i e l d f o r 

4 days b e f o r e b e i n g c o l l e c t e d and put t o s a f e s t o r a g e . A 

r e p r e s e n t a t i v e sample of the hay was oven d r i e d and DM 
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determined t o o . The d r i e d sam.ples were t h e n ground t o pass 

t h r o u g h a 2mm and 1.5mm. s i e v e , b u l k e d and s t o r e d . A 

r e p r e s e n t a t i v e sam.ple a t each h a r v e s t l e v e l was t a k e n f o r 

c h e m i c a l a n a l y s i s . 

3 . J CHEMICAL ANALYSIS 

P r c x i m a t e c h e m i c a l a n a l y s i s v/as done f o r (DM, Ash, EE, CF, GE, 

OM and CP) f o r each of the sam.ples. ADF, NDF c e l l u l o s e and 

l i g n i n v/ere a l s o d e t e r m i n e d by u s i n g the methods of G o e r i n g 

and Van Soest ( 1970 ) . 
o 

DM was de t e r m i n e d by d r y i n g each of the samples at 100 C f o r 
24 hours as s t a t e d . OM was c a l c u l a t e d by s u b t r a c t i n g the .•\sh 

c o n t e n t from, d ry m a t t e r . Ash was determined by s u b j e c t i n g the 
o 

samples t c 550 C f o r 3 hours u n t i l t h ey were ashed (A.O.A.C. 

1970) . 

Gross energy was determiined by u s i n g a 12 i l A d i a b a t i c Bomb 

C a l o r i m e t e r as per i n s t r u c t i o n s g i v e n i n the L a b o r a t o r y 

A n a l y s i s handbook. 

A l l r e s u l t s are. shown i n Table 1. 

3 . 2 ESTIMATION OF DIGESTIBILITY 

D i g e s t i b i l i t y v/as e s t i m a t e d by u s i n g the 2-stage i r v v i t r p 

ferm.entation t e c h n i q u e ( T i l l e y and T e r r y 1963 ). The rumen 

f l u i d was c o l l e c t e d from a r u m e n - f i s t u l a t e d sheep t h a t had 

been on a g r a s s d i e t p r i o r t o c o l l e c t i o n of hte f l u i d . The 

b a s i c s t e p s used were as by Minson and Macleod (1972). In 

t h i s experiment o n l y CMD was estim.ated and r e s u l t s are as 

shown i n t a b l e 2 f o r a l l the e i g h t sam.ples 
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D i g e s t i b i l i t y was c a l c u l a t e d by l o o k i n g at n u t r i e n t c o n t e n t i n 

f a e c a l n a t e r i a l compared t o t h a t i n the hay sample. For 

example 

OM hay - OM f a e c e s 

OMD(%) = X 100 

OM hay 

The same e q u a t i o n was used f o r c a l c u l a t i n g the d i g e s t i b i l i t i e s 

of CP, CF, GE and DM. R e s u l t s are g i v e n i n t a b l e 3. 

3.3 ANALYSIS OF RESULTS 

There was no s t a t i s t i c a l a n a l y s i s of d a t a a p a r t from the 

comparison of the c h e m i c a l c o m p o s i t i o n of the d i f f e r e n t l e v e l s 

of h a r v e s t of the g r a s s . 

I n v i t r o OMD at the d i f f e r e n t growth s t a g e s was a l s o noted. 

I n y i v p OMD f o r sample number 8 v/as compared t o the i n v i t r o 

OMD f o r the same sample. 

T h e r e f o r e , a n a l y s i s of r e s u l t s was more d e s c r i p t i v e than 

s t a t i s t i c a l v / i t h an e x p l a n a t i o n b e i n g o f f e r e d f o r each s e t of 

r e s u l t s o b t a i n e d as g i v e n i n the d i s c u s s i o n of r e s u l t s . 
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TA3I 

HARVEST 

LEVEL 

OM 

EE 

GE 

( K c a i / g ) 

NUTRIENT COMPOSITION OF RHODES GRASS AT 

DIFFERENT GROWTH STAGES 

;4.4 36. 

2.18 2.01 1.94 1.81 1.69 1.54 

44.07 51.63 64.36 58.41 69.73 72.31 

29.92 32.28 38.44 45.67 53.05 60.31 54.59 65.85 

.43 1.44 

'4.09 4.05 4.01 3.99 3.99 3.90 3.74 3.C6 

CI % 

CF % 

ADF % 

NDF % 

L i g n i n % 

i 8.61 8.01 7.58 6.03 5.68 4.2 3.8 2 . 8 3 

7 n 32.34 32.63 34.37 36.14 38.70 39.88 42.35 42. 

22.22 26.64 29.42 35.29 34.55 36.25 37.23 34 . 6 8 

68.46 65.56 66.95 67.72 71.52 72.97 74.19 70.75 

3.82 4.49 4.34 6.17 5.75 5.94 6.13 5.21 

C e l l u l o s e 18.42 24.42 23.63 28.42 29.12 30.26 30.48 29.92 



27 

TABLE 2. INVITRO ORGANIC MATTER DIGESTIBILITY OF 

GRASS SAMPLES 

HARVEST 
• • - 1 ' -

LEVEL I 1 2 3 4 5 6 7 8 

OMD ( ?. ) 1 75.52 59.63 
i 
i 

71 . 63 60. 14 64.24 60.95 56.1 54.1 

TABLE 3 INVIVO NUTRIENT DIGESTIBILITY 

FOJ? HAY. SAMPLE„,1%J. 

DM GE CP OM 

70 . 98 40 58.17 36 . 22 62.82 

TABLE 4 DRY MATTER YIELD FOR THE DIFFERENT SAMPLES OF_ .̂GRASS 

YIELD LEVEL X 2 3 4 
" 

5 8 

DM Y i e l d 

tonnes/ha 

1.75 

i 

2 . 98 4.13 5.69 8. 64 10.28 12 . 49 14 . 5 
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CHAPTER 4 

RESULTS 

Pr o x i m a t e c h e m i c a l c o m p o s i t i o n v a l u e s f o r the d i f f e r e n t h a r v e s t 

l e v e l s of the g r a s s are p r e s e n t e d i n Ta b l e 1. DM v a l u e s show ar. 

i n c r e a s e v/ith a d v a n c i n g m a t u r i t y from 34.4% a t f i r s t h a r v e s t , t o 

72.31% a t the hay s t a g e . DM i s a rough e s t i m a t e of the amount of 

n u t r i e n t s , u s u a l l y CHOs and a few p r o t e i n s which remain the 

f e e d s t u f f a f t e r m.oisture has been removed. I t may a l s o c o n t a i n 

some f a t , ash and s i l i c a . 

DM y i e l d per h e c t a r e i s g i v e n i n t a b l e 4. There i s a g r a d u a l 

i n c r e a s e i n y i e l d f romi 1.75/ha t o 6.59 t / h a between the f i r s t and 

f o u r t h h a r v e s t l e v e l s . A f t e r f l o w e r i n g a t rhe f i f t h l e v e l , t h e r e 

i s a d r a s t i c r i s e (8.69 t/ha) and t h i s tendency c o n t i n u e s up t o the 

l a s t h a r v e s t . 

S i m i l a r p a t t e r n s of i n c r e a s i n g c o n t e n t a re ob s e r v e d f o r CF, ADF, 

NDF and OM. The CF f r a c t i o n c o n t a i n s c e l l u l o s e , l i g n i n and 

h e m i c e l l u l o s e and ranges between 32.34% i n the i n i t i a l h a r v e s t t o 

42.03% i n the hay. T h i s i s c o n s i s t e n t w i t h the o b s e r v a t i o n s made 

by S a l i m (1978) on p l a n t i n g s of Rhodes g r a s s done i n T a n z a n i a where 

CF v a l u e s were between 28% and 44% a t 4 v/eeks and a t time of 

h a r v e s t as hay. ADF d i v i d e s the CHOs i n t o those which are r e a d i l y 

a v a i l a b l e and d i g e s t i b l e , and thos e p o o r l y a v a i l a b l e . NDF i s a 

measure of t o t a l CWC of the sample wh i c h e x c l u d e s s o l u b l e c o n t e n t s 

l i k e s u g a r s , s t a r c h and f a t s , but i n c l u d e s h e m i c e l l u l o s e s , 

c e l l u l o s e and l i g n i n t o o . 



B u t t e r s w o r t h ( 1967) had CF ranges of 24 - 47%, ADF and l i c n i n 

ranges of 30-40% and 1-11% r e s p e c t i v e l y when he experimented w i t h 

c h l o r i s gayana at d i f f e r e n t growth s t a g e s , a l t h o u g h t h i s d i d not 

d i f f e r much w i t h ranges f o r temperate g r a s s e s (Minson and Macleod 

1970). L i g n i n i n t h i s experiment ranged between 3.82-6.21% between 

the i n i t i a l h a r v e s t az 4 weeks and the hay a t 15 weeks i n d i c a t i n g 

an i n c r e a s e of 0.22% per week. 

A r e c i p r o c a l r e l a t i o n s h i p i s e s t a b l i s h e d betv/een CF and CP w i t h :he 

former i n c r e a s i n g as the l a t t e r f a l l s . The CP l e v e l s between the 

f i r s t and f o u r t h h a r v e s t s t a g e s a re 8.61%m, 3.01%m, 7.58% and 

6.03%. These f i g u r e s are near the maintenance requiremients f o r an 

average ruminant a n i m a l a t 8.5% CP (NRC p u b l i c a t i o n No. 4, 1970). 

Wood.man and Fagan (1968) obse r v e d a p r o g r e s s i v e f a l l i n p r o t e i n 

c o n t e n t of v a r i o u s p a s t u r e s as t h e y matured, v/hich was accomipanied 

by an i n c r e a s e i n f i b r e . 

The e t h e r e x t r a c t (EE) g i v e s a non s p e c i f i c energy source and 

c o n t a i n s f a t s , o i l s , waxes, o r g a n i c a c i d s , s t e r o l s and v i t a m i n s 

A,D,E,K. T h i s was r e d u c i n g w i h t m i a t u r i t y and the r e d u c t i o n was 

more d r a s t i c a f t e r f l o w e r i n g had o c c u r e d . I t ranged between 2.18% 

i n the i n i t i a l h a r v e s t and 1.44% i n the hay sample. Gross energy 

was a l s o d r o p p i n g as the p l a n t matured a l t h o u g h the drop i s more 

ste a d y . 

4 . 1 INVITRO ORGANIC MATTER DIGESTIBILIT.Y 

The r e s u l t s f o r i n v i t r o OMD are g i v e n i n t a b l e 2 f o r a l l the 

h a r v e s t l e v e l s v/hich show a r e d u c t i o n t o o . H a r v e s t l e v e l one 
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was a t 75.52% OMD w h i l e the hay was 54.1% OMD. T h i s r e d u c t i o n 

i n d i g e s t i b i l i t y comes i n the wake of i n c r e a s i n g OM. T h i s 

r e c i p r o c a l tendency has a l s o been obse r v e d by Johnson (1972) 

and H a r r i s e t a l (1973). 

IxNVITRQ AND INVIVO OMD 

The OMD of the hay sample as a n a l y s e d b o t h by i n v i t r o and 

i j i y i y o e s t i m a t i o n s ( r e s u l t s i n t a b l e 3) gave the r e s u l t s as 

54.1% and 62.82% r e s p e c t i v e l y . T h i s c o n t r a s t s w i t h Van Soest 

et a l _ _ ( 1972 ) who noted t h a t i n i / A t r o OMD was h i g h e r and 

a t t r i b u t e d t h i s t o the f a c t t h a t some of the s y n t h e t i c 

m a t e r i a l s used i n the est i m . a t i o n cannot be produced i n the 

an i m a l and hence r e s u l t s i n h i g h e r i n v i t r o OMD. 
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CHAPTER 5 

DISCUSSION 

An i n c r e a s e i n DM and OM v/as o b s e r v e d as m a t u r i t y s e t i n . The 

r e a s o n f o r t h i s i s t h a t t h e r e i s an i n c r e a s e i n p e r c e n t a g e of 

c e l l w a l l c o n t e n t s w h i c h g i v e the p l a n t s i t s s t r u c t u r e and 

s t r e n g t h . A young p l a n t tends t o have more of water than 

o t h e r CWCs which e x p l a i n s the low DM and OM at the i n i t i a l 

s t a g e s of growth. There i s g e n e r a l l y an i n c r e a s e i n the 

s t r u c t u r a l t i s s u e s as the p l a n t s grow o l d e r . 

The r a t e of DM a c c u m u l a t i o n i s f a s t e r betv/een the s e e d l i n g 

em.ergence and f l o w e r i n g stage a t f o u r t h h a r v e s t l e v e l . T h i s 

i s d u r i n g v e g e t a t i v e growth beyond which comes the 

r e p r o d u c t i v e stage when the p l a n t d e v o t e s most of i t s energy 

t o the development of f l o w e r s and seeds. T h i s i s a l s o 

c o n f i r m e d by the DM y i e l d p a t t e r n . 

MacDonald et a l (1966) o b s e r v e d a s i m i l a r p a t t e r n of i n c r e a s e d 

DM, OM, ADF, NDF and CF i n an experiment w i t h 14 t r o p i c a l 

p a s t u r e s p e c i e s and c o n c l u d e d t h a t as p l a n t s grew, t h e r e was 

g r e a t e r need f o r s t r u c t u r a l t i s s u e s and t h e r e f o r e 

c a r b o h y d r a t e s l i k e c e l l u l o s e , h e m i c e l l u l o s e adn l i g n i n 

i n c r e a s e d . T h i s was r e f l e c t e d i n the CF c o n t e n t which rose 

from below 200g/kg DM i n a young p l a n t t o as much as 400g/Kg 

DM i n mature p l a n t s . 

The r o l e of p r o t e i n i n the o v e r a l l q u a l i t y of t r o p i c a l g r a s s e s 

cannot be d i s m i i s s e d . The l e v e l of CP below which n i t r o g e n i s 

the f i r s t l i m i t i n g f a c t o r m t r o p i c a l g r a s s i s about 7% on the 
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DM b a s i s (Minson and M i l f o r d , 1967 ). T h i s i s appro.ximately 

the minimum l e v e l r e q u i r e d f o r p o s i t i v e n i t r o g e n b a l a n c e 

( M i l f o r d and Haydock 1968). T h e r e f o r e , when an e x p l a n a t i o n c f 

unexpected low p r o d u c t i o n i s sought, the CP p e r c e n t a g e s h o u l d 

be examined f i r s t , b e f o r e t u r n i n g t o s t r u c t u r a l l i m i t a t i o n s 

and then t o o t h e r n u t r i e n t s and t o x i c agents (Moore e t a l 

1969). 

T h i s means t h a t the c u t t i n g s t a g e f o r g r a s s i s when minimum CP 

re q u i r e m e n t i s j u s t about met and adequate d r y matter has been 

accumulated. The need f o r adequate DM i s what a farm.er 

d e s i r e s t h a t h i s herd e a t s t o f i l l t h e i r s t o m a c h s w i t h i n 

minimum f e e d i n g t i m e , but t h a t the f e e d s h o u l d a l s o be 

d i g e s t i b l e . A f t e r f l o w e r i n g , p l a n t i n g s t e n d t o c o n c e n t r a t e 

t h e i r r e s e r v e s on the development of t h e i r r e p r o d u c t i v e 

system and the a c q u i r e d DM b e g i n s t o l i g n i f y. The 4th 

h a r v e s t l e v e l s h o u l d meet the CP r e q u i r e m e n t s and p r o v i d e 

adequate d r y ma t t e r which i s f a i r l y d i g e s t i b l e . The g r a s s 

s h o u l d not be h a r v e s t e d a t e a r l i e r s t a g e s of growth u n l e s s 

e f f i c i e n t d r y i n g equipment i s a v a i l a b l e t h a t w i l l d r y the 

g r a s s w i t h o u t a d v e r s e l y a f f e c t i n g the a v a i l a b i l i t y of 

n u t r i e n t s . 

B e s i d e s , d r y season f e e d i n g f o r wh i c h hay i s e s s e n t i a l l y c u t , 

i s done f o r maintenance purposes and the energy f o r t h i s comes 

from the d i g e s t i o n of s t r u c t u r a l c a r b o h y d r a t e s . But the s e are 

lower a t e a r l y h a r v e s t . More and more of the f e e d would have 

to be g i v e n i n o r d e r t o m.eet the i n t a k e r e q u i r e m e n t s of the 



a n i m a l s and t h i s e n t a i l s c u l t i v a t i o n of a l a r g e r a r e a . At the 

sam.e t i m e , v e r y l a t e h a r v e s t would p r o v i d e a h i g h DM s u p p l y t c 

the a n i m a l s v/ith o t h e r n u t r i e n t s d e f i c i e n t and l e s s a v a i l a b l e 

because of poor d i g e s t i b i l i t y r e s u l t i n g from, h i g h 

l i g n i f i c a t i c n . 

A compromise has t o be s t r u c k am.ong such c h a r a c t e r i s t i c s as 

energy p r o v i s i o n , p r o t e i n a v a i l a b i l i t y , l i g r i f i c a t i o n and 

d i g e s t i b i l i t y m o r d e r t o de t e r m i n e c u t t i n g s t a g e . DM 

i n c r e a s e s w i t h age of p l a n t as seen m the y i e l d l e v e l s (Table 

4 ) , but s r i c u l d be g i v e n v/hen i t i s m o d e r a t e l y d i g e s t i b l e . In 

t h i s experiment OMD a t the 4 t h h a r v e s t was 60,14%. A c c o r d i n g 

t o Ham.ilton e t a l ( 1970 ) , a d i g e s t i b i l i t y of DM, OM and energy 

of 65% i n a g r a s s s h o u l d be i n d i c a t i v e of good n u t r i t i v e v a l u e 

and s h o u l d p e r m i t an adequate i n t a k e of d i g e s t i v e energy, 

e x c e p t i n l a c t a t i n g a n i m a l s . 

T h i s i s a l s o c o n s i s t e n t w i t h the f i n d i n g s of Minson anc 

Macleod (1970) where the f r e q u e n c y d i s t r i b u t i o n of OMD f o r 592 

c u t s of temperate g r a s s e s and 543 t u t s of t r o p i c a l g r a s s e s 

were p l o t t e d ; the h i g h e s t f r e q u e n c y f o r temperate g r a s s e s was 

70-75% w h i l e the t r o p i c a l g r a s s e s v/ere at 55-60%. 

In t h i s e x p e r i m e n t , i n v i t r o OMD v a l u e s were r e d u c i n g as the 

p l a n t matured. T h i s can be a t t r i b u t e d t o the i n c r e a s i n g 

l i g n i n c o n t e n t i n p l a n t s . L i g n i n b i n d s most of the CWC 

t o i t s ov/n s t r u c t u r e and hence, reduces : h e i r 

d i g e s t i b i l i t y . T h i s i s c o n s i s t e n t w i t h the f i n d i n g s of 

Schank e_t__al ( 1973 ) v/ho ob s e r v e d a de c r e a s e i n OMD as 
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g r a s s p l a n t i n g s of the H e m a r t h r i a spp matured and a t t r i b u t e d 

the drop t o the l i g n i f i c a t i o n of the bundle s h e a t h c e l l s . 

Fagan and Woodman (1968) a l s o observed a f a l l i n d i g e s t i b i l i t y 

w i t h age i n an experiment w i t h temperate g r a s s s p e c i e s and 

agreed t h a t t h i s was due t o the c o n v e r s i o n i n t o f i b r e of 

s o l u b l e and e a s i l y d i g e s t i b l e CHOs. 

5.1 INVITRO AND INVIVO OMD RELATIONSHIP 

The i n v i t r o and i n v i v o OMD r e s u l t s showed a h i g h e r degree of 

d i g e s t i b i l i t y i n i n v i v o e s t i m . a t i o n than i n the o t h e r . The 

d i s c r e p a n c y i n t h i s experiment can be due t o the d i f f e r e n t 

a n i m a l s used m b o t h e x p e r i m e n t s . The rumen f l u i d used i n 

i n v i t r o a n a l y s i s was o b t a i n e d from, sheep, v/hile i n v i v c 

a n a l y s i s v/as c a r r i e d out m f e e d i n g t r i a l s w i t h g o a t s . Goats 

are g e n e r a l l y known t o be e f f i c i e n t c o n v e r t e r s i n t o t h e i r own 

use of the worst k i n d of f e e d i n a g i v e n c i r c u m s t a n c e s ; t h a t 

i s , t h e y are l i k e l y t o s u r v i v e more than sheep i n rough 

environments (Devendra and L e r o y 1978). T h e r e f o r e , the 

d i f f e r e n c e i n a b i l i t y t o d i g e s t m.aterial c o u l d have been due 

t o v a r y i n g degrees of rumen f l u i d a c t i v i t y . 

The d i f f e r e n c e c o u l d a l s o have been due t o e x p e r i m e n t a l e r r o r 

v/hen c a r r y i n g c u t the f e e d i n g t r i a l s . Even though the goats 

were g i v e n 10 days i n which t o a c c l i m a t i s e t o the new feed 

w i t h 10% .more f e e d b e i n g g i v e n on each subequent day, they had 

not s t a b i l i s e d i n t h e i r i n t a k e and t h i s c c u l d have a f f e c t e d 

the OMD r e s u l t s . 
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F u r t h e r s p e c u l a t i o n c o u l d be t h a t the rumen f l u i d used i n the 

i n v i t r o OMD e s t i m a t i o n was of low a c t i v i t y . Korm.ally, 

temperate p a s t u r e s on which the sheep t h a t p r o v i d e d the rumen 

f l u i d was f e d , are supposed t o be of a h i g h e r n u t r i t i v e v a l u e 

than t r o p i c a l g r a s s e s az s i m i l a r growth s t a g e s (Whiteman 

1980), and hence h i g h e r rumen f l u i d a c t i v i t y . But t h e n , poor 

management even m the temparate p a s t u r e s can r e s i s t i n l o s s 

of q u a l i t y . T h e r e f o r e , the low a c t i v i t y of rumen microbes c a n 
be a t t r i b u t e d t o poor q u a l i t y herbage p r i o r zo c o l l e c t i o n . 

Another r e a s o n f o r the h i g h e r i n v i v o OMD can be due t o the 

slow r a t e of passage o f the g r a s s f e e d i n the r u m i e n . A l t h o u g h 

r a t e o f passage w a s not measured, the h i g h l y l i g n i f i e d hay 

would have d e l a y e d i n i t s passage t h r o u g h the r u n e . n , hence 

a l l o w i n g f o r g r e a t e r d i g e s i i b i l i t y by the rumen m i i c r o -
organisms. The passage o f food t h r o u g h the the g a s t r a l 

i n t e s t i n a l t r a c e i s i n f l u e n c e d by a num.ber of f a c t o r s such as 

q u a l i t y c f the f e e d , t e x t u r e o f the. i n g r e d i e n t s , c h e m i c a l 

c o m p o s i t i o n and so on (Galyean e t _ _ a l 1987). At m . a t u r i t y , 

p a s t u r e i s j u s t a l i t t l e b e t t e r t h a n s t r a w w i t h i t s lov/ 

p r o t e i n l e v e l and hence w i l l s t a y l o n g e r i n the rumen f o r 

maxim.um u t i l i s a t i o n of a v a i l a b l e n u t r i e n t s by the mic r o ­

organisms. However, t h i s a l s o d e p r e s s e s i n t a k e . 
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CHAPTER 5 

.CONCLUSION 

The n u t r i t i v e of g r a s s e s d e c r e a s e s v/ith age. N u t r i e n t s t h a t 

f u l f i l the r e q u i r e m e n t s of ruminant a n i m a l s tend t o be more 

a v a i l a b l e a t a young age of hte p l a n t s and y e t h a r v e s t at t h i s 

s t age i s not encouraged. P l a n t s at t h i s s t a g e are more of 

m o i s t u r e t h a n s t r u c t u r a l t i s s u e s which o n l y i n c r e a s e w i t h 

m a t u r i t y . T h i s i s o b s e r v e d i n the DM c o n t e n t as w e l l as t o t a l 

DM y i e l d per h e c t a r e which i n c r e a s e s . The major DM components 

are CHOs and some p r o t e i n s . These comprise the s t r u c t u r a l 

t i s s u e s which s u p p l y energy once d i g e s t e d i n the rumen. 

U n f o r t u n a t e l y , one of the s t r u c t u r a l t i s s u e s i s l i g n i n which 

as i t i n c r e a s e s b i n d s the o t h e r more a v a i l a b l e n u t r i e n t s to 

i t s s t r u c t u r e and r e n d e r s them i n d i g e s t i b l e and hence, p o o r l y 

a v a i l a b l e f o r a n i m a l uptake. 

T h e r e f o r e i n d e t e r m i n i n g an opti.mum c u t t i n g s t a g e of g r a s s f o r 

hay, the f a c t o r s t o c o n s i d e r are such as amount of 

l i g n i f i c a t i o n , CP c o n t e n t and a c c u m u l a t i o n of d r y matter which 

must a l s o be r e a s o n a b l y d i g e s t i b l e . D i g e s t i b i l i t y tends t o 

f a l l d r a s t i c a l l y a f t e r f l o w e r i n g because of i n c r e a s e d l i g n i n . 

In t h i s e x p e r i m e n t , the f o u r t h h a r v e s t l e v e l at 45-60cm above 

ground i s suggested as optinum. The p l a n t s have a c q u i r e d 

enough DM and the CP l e v e l i s w i t h i n a c c e p t a b l e l i m i t s . 

L i g n i f i c a t i o n i s not so s e r i o u s as t o markedly a f f e c t the 

d i g e s t i b i l i t y of o t h e r n u t r i e n t s . 
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FUTURE RESEARCH 

There i s a time v/hen g r a s s hay i s j u s t a l i t t l e b e t t e r than 

s t r a w i n terms of n u t r i t i v e v a l u e . To improve i t s p o t e n t i a l 

f o r ruminant n u t r i t i o n , t h e r e i s need t o i n c o r p o r a t e 

c o m p a t i b l e legume f o r a g e s w h i c h have been r e p o r t e d t o be of 

h i g h n u t r i t i v e v a l u e . F u t u r e r e s e a r c h s h o u l d l o o k at the 

n u t r i t i v e v a l u e of a grass-legume f o d d e r . 

The use of s i m i l a r s p e c i e s of a n i m a l s i s recommended f o r both 

i n y ^ i i r i o and i n v i v o d i g e s t i b i l i t y e s t i m a t i o n s t o reduce the 

e x p e r i m e n t a l e r r o r t h a t goes w i t h u s i n g d i f f e r e n t a n imal 

s p e c i e s . There i s need f o r r e p l i c a t i o n of r e s u l t s so as t o 

a l l o w f o r s t a t i s t i c a l a n a l y s i s and t o e s t a b l i s h whether the 

o b s e r v e d d i f f e r e n c e s are s i g n i f i c a n t or not. 
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