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ABSTRACT

The growth o f  s i x  g ra sse s ,  grown as spaced p lants  
under two e c o l o g i c a l l y  d i f f e r e n t  h a b i ta t s  in Kenya, 
were s tu d ied  with the o b j e c t  o f  o b ta in in g  b a s i c  in form­
a t i o n  on t h e i r  growth and development. This in form ­
a t i o n  i s  an e s s e n t i a l  part  o f  g e n e ra l  r e sea rch  aimed 
at  the  improvement o f  s t a b i l i t y  and value o f  rangelands 
in East A f r i c a .  An in t r o d u c t io n  t o  the grass sp e c ie s  
and the experimental  s i t e s  i s  g i v e n ,  and methods em­
p lo y e d  are d e s c r ib e d .

P lo t s  o f  Cenchrus c i l i a r i s  v a r . b i l o e l a ,  C h lo r is  
gayana var.mbarara and Panicum maximum var.makueni 
were e s ta b l i s h e d  a t  Muguga in A p r i l  1968 and sampled 
nine times u n t i l  March 1969. In a d d i t i o n ,  a t  Muguga 
(2 ,0 8 6  m, high r a i n f a l l )  and Kedong (1 ,878 m, low 
r a i n f a l l )  the above mentioned grasses  and Cenchrus 
c i l i a r i s  var.mbalambala, E r a g r o s t i s  superba and 
Themeda triandra were sampled f i v e  times from A p r i l  
1967 t o  February 1968 and subsequently  during May 
to  Ju ly  o f  the same year .

Comparative dry weight y i e l d s  and p lant  p a r t  
r a t i o s ,  and comparisons between spaced p lants  and 
swards were in c lu d ed  in the s tu d y .

The evaporat ive  demand on p la n ts  was s i m i l a r  at 
the two s i t e s ,  but  r e l a t i v e l y  la rg e  d i f f e r e n c e s  in 
r a i n f a l l  and s o i l s  were r e co r d e d .  Y ie ld s  and growth 
t r e n d s ,  however, were s im i la r .

Large d i f f e r e n c e s  were ob ta ined  between s p e c i e s .
High shoot  y i e l d s  were recorded  f o r  P.maximum and
C.gayana while r o o t  y i e l d s  were high in  C. gayana
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and the  two C . c i l i a r i s v a r i e t i e s .  In 28 month o l d  sward 
p l o t s ,  C . c i l i a r i s  var.mbalambala y i e l d e d  7,000 k g /ha  
r o o t  dry  matter compared to  3,300 kg /ha  f o r  P.maximum.

D e f o l i a t e d  p lants  o f  P.maximum y ie ld e d  l e s s  above 
ground,  had smaller  r o o t  y i e l d s ,  sha l low er  r o o t i n g  depths 
and l e s s  h o r iz o n ta l  spread than n o n - d e f o l i a t e d  p l a n t s .

The r e l a t i o n s h i p  between above and below ground 
growth expressed  as l e a f / r o o t  and s h o o t / r o o t  r a t i o s  
was c a l c u l a t e d :  the C. c i l i a r i s  v a r i e t i e s  and T . t r i -
andra gave low r a t i o s .  The r a t i o s  in  most s p e c i e s  
v a r i e d  throughout the growth p e r io d .  A s i m p l i f i e d  
method f o r  determining r e l a t i v e  d i f f e r e n c e s  between 
s h o o t / r o o t  r a t i o s  o f  perenn ia l  g rasses  is  g iv e n .  Shoot /  
r o o t  r a t i o  values o f  spaced p la n t s ,  and p lants  grown 
in swards were s i m i l a r ;  values obta ined  f o r  spaced 
p la n ts  a r e ,  t h e r e f o r e ,  o f  d i r e c t  a p p l i c a t i o n  t o  swards.

Mean nodal r o o t  diameter and nodal r o o t  branching 
d i f f e r e d  g r e a t ly  from one sp ec ies  t o  another.  C . c i l i ­
a r i s  v a r . b i l o e l a  had the c o a rse s t  but the l e a s t  branced 
nodal  r o o ts  while  the o p p o s i te  was found f o r  P.maximum. 
The c o r t e x  remained i n t a c t  in  both C. c i l i a r i s  v a r i e t i e s  
1*+ months from p la n t in g .  The c o r t e x  o f  nodal r o o t s  o f  
P. maximum was l o s t  w ith in  3 months o f  p lant in g  excep t  
f o r  s h o r t  s e c t io n s  behind the r o o t  t i p s .  In the other  
g ra sse s  the r o o t  c o r t e x  was l o s t ,  but to a l e s s e r  de­
g r e e .  Visual examination at  any o f  the samplings did 
not  r e v e a l  any dead r o o t s .

A mucilagenous la y e r  to  which s o i l  p a r t i c l e s  ad­
hered  was observed on the r o o ts  o f  E.superba and T , t r i -  
a n d ra . These two s p e c i e s  a l s o  had a r e l a t i v e l y  h igher  
d e n s i t y  o f  r o o ts  in  the s o i l  su r fa ce  la y e r  at  Kedong 
as compared t o  the o th e r  g rasses .  At Muguga (1968-1969)  
i t  was shown that the amount o f  r o o t s  present  in  the
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0-20 cm s o i l  l a y e r  as a per  c e n t  o f  t o t a l  r o o t s  chan­
ged c o n s id e r a b ly  throughout the growth p e r i o d .

Excavated p la n ts  and read ings  from gypsum r e s i s ­
tance  b locks  in d i c a t e d  that the grasses  c o u ld  be p l a c ­
ed in  two g rou p s , those that  were deep r o o t i n g  ( C. c i l i -  
a r i s  v a r i e t i e s ,  C. gayana and P. maximum) and those  which 
were sha l low  r o o t i n g  ( E.superba and T . t r i a n d r a ) . Ro­
o t i n g  depth was g r e a t e r  under swards as compared to  
spaced  p la n ts .

At Muguga (1968-1969)  d i f f e r e n c e s  between ro o t  vo ­
lumes were comparable to d i f f e r e n c e s  in r o o t  y i e l d s ,  
e x c e p t  f o r  s l i g h t  d ev ia t ion s  caused by i n d i v i d u a l  chang­
es in  the s p e c i f i c  weight o f  r o o t s .

The s p e c i f i c  weight o f  l e a v e s  o f  C. c i l i a r i s  var .  
b i l o e l a  was h i g h e r ,  and f o r  P.maximum low er ,  than that  
o f  C .gayana. From A pri l  t o  J u l y ,  the s p e c i f i c  weight 
o f  lea ves  in c r e a s e d  although both  temperature and t o ­
t a l  l i g h t  d ecrea sed .

The r e s u l t s  are d iscussed  in  r e l a t i o n  t o  c l im ate  
and s o i l s ,  and recommendations, b e l i e v e d  to  be o f  va­
lue  t o  the planning o f  fu ture  work and range manage­
ment, are g iv en .



CHAPTER 1

INTRODUCTION

Throughout much out East A f r i c a  r a i n f a l l  i s  both 
low in  quant ity  and e r r a t i c  in d i s t r i b u t i o n  w ith  the 
r e s u l t  th a t ,  during consequent p er iod s  o f  low s o i l  
m o is tu re ,  p lant  growth may be s e r i o u s l y  r e s t r i c t e d .
As p la n t  growth becomes l i m i t e d ,  the rangelands are 
o f t e n  destroyed  through o v e r g r a z in g ,  r e s u l t i n g  in  
c o n s id e r a b le  l i v e s t o c k  and w i l d l i f e  l o s s e s .

In East A f r i c a ,  rangelands are usu a l ly  ch arac ­
t e r i z e d  as areas r e c e i v in g  le s s  than 760 mm r a i n f a l l  
per  annum; areas where r a i n f a l l  i s  h igher  a re  usua l ly  
con s id e re d  as b e t t e r  p o te n t ia l  land .  A ccord ing  to 
M acG il l ivray  (1967) approximately 63 per  cent  
(1 ,0 5 2 ,0 0 0  square km) o f  the t o t a l  land area in East 
A f r i c a  is  a v a i l a b l e  f o r  pasture and range. Improvement 
in the s t a b i l i t y  and value o f  these  areas r e q u ire s  
in te n s iv e  resea rch  in t o  many f i e l d s .  Although se v e ra l  
means o f  in c r e a s in g  the p o t e n t i a l  o f  the rangelands are 
a v a i l a b l e ,  such as c o n t r o l  o f  the number o f  animals 
to  av o id  o v e r g r a z in g ,  con tro l  o f  un des irab le  bush by 
the use o f  f i r e ,  chemicals  or  machines and a r t i f i c i a l  
r e s e e d in g ,  these cannot be used without  knowledge o f  
how they should be applied  under various  environmental 
c o n d i t i o n s .  The East African rangelands are c h a r a c t e r i z e d  
by a complex o f  e c o l o g i c a l  v a r i a b l e s .  One example that  
i l l u s t r a t e s  th is  c l e a r l y  i s  r a i n f a l l .  Annual and 
monthly r a i n f a l l  f o r  a given l o c a t i o n  vary g r e a t ly  
from one year  t o  another (Heady 1960) .  A l s o ,  on an 
East A fr ican  b a s is  there are g r e a t  d i f f e r e n c e s  as to  
the season o f  the year  when p r e c i p i t a t i o n  occu rs
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(W alter  1952) .  G r i f f i t h s  (1958) d iv id e d  East A f r i c a  
in to  ten d i f f e r e n t  c l i m a t i c  zones .  For example, the 
c e n t r a l  reg ion  o f  western Uganda in c lu d in g  Ankole has 
two ra in y  seasons a y ea r ,  from February t o  May and 
from September to  November, while  the Karamoja region  
has on ly  one wet season from A p r i l  t o  September.
Most rangelands in Kenya have two rainy s e a so n s :  March 
to May and November to  December. In Tanzania, the 
g r e a t e r  part  o f  the d r i e r  reg ions  have o n ly  one wet 
season per y e a r ,  f o r  example the S e re n g e t i  r e c e i v e s  
most o f  i t s  r a i n f a l l  during December to  May.

In ad d it ion  t o  the large  v a r ia t i o n s  in r a i n f a l l  
and r a i n f a l l  p a t t e r n ,  the e f f e c t i v e n e s s  o f  a g iven  
amount o f  ra in  w i l l  again depend on the c a p a c i t y  o f  the 
s o i l s  to  absorb and s to re  water a v a i l a b l e  to  p l a n t s ,  
and on the e v a p o ra t iv e  power o f  the a i r .

As the r o o t  system o f  a p la n t  i s  the main organ 
through which both nu tr ien ts  and water are taken from 
the s o i l ,  i t  i s  r e l e v a n t  to  o b ta in  b a s ic  data con­
cern ing  growth. The need f o r  resea rch  i n t o  t h i s  f i e l d  
in East A f r i c a  was s t r e s s e d  at a Pasture S p e c i a l i s t  
Committee Meeting h e ld  at the National  Research Sta t ion  
K i t a le  in  June 1964. A recommendation t o  t h i s  e f f e c t  
was made, and th is  led  to  the p resent  study under­
taken at  the East A fr ica n  A g r icu l tu re  and F ores try  
Research O rgan izat ion .

The grasses  s e l e c t e d  f o r  t h i s  study in c lu d e d  
s p e c i e s  important t o  both rangelands and p a s tu re ,  
and a b r i e f  e v a lu a t io n  o f  these and t h e i r  d i s t r i b u ­
t i o n  i s  g iv en .  In East A fr i c a  very  l i t t l e  i s  known 
about grass r oo ts  and t h e i r  r e l a t i o n  to  shoot  growth. 
Some s tud ies  have been ca rr ied  ou t  in o ther  pa rts  o f  
A f r i c a ,  but these have mainly d e a l t  with c e r t a i n
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a s p e c t s  o f  r o o t  growth without c o n s id e r in g  the above 
ground p a r ts .  P r i c e  (1911) s tu d ie d  the anatomy and 
morphology o f  r o o t s  in grasses  growing under d eser t  
c o n d i t i o n s  in  North A f r i c a ,  and Goossens and S ta p e l -  
b e r g  (1933) and Goossens (1936) c a r r i e d  out s im i la r  
i n v e s t i g a t i o n s  in  South A f r i c a .  Also  in South A f r i c a ,  
Murray and G lover  (1935) c l a s s i f i e d  grasses  on the 
b a s i s  o f  depth and l a t e r a l  spread o f  the r o o t s ;  the 
r o o t  development in  grasses under ar id  c o n d i t i o n s  in 
Somalia  were d e s c r ib e d  by Glover  (1 9 5 1 ) .

The o b j e c t  o f  the present study was t o  determine 
the  growth p o t e n t i a l s  and behaviour  o f  s ix  important 
g r a s s e s  during t h e i r  establishm ent year  at two l o c ­
a t i o n s  in East A f r i c a .  As f a r  as p r a c t i c a l  l i m i t a ­
t i o n s  would a l l o w ,  l o c a t io n s  were s e l e c t e d  f o r  d i f f e r ­
ences  in s o i l s  and r a i n f a l l .  The study was designed 
t o  provide in fo rm a t io n  that would enable a p r e d i c t i o n  
t o  be made as to  the use o f  these  grasses  in  the o v e r ­
a l l  improvement o f  the East A fr i c a n  rang e lan ds .  I t  
was dec ided  to  c a r r y  out the i n v e s t i g a t i o n  on i n d i ­
v i d u a l  p lants  a lthough i t  was r e a l i z e d  that  by spac­
in g  the grasses  the e f f e c t  o f  c om p et i t ion  was removed. 
In a d d i t io n  to  determining y i e l d s  and growth p a t te r n s ,  
s t u d i e s  on d i s t r i b u t i o n  o f  r o o t s  in the s o i l ,  r o o t in g  
depth  and sp read ,  changes in s o i l  moisture and c e r t a in  
a s p e c t s  o f  l e a f  growth were made.

In the f i e l d  experiments,  wide spacing  prevented 
p l a n t  c o m p e t i t io n .  Under sward, r e l a t i v e  s p e c i e s  
growth w i l l  change, though r e l a t i v e  growth o r d e r  o f  
s p e c i e s  i s  l i k e l y  to  remain the same as that  d e t e r ­
mined. Many workers in c lud ing  Ahlgren et a l .  (1 9 4 5 ) ,  
Kramer (1 9 4 7 ) ,  Nissen (1 960 ) ,  Wright (1960) and 
Lazenby and Rogers (1962) ,  have shown that ch a ra c ters  
measured on spaced plants may change with p la n t  den­
s i t y .  Green and Eyles (1960) found that  the y i e l d s
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in f i v e  v a r i e t i e s  o f  Lolium perenne grown in a spaced 
p la n t  c u l tu r e  did  n o t  agree with those  obtained  in  
b r o a d c a s t  sward. N e v e r th e le ss ,  th ese  authors sugges ­
ted t h a t  spaced p lant  cu l tu re s  u s u a l ly  g iv e  a b e t t e r  
i n d i c a t i o n  o f  r e l a t i v e  growth p o t e n t i a l  than do swards. 
For wheat,  Puckridge and Donald (1967)  r e p o r te d  that  
p la n t  weight in c r e a s e d  with d e c re a s in g  p op u la t ion  den­
s i t y .  Maximum d i f f e r e n c e s  occu red  a t  m atur ity .  Maxi­
mum y i e l d s  were o b ta in ed  in the h ig h e r  d en s i ty  s tands ,  
but n o t  always in the  stand o f  h i g h e s t  d e n s i t y ,  sug­
g e s t i n g  that c o m p e t i t iv e  e f f e c t s  were in v o lv e d .

When the p resent  study began, in d iv id u a l  p la n t  
s p a c in g  was s e l e c t e d .  In comparison with sward c u l t i ­
v a t i o n ,  in d iv id u a l  spacing  seemed capable o f  y i e l d i n g  
in fo rm a t io n  p a r t i c u l a r l y  on r o o t s ,  that would be more 
e x t e n s iv e  and r e p r o d u c ib l e .  Moreover, r e l a t i v e  s p e c ie s  
growth estimated from the r e s u l t s  could  be used as a 
working hypothesis  t o  make a t e n t a t i v e  p r e d i c t i o n  o f  
a mixed sward, or r e l a t i v e  growth order  o f  s p e c i e s  
as s i n g l e  sward components. One attempt was made to 
compare sward with spaced p l a n t s , but due to  the l i m i ­
ted  time a v a i l a b l e ,  t h i s  work c o u ld  not  be deve loped .  
Whereas much o f  the data ,  t h e r e f o r e  i s  no t  o f  imme­
d i a t e  and d i r e c t  a p p l i c a t i o n ,  the r e s u l t s  suggest  l in e s  
f o r  fu tu re  r e se a rc h .  They a l s o  form a b a s is  f o r  a 
d i r e c t  ap pra isa l  o f  the e f f e c t  o f  various  pasture and 
range management p r a c t i c e s  on grass  growth.

This th e s is  g iv e s  a f u l l  account  o f  the r e s u l t s  
o b t a i n e d ,  and in c lu d e s  an ev a lu a t io n  o f  the methods 
used .  Conclusions and recommendations are deduced 
from the d a ta .
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CHAPTER I I

LOCALITIES

Experimental p lo t s  were l o c a t e d  in  Kenya at Muguga 
and on the East A fr i ca n  A g r i c u l t u r e  and F o res try  Research 
O rgan iza t ion  (EAAFRO) Dryland Research Ranch, Kedong, 
in  the R i f t  V a l l e y .

Muguga (36°38 E, 1°13 S) l i e s  at an a l t i t u d e  o f  
2 ,086  m and the annual r a i n f a l l  i s  1,013 mm (18 years 
o f  r e c o r d s )  with two main wet p e r io d s  per y e a r :  a
lo n g  rains in April -May and a s h o r t  ra in s  in  November- 
December. A short  period o f  m is ts  occurs  during  Aug­
u s t  in most y e a r s .  Further c l i m a t i c  d e t a i l s  are given 
in  Table 1.

The whole o f  the Muguga area was f o r e s t e d  ( Juni-  
p e r u s , P le a , E u c le a , T ec lea ) a t  the turn o f  the cen­
tu ry  but was subsequently  c l e a r e d  f o r  a g r i c u l t u r e  and 
i s  now used as mixed farming land .  The s o i l  at  Muguga 
(Kikuyu Red Loam) i s  der ived  from both v o l c a n i c  and 
basement complex rocks  and i s  a l a t e r i t i c ,  weak to  
moderately  deve loped  dark red-brown ( 5YR 3/3  when m ois t ,  
Munsell  1949) c l a y  loam o f  some 50 cm depth o v e r ly in g  
medium c lay  o f  10 cm depth; i t  has a f r i a b l e  c o n s i s t ­
ency  and moderate p erm ea b i l i ty .

The a b i l i t y  o f  the Kikuyu Red Loam to  h o ld  water 
a v a i l a b l e  t o  p l a n t s ,  def ined as the water h e ld  between 
1 /3  and 15 atmospheres t e n s io n ,  was determined in seven 
s e t s  o f  p r o f i l e  samples from f i v e  p i t s  at  Muguga (data 
from EAAFRO Physics  D iv is ion  1 9 6 9 ) .  I t  was found that  
t h i s  s o i l  p r o f i l e  could hold  229 mm o f  a v a i l a b l e  water 
between the s o i l  sur face  and 195 cm depth ;  the  amount 
between the s o i l  sur face  and 315 cm depth was 329 mm 
(Tab le  2) .
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TABLE 1

Mr.ntr.ly S r» .-..n  c f  d a ily  r a i n f a l l ,  aaxiaua p lu s  mlnlaua a i r  tem peratures, Penman* e a t l M t e  o f  p o te n t ia l e v a p o r a t io n , 

and aonth iy  means o f  r a i n f a l l  f o r  Muguga (1 8  years o f  r e c o r d s )  and Kedong (7  y e a rs  o f  r e co rd s ) in c lu d in g  1966

Date
R a in f a l l ,  mm. A ir  temperature °C P o t. evaporation , mm.

Kuguga Kedong Muguga Kedong Muguga Kedong

January 1967 0 .0 5 .3 1 7 .4 19 .5 219 180
February 4 .4 39.1 1 8 .2 1 9 .8 204 180
March 2 1 .6 44.7 1 8 .7 20 .6 211 206
A p r il 419 .2 152.9 1 7 .0 1 8 .8 141 145
Kay 375 .6 275.3 15 .5 1 7 .2 103 134
June 5 0 .9 21 .8 1 3 .7 15 .2 88 108
J u ly 1 3 .4 37.1 13 .4 1 5 .0 87 110
August 3 4 .6 15 .0 1 3 .2 1 4 .9 108 118
September 3 4 .1 10.7 1 4 .5 15.3 133 142
O ctober 8 1 .0 22.6 1 5 .7 17 .7 154 170
Sovember 9 6 .5 63.5 1 5 .8 1 8 .4 140 155
December 4 9 .5 58 .2 1 5 .9 1 8 .1 171 152

T ota l 1 ,1 6 0 .8 746 .2 1 ,759 1 ,8 0 0

Mean 1 5 .8 17 -5

January 1968 0 .0 8 .4 1 6 .9 2 0 .0 197 188
February 108 .5 107 .2 1 6 .9 1 9 .5 164 139
March 237 .6 164 .6 1 5 .9 17 .6 134 126
A p r il 239 .5 256 .0 15 .5 17 .5 115 124
Kay 218 .6 64 .8 1 4 .8 17 .0 105 111
June 5 3 .9 6 2 .0 1 3 . 8 1 5 .8 91 105
Ju ly 1 .8 3 .3 1 2 .4 14 .6 74 100
August 0 .8 2 .0 12 .6 14 .6 84 103
Septem ber 8 .5 8 .4 1 4 .4 16 .1 153 156
O ctober 3 1 .7 47 .2 1 6 .2 17.6 167 165
Sovember 212 .4 68.6 1 5 .0 18.1 116 147
December 13 0 .1 117 .9 1 5 .9 18 .0 169 165

T o ta l 1 .2 4 3 .4 910 .4 1,565 1 ,627

Mean 1 5 .0 17 .2

January 1969 6 5 .6 78 .5 1 6 .2 18.5 185 178
February 4 9 .0 70 .6 16.1 18 .2 139 147
March 7 8 .9 14 .2 16 .6 19 .2 155 177
A p r il 6 0 .1 15 .0 17 .3 19 .0 164 169
Kay 1 5 9 .4 152 .7 15 -9 17 .3 112 120

Mean r a in fa l l ,  am.

Jan. Feb. Mar. Apr. Kay Jim . J u l . Aug. Sep. O ct . Hov. Dec. T o ta l

Muguga 
18 yea rs 5 9 .8 43 -7 73 .7 247.5 194.4 4 2 .0 20 .2 25-0 22 .6 5 2 .6 138 .1 93 .1 1 ,0 1 2 .9

Kedong 
7 y ea rs 59.7 4 3 .9 86 .9 231.7 134 .5 2 8 .6 3 1 .0 17.1 10 .5 3 2 .1 6 1 .9 6 6 .9 8 0 4 .8

•Perm ian 0 -948 )
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TABLE 2

S o i l  water h e ld  between f i e l d  c a p a c i ty  
and 15 atmospheres t e n s io n

A v a i la b le  water in  nun
S o i l  -------------------------------------------------------------

dePth Muguga Kedong

Per la y e r Running
t o t a l s Per la y er Running

t o t a l s

6 -  15 18.0 25.9
15-  45 32.0 50.0 52.0 77.9
45 -  75 35.5 85.5 62 .4 140.3
75-105 40.3 125.8 55.9 196.2

105-135 34.5 160.3 53.5 249.7
135-165 35.3 19 5.6 51.2 300.9
165-195 33.0 228.6 53.0 353.9
195-225 29.0 257.6
225-255 25.5 283.1
255-285 21.5 304.6
285-315 24.8 329.4



Kedong 3603o ' e , 0°55 S) l i e s  at  an a l t i t u d e  o f  
1 ,878  m and the mean annual r a i n f a l l  i s  805 mm based 
on 7 years  o f  r e c o r d s .  The seasona l  r a i n f a l l  pattern  
i s  e s s e n t i a l l y  th a t  o f  Muguga but there are no p e r i ­
ods o f  ‘m ist .  Further c l im a t i c  d e t a i l s  are g iv en  in 
T ab le  1.

The Kedong area  i s  wooded grass land  range with 
A c a c ia  drepanolobium and Tarchonanthus camphoratus as 
the dominant s p e c i e s  with Themeda t r iand ra  as the main 
g r a s s .  The s o i l  a t  Kedong i s  v o l c a n i c  ash and sand 
o f  P le i s t o c e n e  t o  Recent age. I t  c o n s i s t s  o f  a s t r u c ­
t u r e l e s s  t o  weakly deve loped ,  dark grey-brown (10 YR 
3 /2  when moist)  sandy loam 40-50 cm in dep th ,  o v e r -  
l y i n g  various  la y e r s  o f  f i n e  t o  coarse  lava  t u f f ;  i t s  
c o n s i s t e n c y  i s  f r i a b l e  t o  loose  and i t s  p e rm e a b i l i ty  
i s  rap id  t o  moderate.  At varying  depth beneath the 
s u r f a c e  there  i s  a compact but u s u a l ly  cra cked  layer  
in  which the s o i l  p a r t i c l e s  are cemented t o g e th e r  by 
ca lc iu m  carbonate .

Adjacent t o  the experimental  p l o t s  at  Kedong two 
s e t s  o f  p r o f i l e  samples from three  p i t s  were analysed 
f o r  t h e i r  a v a i l a b l e  water h o ld in g  c a p a c i t y .  F ie ld  
c a p a c i t y  measurements were made a f t e r  the p r o f i l e s  had 
been wetted and t h e r e a f t e r  drained f o r  two d a y s ;  t e n ­
s i o n  p la te s  were employed in  determining the water 
c o n te n t  o f  the s o i l  at  15 atmospheres t e n s i o n .  In the 
w e t t in g  p r o c e s s ,  open ended halved 44 g a l l o n  drums were 
embedded so that the  lower s u r fa ce  was some 10 cm be ­
low ground l e v e l .  The drums were tw ice  f i l l e d  with 
w ater  g iv in g  a t o t a l  o f  100 cm o f  water.  I t  proved ,  
however, im p o s s ib le  t o  sa turate  the s o i l  to  a depth 
g r e a t e r  than 2 m due to  s o i l  compaction la y e rs  causing 
the  water t o  spread outwards r a th e r  than downwards.
This  i s  r e f l e c t e d  in  the absence o f  measurements f o r  
Kedong s o i l  depths gre a te r  than 195 cm (Table  2 ) .
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These measurements in d i c a t e d  that  the Kedong 
s o i l  c o u ld  ho ld  as much as 354 mm o f  a v a i la b le  water 
between the s o i l  s u r fa c e  and 195 cm depth.

Chemical a n a ly s i s  o f  the s o i l s ,  based on com­
p o s i t e  samples from fo u r  s o i l  c o r e s ,  are presented  in 
Table 3. In g e n e ra l ,  the Kikuyu Red Loam had a higher  
n u t r i t i v e  s ta tus  than the v o l c a n i c  ash and sandy s o i l  
at Kedong. The s o i l  at  Kedong had a s l i g h t l y  h igher  
pH than the s o i l  a t  Muguga, e s p e c i a l l y  in  the deeper 
l a y e r .

Although Kedong had a h ig h e r  mean annual a i r  tem­
perature  , the Penman estimate  o f  p o t e n t i a l  ev a pora t ion  
(Penman 1948) was about the same f o r  both l o c a t i o n s .  
The main d i f f e r e n c e s  between the s i t e s ,  t h e r e f o r e ,  
were in  r a i n f a l l  and s o i l s .  I t  would have been de­
s i r a b l e  to  carry  out  the study under c o n d i t i o n s  where 
p o t e n t i a l  e v a p ora t ion  d i f f e r e n c e s  were l a r g e r .  The 
p l o t s ,  however, had to  be w ith in  a reasonable  d is ta n ce  
from Muguga because the work had t o  be c a r r i e d  out 
with the labour in  the Plant P hys io logy  D i v i s i o n .
A ls o ,  at  Kedong the experimental  p l o t s  were r e l a t i v e l y  
s a fe  from w i l d l i f e  in t r u s i o n ,  because the ranch and 
the p l o t s  themselves were fenced  i n ,  m e t e o r o lo g i c a l  
data were c o l l e c t e d  and water was a v a i la b le  w ith in  
a s h o r t  d i s ta n ce .



Chemical a n a ly s i s  o f  s o i l s

Depth
in
cm

%N

Mug.

1

Ked.

%
Org

Mug.

.C+

Ked.

PH
1 : 2 . 5M/100 

<JaCl2

Mug. Ked.

Mg per 100 gm a i r  dry s o i l X

P K Ca Mg

Mug. Ked. Mug. Ked. Mug. Ked. Mug. Ked.

0 -  20 0.43 0.15 3.37 1.54 5 .1 5.1 0.50 0.30 69 42 302 176 36 21

20- 40 0.32 0.10 2.39 1.52 5 .1 5.4 0.12 0.25 67 43 243 155 38 15

40-  60 0.20 0.07 1 .4 1 0.65 4.9 5.5 0.10 0.30 65 42 191 145 39 13

60-100 0.13 0.02 0.74 0.10 5.9 5.9 0.06 1.00 75 44 219 77 53 5

100-140 0.10 0 .01 0.46 0.08 5.9 6 .1 0.06 0.60 88 77 176 103 53 2

140-180 0.08 0.02 0 .3 1 0.11 5.8 7 .1 0.06 0.35 88 133 150 118 48 4

180-220 0.06 0.23 5.8 0.06 98 134 44

220-260 0.07 0.18 5.1 0.06 120 113 35

+The W a lk ley -B lack  method -  Walkley and Black (1 9 3 4 ) .  Organic  C values  
are u n c o r r e c t e d ,  X 1 .33  = o r g a n ic  -C ;  X 2 = o r g a n ic  matter  (a p p r o x . )

The Ammonium l a c t a t e  -  A c e t i c  Acid  Method by Egner e t  a l . (1 9 6 0 ) .
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CHAPTER I I I

MATERIALS AND METHODS

3.1  General Information on the 

Grass Species

Seed s to c k  was obtained from the National  Re­
s ea rch  S t a t i o n ,  K i t a l e ,  and a b r i e f  d e s c r i p t i o n  o f  the 
g r a s s e s  inc lud ing  t h e i r  d i s t r i b u t i o n  and Kenya Depart­
ment o f  A g r icu l tu re  seed i n t r o d u c t i o n  numbers (Bogdan 
1965) i s  given below (K = K i t a l e ,  P = Katumani S t a t i o n ,  
K e n y a ) .

Cenchrus c i l i a r i s  L. (A f r i c a n  f o x t a i l ,  Rhodesian 
f o x t a i l ,  b u f f e l  g r a s s )  i s  d i s t r i b u t e d  throughout the 
h o t t e r  and d r i e r  p a r t s  o f  I n d ia ,  the Mediterranean r e ­
g i o n ,  t r o p i c a l  and South A f r i c a  and has been i n t r o ­
duced in to  A u s t r a l ia  and the  Americas (Bor 1 9 6 0 ) .  I t  
i s  one o f  the most important hay grasses  in In d ia  
(Whyte e t  a l .  1959) .  In East A f r i c a ,  t h i s  rh izom ate -  
ous perenn ia l  is  widespread from sea l e v e l  t o  a p p ro x i ­
mately  2,000 m (Napper 1965) ,  but i t  i s  not commonly 
found at Muguga o r  Kedong. C. c i l i a r i s  germinates 
r e a d i l y  from seed ,  prov id ing  the mature seed has been 
s t o r e d  f o r  12-18 months f o l l o w i n g  harvest  (B rzostow ski  
and Owen 1966). Numerous v a r i e t i e s  have been s e l e c t e d ,  
some o f  the b e t t e r  known being b i l o e l a ,  Edwards t a l l ,  
gayndah, kongwa, mbalambala, molopo,  mpwapwa and nun- 
bank. Although th e r e  i s  no complete  comparison o f  these 
v a r i e t i e s ,  b i l o e l a ,  molopo and nunbank have g iv e n  good 
r e s u l t s  in North Tanzania (Naveh and Anderson 1967) 
w h i le  b i l o e l a ,  kongwa and mbalambala are recommended 
in  reseed ing  work f o r  the d r i e r  areas o f  Kenya (Bogdan
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and P ra t t  1967) .  The b i l o e l a  (P .57123 and the mbal- 
ambala ( K . 59203) v a r i e t i e s  were used in  the present
s tudy.

C h lo r is  gayana Kunth (Rhodes g r a s s ,  grama Rhodes) 
is a s t o l o n i f e r o u s  perenn ia l  which i s  found in g r a s s ­
land and open woodland on a wide range o f  s o i l s  through­
out East  A f r i c a  from sea l e v e l  to  approximately  2,*+00 m 
(Napper 1965) .  The grass  i s  w id e ly  d i s t r ib u t e d  from 
Senegal eastwards t o  the Sudan and South in c lu d in g  
South A f r i c a  (Bor 1960) .  I t  has been in troduced  in to  
North and South America, A u s t r a l ia ,  North A f r i c a ,  the 
P h i l ip p in e s  and Ind ia  and i s  regarded  as one o f  the 
best  s p e c i e s  f o r  r o t a t i o n  grass lands  (Whyte et  a l .  (1 959 ) .  
Seed germination i s  very  good and many v a r i e t i e s  are 
o b t a in a b le  commercia l ly  in East A f r i c a .  In northern  
Tanzania, chepararia  (Naveh and Anderson 1966) and 
kongwa (naveh and Anderson 1967) v a r i e t i e s  have given 
good r e s u l t s .  Others descr ibed  by Bogdan (1965) i n ­
clude katambora, mas aba, mbarara, mpwapwa, n zo ia  and 
r o n g a i . According t o  Bogdan, the mbarara (K .53166 ) 
v a r i e t y  in c luded  here  has medium herbage q u a l i t y ,  forms 
a dense sward and i s  very p e r s i s t e n t .  C. gayana i s  commonly 
found at  kedong where i t  o c c a s i o n a l l y  forms pure stands .

E r a g r o s t i s  superba Peyr. (Wilman l o v e g r a s s , Masai 
l o v e g r a s s )  i s  d i s t r i b u t e d  throughout t r o p i c a l  (Bor  1960) ,  
South and South-West A fr i c a  (C h ip p in d a l l  e t  a l .  1955) ,  
and has been in trod u ced  in to  In d ia  (Bor 1960) .  I t  is  
a d e n se ly  tu f t e d  perenn ia l  which i s  mainly found in 
open t h i c k e t  and grass land  on poor  sandy s o i l s  in  East 
A fr i c a  from sea l e v e l  t o  approximately  2,000 m (Napper 
1965) .  So f a r ,  no v a r i e t i e s  have been d e sc r ib e d  f o r  
East A f r i c a .  Under moderate dry c o n d i t i o n s ,  i t  i s  r e ­
garded as a s a fe  grass  f o r  r e s e e d in g  used in mixtures 
with C. c i l i a r i s  (Bogdan and P ra t t  1967) .  E. superba
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has good seeding q u a l i t i e s  and i s  easy t o  e s t a b l i s h  
from seed (Edwards and Bogdan 1 9 5 1 ) .  The grass  i s  
not  found a t  e i t h e r  o f  the exper im ental  s i t e s .  I t s  
seed  in t r o d u c t io n  number was K.6023.

Panicum maximum Jack. ( t r u e  guinea g ra ss )  i s  w i­
d e ly  d i s t r i b u t e d  in  t r o p i c a l  A f r i c a  (Bor 1 9 6 0 ) ,  South 
A f r i c a  except  f o r  the g r e a te r  p a r t  o f  western Cape, 
and in  s e v e r a l  d i s t r i c t s  o f  South-West A f r i c a  (Chipp- 
i n d a l l  e t  a l .  1955) .  I t  i s  b e l i e v e d  to  have been in ­
t ro d u ce d  in t o  I n d ia ,b u t  was c o l l e c t e d  there  b e f o r e  year  
1800 (Bor 1960) .  P.maximum i s  a t u f t e d  perenn ia l  o c ­
c u r r i n g  in grass land  and open woodland throughout East 
A f r i c a  from sea l e v e l  to 2,400 m (Napper 19 65 ) .  Ger­
m ination  from seed i s  easy and Bogdan and P ra t t  (1967) 
recommend the makueni and tr ichog lum e v a r i e t i e s  as 
s u i t a b l e  f o r  reseed in g  work in Kenya, the l a t t e r  being 
the  l e a s t  drought r e s i s t a n t .  Numerous v a r i e t i e s  have 
been d e sc r ib e d  by Bogdan (1965) and t r i a l s  in  Northern 
Tanzania in c lu d in g  l i k o n i ,  makueni, s a b i ,  t e s o ,  t r i ­
choglume and u la ch lo a  in d i c a t e d  that  l i k o n i  was good, 
e s p e c i a l l y  when grown in mixture with legumes (Naveh 
and Ar.derson 1967) .  The makueni (K.6462) v a r i e t y  was 
in c lu d e d  in  the present  work.

Themeda t r iand ra  Forsk. ( r e d  oat  g r a s s ) ,  d i s t r i ­
buted  widely  in a l l  warm and t r o p i c a l  r e g io n s  o f  the 
o ld  World (Bor 1 9 6 0 ) ,  is  a t u f t e d  perenn ia l  which i s  
common in grass land  and open woodland throughout East 
A f r i c a  between a l t i t u d e s  o f  approxim ate ly  450 and 2,000 m 
(Napper 1965). This grass i s  found on a v a r i e t y  o f  
s o i l s  (Heady 1966) and i s  the most abundantly occurr ing  
g ra ss  in  the Kedong area where i t  forms pure s tands ;  
i t  i s  o c c a s i o n a l l y  found a t  Muguga.

T . tr iandra  i s  probably the most w ide ly  d i s t r ib u t e d  
and important grass  o f  East A f r i c a  and appears to  be 
s p e c i a l l y  adapted to  surv ive  f i r e s  (Edwards and Bogdan



1951). In South A f r i c a ,  i t  i s  regarded  as a c l imax 
s p e c i e s ,  but due t o  mismanagement i t  has been reduced 
and even e l im in ated  in  some reg ions  (C h ip p in d a l l  e t  
a l .  1955) .  The grass i s  d i f f i c u l t  t o  germinate from 
seed and in  th is  work, germination was le s s  than one 
per c e n t .  I t s  seed  i n t r o d u c t i o n  number was K .53302.

14
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3 .2  Outline o f  S tu d ie s ,  I and II

This  th e s is  com prises  the r e s u l t s  from two r e la t e d  
i n v e s t i g a t i o n s .  Wherever p o s s i b l e ,  the same methods 
were used in  both s t u d i e s .  The i n v e s t i g a t i o n s  were:

Study I .  In tens ive  s tu d ie s  on C . c i l i a r i s  var .  b i l -  
o e l a ,  C. gayana and P.maximum grown in  experimental  p lo ts  
at  Muguga, A p r i l  1968 t o  March 1969.

Study I I .  Extensive s tu d ie s  on the above mentioned 
grasses  and C . c i l i a r i s  va r .  mbalambala, E. superba and 
T . t r i a n d r a  grown in exper im enta l  p l o t s  at  Muguga and 
Kedong, A p r i l  1967 to  J u ly  1968.

3 .3  Methods Common to  Both Studies

3 . 3 . 1  Seeding and method o f  p la n t in g

To e l im in a te  p o s s i b l e  e f f e c t s  o f  poor germ inat ion ,  
the g rass  seeds were t r e a t e d  with mercuric  c h l o r i d e ,  
seeded and grown in  p o ts  in the open, and l a t e r  p lanted  
out  at  the  beginning o f  long r a in s .  In the p l o t s ,  t o  en­
sure freedom from i n t e r -  and i n t r a - s p e c i f i c  com pet it ion  
both above and below ground, the sp a c in g  between i n d i ­
v id u a ls  was 2.5 m. In a d d i t i o n ,  c l o s e  p lanted  (40 x 
40 cm) p l o t s  were e s t a b l i s h e d  at  Muguga in 1967.

3 .3 .2  Root sampling

Various means o f  r o o t  sampling, such as p inboard ,  
a s o i l - r o o t  sampler and the je t -w ash  method were t r i e d  
out (Taerum and Gwynne 1969) .  The main o b j e c t i o n  to  
the p inboard  was that i t  sampled o n ly  a small part  
o f  the r o o t  system. In Kikuyu Red Loam, f o r  example, 
where r o o t s  from one grass  may have a l a t e r a l  spread 
o f  2 m and growth to 6 m depth, i t  would be im poss ib le  
t o  g iv e  even an approximate est imate  o f  t o t a l  r o o t  
weights from pinboard sampling. The s o i l - r o o t  sampler, 
des igned  t o  sample equal  volumes o f  s o i l  from a v e r t i c a l
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trench w a l l ,  y i e l d e d  p o o r  r e s u l t s  when s in g le  p la n ts  
were sampled. For a s s e s s in g  r o o t  biomass under swards, 
where the r o o t  d i s t r i b u t i o n  was more uniform, the s o i l -  
r o o t  sampler technique  enables a r o o t  d i s t r i b u t i o n  
pattern  t o  be b u i l t  up very q u i c k l y ,  where the s o i l  is  
r e l a t i v e l y  l o o s e .

Although time consuming, the j e t -w a sh  method was 
found t o  be the most s a t i s f a c t o r y  f o r  the presen t  study.  
I t  e n t a i l e d  removing the e n t i r e  r o o t  system from the 
s o i l  in  such a way th a t  dry w e ig h t s ,  e t c .  could  be d e t ­
ermined on a s o i l  l a y e r  bas is  w h i le  at  the same time 
e n a b l in g  a drawing o f  the r o o t  p r o f i l e  to  be o b ta in e d .

E s s e n t i a l l y  the p la n t  was washed out o f  the s o i l  
using a f i n e  j e t  o f  water  from a 1 mm diameter n o z z l e .
The w ater  was g r a v i t y  fed  from a m obile  1000 1 water  
tank g i v i n g  a drop t o  ground l e v e l  o f  50 cm, thus ens­
uring a steady water f l o w .

The su r fa ce  s o i l  was f i r s t  washed away from the 
base o f  the p lant  u n t i l  a major r o o t  was encountered .
This r o o t  was f o l l o w e d  out r a d i a l l y  u n t i l  i t s  growing 
t i p  was exposed o r  u n t i l  i t  turned sharply  downwards.
A small  drainage p i t  and connect ing  channel were then 
dug w e l l  beyond the r o o t  end, a f t e r  which the r a d i a l  
r o o t  channel was g r a d u a l ly  en larged  l a t e r a l l y  by 
washing, exposing new r o o t s .

The i n i t i a l  washing r e su l te d  in  a r a d i a l  t rench  
with an arc  o f  about 10° ( F i g . l a )  which gave an i n d i c ­
a t ion  o f  the ex te n t  o f  the l i m i t  o f  the observed  ro o t  
d i r e c t i o n .  Well beyond the l i m i t  o f  the observed  ro o t  
spread a short  deep trench  was sunk ta n g e n t ia l  t o  the 
r a d ia l  one ,  and the two were connected  ( F i g . l b ) .  Washing 
then proceeded along the s ides  o f  the r a d i a l  trench  
gra d u a l ly  en larg ing  i t  in width and in depth ( F i g . l c ) .
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« f

F ig .  1 V e r t i c a l  plan diagram showing the s ta ges  
o f  excavating  using the je t -wash method. See t e x t  
f o r  d e t a i l s .
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3 .3 .3  Shoot sampling

Measurements o f  the shoots  taken in the f i e l d
were:

a) Tuft  spread (d iam eter  o f  l e a f  mass)

b) Tuft  he ig h t  (h e ig h t  o f  l e a f  ta b le )
c )  Record o f  f l o w e r  and seed development

When approx im ate ly  h a l f  o f  the  r o o t  system o f  one 
grass had been removed, i t s  shoots  were cut at  ground 
l e v e l ,  s o r t e d  i n t o  i n f l o r e s c e n c e s ,  l e a f  blades and 
stems, d r ie d  a t  75°C and weighed. A d d it ion a l  stem ma­
t e r i a l  l e f t  in the s o i l  below ground l e v e l  a f t e r  the 
i n i t i a l  stem cut were separated  out  and added to  the 
stem p o r t i o n  at  the com p le t ion  o f  the r oo t  e x ca v a t io n ;  
rhizomes were s i m i l a r l y  separated out  at th is  s ta g e .

Because the rhizomes were mainly lo ca ted  below 
the s o i l  s u r f a c e ,  they  had no gra z in g  value and were, 
t h e r e f o r e ,  exc luded when comparisons were made between 
shoot y i e l d s .  When examining s h o o t / r o o t  r a t i o s ,  how­
ever ,  the  dry w e ights  o f  rhizomes were included in the 
shoot f r a c t i o n  because  they are p a rt  o f  the stems, 
a c t iv e  in  t r a n s p i r a t i o n .  Dead l e a v e s ,  not be ing  phys­
i o l o g i c a l l y  a c t i v e  in  any way, were excluded from a l l  
com parisons .

3 .4  Methods Employed in Study I

3 .4 .1  P lanting  date and sampling frequency

The fo u r  weeks o ld  potted s e e d l in g s  o f  the three 
grasses were p lanted  in t o  the exper im ental  p l o t s  on 
April  1,  1968, during the long r a i n s .  Throughout the 
growth p e r io d ,  A p r i l  1968 to  March 1969, the g rasses  
were sampled nine t im e s ;  three i n d i v i d u a l s  o f  each 
s p e c ie s  were examined each time. The i n t e r v a l  between 
each sampling was 2\ weeks from A p r i l  to May (two sam­
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p l i n g s ) ,  5 weeks from May to  September ( f o u r  samplings) 
and l \  weeks from September to  March ( three  sam plings ) .

3 . 4 . 2  Leaf  weight index

The l e a f  weight index (L : l e a f  dry weight per
W

u n i t  area  o f  ground) was determined in  samples taken 
from A p r i l  t o  September. For these de term inat ions  the 
ground area  was c a l c u l a t e d  from t u f t  spread measurements.

3 . 4 . 3  Leaf  area index

The l e a f  area index (LA: l e a f  a rea  per un it  area 
o f  ground) was c a l c u l a t e d  in samples taken between A p r i l  
and August.  The l e a f  area  was es t im ated  from l i n e a r  
measurements using the equation area = 0.905 (LB),  
where L was length o f  l e a f  blade and B l e a f  width mea­
sured  at  a point  halfway along the len g th  o f  the l e a f  
(Kemp 1 9 6 0 ) .  In e a r ly  stages o f  growth, a l l  l e a v e s  
were measured.  When in d iv i d u a l  sample numbered s e v e r a l  
thousand le a v e s ,  shoo ts  were d iv id e d  in t o  three  pa rts  
and the average l e a f  area  determined in  one p a r t ;  th is  
va lue  was used f o r  the es t im ation  o f  t o t a l  area .  In 
t r i a l s ,  where the average area was determined in each 
o f  the th r e e  p a r t s ,  i t  was found th a t  the e r r o r  by us­
in g  e i t h e r  one was l e s s  than 10 per c e n t .

3 . 4 . 4  S p e c i f i c  weight o f  leaves

The s p e c i f i c  weighs o f  leaves  ( Lg : weight p e r  unit  
area o f  l e a f )  was c a l c u l a t e d  from l e a f  dry weight and 
area  measurements in samples taken between A p r i l  and 
November.

3 . 4 . 5  D e f o l i a t i o n  treatment

An a d d i t i o n a l  p l o t  o f  P. maximum was e s t a b l i s h e d  
t o  study the e f f e c t s  o f  d e f o l i a t i o n .  Most o f  the leaves
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and some stem m a te r ia l  were removed on a l l  p lants  on 
f i v e  s u c c e s s i v e  o c c a s i o n s  at approx im ate ly  5-week in ­
t e r v a l s  from A p r i l  25 t o  September 9.  When sh oo t  y i ­
e l d s  o f  d e f o l i a t e d  p la n ts  were compared with those  o f  
n o n - d e f o l i a t e d  p l a n t s ,  the mean w e ight  o f  d e f o l i a t e d  
m a t e r i a l  was added t o  the weight o f  d e f o l i a t e d  p la n t s .

3 . 4 . 6  Root volume measurements

A f t e r  the r o o ts  had been washed f r e e  o f  s o i l ,  they 
were shaken l i g h t l y  t o  remove e x c e s s  water and l e f t  to 
dry on an i n c l i n e d  t ra y  f o r  approxim ate ly  15 minutes.
The damp r o o ts  were t h e r e a f t e r  lowered  i n t o  a graduated 
c y l i n d e r  f i l l e d  with a known volume o f  water t o  which 
a l i q u i d  soap had been added to  reduce  su r fa ce  tens ion  
e f f e c t s .  A d d i t i o n a l l y ,  a pump, e x e r t in g  a vacuum o f  
500 mm Hg was employed b e fo re  and a f t e r  the a d d i t i o n  
o f  the r o o t s  u n t i l  the  ascent  o f  l a r g e r  a i r  bubbles  
c e a s e d .  The volume o f  r o o ts  was then recorded  as the 
d i f f e r e n c e  between the  l e v e l s  o f  water  in the c y l i n d e r .
The s p e c i f i c  weight o f  r o o ts  was c a l c u l a t e d  on the 
b a s i s  o f  r o o t  volumes and r o o t  dry w e ig h t s .

3 .4 .7  Method o f  i n d i c a t i n g  s i g n i f i c a n e s  in  data  t a b l e s .

In  the ta b le s  showing s t a t i s t i c a l  a n a ly s e s ,  d i f ­
f e r e n c e s  are shown by the use o f  l e t t e r s ;  means not 
f o l l o w e d  by the same l e t t e r  are s i g n i f i c a n t l y  d i f f e r ­
ent  a t  a given l e v e l .  Using Table 4 as an example, 
the f i r s t  l e t t e r  behind each mean o f  each s p e c i e s  r e ­
f e r s  t o  comparisons made between s p e c i e s  a t  the  same 
date o r  between t h e i r  growth p e r io d  means. The second 
l e t t e r  in  brackets  r e f e r s  to  comparisons made v e r t i ­
c a l l y .  On A p r i l  18, none o f  the s p e c i e s  d i f f e r e d :  
the mean o f  each s p e c i e s  was f o l l o w e d  by the same l e t ­
t e r .  The growth p e r io d  means, however, d i f f e r e d  and 
P.maximum had a lower mean than any o f  the o t h e r  s p e c i e s .



22

The r e s u l t  o f  comparisons made between dates ( v e r t i ­
c a l l y )  f o r  each i n d i v i d u a l  s p e c ie s  o r  f o r  a l l  s p e c i e s  
combined are  given in b r a c k e t s .  For example, the y i ­
e ld s  in C. c i l i a r i s  in c r e a s e d  s i g n i f i c a n t l y  from one 
sampling t o  the next  between A p r i l  18 and August 19. 
From August 19 to  September 24, y i e l d s  d id  not  d i f f e r  
a l th ough  they did d i f f e r  between July 14 and September 
24.

3 .5  Methods Employed in Study I I

3 . 5 . 1  P la n t in g  date and sampling frequency

The p o t t e d  s e e d l i n g s  o f  the s ix  g rasses  were p la n ­
ted i n t o  the exper im enta l  p l o t s  at  Muguga and Kedong 
at 7 weeks o f  age a t  the beginning o f  the long ra in s  
A p r i l  15, 1967. The f i r s t  sampling was c a r r i e d  ou t  
in May f o l l o w e d  by fo u r  samplings at  about 10-week i n ­
t e r v a l s  up to  February 1968 and f i n a l l y  the s i x t h  sam­
p l i n g  a f t e r  renewed growth (May-July) f o l l o w in g  the Feb­
ruary  t o  May seasonal  r a i n s .

At the two f i r s t  samplings two in d i v i d u a l s  o f  each 
grass  s p e c i e s ,  except  in  T . t r ia n d r a ,  were examined; sub­
s e q u e n t ly  on ly  one and o c c a s i o n a l l y  two were sampled due 
to  the  le n g th  o f  time needed to  complete  each one. Lack 
o f  r e p l i c a t i o n  at  the l a t e r  stages o f  growth was u n f o r ­
t u n a te ,  but  in creased  sampling time and shortage  o f  
la b ou r  made i t  im p o ss ib le  to  c o l l e c t  more than one p lant .

When comparing y i e l d s  o f  the same s p e c ie s  at Mu­
guga and Kedong, there  was always a c o n s id e r a b le  t im e -  
lag  between samplings due to  l im i t e d  labour  and l a b o r ­
a t o r y  f a c i l i t i e s .  Muguga samplings were always c a r r i e d  
out  p r i o r  to  Kedong; the d i f f e r e n c e  in  time v a r ie d  
from a few days at  the e a r l y  stages  o f  growth to  th re e  
weeks a t  the February 1968 sampling. The data c o l l e c t e d
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a t  the May-July sampling were not  in c lu d e d  in  the 
s t a t i s t i c a l  analyses .

3 . 5 . 2  Gypsum r e s i s t a n c e  b locks

The use o f  u n ca l ib ra te d  gypsum r e s i s t a n c e  b l o c k s  
t o  o b ta in  an i n d i c a t i o n  o f  the exhaust ion  o f  a v a i la b le  
s o i l  m oisture  and the attainment o f  w i l t i n g  p o in t  be ­
neath  p la n ts  in the f i e l d  has given u s e fu l  r e s u l t s  
under East  A fr ican  c o n d i t i o n s  (P e r e i r a  e t  a l .  1 9 5 8 ) .
The b l o c k s  are i n s e n s i t i v e  to low s o i l  moisture tensions 
under wet c o n d i t i o n s ,  but they have a thesho ld  va lue  o f  
a p p rox im a te ly  one atmosphere f o r  t h e i r  i n i t i a l  change. 
Such changes o f  r e s i s t a n c e ,  t h e r e f o r e ,  in d i c a t e  s o i l  
d r y in g  by evaporat ion  o n l y ,  with r e l i a b l e  assurance 
t h a t  downward drainage has ceased .  The s o i l  water  ex ­
t r a c t i o n  pattern i s ,  t h e r e f o r e ,  o b ta in e d  by p l o t t i n g  
the  l o g - r e s i s t a n c e  o f  the gypsum b l o c k s  p laced  beneath 
the p l a n t s ,  thus showing the times a t  which the s o i l  
m o is tu re  tension  reached the approximate measurable 
l i m i t s  o f  one and f i f t e e n  atmospheres, the range b e ­
tween which h a l f  o f  the a v a i la b le  s o i l  moisture has 
been e x t r a c t e d  from the s o i l ,  and w i l t i n g  p o in t .

Although i t  i s  p o s s i b l e  t o  c a l i b r a t e  the r e s i s ­
tance  b l o ck s  so that  the a c tu a l  water  con tent  c o u ld  
be i n f e r r e d  from r e s i s t a n c e  r e a d in g s ,  th is  procedure  
was c o n s id e re d  unnecessary f o r  the f o l l o w i n g  reasons '1:
1) The b locks  cannot be r e c a l i b r a t e d  a f t e r  i n s t a l l a ­
t i o n ,  2) Although the b locks  have a s im i la r  ohmic r e ­
s i s t a n c e  at  the wet and the dry en d s ,  t h e i r  response  
t o  changing moisture content  may be d i f f e r e n t ,  thus 
making i t  necessary  t o  use d i f f e r e n t  c a l i b r a t i o n s .
3) Response time f o r  these b lo ck s  i s  so  long  t h a t  at  
b e s t  they in d ica te  the average s i t u a t i o n  over  a few 
days .  I t  would t h e r e fo r e  be r i s k y  t o  try  and work out 
r a t e s  o f  water movement from such r e c o r d s .

1Wangati,  F .J . ,  Physics  and Chemistry D iv i s io n ,  
E .A .A .F .R .O . , persona l  communication.
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In bo th  s e r i e s  o f  exper im enta l  p l o t s  at Muguga 
and Kedong gypsum b lo ck s  were p laced  w i th in  a 20 cm 
r a d iu s  c i r c l e  around each o f  two i n d i v i d u a l s  o f  each 
g ra ss  s p e c i e s  at  depths ranging f r a  30 t o  480 cm.
S im i la r  b l o c k s  were beneath two p l o t s  o f  bare ground 
at each  s i t e  and at  Muguga beneath swards o f  each 
grass  s p e c i e s .  From graphs o f  rea d in gs  taken weekly 
from May 1967 to  May 1969 an i n d i c a t i o n  was ob ta in ed  
as t o  the a v a i l a b i l i t y  o f  s o i l  m oisture  and the depth 
during  the dry seasons from which the r o o t s  were e x t r a c ­
t in g  t h e i r  s o i l  m o is tu re .  Where more than one s e t  o f  
b l o c k s  were used (around s in g le  p la n ts  and beneath 
bare ground) mean rea d in gs  were c a l c u l a t e d .  Data f o r  
s p e c i e s  showing extreme water use p a t te rn s  have been 
graphed and are g iven in the r e s u l t s ;  o ther  water use 
data can be found e lsewhere  (Taerum 1 9 6 9 ) .

3 .5 .3  Nodal r o o t  d iameter

The d iameter o f  the nodal r o o t ,  a l l  a d v e n t i t i o u s ,  
crown and secondary but not  seminal r o o t s  (Troughton 
1 9 5 7 ) ,  were measured w ith  a micrometer approxim ate ly  
three  months a f t e r  p la n t in g ;  the measurements be ing  
taken in  each o f  the f o u r  uppermost s o i l  la y ers  imme­
d i a t e l y  a f t e r  the r o o t s  had been excava ted .

3 . 5 . 4  Swards versus s i n g l e  p lants

To determine the r e l a t i o n s h i p  o f  s h o o t / r o o t  r a t i o s  
in spaced p lants  t o  those  in swards, a simple experiment 
was c a r r i e d  out in 28 month o ld  s i n g l e  plant and sward 
p l o t s  o f  P■maximum and C . c i l i a r i s  var.mbalambala.
Shoots o f  p lants  in  these  p l o t s  were cu t  at  ground l e ­
v e l  in  A p r i l  1969 and the sward p l o t s  were d iv id e d  i n ­
to  120 x 120 cm squares .  Four months l a t e r ,  three  s i n ­
g le  p lants  and three  random squares o f  both s p e c i e s
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were sampled and s h o o t / r o o t  r a t i o s  determined.  The 
spaced  p la n ts  were sampled in  the u s u a l  manner; in  
the swards,  the t o t a l  shoot  dry m atter  within each squ­
are  was compared with the r o o t s  excava ted  from a 120 x 
120 x 300 cm deep s o i l  b lo ck .  The r o o t  y i e l d s  in  the 
swards were a l so  used in  c a l c u l a t i n g  r o o t  p rod u ct ion  
p e r  u n i t  a rea .



26

STATISTICAL ANALYSIS OF DATA

4 .1  Assumptions

For the record s  on the t r i a l  c a r r i e d  out at 
Muguga and Kedong, 1967 to  1968, two samples were t a ­
ken f o r  each o f  f i v e  s p e c i e s  at  two s i t e s  and two t i ­
mes. Thus, there was fo rm a l ly  a 5 x 2 x 2 des ign with 
two r e p l i c a t e s .  A d d i t i o n a l  samples, one or two in  num­
b e r ,  were a v a i l a b l e  f o r  a fu r t h e r  s p e c i e s  and a d d i t i o ­
nal  t im es ,  but i t  was n o t  p o s s ib l e  t o  add these t o  the 
a n a ly s i s  w h i le  r e t a i n i n g  the o r t h o g o n a l i t y .  S ince  an­
a l y s i s  o f  var iance  was the only a p propr ia te  method o f  
g e t t i n g  r e s u l t s  from the data, such an an a ly s is  was 
performed on the o r th og on a l  5 x 2 x 2  array ,  t r e a t i n g  
i t  as a com p le te ly  randomized design with two r e p l i ­
c a t e s .  I t  was assumed that  the v a r i a b i l i t y  in t h i s  
array was a true r e p r e s e n ta t i o n  on the t o t a l  v a r i a b i ­
l i t y  in the r e c o r d s ;  thus the standard e r r o r  ob ta in ed  
from the o r th ogona l  a n a ly s i s  o f  va r ia nce  was used to  
enable c o n c lu s io n s  to  be drawn from the whole s e t  o f  
data .  This assumption was s u f f i c i e n t  f o r  the analyses  
on r a t i o s , which d id  n o t  vary g r e a t l y  over  the t r i a l  
p e r io d .  In order  t o  v a l id a t e  analyses  o f  va r ia nce  on 
weight these  were assumed to  be in c r e a s in g  approxima­
t e l y  e x p o n e n t i a l l y :  th u s ,  weight data were t r a n s ­
formed t o  log a r i th m ic  va lues  b e fo re  a n a l y s i s .  This  
trans form ation  had the d es ired  e f f e c t  o f  more n e a r ly  
e q u a l i z i n g  the v a r i a t i o n  between samples f o r  the d i f ­
f e r e n t  treatm ents .

4 .2  Methods

For any o f  the a n a ly se s ,  on untransformed r a t i o s  
or transformed w e ig h ts ,  the procedure was as f o l l o w s .

CHAPTER I V
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The 5 x 2 x 2  design w ith  two r e p l i c a t e s  was t r e a te d  
as a com p le te ly  randomized arrangement,  and a l l  the 
e f f e c t s  were compared with the r e s i d u a l  e r r o r  by means 
o f  F - t e s t s .  That is  t o  say,  there were three  main e f ­
f e c t s ,  s i t e s  and times with one degree  o f  freedom each 
and s p e c i e s  with f o u r ;  there were a l s o  the three  pos­
s i b l e  t w o - f a c t o r  i n t e r a c t i o n s  and the one, not  very  
im p or ta n t ,  three f a c t o r  i n t e r a c t i o n ,  lea v in g  20 de­
grees  o f  freedom f o r  e r r o r  (/^npendix) . Since i t  was 
d e s i r a b l e  t o  draw gen era l  c o n c lu s io n s  from the whole 
body o f  data the subsequent procedure was not  d e t e r ­
mined by the s i g n i f i c a n c e  of the F - t e s t s ,  which i s  the 
most usual  way o f  conc lud ing  a n a ly s i s  o f  v a r ia n c e .  In­
s te a d ,  c e r t a i n  predetermined d i f f e r e n c e s ,  such as a 
comparison between two p a r t i c u l a r  s p e c i e s  a t  one s i t e  
o r  a g e n e r a l  comparison o f  ages ,  were examined s p e c i ­
a l l y .  For th is  purpose many d i f f e r e n t  l e a s t  s i g n i f i ­
cances had t o  be c a l c u l a t e d ,  because o f  the unequal 
r e p l i c a t i o n .  These were a l l  d e r iv e d  from the r e s i d u a l  
v a r ia n ce  o f  the o r th og on a l  a n l y s i s ,  and a p p l ie d  t o  means 
o f  the data obtained  in  the a p p ro p r ia te  way: i f  the
data f o r  a n a ly s i s  o f  var iance  were transformed t o  lo g a ­
r i th m ic  v a lu e s ,  so  were the data f o r  which the means 
were fou nd .  As most o f  the comparisons tended t o  i n ­
v o lv e  o n l y  a small  number o f  means the l e a s t  s i g n i f i ­
cant d i f f e r e n c e  method was used throughout (F is  her 
1935) :  m u lt ip le  range t e s t s  (Duncan 1955) might w el l
be a p p r o p r ia t e ,  e s p e c i a l l y  to  comparisons o f  s p e c i e s ,  
but would be d i f f i c u l t  t o  use on account  o f  the un­
equal r e p l i c a t i o n .  As always, the r e s u l t s  from the 
s t a t i s t i c a l  analyses c a r r i e d  out  on the data need t o  be 
i n t e r p r e t e d  in the l i g h t  o f  the f u l l  knowledge o f  the 
experiment and i t s  background.

As mentioned ab ove ,  s evera l  va lues  f o r  l e a s t  s i g n i ­
f i c a n t  d i f f e r e n c e s  were obtained w ith in  each group o f  
a n a ly se s .  S in c e ,  however, the d i f f e r e n c e s  between the
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va lu es  w ith in  each group were small and the e f f e c t s  
on the r e s u l t  by us ing  e i t h e r  one were n e g l i g i b l e ,  on ly  
the h i g h e s t  value o b ta in e d  within each group was used .

In the  1968-1969 work at  Muguga,- compris ing three  
grass  s p e c i e s ,  the method d escr ib ed  above was employed. 
In most o f  the a n a ly ses ,  however, the assumption made 
above re g a rd in g  v a r i a b i l i t y  was not n ecessa ry  because 
r e p l i c a t i o n  was s im i la r  throughout the experiment.
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EXPERIMENTAL RESULTS

5.1  General  Development o f  the Grasses

In these  exper im ents ,  seed form ation  in  a l l  sp e ­
c i e s  reached  a peak approximately  10 months from plan­
t i n g ,  c o i n c i d i n g  with the dry p e r io d  f o l l o w in g  the short  
ra ins  in  November-December. Some seeds  were shed be­
f o r e  and during the s h o r t  r a i n s ,  but  large  numbers o f  
f l o w e rs  were s t i l l  be ing  f<mned. On the b a s is  o f  seed
form ation  and shedding ,  i t  wao conc luded  that  the gras -

/
s e s ,  during  t h e i r  estab l ishm ent  y e a r ,  had matured in 
February. Growth, however, con t inu ed  throughout th is  
p e r i o d .  Although the dry weight o f  the dead le a v e s  
in some samples exceeded that o f  green le a v e s ,  the dry 
weight o f  green leaves  and the sh oo t  as a whole i n c r e ­
ased .  The dead leaves  were mainly c o l l e c t e d  from un­
derneath t u f t s .  Observations in p la n ts  more than one 
year  o ld  r e v e a le d  a d i f f e r e n t  growth c y c l e ,  in which 
a complete  shedding o f  seeds o c cu rr e d  b e fo re  the short  
ra ins  and again b e fo re  the long  r a i n s .

V is u a l  examination o f  the r o o t s ,  even at the 
May-July 1968 sampling,  did not  r e v e a l  dead r o o t  mat­
t e r .  Any in cre a se  in r o o t  dry matter  co n te n t ,  t h e r e f o r e ,  
most l i k e l y  represented  the true expansion o f  the l i v e  
r o o t  system , a c t iv e  in  water and n u t r i e n t  uptake.

A g r e a t  volume o f  growth data was c o l l e c t e d  
throughout the experimental  p e r io d s  : only the major
f in d in g s  are inc luded  in th is  c h a p te r .  Complete r e ­
cords o f  growth data are reported  by Taerum (1 9 6 9 ) .

CHAPTER V
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5.2  Results  -  Study I

The r e s u l t s  o f  Study I ,  com pris ing  three grass 
s p e c i e s  grown in exper im enta l  p l o t s  a t  Muguga are g i v ­
en be low .  The term "Growth p er iod  mean" used below 
r e f e r s  t o  the mean o f  a l l  samplings made throughout 
the growth p e r io d ,  A p r i l  1968 to  March 1969. For com­
p a r i so n  purposes ,  the r a i n f a l l  data on a 10-day b a s i s  
are shown in  F i g . 2.

5 . 2 . 1  Root y i e l d s

A summary o f  the r o o t  y i e l d  a n a ly s i s  (P<0.001) 
i s  shown in  Table •+; the dry weight data  are presen ­
ted in  F i g . 3.

Higher mean dry weight  values f o r  the growth p e ­
r i o d  were ob ta in ed  in  C . c i l i a r i s  v a r . b i l o e l a  and C. gay-  
ana than i n  P. maximum, although these  d i f f e r e n c e s  c o u ld  
not  always be e s t a b l i s h e d  on a sampling date b a s i s ,  ex ­
ce p t  between C. c i l i a r i s  v a r . b i l o e l a  and P.maximum during 
the l a t e r  h a l f  o f  the growth p e r io d .

In C. c i l i a r i s  var .  b i l o e l a ,  r o o t  y i e l d s  in c r e a s e d  
s i g n i f i c a n t l y  between s u c c e s s iv e  samplings from A p r i l  
to August;  in C. gayana and P,maximum from A p r i l  t o  
J u ly .  Subsequent ly ,  y i e l d  increments decreased ,  a l ­
though C. gayana and P,maximum again showed high y i e l d  
in c r e a s e s  from November t o  January. The combined sam­
p l i n g  means, however, in d i c a t e d  in c r e a s e d  y i e l d s  from 
A p r i l  to January.
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TABLE 4

M u g u g a  1 9 6 8 - 1 9 6 9 :  Mean l o g  d r y  w e i g h t  o f  r o o t s  ( g m )

•
Sampling 
d a te s  and Means X

weeks from
p re v io u s
sampling

Cenchrus 
c i l i a r i s , 
b i l o e l a

Chlor is
gayana

Panicum 
maximum Combined

A p r . 18 -0 .5 1 a  (a) -0 .4 1 a a) - 0 . 6 4 a (a ) - 0 . 5 2 ( a )

May 6 ,2* 0.06a (b) 0.4  3b X D) 0.36b (b ) 0 . 2 9 (b)

J u n .1 2 ,5 1.38a (c ) 1 .3  5a ( c ) 1 .29a ( c ) 1 . 3 4 ( c )

J u l .1 4 ,5 1.69a (d) 1.81a (d) 1 ,67a (d) 1 .7 3 ( d )

A u g .19,5 2.16a (e ) 2.06a (de) 1 . 87 a (d e ) 2 . 0 3 ( e )

S e p .2 4 ,5 2 .4 1 a ( e f ) 2 . 3 0 a b ( e f ) 2 . 0 1 b ( e f ) 2 . 2 4 ( f )

Nov.1 5 ,7 5 2,6 5a( fg ) 2 . 37ab ( f ) 2.28b ( f ) 2 . 4 3 ( g )

Jan.  6,7^ 2 ,94a(gh) 2.7 3ab (g) 2.61b <g) 2 .7 6 (h )

Mar. 1 , V i 3.15 (h) 2.70b (g) 2.64b (g ) 2 , 83(h)

Growth
p e r io d
meansx

1.77a 1.70a 1.57b

XLSD between s p e c ie s  a t  same date 
LSD between growth p e r io d  means 
LSD between dates each s p e c ie s  
LSD between dates a l l  s p e c ie s  combined

= 0 . 2 9 6 ( P < 0 . 0 0 1 )  
= 0 . 0 9 9 ( P < 0 . 0 0 1 )  
= 0 .29 6 ( P^O.001)  
= 0 . 1 7 1 ( P < 0 . 00 1)
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5 . 2 . 2  Leaf y i e l d s

Leaf y i e l d  analyses  (Table 5) i n d i c a t e  that  
P. maximum had a h igher  growth per iod  mean than C. gay-  
ana ; the mean o f  the l a t t e r  s p e c ie s  was h ig h er  than 
th a t  o f  C . c i l i a r i s  v a r . b i l o e l a  (P < 0 .0 0 1 ) .  The d i f ­
f e r e n c e  between C.gayana and C . c i l i a r i s  v a r . b i l o e l a  
c o u ld  not  always be e s t a b l i s h e d  on a sampling date b a s is  
( P < 0 .0 1 ) ,  and at  the March sampling va lu es  f o r  a l l  s p e ­
c i e s  were the same due t o  the r e l a t i v e l y  la rge  in c r e a s e  
in y i e l d  o f  C. c i l i a r i s  v a r . b i l o e l a  during the l a s t  
sampling i n t e r v a l  ( F i g . 4 ) .

The g e n e ra l  growth trend o f  the grasses  as e x p r e s ­
sed in  t h e i r  combined sampling means i n d i c a t e  that  l e a f  
y i e l d s  in c r e a s e d  s u c c e s s i v e l y  from A p r i l  to September 
and again  from January t o  March (P cO .0 0 1 ) .

Dry w e ight  o f  the dead le a v e s ,  which was not  
in c lu d e d  in  l e a f  y i e l d s ,  in creased  from July  onwards.
At the l a s t  sampling,  the dry weight o f  the dead l e a ­
ves as per cen t  o f  green leaves v a r ie d  between 46 and 
71 p e r  c e n t .

5 .2 .3  Shoot  y i e l d s

In C. c i l i a r i s  v a r . b i l o e l a ,  dry w eight  o f  r h i ­
zomes was exc luded  from the shoot  f r a c t i o n  because they 
were mainly l o c a t e d  below the s o i l  s u r f a c e .  Rhizome 
dry weight  from July  1968 to  March 1969 c o n s t i t u t e d  
an average o f  19.8 (max. 25.4)  per c e n t  o f  the t o t a l  
shoot  and rhizome dry w e ights .

In the a n a ly s is  o f  shoot  y i e l d s  (P<0.001) the f o l ­
lowing d i f f e r e n c e s  were obta ined  (Table  6 ) .  C. gayana 
and P.maximum gave h ig h e r  growth p e r io d  means than 
C. c i l i a r i s  v a r . b i l o e l a .  On a sampling date b a s i s ,  there
were no s i g n i f i c a n t  d i f f e r e n c e s  at  the March sampling.
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TABLE 5

M u g u g a  1 9 6 8 - 1 9 6 9 ;  Mean l o g  d r y  w e i g h t  o f  l e a v e s  ( g m )

Sampling Meansx
dates  and ---------------------------------------------------------------------------------
weeks from Cenchrus C hlor is  Panicum
prev iou s  c i l i a r i s , gayana maximum Combined
sampling b i l o e l a

Apr .18 -0 .3 1 a (a) - 0 . 2 2 a (a) - 0 .2 7 a (a) -0 .2 7 (a)

May 6 ,2s 0.25a (b) 0.56b (b ) 0 .8 3 c (b) 0.55 (b)

Jun.1 2 ,5 1.56a ( c ) 1 . 6  3ab ( c ) 1 .8 1b (c ) 1.67 ( c )

J u l . 1 4 , 5 1.82a Cd) 2 . 0 2 ab (d) 2 . 2 2 b (d) 2 . 0 2 (d)

A ug .19,5 2.15a (e ) 2 . 27ab (e ) 2 .38b (d) 2.27 (e )

S ep .2 4 ,5 2 . 2 8 a ( e f ) 2 .50b ( f g ) 2 .61b (e) 2.47 ( f )

Nov.1 5 ,7  5 2.44a ( f ) 2 . 54a <g) 2 . 7 6 b ( e f ) 2 . 5 8 ( f g )

Jan. 6 ,7 i 2.53a ( f ) 2 , 6 5ab(gh) 2 . 8 1 b ( e f ) 2 . 6 6 (g )

Mar. l , 7 i 2.77a (g) 2 .84a (h) 2 .89a ( f ) 2.84 (h)

Growth
p er iod
meansx 1.72a 1.87b 2 . 0 0 c

XLSD between sp e c ie s  a t  same date 
LSD between growth p e r io d  means 
LSD between dates each sp ec ies  
LSD between dates a l l  s p e c ie s  combined

0 .218(P<0.01)
0 . 0 9 6 ( P<0.001) 
0 .218(P<0.01)  
0 .1 6 5 (P<0.001)
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TABLE 6

M u g u g a  1 9 6 8 - 1 9 6 9 ;  Mean l o g  d r y  w e i g h t  o f  s h o o t s  ( g m )

xSampling Means
dates and ----------------------------------------------------------------------------------
weeks from Cenchrus C h lor is  Panicum
prev ious  c i l i a r T s , gayana maximum Combined
sampling b i l o e l a

Apr. 18 -0 .0 3 a (a) 0 .07a (a) - 0 . 0 1 a (a) 0 .0 1 ( a )

May 6 ,2 s 0 . 59a (b) 1 .00b (b) 1 .14b (b) 0 .9 1 (b )

Jun.1 2 ,5 1.98a (c ) 2 .11a (c ) 2 .1 8a (c ) 2 . 0 9 ( c )

J u l .  1*4,5 2.23a ( c ) 2 .60b (d) 2 .62b (d) 2 .4 8 (d )

Aug.19 ,5 2.60a (d) 2 .88b (e) 2 .84b (d) 2 .7 7 ( e )

Sep . 2*4,5 2.87a (e ) 3.21b ( f ) 3 .16b (e) 3 . 0 8 ( f )

Nov.15 ,72 3 . 05a(ed) 3 . 2 5 a b ( f ) 3 .43b ( f ) 3 .2 4 (g )

Jan. 6,7^ 3 . 26a( d f ) 3 ,4 1 a b ( fg ) 3 .53b ( f ) 3 .4 0 (h )

Mar. l , 7 i 3.43a ( f ) 3 .58a (g> 3 ,68a ( f ) 3 . 5 6 ( i )

Growth
p e r io d
means*

2.22a 2.46b 2 .51b

LSD between s p e c ie s  a t  same date = 
LSD between growth p e r io d  means = 
LSD between dates each sp e c ie s  = 
LSD between dates a l l  s p e c ie s  combined =

0.270(P<0.001) 
0 .090 (P<0.001) 
0.270(P<0.001) 
0.155(P<0.001)
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The combined sampling means s u g g e s t  that  the 
growth r a t e  from June to  September was about one f i f t h  
o f  that  from A p r i l  to  June; from September to  March 
i t  decreased  f u r t h e r  t o  about one t h i r d  o f  the l a t t e r .  
Shoot y i e l d  data are g iven in F ig .  5.

5 .2 .4  Root and shoot  y i e l d s ,  d e f o l i a t e d  p lants

Mean y i e l d s  o f  r o o t s  and sh oo t  in d e f o l i a t e d  
P.maximum plants ( F i g s .  3 and 5) were compared with 
those  o f  n o n - d e f o l i a t e d  p lants  (Tab les  7 and 8 ) .  Non- 
d e f o l i a t e d  p lants  had a h igher  mean r o o t  y i e l d  and h igh­
l y  s i g n i f i c a n t  d i f f e r e n c e s  (P<0.001)  occurred  at  a l l  
samplings except  the l a s t  where the means d i f f e r e d  at 
the 1 per  cent l e v e l  o n l y .  S im i la r  d i f f e r e n c e s  were 
o b ta in e d  f o r  shoot  y i e l d s .

5 .2 .5  L e a f / r o o t  r a t i o

The a n a ly s is  o f  l e a f / r o o t  r a t i o s  (Table 9) i n d i ­
ca te  th a t  P.maximum had a h igher  and C. c i l i a r i s  var .  
b i l o e l a  a lower growth per iod  mean than C. gayana 
(P < 0 .0 0 1 ) .  The r a t i o  in C. c i l i a r i s  v a r . b i l o e l a  d i f ­
f e r e d  from that in  P.maximum at  each sampling d a te ,  
w h ile  there  was no d i f f e r e n c e  in va lues  between C . c i l i ­
a r i s  v a r . b i l o e l a  and C. gayana b e f o r e  August (P < 0 .0 1 ) .
A steady  decreas ing  trend was observed  in C. c i l i a r i s  
v a r . b i l o e l a  ( F i g . 6 ) .  In C. gayana, the r a t i o  in Janu­
ary was lower than most previous  ones and in  P,maximum 
i t  in c r e a s e d  from A p r i l  t o  September and then decreased  
u n t i l  January (P < 0 .0 1 ) .  C . c i l i a r i s  v a r . b i l o e l a  showed 
a high r a t i o  in A p r i l ,  C. gayana in June and P.maximum 
in September, although none o f  these  were s i g n i f i c a n t  
h igher  r a t i o s .
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TABLE 7

weight o f  r o o ts  (gm)

M u g u g a  1 9 6 8 - 1 9 6 9 :  Mean l o g  d r y

Date
Meansx

Panicum maximum Panicum maximum
n o n - d e f o l i a t e d d e f o l i a t e d

May 6 0 ,36a -0 .2 4 b

Jun. 12 1.29a 0.69b

J u l . m 1.67a 0.95b

Aug. 19 1.87a 1.06b

Sep. 24 2.01a 1.37b

Nov. 15 2.28a 1.79b

Jan. 6 2.61a 2.20b

Mar. 1 2 .64a 2.47a

Growth
p e r io d
meansx

1.84a 1.29b

XLSD between treatments at  same date = 0 .260(P<0.001)
LSD between growth p e r i o d  means = 0 .0 9 2 (P<0.001)
LSD (between periods  a t  same date = 0 .1 9 6 ( P<0.01 )

see t e x t )
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TABLE 8

Muguga 1968-1969:  Mean l o g  dry

weight o f  shoots  (gm)

Date
MeansX

Panicum maximum Panicum maximum
n o n - d e f o l i a t e d d e f o l i a t e d xx

Hay 6 1.14a 0.42b

J u n . 12 2 .18a 1.38b

J u l . 14 2.62a 1.78b

Aug. 19 2.84a 2.09b

Sep. 24 3.16a 2.44b

Nov. 15 3.43a 2.63b

J a n . 6 3.53a 3.03b

Mar. 1 3 ,68a 3.39b

Growth 
p e r io d  
meansx

2.82a 2.14b

XLSD between treatments a t  same date  = 0 .2 0 3 ( P<0.001) 
LSD between growth p e r io d  means = 0 . 077(P<0.001)

xx P re v io u s ly  d e f o l i a t e d  matter added
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TABLE 9

M u g u g a  1 9 6 8 - 1 9 6 9 :  Mean l e a f / r o o t  r a t i o s

Date
Means x

Cenchrus Chlor is  Panicum 
c i l i a r i s , gayana maximum 
b i l o e l a  X

Apr. 18 1.59a (c ) 1.60a (b) 2 . 35b(bc)

May 6 1.57a (c ) 1 . 36a(ab) 2 . 91 b (cd )

Jun. 12 1.56a (c ) 1.95a (b) 3.29b (d )

J u l .  14 1.37a (be) 1.63a (b) 3 . 51b(de)

Aug. 19 0 .98a(abc ) 1.66b (b) 3 . 3 3 c ( d e )

Sep.  24 0.76a (ab) 1.64b (b ) 4 .0 0 c  ( e )

Nov. 15 0.62a (a) 1 . 51b(ab) 3 . 0 2 c ( cd )

J a n . 6 0.39a (a) 0.85a (a) 1.57b (a )

Mar. 1 0.42a (a) 1 .43b (ab ) 1 .8 0 b (a b )

Growth 
p e r io d  
me ansx

1.03a 1.52b 2 .86c

XLSD between s p e c ie s  a t  same date = 0 . 672(P<0.01) 
LSD between growth p e r i o d  means = 0 .2 9 2 ( P<0.001) 
LSD between dates each s p e c ie s  = 0 .6 7 2 ( P<0.01)
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5 .2 .6  S h o o t / r o o t  r a t i o

The a n a ly s i s  o f  mean s h o o t / r o o t  r a t i o s ,  with 
rhizome weight f o r  C . c i l i a r i s  v a r . b i l o e l a  in c lu d e d  in 
the s h o o t  f r a c t i o n ,  i s  g iven in Table  10; r e s u l t s  trends 
are in d i c a t e d  in  F ig .  6.

P. maximum had a h ig h e r  growth p e r io d  mean and 
C. c i l i a r i s  v a r . b i l o e l a  a lower growth per iod  mean than 
C.gayana (P < 0 .001 ) .  On a sampling date b a s i s ,  C . c i l ­
i a r i s  v a r . b i l o e l a  d i f f e r e d  from P.maximum at each date 
e x c e p t  the f i r s t ;  the d i f f e r e n c e  between C. c i l i a r i s  
v a r . b i l o e l a  and C. gayana and between C.gayana and 
P. maximum becoming more pronounced l a t e r  in the growth 
p e r io d  (P < 0 .01 ) .

The s h o o t / r o o t  r a t i o  o f  C. c i l i a r i s  v a r . b i l o e l a  
d id  n o t  a l t e r  s i g n i f i c a n t l y  throughout the growth p er iod .  
In C. gayana and p a r t i c u l a r l y  in P . maximum, the r a t i o s  
in c r e a s e d  i n i t i a l l y ,  decreased t o  values s i m i l a r  to  
those recorded  at the  beginning o f  the exper im ent ,  and 
f i n a l l y  again in c r e a s e d  (P < 0 .0 1 ) .  High r a t i o s  were 
ob ta in ed  f o r  C. c i l i a r i s  v a r . b i l o e l a  in J u ly ,  f o r  
C.gayana in September and f o r  P.maximum in  November.

5 .2 .7  Leaf /stem r a t i o

The l e a f / s t e m  r a t i o  an a ly s is  (Table  11) shows that 
C . c i l i a r i s  v a r . b i l o e l a  and P.maximum had h ig h e r  growth 
p e r io d  means than C. gayana (P<0.0001)  and that  these 
d i f f e r e n c e s  were due to  d i f f e r e n c e s  obta ined  during 
the f i r s t  h a l f  o f  the growth p e r io d  (P < 0 .01 ) .  In a l l  
g r a s s e s ,  the r a t i o  f e l l  ra p id ly  during e a r ly  s ta ges  o f  
growth and subsequently  more s l o w ly  ( F i g . 7 ) .

5 .2 .8  Leaf weight index
. 2A h igher  o v e r a l l  l e a f  weight index (mg l e a f  w t . /cm  

ground area) mean was obta ined  f o r  P.maximum than
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TABLE 10

M u g u g a  1 9 6 8 - 1 9 6 9 ;  Mean s h o o t / r o o t  r a t i o s

Date
MeansX

Cenchrus 
c i l i a r i s , 
b i l o e l a

Chloris
gayana

Panicum
maximum

•

Apr. 18 2 ,99a(a ) 3 . 14a (a ) 4 .26a (a )

May 6 3 ,43 a (a ) 3 . 74ab (ab) 5 .99b(ab )

Jun. 12 4 . 30a(a) 5.9 2ab(bed) 7 . 66b(bc)

J u l . 14 4 ,41a(a ) 6.16a ( cd) 8 . 80b(cd)

Aug. 19 3 . 77a(a) 6.98b ( c d ) 9 . 18b(cd )

Sep. 24 3 . 60a(a) 8.30b (d ) 14 .16c  ( e )

Nov. 15% 3 ,43a(a ) 7.91b (d ) 14 .20c  ( e )

Jan . 6 2 . 81a(a) 4.77a (a b c ) 8 . 33b(bc)

Mar. 1 2 .54a(a ) 7.72b (d ) 10 .94c  (d )

Growth
p e r io d
meansx

3.48a 6.07b 9 .28c

XLSD between sp e c ie s a t same date = 2 .3 8 9 ( P<0.01)
LSD between growth p e r io d  means = 1 .0 4 2 (P < 0 .001)
LSD between dates each s p e c ie s  = 2 .3 8 9 (P<0.01)



TABLE 11

M u g u g a  1 9 6 8 - 1 9 6 9 :  Mean l e a f / s t e m  r a t i o s

Date
Meansx

Cenchrus 
c i l i a r i s , 
b i l o e l a

Chlor is
gayana

Panicum
maximum

Apr. 18 1 . 14ab( a) 1,06a (a) 1 .22b (a )

May 6 0.86b (b) 0.61a (b) 0 .9 4 b  (b )

Jun. 12 0 ,6 5 a b (c ) 0 . 52a(bc) 0 .78b ( c )

J u l . 14 0.67b ( c ) 0 .4 1 a (cd ) 0 . 69 b (cd )

Aug. 19 0.58b ( c ) 0 ,4 0 a (cd ) 0 . 54ab(d)

S e p . 24 0.39a (d) 0 . 2 8 a (d e ) 0 .37a ( e )

Nov. 15 0.34a (d) 0 . 27a( d e ) 0 . 2 9 a ( e f )

J a n . 6 0.26a (d) 0.24a (e ) 0 . 2 5 a ( e f )

Mar. 1 0.30a (d) 0.24a (e ) 0.21a Cf)

Growth
p e r io d 0.58b 0.45a 0.59b
meansI **

XLSD between s p e c ie s  a t  same date = 0 . 1 5 2 ( P<0.01) 
LSD between growth p e r io d  means = 0 ,066(P<0 .001) 
LSD between dates each s p e c ie s  = 0 . 1 5 2 (P<0.01)
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f o r  C . c i l i a r i s  v a r . b i l o e l a  and C.gayana (P<0.05,  Table 
1 2 ) .  C . c i l i a r i s  v a r . b i l o e l a  and C.gayana showed no 
d i f f e r e n c e ,  e i t h e r  at  sampling d a t e s ,  o r  o v e r a l l .
In a l l  s p e c i e s ,  the index  in cre a s e d  from A p r i l  t o  Sept­
ember (P<0 .01)  but  the rate  o f  in c r e a s e  was l e s s  f o r  
l a t e r  samplings .  Although l e a f  w e ight  index data were 
c a l c u l a t e d  at  samplings l a t e r  than September,  these  
were not  in c lu d ed  because they showed abnormal changes,  
most l i k e l y  due t o  abrupt changes in  t u f t  spread caused 
by wind o r  rain (d iam eter  o f  l e a f  mass) used in the 
c a l c u l a t i o n  o f  ground area .  The c a l c u l a t i o n  means, 
A p r i l  t o  September, are  given in Table  13.

5 .2 .9  S p e c i f i c  weight  o f  leaves

The a n a ly s i s  o f  s p e c i f i c  weight  o f  leaves  (Tables  
14 and 15) in d i c a t e d  th a t  C . c i l i a r i s  v a r . b i l o e l a  had 
a h ig h e r  o v e r a l l  mean than C. gayana, the mean f o r  the 
l a t t e r  b e ing  h igher  than that f o r  P.maximum (P < 0 .0 1 ) .  
The mean o f  a l l  s p e c i e s  combined in c r e a s e d  from A p r i l  
t o  July  (P < 0 .0 5 ) ;  l a t e r  changes were not s i g n i f i c a n t .

5 .2 .1 0  Leaf area index

During the p e r io d  A pr i l  t o  August,  P,maximum 
had a h i g h e r  mean l e a f  area index than C. c i l i a r i s  
v a r . b i l o e l a  (P < 0 ,0 1 ) ,  C.gayana b e in g  in term ed ia te  
between the two (Table  16 ) .  The d i f f e r e n c e s  between 
C. gayana and e i t h e r  one o f  the o t h e r  s p e c ie s  was 
s i g n i f i c a n t  at the 5 per  cent  l e v e l  on ly .

5 .2 .1 1  Root d i s t r i b u t i o n  and r o o t i n g  depth.

Between s p e c i e s ,  the mean dry weight d i s t r i b u t i o n  
o f  r o o t s  in r e l a t i o n  to  s o i l  depth ,  expressed  as per ­
centage  d id  not d i f f e r  g r e a t ly  (Tab le  17) .
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TABLE 12

2weight index (mg/cm )

M u g u g a  1 9 6 8 :  Mean l o g  l e a f

Date
MeansX

Cenchrus 
c i l i a r i s , 
b i l o e l a

C hlor is
gayana

Panicum
maximum

Apr. 18 -0 .3 0 a  (a ) -0 .2 8 a  (a) -0 .2 8 a  (a)

May 6 -0 .0 5 a  (a ) 0.00a (b) 0 .17a (b)

Jun. 12 0.67a (b ) 0.58a ( c ) 0.68a ( c )

J u l . 14 0 . 74a(be) 0 .9 3a b (de ) 1.0 5 b (d e )

Aug. 19 0.95a ( c ) 1 . 1 3 a b ( e f ) 1.16b (e )

Sep. 24 1.28a (d) 1.32a ( f ) 1.53 (e )

O v e r a l l
Meansx 0.55a 0.61a 0.72b

XLSD between s p e c ie s  at  same date = 0 . 1 8 9 (P<0.05) 
LSD between o v e r a l l  means = 0 . 0 7 7 ( P<0.05)
LSD between dates each s p e c ie s  = 0 .2 5 3 (P<0.01)
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TABLE 13

Muguga 1968: Mean l e a f  weight
2index  (Ly ,  mg/cm ) ,  s p e c i f i c  w eight  o f

2l e a v e s  ( L<,, mg/cm ) and l e a f  area

2 2index (LA, cm /cm )

Date
Cenchrus 
c i l i a r i s , 
b i l o e l a

C h lor is
ga-Za.P.a.

Panicum
maximum

Sf Ls la H/ Ls la LW LS la

A p r .18 0 .52  2.67 0.19 0.53 2.30 0 .24 0.54 1.95 0.25

May 6 0 .9 1  3.51 0.25 1.02 2.72 0.36 1.52 2.27 0.59

Jun. 12 4 .8 4  3.20 2.06 4 .0 1  3.52 1.56 4.85 2.89 1.54

J u l .14 5.70  5.89 1.08 8.55 5.34 1 .79 11.68 3.22 2.23

A ug .19i
S e p . 24 

N o v .15

9 .2 5  5.45 2.19 

18 .92

5.86

13 .35  4.76 2.63 

21.23

6.06

14.54 3.67 4.10 

35.21

4.21

Mean 6.69  4.43 1.15 8.12 4.12 1.32 11.39 3.04 1.74
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Muguga 1968: Mean log  s p e c i f i c  weight  o f  leaves
2(mg/cm )»  A p r i l  t o  November

TABLE 14

S pec ies

Cenchrus 
c i l i a r i s » 
b i l o e l a

C h lor is
gayana

Panicum
maximum

Meansx 0.553a 0 .492b 0 .395c

XLSD = 0 .0 55  (P<0.01)

TABLE 15

Muguga 1968: Mean lo g  s p e c i f i c  w eight  o f  lea ves
2(mg/cm )»  a l l  sp e c ie s  combined

Date Meansx

A p r . 18 0.358 ) (a )
) L .S .D .  0.040 )

May 6 0.422 ) ) (b )
)

Ju n .12 0.504 ) ) L.S.D. 0 .0 4 9 ( c )
) )

J u l .1 4 0.669 ) ) (d )
) L .S .D .  0.080 )

A ug .19 0.660 ) (d )
)

N ov .15 0.725 ) (d )

XP <  0 .05
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TABLE 15

Muguga 1968: Mean l o g  l e a f  area i n d e x ,  A p r i l  t o  August------- --- ---------

S p e c ie s

Cenchrus C h lo r is Panicum
c i l i a r i s , 
b i l o e l a

gayana maximum

xMeans l o g

( la X 10 )
0 .574a 0 ,685ab 0 . 792b

XLSD = 0.151 (P<0.01)
LSD = 0.110 (P<0.05,  see t e x t )
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r e l a t i o n  t o  s o i l  depth.  Each percentage  value i s  the 

mean o f  9 samplings (X 3 p la n ts )

TABLE 17

M u g u g a  1 9 6 8 - 1 9 6 9 :  Dry w e i g h t  d i s t r i b u t i o n  o f  r o o t s  i n

Grass s p e c i e s

Cenchrus
c i l i a r i s , Ch lor is  Panicum maximum

b i l o e l a  gayana n o n - d e f o l i a t e d  jd e f o l ia t e d
Mean % Mean % Mean %

0-  20 53.3 57.3 51.7 49.3

20 -  40 15.1 15.8 16.3 18.0

4 0 -  60 8.3 9.3 9.8 11.6

60 -  80 6.4 5.3 5.8 7 .5

80-100 4.4 4.0 4 .5 5.2

100-120 3.6 2.6 3.5 4 .1

120-140 2.6 2.0 2.6 2 .4

140-160 2.1 1.4 2.0 1 .1

160-180 1.5 1.0 1 .4 0.6

180-200 1.2 0.8 1.0 0.2

200-220 0.6 0.4 0.8

220-240 0.3 0 .1 0 .5

240-260 0.2 0 .1

260-280 0.1

280-300 trace

S o i l
depth
(cm)
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C ons id era b le  changes however, o c c u r r e d  throughout the 
growth p e r i o d  in the percentage  o f  r o o t s  c o l l e c t e d  in 
the 0-20 cm s o i l  l a y e r  while  f l u c t u a t i o n s  in  the 20- 
*40 cm s o i l  l a y e r  were small  ( F i g . 8 ) .  In a l l  s p e c i e s ,  
a la rge  percentage  o f  the r o o t  systems was i n i t i a l l y  
c o l l e c t e d  from the s u r fa c e  l a y e r ,  f o l l o w e d  by a d e c r e ­
as ing  t ren d  u n t i l  August-September. At t h i s  s ta g e  the 
percentages  in the 0-20 cm s o i l  l a y e r  began to i n ­
c r e a s e ,  reached high va lues  in  November through December 
and then decreased  a g a in .

Maximum r o o t in g  depth in d e f o l i a t e d  p lants  o f  
P.maximum was 200 as compared t o  250 cm in  n o n - d e f o l -  
i a t e d  p l a n t s .

The mean h o r i z o n t a l  (d iam eter)  spread o f  r o o t s  
(Table 18) was s i m i l a r  in C■gayana and P. maximum 
throughout the growth p e r io d .  In C. c i l i a r i s  va r .  
b i l o e l a ,  spread was sm all  i n i t i a l l y ,  but g r e a t e r  than 
th a t  o f  o th e r  s p e c i e s ,  at  l a t e r  sam plings .  H or izon ­
t a l  spread in d e f o l i a t e d  P.maximum plants  was l e s s  than 
that  o f  n o n - d e f o l i a t e d  p la n ts .

5 .2 .12  Roots as percentage o f  t o t a l  p lants

Figure  9 shows th a t  the trends in r o o t  dry mat­
t e r  y i e l d  as a percentage  o f  the t o t a l  p lant  f o r  any 
one s p e c i e s  were in gen era l  i n v e r s e l y  c o r r e l a t e d  to  
t h e i r  s h o o t / r o o t  r a t i o s  ( F i g . 6 ) .

5 .2 .1 3  Root volumes and s p e c i f i c  weight o f  r o o t s

Root volume in c r e a s e s  (Table 19) throughout the 
growth p e r io d  were s i m i l a r  t o  those  obta ined  f o r  r o o t  
y i e l d s  ex cep t  f o r  sm all  d e v ia t io n s  caused by changes 
in the s p e c i f i c  weight  o f  r o o t s .  At the March samplings 
the volume r a t i o  between C . c i l i a r i s  v a r . b i l o e l a  and 
C. gayana was 1: 0.49 and between C. c i l i a r i s  v a r . b i l o e l a  
and P.maximum 1: 0 .35 while  t h e i r  dry weight r a t i o s  
were 1: 0 .37 and 1: 0 .3 6 .
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Muguga 1968-1969; H o r iz o n ta l  ( d i a m e t e r ) . spread 

o f  roots  (cm);  mean o f  three  p lants

TABLE 18

Date
Grass s p e c i e s

Cenchrus C h lo r is Panicum maximum
c i l i a r i s , 
b i l o e l a

gayana n o n - d e f o l i a t e d d e f o l i a t e d

A p r . 18 29 50 55

May 6 76 108 161 37

Ju n .12 152 164 183 127

J u l . 14 168 252 216 157

Aug.19 200 245 221 184

S e p . 24 231 260 257 188

N o v .15 265 248 251 238

J a n . 6 315 236 271 230

Mar. 1 312 262 273 260
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Fig .  9 Muguga: Root dry matter  y i e l d s  as per  cent
o f  t o t a l  p la n ts :  mean o f  three p la n ts .



9b
H-

19
t»9

i 
Ho

ot 
vo

lua
utf

l 
(o

a‘
) 

»n
d 

uy
ec

%
J_

lc_

58

•»
S
•*
a.CO

o♦*c
0•4ft.
CM
Be
£

^ ( M O O O f f ' C O f - N O ' O C - O O p  CM CM CM CMHHH^HHrJrJtMOjCNj
d d d d o d d d d o d o o o o

oeH
o

<0«*
3Hft.
CM
b
0•31

ft- ®

d o d d d d d o o d o d

©
o

2C
0
a.
CM

3031

U ' 0 ( M ® N ® N M i f t l f t « M 4-4CMCMCMCMCMCMCMCMCMCMCMCM
o d d d d d d d d d o d d

4TCM
d

o>
f - O f - C w iftff'0 ' < M « ir > » O i l> H '0r - f . ® f f > « « p c o o o a ) * f f ' / ' No  f-IC\ CM M CJ «  CM CM CM H
IO

eft
•ft
•ft

(MOCLlftCLift®Off'CVl*-lftH f f i p ' O H O O a f t j j i f t <7*•-*H
•ft

j l O H K l ^ B B O N O O B H  •X M C'lftO O'C^r^iT'vO^CMCM® ,4 -4
8CM
CM

lf»

>oas

§

t
ft.CO

•

i
q.
CM

3i

O C M N r t O ^ H ® f f i O O '® N  CM CM CM NCM'HOlHHC'Jrtr^C'l
d d d d o o d o d d o d o

oCM
o

3o
0H
ft.
CM
C
0
£

4 > f - ® ® ® ® ® N ( " f * ®H H H H ' - t r t H H H H H
o o d o d o d d d d o

®
d

ap
3-4ft
CM
B«0«

ft- Ift OX O >4 O ffl ft- O' rfX *4 4  Cv CM ft *ft Ift CM CM CM CM CM CM
d d d d d d o d d d d d

®CM
d

Ho>

i ^ O 0 > 0 " e f ' ® O i f ' F ' ® O - 4  0 0 ' ® P - ® 0'CMiCM/MC\K>nK\ •» H
'IftH
CM

M f t ® N ( f t  O M ffl ift f t® '»®t 'M*«\WCMr4 t* <4 H
r»o
>4

•ft ® CM M3 CM O C----I0 -40CMO O' '.o Ift Ift (ft CM CM CM >4 —4 M>
CM
s

tCM
a.sCO

-C50H09
ft.CO

•*
cs
ft.

ce•a

h O O ^ ® ® ®C M C V H H H H H H H ^ H
d d d o o d d d d d d

t-H
o

0+»
i
CL
CM

ax 'DOffl f-o ffl fflO'c^-voH H r t H H H H r t H H H
o d o d d d d d d d d

®
o

apC4
ft
CM

3«
2C

MX © i/X ft- •»» Ift O' O OX ® CM CM CM CM CM CM --• CM -4 -4
d d d d o d d o d d

•ftCM
d

o>•

-•>^CMr-CM'»r-c7N'«»-*»^ a'u-'iftO'ft-ft-iri-«r*t'M’ft "T H H
ift■V»CM

3|X
HOift 'OOlftONiftCMif . 
0 !ft<CO®C>(^'0 >»lftCM iftfM H rC

•ftCMCM
- 4 » r 0 - « 0 © i f t f t - ® * »©®UX^^CMCM-4 oxr~--*

O' —»

•<

*»
3-4
0*
ft.CO

Q*»
ce
q.
CM
Cr•X

H H H H H H H H ^  H
d o d d d d d d d d d

*•»B
0
ft.
CM
C
0•31

O '® ( f t f » f t - ® 0 rf'M "» ^ H H r 4 r 4 H H H H r l
d o d d o d d d d d

ft-

o

n*»c
0
ft
CM
c
00X

r-4OO-*OCT'0'ft-lftCLCMCMCMCLr4-444
d d o d o d o d d

O'

d

o>
♦ C M ® y®  » O i c \ O N  ® k> r- O © ft- ft- r- iO ift CM p4

cr>Oft<T>
•4<ft®(MCL(ftMOCM® OOlftKMftNCLf^H •ft «4 Ss0 -4 ^  O «M iTKMftM O' N l/XIft IftCM H H «4CM

O'
-M-

Ju
ly

 1
4

♦*
£ttO
01*
ft.CO

a**
Sr4ft.
Ift

^ N h O O O h O O O
h h w h H h « 4 H p<H
d o d o o d o d d d o

a
c
0
ft.
Ift
C
s3E

c - f t ®  ift >r j\iftw '4 H *4H '4r4r4r4
o o d d d d d o

in(-4
o

a
c
0
ft
•ft
c
0
£

4 H H ( L 4 H h H h
d d d d d d d d o

'£>(-4
d

r4O>■

0ms ,» ® H i O M k ^ O ' 0 0  cr» cm -4 »-* — .4 4̂ 8«*
ocmocd cncMotft(ft® ■>» CM H HCM 8

■O CM O M M O Ifl Ift CM (ClUX M H ft  H
©

CMH
0
§-3

*-»
ft•*4«*
ft.
to

©*»
9
CL
Ift

.9gSi

K ' O O O O ' O ' O h> - « . 4 . 4 , 4 0 0 . 4 . 4
d d o d o d d d

o

o

0♦»
3
ft.
Ift

00X

•ft CM ift or ift O CM •4 »4 .4 «-4 *4 "4 *-4
d  o  o  o  o  o  o

CM

o

0
S0—• ft
Ift

3iX

■0 (ft Ift CM -» r-4 O H p  H (4 (4 H rt
d  d  d  d  d  d  d

CM

d

HO>■

Q^C'CMO'^CMp-OK>HCMHHfI toCMCM
— «  H ®  B iftCM O ift CM (4

cor~ CM (ft CM r- *»r CM 
ox ift -4 •»IfX—

S
oi

l 
de

pt
h 

(c
=

) _  © O O O O Q O O O Q Q  
o o o o o c M f m f f l o w f ' j i i o  C'J<'6CpHr4t^Hr4<\JWCMW('((0
d o d d o d d d o d d d d d d

HHHrtHCMCMCMNN
3Oe-

c
0:ai

o o o o o n S S ® 8 n 5

° S s l ^ 8 ^ S S 8 8H H H H -4 CM CL

-4S
o€-•

s
s
*

Q O O O O Q O O OO O O O O N M « B O M 4 0C L ^ ® ® H r 4 4 H r (N W C L C L
d o d o o o o d d o d d dCL4-Off lOC\IM®OOCLMHHHHHWCLCL

2Ofr4

B0
0
s

Y i a o n a  * m  s i h y i u o  snasoK ao VNVAVO SIHOTHO MOHIXYN JtflOINYi



59

During the dry p e r i o d ,  June t o  September, the 
mean s p e c i f i c  weight o f  r o o t s  in c r e a s e d  the most in 
P.maximum and the l e a s t  in C. c i l i a r i s  v a r . b i l o e l a .  
Subsequently ,  the mean s p e c i f i c  w e ig ht  o f  r o o t s  r e ­
mained constant  in C. gayana while  i t  cont inued  t o  in ­
crease  in  C . c i l i a r i s  v a r . b i l o e l a  and in p a r t i c u l a r  in 
P. maximum.

S p e c i f i c  r o o t  w eights  d e crea sed  with in c r e a s in g  
r o o t  depth in samples taken from June to  September, 
su g g est in g  that  r o o t s  at  g r e a te r  depths had a h ig h er  
moisture  co n te n t .  At l a t e r  sam plings ,  the trends  were 
i r r e g u l a r  and h igher  s p e c i f i c  w eights  were o c c a s i o n ­
a l l y  recorded  a t  depths w e l l  beyond the s o i l  s u r fa c e  
la y e r .

5.3 Results  -  Study I I

A summary o f  the dry weight data  obta ined  at  
Muguga and Kedong, 1967-1968,  i s  g iv en  in F i g s . 10 
and 11 (values le ss  than 0 .1  gm have been o m i t t e d ) .

5 .3 .1  Root y i e l d s

The roo t  system o f  the g rasses  in creased  in  dry 
matter content u n t i l  the p lants  reached  m aturity  in  
February 1968. During the p er iod  February to  J u l y ,  
however, r o o t  growth ra tes  showed a marked d ecrease  
in  most sp e c ie s  ( F i g s . 10 and 11) su g g e s t in g  th a t  max­
imum r o o t  development c o in c id e d  w ith  the maturation o f  
the g r a s s e s .

The f o l lo w in g  d i f f e r e n c e s  (P<0 .05)  in  mean r o o t  
dry matter  y i e l d s  were obta ined  ( F i g . 12) At Muguga,
E. superba grew less  than a l l  o th e r  s p e c i e s ;  C.gayana 
y i e l d e d  more than both  T , t r ia n d ra  and C . c i l i a r i s  var.  
mbalambala; and C . c i l i a r i s  v a r . b i l o e l a  more than the
l a t t e r .  At Kedong, E .superba grew l e s s  than a l l  o th er
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F ig .  10 Dry weights o f  1. Cenchrus c i l i a r i s  v a r . b i l o e l a ,  2 . Cenchrus c i l i a r i s  
var.mbalambala, 3. C h lor is  gayana, 4. E r a g r o s t i s  sup erb a , 5. Panicum maximum and 
6. Themeda t r ia n d ra  planted  at  Muguga in A p r i l  1967 and sampled in :  a) May, b) J u ly ,  
c) September, d) November, 1967 and in e)  February and f )  Ju n e -J u ly ,  1968. Dry weights  
l e s s  than 0 .1  gm are not  shown. Diagrammatic p r e s e n ta t io n  o f  r e s u l t s  has been 
s i m p l i f i e d  by g iv in g  t o t a l  weights below the l i n e  r a th e r  than above.
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F ig .  11 Dry weights o f :  1. Cenchrus c i l i a r i s  v a r . b i l o e l a ,  2. Cenchrus c i l i a r i s  var .
mbalambala, 3. C h lor is  gayana, 4. E r a g r o s t i s  sup erb a , 5. Panicum maximum and 6. The- 
meda t r iand ra  p lanted  at  Kedong in A p r i l  1967 and sampled in :  a) May, b) J u ly ,  c )
O ctober ,  d) December, 1967 and in e)  February and f )  May, 1968. Dry weights l e s s  
than 0 .1  gm are not  shown. Diagrammatic p r e s e n ta t io n  o f  r e s u l t s  has been s i m p l i ­
f i e d  by g iv in g  t o t a l  p lant  weights below the l i n e  r a th e r  than above.
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L S D  ( P <  0 . 0 5 )

z
<
LU
2

2.5

2.0

1.5

1.0

0.5

± O . 263
MUGUGA KEDONG

±0 . 2 7 1
MUGUGA KEDONG

± 0. 270
MUGUGA KEDONG

123456 123456 
R O O T

123456 123456 
L E A F

123456 123456 
S H O O T

Fig. 12 Summary o f  dry weight  a n a ly se s ,  1967-1968:
1* ienchrus c i l i a r i s  v a r . b i l o e l a ,  2. Cenchrus c i l i a r i s  
var . mbalambala, 3. C h lor is  gayana, 4. E r a g r o s t i s  sup-  
erba, 5. Panicum maximum and 6. Themeda t r i a n d r a . 
ind iv idua l  sp e c ie s  means d i f f e r  a t  the 5 per cent 
le v e l  when one mean i s  n o t  overlapped by the LSD o f  
another.



. 63

s p e c i e s ;  o therw ise  no d i f f e r e n c e s  were o b ta in e d .
No s i g n i f i c a n t  d i f f e r e n c e s  were o b ta in e d  between 
Muguga and Kedong f o r  any s p e c i e s .

5 . 3 . 2  Leaf and shoot  y i e l d s

Excluding rhizomes the d i f f e r e n c e s  obta ined  
(P < 0 .0 5 )  in  mean l e a f  and mean shoot  dry matter y i e l d s  
( F i g . 12) are summarized: at Muguga P.maximum and C.
gayana y i e l d e d  more than C . c i l i a r i s  v a r .  mbalambala,
E . superba and T , t r i a n d r a ; C . c i l i a r i s  v a r . b i l o e l a  had 
a h i g h e r  mean l e a f  y i e l d  than T . t r i a n d r a  and a h ig h e r  
mean sh o o t  y i e l d  than C . c i l i a r i s  var.mbalambala. At 
Kedong E.superba y i e l d e d  l e s s  than a l l  o th e r  s p e c i e s  
( e x c e p t  perhaps C. gayana in  mean l e a f  y i e l d ) ;  P . maxi­
mum had a h igher  mean l e a f  y i e l d  than C . c i l i a r i s  var .  
b i l o e l a  and C.gayana; and C.gayana, P.maximum and 
T . t r i a n d r a  gave a h ig h er  mean shoot  y i e l d  than C. c i l i -  
a r i s  v a r . b i l o e l a .  Mean l e a f  and sh o o t  y i e l d s  were h igher  
in  T . t r ia n d r a  under the Kedong c o n d i t i o n s .

Shoot growth development i s  shown in F i g . 13, where 
means o f  combined Muguga and Kedong shoot  y i e l d  data 
a re  p l o t t e d .  At the February 1968 sampling,  the 
mean dry weight o f  shoots  in the two C . c i l i a r i s  v a r i ­
e t i e s  had exceeded that  o f  C, gayana, which had been 
h i g h e r  a t  the e a r l i e r  samplings.

5 . 3 . 3  L e a f / r o o t  and s h o o t / r o o t  r a t i o s

When determining s h o o t / r o o t  r a t i o s ,  the dry 
w eights  o f  rhizomes were included  in  the shoot  f r a c t i o n .  
During the four  l a s t  samplings ,  Ju ly  1967 t o  February 
1968, the rhizomes c o n s t i t u t e d  an average o f  21 per 
c e n t  o f  the t o t a l  shoot  weight in C. c i l i a r i s  va r .  
b i l o e l a  at  Muguga and 30 per cent  a t  Kedong. The 
co rre sp o n d in g  f i g u r e s  f o r  C, c i l i a r i s  var .  mbalambala
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Fig .  13 Combined Muguga and Kedong: Mean dry
weight  o f  shoots .
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were 4 p er  cent  and 8 per  c e n t .

Each grass s p e c i e s  showed very s i m i l a r  l e a f / r o o t  
and s h o o t / r o o t  r a t i o  t ren ds  under bo th  exper im enta l  cond­
i t i o n s  ( F i g s .  14 and 1 5 ) .  S t r ik in g  d i f f e r e n c e s  (P<0.05) 
were o b t a in e d  between the mean r a t i o s  o f  the s p e c i e s  
( F i g .  16 ,  Table 2 0 ) .  Due c o n s i d e r a t i o n ,  however,  must 
be g iv en  t o  the extrem ely  high l e a f / r o o t  and s h o o t / r o o t  
r a t i o s  ob ta in ed  in  E. superba at  Muguga in November f o r  
a l th o u g h  the above ground parts  in c r e a s e d  from Sep­
tember t o  November, r o o t  y i e l d s  decreased  ( F i g . l o ) .
At Muguga, P.maximum and E.superba had h igher  r a t i o s  
than a l l  o ther  grasses  and E .superba a h igher  s h o o t /  
r o o t  r a t i o  than P.maximum. C. gayana had a h ig h er  
s h o o t / r o o t  r a t i o  than the two C . c i l i a r i s  v a r i e t i e s  and 
a h i g h e r  l e a f / r o o t  and s h o o t / r o o t  r a t i o  than T . t r i a n d r a . 
At Kedong P.maximum had h igher  l e a f / r o o t  and s h o o t /  
r o o t  r a t i o s  than a l l  o t h e r  s p e c i e s .  E.superba and 
C . gayana had h igher  l e a f / r o o t  and s h o o t / r o o t  r a t i o s  
than both  C. c i l i a r i s  v a r i e t i e s  and h ig h er  l e a f / r o o t  
r a t i o s  than T . t r i a n d r a ; C.gayana had a h igher  s h o o t /  
r o o t  r a t i o  than E. superba and T. t r i a n d r a . Higher l e a f /  
r o o t  and s h o o t / r o o t  r a t i o s  were o b ta in e d  in  P.maximum 
a t  Kedong and in  E.superba at  Muguga; and h ig h e r  sh o o t /  
r o o t  r a t i o s  in C.gayana and T . t r ia n d ra  at  Kedong.

With r e s p e c t  to the o v e r a l l  changes in  l e a f / r o o t  
and s h o o t / r o o t  r a t i o s  throughout the development o f  
the g ra sse s  from p la n t in g  to  m aturat ion ,  the f o l l o w i n g  
d i f f e r e n c e s  ( P<JD .05) were found (Tab le  2 1 ) .  Both ra ­
t i o s  in c r e a s e d  from J u ly  to  December and then d e c re a s e d ;  
the l e a f / r o o t  r a t i o  in  February 1968 decreased t o  a 
value l e s s  than that obta ined  in May and July 1967.
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F ig .  14 Mean l e a f / r o o t  r a t i o  t ren d s .
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F ig .  15 Mean s h o o t / r o o t  r a t i o  t rends .
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L E A F / R O O T  SHOOT/ROOT

F ig .  16 Summary o f  r a t i o  a n a ly se s ,  1967-1968:
1. Cenchrus c i l i a r i s  v a r . b i l o e l a ,  2 .  Cenchrus c i l i a r i s  
var.mbalambala,  3. C h lo r is  gayana, 4 .  E ragros t is  sup- 
e rba ,  5. Panicum maximum and 6. Themeda t r i a n d r a . In­
d i v i d u a l  sp ec ies  means d i f f e r  at the 5 per cent l e v e l  
when one mean i s  not  over lapped by the LSD of  another .



MuRUga and Kedong 1967-1968: Mean leaf/root and s hoot/root ratios

Cenchrus 
c i l i a r i s , 
b i l o e l a

Cenchrus 
c i l i a r i s , 
mbalambala

C h lor is
gayana

E r a g r o s t i s
superba

Panicum
maximum

Themeda 
t r ia n d ra

L e a f / r o o t :

Muguga 0.888 1.023 1.116 2.098 1.956 0.679

Kedong 0.713 0.930 1.389 1.478 2.540 0.992

S h o o t / r o o t :

Muguga 3.319 2.795 4.660 7.593 6.034 3.194

Kedong 2.675 3.461 6.357 4.746 7.814 4.387
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TABLE 21

Combined Muguga and Kedong 1967-1968:  Analys is  o f

l e a f / r o o t  and s h o o t / r o o t  r a t i o  trends

Period L e a f / r o o t  r a t i o  L. S .D. ( P<Co . 05)
means

May v J u l . 1 .144 v 1.147 0.187

J u l . v Sep. 1.147 v 1 . 616X 0.190

Sep. v D e c . 1.616 v 1.99 3X 0.224

Dec . v Feb , 1.993 v 0 .8 2 0 X 0.257

May v F e b . 1.144 v 0 , 820X 0.226

S h o o t / r o o t  r a t i o L . S . D. ( P<0.0 5means

May v J u l . 2.762 v 3.274 0.525

J u l . v Sep. 3.274 v 5 . 707X 0.531

Sep. v D ec , 5.707 v 8 . 278X 0.637

Dec. v Feb . 8.278 v 6 .3 6 7X 0.718

xMeans s i g n i f i c a n t l y  d i f f e r e n t  (PC0.05)
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5 .3 .4  Sward versus s in g le  p lants

S h o o t / r o o t  r a t i o s  in swards and s in g le  p lants  
approximated in  v a lu e s .  In C. c i l i a r i s  var.mbalambala 
the s h o o t / r o o t  r a t i o  was s l i g h t l y  h igher  under sward 
c o n d i t i o n s  while  in  P.maximum both  r a t i o s  were s im i ­
l a r  (Table  2 2 ) .

In the 28 month o ld  sward p l o t s  r o o t  e x ca v a t ion s  
to  3 m depths in d i c a t e d  th a t  C. c i l i a r i s  v a r . mbalambala 
y i e l d e d  approximately  7,000 kg /ha  ro o t  dry m atter  com­
pared to  3,300 kg /ha f o r  P.maximum.

5 . 3 . 5  Leaf/stem r a t i o

Combined mean l e a f / s t e m  r a t i o s  f o r  Muguga and 
Kedong are g iven in  Table 23, and they sugg est  that 
the two C. c i l i a r i s  v a r i e t i e s ,  E . superba and P. maximum 
have a h igher  l e a f / s t e m  r a t i o  than C.gayana and T . t r i -  
an d ra .

5 . 3 . 6  Roots as percentage o f  t o t a l  p lants

The trends in  r o o t  dry m atter  y i e l d  as a per ­
centage  o f  t o t a l  p lant  f o r  any one s p e c ie s  were in 
g e n e ra l  in v e r s e l y  c o r r e l a t e d  t o  t h e i r  s h o o t / r o o t  ra ­
t i o s ;  the values o f  these are g iven  in  Table 24.

The trends f o r  in d iv id u a l  s p e c ie s  were i r r e g u l a r .  
However, the sampling means f o r  a l l  s p e c ie s  and l o c a ­
t i o n s  combined g iv e  a good i n d i c a t i o n  o f  events  during 
i n i t i a l  estab l ishm ent  o f  the g rasses  under the c o n d i ­
t i o n s  o f  the experiment.  The means suggest  that  the 
r o o t s  as a percentage o f  the t o t a l ,  decrease  from May 
to  December, in c r e a s e  s l i g h t l y  from December to  Feb­
ruary during which time the grasses  mature, and then 
decrease  s l i g h t l y  f o l l o w in g  the long ra ins  and r e ­
newed growth in M arch-April .



TABLE 22

Muguga 1969: S h o o t / r o o t  r a t i o s  f o r  p lants  grown in
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swards and f o r  s i n g l e  p l a n t s ,  28 months from p lant in g

Ratios
S p e c ie s  ------------------------------------------------

Sward samples Mean S in g le  p l a n t  
samples

Cenchrus
c i l i a r i s  2.60 2 .74  3.03 2 .79  
mbalambala

2.01 2 .21  2 .75  2.32

Pajnicum 5>03 4 .97  5.16 5 .0 5  
maximum 5.70 5.06 4.84 5.20

\

TABLE 23

Combined Muguga and Kedong 1967-1968:  Mean l e a f / s t e m

r a t i o s
.

S p ec ies Leaf /stem r a t i o  
mean

Chenchrus c i l i a r i s ,  b i l o e l a 0.53

Cenchrus c i l i a r i s , mbalambala 0.60

C h lo r is  gayana 0.33

E r a g r o s t i s  superba 0 .61

Panicum maximum 0.56

Themeda t r ia n d ra 0.38



MuguRd and Kedong 1967-1968: Root dry mat t e r  yields as percentage of total plants

R o o t s , per cen t
S p e c ie s  L oca t ion

May J u l . Sep . Dec . Feb. Mean Ju ly

Cenchrus c i l i a r i s , Muguga 18 .1 32.2 19.9 25.7 27.6 24.7 20.4
b i l o e l a Kedong 34.2 31.4 24.3 24.3 21.9 27.2 17.8

Cenchrus c i l i a r i s , Muguga 31.8 32.3 25.2 21.7 27.3 27.7 21.9
mbalambala Kedong 33.2 29.1 21.4 20.5 12.0 23.2 22.9

C h lo r is  gayana Muguga 32.1 21.2 9 .2 13.8 18 .1 18.9 10.0
Kedong 22.5 14.9 9 .8 11.2 11.4 14.0 15.5

E r a g r o s t i s  superba Muguga 25.9 19.4 13.9 4 .4 8 .1 14.3 8 .1
Kedong 38.2 36.9 15.3 8.0 11.9 22 .1 9 .1

Panicum maximum Muguga 18.6 17.0 13.6 9 .7 12 .5 14.3 6.9
Kedong 28.0 16.4 8 .5 6.4 8.7 13.6 6 .2

Themeda t r ia n d ra Muguga 27.6 41.8 27.5 13.7 15.9 25.3 11.3
Kedong 36.5 24.4 15.2 10.9 13.4 20.1 8.8

Sampling Mean: 28.9 26.4 17.0 14.2 15.7 13.2
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5 .3 .7  Root d i s t r i b u t i o n

The dry weight d i s t r i b u t i o n  o f  the va r iou s  
s p e c i e s  (A p r i l  1967 t o  May-July 1968) i s  i n d i c a t e d  
in  Table  25.

At Kedong, a l l  s p e c i e s  had a h igher  mean p e r c e n t ­
age o f  t h e i r  r o o t  systems in  the 0-20 cm s o i l  l a y e r s ;  
very h igh  percentages  f o r  these  la y e r s  were re co rd e d  
f o r  E.superba and T . t r i a n d r a . These two s p e c i e s  a lso  
had h i g h e r  r o o t  y i e l d s  at  Kedong, which i n d i c a t e s  even 
g r e a t e r  r o o t  d e n s i t i e s .  Previous a n a ly s e s ,  however, 
o f  mean ro o t  y i e l d s  o v e r  the p e r i o d  A p r i l  1967 t o  
February 1968 did n o t  i n d i c a t e  s i g n i f i c a n t  d i f f e r e n c e s  
between l o c a t i o n s .  The data o b ta in e d  when f i g u r e s  f o r  
a l l  s p e c i e s  are combined (Table  25) show that a t  Ke­
dong, on a dry weight  b a s i s ,  there  was at  l e a s t  10% 
more r o o t s  in the 0-20 cm s o i l  l a y e r  than at  Muguga, 
a l though  C.gayana and P.maximum i n d i v i d u a l l y  had smal­
l e r  mean y i e l d s .

Rooting depths measured by e x c a v a t io n s  (Tab le  25) 
may n o t  in d i c a t e  the maximum depth a t ta in e d  s i n c e  i t  
was im p o ss ib le  t o  f o l l o w  and excava te  the s m a l le s t  r o o ts  
at  the d i s t a l  end o f  the systems. The dep th s ,  however, 
serve  as a bas is  f o r  comparison and they su g g e s t  that 
a l l  the grasses  had a sha l low er  r o o t  system at  Kedong.
At Muguga, C. c i l i a r i s  v a r . b i l o e l a ,  C. gayana and P.maxi­
mum r o o t s  were f o l l o w e d  to 280 cm depths,  E .superba 
t o  220 cm and C . c i l i a r i s  var.mbalambala and T . t r ia n d ra  
to  180 cm. At Kedong, C. c i l i a r i s  v a r . b i l o e l a  and C.gay- 
ana penetrated  to  180 cm, E ,superba to  160 cm, P.maxi­
mum and T .tr ia n d ra  t o  140 cm and C. c i l i a r i s  var .m ba l ­
ambala t o  120 cm s o i l  depths.

Maximum h o r i z o n t a l  spread o f  r oo ts  a t  any sam­
p l in g  date revea led  only  small  d i f f e r e n c e s  between
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Dry weigiit d i s t r ib u t io n  o f  r o o ts  In  r e la t io n  to  B o i l  d ep th . Each p ercen tage  va lu e  
1b the mean o f  s ix  sam ples taken betw een May 1967 and Ju ly  1968

Graeo s p e c ie s

S o i l  depth Cenchrus c i l i a r i s , Cenchrus c l l i a r l a , E ra ^ ro s tie superba Panicum maxlmum Thcmeda tria n d ru Mean
a l l  s p e c ie scm b i l o e la  

Mean $

mbalambala 

Mean # Mean % Mean % Mean % Mean $

Muguga Kedong Muguga Kedong Muguga Kedong M u guga Kodo rg M uguga Kedong Muguga Kedong Muguga Kedong

0 -2 0 5 2 .1 5 6 .5 5 5 .7 5 8 .1 6 7 .2 6 8 .5 5 3 .0 7 2 .2 5 0 .8 5 8 .3 4 5 .6 7 1 .1 5 4 .1 6 4 .1

2 0 -40 1 8 .6 1 8 .8 1 6 .3 1 7 .9 1 2 . 8 1 6 .2 2 0 .9 1 7 .1 1 3 . 9 2 2 .6 2 1 .2 1 5 .1 1 7 .3 1 8 .0

4 0 -60 1 2 .2 1 1 .7 1 0 .9 1 3 .5 5 .8 7 . 3 9 .8 7 .6 8 . 2 9 . 9 1 4 . 8 8 . 6 1 0 .3 9 . 8

6 0 -8 0 7 .5 5 .9 7 .1 6 . 2 4 . 0 3 .3 5 .7 2 .6 8 . 1 5 .1 1 1 .1 2 .2 7 . 3 4 . 2

8 0 -1 0 0 3 .4 3 .2 4 .2 3 .1 2 .9 1 .5 4 .0 0 .4 6 . 2 3 .8 4 .0 1 .5 4 .1 2 . 2

1 00 -120 2 .3 2 .6 3 .1 1 . 3* 2 . 0 1 .1 3 .4 0 . 2 3 .8 1 . 1 * .1 .6 1 .0 2 .7 1 . 2

1 20 -140 1 .0 0 .8 1 .3 1 .0 1 .5 1 . 9 0 .1 2 .9 Trace 1 . 3 0 .6 1 . 6 0 .5

1 40 -1 6 0 0 . 8 0 .5 0 . 6 1 .1 0 . 5 0 . 5 0 .1 1 . 9 0 .1 0 . 8 0 . 2

1 6 0 -1 8 0 0 .4 0 .2 0 . 9 0 . 9 0 .1 0 .4 1 .5 0 . 6 0 . 8 0 .1

1 80 -200 0 .4 0 . 5 0 . 3 1 . 1 0 .4

2 00 -220 0 . 8 0 .4 0-1 0 . 7 0 .3

2 20 -240 0 . 2 0 .7 0 .5 0 . 2

2 40 -260 0 .3 0 .3 0 . 2 0 .1

2 60 -280 0 . 2 0 .3 0 .1 0 .1

Mean dry 
w eigh t in  
gm

255 .4 6 3 1 4 .0 0 135 .93 182 .1 4 1 4 8 .4 0 5 9 .9 1 2 6 .8 0 4 3 .0 0 1 13 .5 5 7 9 .1 5 5 7 .6 1 7 7 .4 3 1 1 7 .9 6 1 2 5 .9 4

•compact layer
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s p e c i e s  o r  l o c a t i o n s  (Tab le  2 6 ) .  The mean diameter  
f o r  a l l  s p e c i e s  combined was 255 cm at  Muguga and 249 cm 
at  Kedong.

5 . 3 . 8  Gypsum r e s i s t a n c e  b lo ck  read ings

The gypsum r e s i s t a n c e  b lo ck  read ings  in  the 
C. c i l i a r i s  v a r . b i l o e l a  sward p l o t  a t  Muguga ( F i g . 17) 
show th a t  the whole s o i l  p r o f i l e  was saturated  w ith  
water  f o l l o w i n g  the lo n g  rains (A pr i l -M ay :  795 mm)
in  1967 (Table 1 ) .  By the end o f  J u ly  at l e a s t  h a l f  
the a v a i l a b l e  water had been e x t r a c t e d  from the s u r ­
fa c e  l a y e r  by the g r a s s e s ;  e v a p o ra t io n  l o s s e s  from 
bare s o i l  being small  ( F i g . 1 8 ) .  By the middle o f  
October  most o f  the a v a i l a b l e  s o i l  water  was used to  
150 cm depth and heavy uptake was o c c u r r in g  between 
150 and 240 cm. The s h o r t  ra ins  ( October-D ecem ber :
227 mm) wetted the s u r fa c e  la y e r  o f  the s o i l  but had 
no n o t i c e a b l e  e f f e c t  below 150 cm. Fol low ing  the  short  
r a i n s ,  ending in  the f i r s t  part  o f  December, the s o i l  
was d r y in g  out r a p i d l y  and f o r  approx im ate ly  three  
weeks, p r i o r  to  the o n se t  o f  the l o n g  ra ins  in the 
middle o f  February 1968,  the e n t i r e  s o i l  p r o f i l e  to  
480 cm depth had reached w i l t i n g  p o i n t .  The lon g  rains 
(February to  May: 804 mm), which began approximately
fo u r  weeks e a r l i e r  than normal (Tab le  1 ) ,  rew etted  
the s o i l  p r o f i l e ,  the sur face  la y e r  f i r s t  in  the l a t ­
t e r  p a r t  o f  February and down to  480 cm depth by the 
beg inn ing  o f  May.

I t  would appear that  the r o o t s  must have pene­
t ra te d  below the depth where r e s i s t a n c e  read ings  were 
a f f e c t e d .  Though n o t  s t r i c t l y  a c c u r a t e ,  minimum 
r o o t i n g  f o r  each grass  was e s t im a ted  on the b a s i s  
o f  the readings obta ined  (Table 2 7 ) .  In C. c i l i a r i s  
v a r . b i l o e l a ,  r e l a t i v e l y  high readings  obta ined  at  
480 cm s o i l  depth suggested  that  the grass had roo ted  
t o  6 m.
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TABLE 26

H o r iz o n ta l  (d iam eter)  

spread  o f  r o o t  systems (cm ) ,  1967-1968

S p e c ie s Muguga Kedong

Cenchrus c i l i a r i s ,  b i l o e l a 295 291

Cenchrus c i l i a r i s ,  mbalambala 245 245

C h l o r i s  gayana 285 242

E r a g r o s t i c  superba 220 215

Panicum maximum 245 260

Themeda t r iand ra 240 241

Mean 255 249
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F ig .  17 Muguga : S o i l  moisture r e co r d  as shown by r e s i s t a n c e  un its  under
Cenchrus c i l i a r i s  v a r . b i l o e l a  sward p l o t .
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Fig.  18 Muguga: S o i l  moisture r e co r d  as shown by r e s i s t a n c e  un its  under
c o n t r o l  p l o t  (bare ground) .
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TABLE 27

Rooting depths (cm) as estimated from gypsum 

r e s i s t a n c e  readings beneath s i n g l e  p lants  at  

both  s i t e s  and beneath swards a t  Muguga

Muguga Kedong

Spec ies Res i s  tance 
readings

Resitance
readings

Sward Sing le S in g le

Cenchrus c i l i a r i s , b i l o e l a 600 320 500

Cenchrus c i l i a r i s , mbalambala 550 340 240

C h lo r is  gayana 600 320 440

E r a g r o s t i s  superba 440 200 220

Panicum maximum 600 320 350

Themeda tr iandra 240 240 200
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This correspond ed  t o  a mean growth ra te  o f  more than 
2 cm p e r  day. Due t o  h e a v ie r  s h o r t  ra ins  (O c to b e r -  
December: 374 mm) and a l s o  t o  r a in s  in January and
February 1969 (115 mm), the high w ater  d e f i c i t  in  the 
s o i l  p r o f i l e  o b ta in e d  in  the p rev iou s  year  was not 
r e p e a t e d .

R es is ta n ce  b lo ck  readings  in  C. c i l i a r i s  var .m ba l -  
ambala,  C.gayana and P.maximum sward p l o t s  showed s im i­
l a r  trends  to those d e s c r i b e d  f o r  C. c i l i a r i s  v a r .  b i l -  
o e l a .  In C . c i l i a r i s  v a r . mbalambala water e x t r a c t i o n  
was n o t  so pronounced between the 290 and 480 cm s o i l  
d e p th s ,  suggest ing  th a t  the grass  d id  not  r o o t  qu ite  
as d e e p ly  as the b i l o e l a  v a r i e t y .  In E. s u p e rb a , the 
rea d in gs  in d i c a t e d  th a t  w i l t i n g  p o i n t  was reached in 
e a r l y  February at  240 cm s o i l  dep th ;  minimum r o o t i n g  
depth was est imated  as 440 cm. T . t r ia n d r a  e x t r a c t e d  
water from above 60 cm during Ju ly  t o  October 1967 
( F i g . 1 9 ) .  A f t e r  the short  r a i n s ,  w i l t i n g  p o in t  was 
not  q u i t e  reached at  60 cm, and read ings  were l i t t l e  
a f f e c t e d  at  240 cm.

Die data from r e s i s t a n c e  b l o c k s  p laced  around 
s i n g l e  p lants  a t  Muguga g e n e ra l ly  in d i c a t e d  sha l low er  
r o o t  systems than in the sward p l o t s .  In C . c i l i a r i s  
v a r . b i l o e l a  ( F i g . 2 0 ) ,  w i l t i n g  p o i n t  was a t t a in e d  only  
at 30 cm s o i l  depth during February 1968 while  the 
r o o t i n g  depth was approximately  320 cm. Comparing 
the o t h e r  sp ec ies  w ith  C . c i l i a r i s  v a r . b i l o e l a ,  C.gay­
ana was s i m i l a r ,  and P.maximum had h igher  readings  
a lthough  r o o t in g  depth was e q u a l .  C. c i l i a r i s  va r .  
mbalambala d i f f e r e d  in having l e s s  pronounced water 
use i n  1967. Readings during the l a t t e r  part o f  1968, 
however,  were h igher  and r o o t in g  depth was est imated  
as 340 cm. E .superba and T . t r ia n d ra  had much lower 
read ings  in a l l  la y e rs  and t h e i r  r o o t s  only  reached 
200 and 240 cm s o i l  depth r e s p e c t i v e l y .  In T . tr iand ra
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F ig .  19 Muguga: S o i l  moisture r e co r d  as shown by r e s i s t a n c e  u n i t s  under
Themeda t r ia n d ra  sward p l o t .
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the water  use pa tte rn  was e s s e n t i a l l y  the same as that 
o b ta in e d  in  the sward p l o t  ( F i g . 1 9 ) .

At Kedong, read ings  were on ly  taken around s in g le  
p l a n t s .  The C. c i l i a r i s  v a r . b i l o e l a  graph ( F i g . 21) shows 
that  the  long r a i n s ,  A p r i l  t o  May (>428 mm, Table 1) 
d id  n o t  sa turate  the s o i l  p r o f i l e  c o m p le te ly .  R a i n fa l l  
dates  a t  Kedong and Muguga were e s s e n t i a l l y  the same: 
t h i s  was r e f l e c t e d  in  s i m i l a r  water  use p a t te rn s  at  
the two s i t e s .  R es is ta nce  read ings  in C . c i l i a r i s  var.  
b i l o e l a ,  July 1967 t o  February 1968,  were g e n e r a l ly  
h ig h e r  than those  o b ta in e d  around s i n g l e  p lants  at 
Muguga. The sh o r t  r a i n s ,  October t o  December 1968 
(234 mm) wetted the p r o f i l e  to 60 cm s o i l  depth only 
and the s o i l  reached w i l t i n g  p o in t  t o  300 cm the f o l l o w ­
ing January;  r o o t i n g  depth was about  500 cm. The long 
r a i n s ,  February to  May 1968 (593 mm) again did not  sa­
tu ra te  the s o i l  p r o f i l e  e n t i r e l y  s o  that  the r e s i s t a n c e  
va lues  re corded  between 150 and 300 cm depths in cre a se d  
r a p i d l y  during September to  October  and subsequently  
remained high i n d i c a t i n g  w i l t i n g  p o i n t  had been reached 
in th ese  l a y e r s . During t h i s  p e r i o d  the sh o r t  rains 
f o l l o w e d  by in t e r m i t t e n t  showers in  January and Febru­
ary 1969 r e s u l t e d  in  wide f l u c t u a t i o n s  in  read ing  values 
between the 30 and 120 cm s o i l  d ep th s .

Only C. c i l i a r i s  v a r . b i l o e l a  showed extrem ely  
high readings in the deeper la y ers  from October  1968.
C. gayana e x t ra c te d  water  to  390 cm i  March 1968, but 
there  was no c l e a r  i n d i c a t i o n  th a t  w i l t i n g  p o in t  was 
reached  beyond 30 cm. S imilar  r e s u l t s  were obta ined  
f o r  P.maximum, where r o o t in g  depth was es t im a ted  as 
350 cm. C . c i l i a r i s  var.mbalambala penetrated  t o  ap prox i ­
mately 2U0 cm and readings  were g e n e r a l ly  lower than 
in C. c i l i a r i s  v a r . b i l o e l a .  W i l t in g  po in t  was reached 
at 120 cm s o i l  depth in E. superba during February 1968 : ,  
i t s  r o o t s  penetrated  to  about 220 cm. The lo w e s t  readings
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were o b ta in e d  with  T . t r ia n d ra  at  Kedong, where w i l t i n g  
p o i n t  was reached at  30 cm in February 1968; r o o t i n g  
depth was est imated  as 200 cm.

5 .3 .9  Root morphology

The mean nodal r o o t  diameter in  each grass s p e c ie s  
was s i m i l a r  at  Muguga and Kedong e x c e p t  f o r  E. superba 
and T . t r ia n d r a  in  both o f  which the number o f  measure­
ments from Kedong was few. in  g e n e r a l ,  the g rasses  
d id  not  show any c o n s i s t e n t  changes in r o o t  d iameter 
on a s o i l  depth b a s i s .  Nodal r o o t s  o f  C . c i l i a r i s  var. 
b i l o e l a  averaged 1 .6 01 0 .26  mm d iam eter  (400 measure­
m en ts ) ,  and t h e i r  c o n s i s t e n c y  was f i r m  but they bent 
e a s i l y  w ithout  b rea k in g .  At 14 months o f  age ,  the  r oo t  
c o r t e x  was s t i l l  i n t a c t  with no v i s i b l e  s ign s  o f  de­
t e r i o r a t i o n .  The c o l o u r  o f  the mature r o o t  was s trong  
brown ( 7 . 5  YR 5 /6 ,  Munsell 1949) ,  but  lo n g ,  f l e s h y ,  
m ost ly  unbranched, f a i n t l y  p inkish  r o o ts  were o c c a s i o n ­
a l l y  d e t e c t e d .  These may have branched a t  a l a t e r  s ta ­
ge.  The branching o f  nodal r o o ts  was sparse  ( F i g . 22) 
compared with P . maximum ( F i g . 23) .  F i r s t  o rd e r  l a t e r ­
a l  r o o t s  o f t e n  reached 15 cm in l e n g th  w hile  second 
o rd er  l a t e r a l  seldom exceeded 3-4 mm. Nodal r o o t s  o f  
C . c i l i a r i s  var.mbalambala were s i m i l a r  excep t  th a t  t h e i r  
mean diameter  was 1 .23^0 .32  mm (240 measurements) .

In C.gayana, mean nodal r oo t  d iameter was 1 .27+0.30 mm 
(343 measurements) . Roots w ith  i n t a c t  c o r t e x  appeared 
s o f t e r  than s im i la r  r o o t s  o f  C . c i l i a r i s . Three months 
a f t e r  p la n t in g ,  however, except  f o r  short  s e c t i o n s  
(10-15 cm) behind t h e i r  r o o t  t i p s ,  s e v e ra l  r o o t s  e i ­
ther  had l o s t  t h e i r  c o r t e x  e n t i r e l y  or  i t  remained as 
a th in  torn  sheath.  Mature r oo t  c l o u r  was brownish-  
y e l l o w  (10 YR 6 / 8 ) ;  a few f l e s h y ,  w h i t i s h ,  s p a r s e ly  
branched roo ts  were observed  o c c a s i o n a l l y .  Branching 
was more ex tens ive  than that observed in C . c i l i a r i s
but l e s s  extens ive  than in P. maximum. F i r s t  o r d e r
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l a t e r a l  r o o t s  sometimes exceeded 30 cm w hile  second 
o r d e r  were u su a l ly  l e s s  than 3 cm.

Mean nodal d iam eter  in E . superba was 1.37 ± 0.31 
mm (261 measurements) ; r oo t  c o l o u r  was dark re d d ish  
grey  (5  YR 4 /2 )  becoming s l i g h t l y  l i g h t e r  with i n c r e a ­
s in g  depth .  Roots w ith ou t  c o r t e x  were observed but 
t o  a l e s s e r  degree than in C .gayana. E s p e c ia l l y  in  the 
upper 20 cm s o i l  l a y e r ,  the e n t i r e  s u r fa ce  o f  each r o ­
o t  was covered  with mucilaginous  l a y e r  to  which s o i l  
p a r t i c l e s  adhered. Branching was more pronounced than 
in  C . c i l i a r i s  but s l i g h t l y  l e s s  than in P.maximum.
The le n g th  o f  f i r s t  o rd e r  l a t e r a l  r o o t s  reached 20 cm 
and second  o rder  l a t e r a l s  2-3 mm.

Nodal r o o ts  o f  P . maximum had the sm a l les t  d i a ­
meter (0 .7 1  + 0.17 mm, 388 measurements) o f  the spe ­
c i e s  s t u d ie d .  The ir  co r te x  had s loughed  o f f  a p p r o x i ­
mately three months a f t e r  p la n t in g  excep t  f o r  10 to  
15 cm s e c t i o n s  behind the r o o t  t i p s ;  the r o o t s  were 
very  b r i t t l e .  Roots with i n t a c t  c o r t e x  were r e d d ish  
y e l l o w  ( 7 .5  YR 8 / 6 ) ;  the r o o t s  w ithout  c o r t e x  were 
creamy w hite .  Fleshy roots  o c c u r r e d  but they were 
few in  number. P. maximum had the most e x t e n s i v e l y  
branched nodal r o o t s  o f  a l l  the g ra sses  ( F i g . 2 3 ) .  
Because o f  the d e n s i ty  o f  f i r s t  o r d e r  l a t e r a l s ,  which 
were o f t e n  30 to  40 cm in l e n g th ,  r o o t  d iam eter  meas­
urements were d i f f i c u l t .  Second o r d e r  l a t e r a l s  were 
seldom more than 2 mm.

T . tr iand ra  nodal  roots  averaged 0.87 ± 0 .2 1  mm 
in d iameter  (260 measurements) ; t h e i r  c o lo u r  was red­
d ish  brown (5 YR 5 / 4 ) .  By approximately  4 months from 
p la n t in g  s e v e r a l  r o o t s  had l o s t  t h e i r  c o r t e x ,  although 
t h is  was s t i l l  i n t a c t  behind the r o o t  t i p s .  A muci­
la g inou s  la y er  was present  but ,  in  c o n t r a s t  t o  E.sup­
erba , i t  was found mainly in  the prox im ity  o f  the r o o t
t i p s  a t  g r e a te r  depths.  Branching was s i m i l a r  to  that
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o f  C .gayana, f i r s t  o r d e r  l a t e r a l s  reached 25 cm and 
second o rd er  l a t e r a l s  1-2 mm.
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CHAPTER VI

DISCUSSION

6 .1  Y i e l d s :  Muguga Versus Kedong

With the e x c e p t i o n  o f  T . t r i a n d r a , a l l  s p e c i e s  
performed s i m i l a r l y  at  Muguga and Kedong and in  s p i t e  
o f  s u b s t a n t i a l  e c o l o g i c a l  d i f f e r e n c e s  in growth habi­
ta t s  the mean y i e l d s  were not  a f f e c t e d .  Muguga samp­
l i n g s  were always made p r i o r  to  Kedong; t h i s  may have 
in t r o d u ce d  a p o s s i b l e  source o f  e r r o r  in y i e l d  compar­
ison s  between the s i t e s .  I t  i s  c l e a r  from F ig .  12 
that  the time i n t e r v a l  between samplings had no e f f e c t  
on the r e s u l t s .

This ap parent ly  anomalous r e s u l t  may be ex p la in ed  
by c o n s id e r in g  c l i m a t e ,  s o i l  data and exper im enta l  pro ­
c e d u r e .  The e v a p o ra t iv e  demand on the p lants  a t  Muguga 
and Kedong was s i m i l a r  f o r  a lthough h igher  mean a i r  
tem peiatures  were recorded  at Kedong, the Penman e s t i ­
mate o f  p o t e n t i a l  eva pora t ion  (Tab le  1) was approxima­
t e l y  the same at bo th  s i t e s .  S o i l s  and r a i n f a l l ,  how­
e v e r ,  showed g r e a t e r  d i s s i m i l a r i t i e s .  The water  h o ld ­
ing c a p a c i ty  o f  the  Kedong s o i l  t o  a depth o f  195 cm 
(T a b le  2) was much higher  than th a t  o f  the Muguga s o i l .  
The sh a l lo w e r  r o o t  systems at Kedong (Table 25) and 
r e s i s t a n c e  read ings  (F ig .  21) which demonstrated that 
the Kedong s o i l  was f a r  from saturated  by the seasonal  
r a in s  in  April -May 1968 (Table 1 ) ,  suggest  th a t  the 
w ater  supply a v a i l a b l e  to the g rasses  must have been 
l e s s  than at Muguga ( fu r th e r  d i s c u s s i o n  l a t e r ) .  A ls o ,  
chem ica l  analyses (Table  3) i n d i c a t e d  that  the Kedong 
s o i l  was i n f e r i o r  t o  the Muguga s o i l .  This ev id ence
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im p l ie s  that the Muguga s o i l  was more adequate f o r  
p la n t  growth. Spacing the p l a n t s ,  however, removed 
c o m p e t i t io n  between r o o t s  and i t  i s  p o s s ib l e  that  
grass  growth at  Kedong was compensated f o r  by a r e l a ­
t i v e l y  g re a te r  l a t e r a l  n u tr ie n t  and water a b s o rp t io n .

6.2 Root Y ie ld s

At Muguga and Kedong (1967-1968)  maximum r o o t  
y i e l d s  were ob ta in ed  approximately  10 months from 
p l a n t in g  (F ig s .  10 and 11) c o i n c i d i n g  w ith  the matur­
a t i o n  o f  the g r a s s e s .  This was conf irm ed during the 
f o l l o w i n g  season (1968-1969)  at  Muguga where, however,
C. c i l i a r i s  v a r . b i l o e l a  was an e x c e p t i o n .

The reduced r o o t  y i e l d s  (Tab le  7 ) ,  r o o t i n g  depth 
(T ab le  17) and spread (Table 18) in  d e f o l i a t e d  P.maxi­
mum p lants  as compared to n o n - d e f o l i a t e d  p lants  are 
o f  s i g n i f i c a n c e .  Many workers ,  Nedrow (1 9 3 7 ) ,  Jacques 
( 1 9 3 7 ) ,  Weaver and Darland (1 9 4 7 ) ,  Jameson and Huss 
(1959) and Humphreys (1967) have observed that  d e f o l ­
i a t i o n  causes reduced ro o t  growth and consequ ent ly  a 
d e p l e t i o n  in the underground r e s e r v e s  (Weinmann 1944 
and 1948) .  The importance o f  underground re s e r v e s  in 
pastures  has been qu es t ion ed  by May (1 960 ) .  He claimed 
that  fu r th e r  work was required  t o  e s t a b l i s h  the exact  
r o l e  played by r e s e r v e s  in regrow th ,  and suggests  that 
"accumulates"  i s  probably  a b e t t e r  word than " r e s e r v e s " .  
In deciduous t r e e s ,  f o r  example, s u f f i c i e n t  f o o d  e x i s t s  
in young twigs to  a l l o w  f o r  the development o f  s e v e ra l  
l ea v es  in  the spr ing  without the u t i l i z a t i o n  o f  food 
that  i s  s tored  in branches ,  trunks and r o o ts  (C urt is  
and Clark 1950). R e ce n t ly ,  Kozlowski and K e l l e r  (1966) 
found a marked d e p le t i o n  o f  carbohydrates  from the stem 
and r o o t s  o f  woody p lants  accompanying new s h o o t  growth. 
In a d d i t i o n ,  O lo f inboba  (1969) found that  carbohydra­
tes  accumulated a t  l e a f  f a l l  in the xylem o f  A n t ia r is
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a f r i c a n a  became d e p le te d  at new f l u s h .  For g r a s s e s ,  
Baker and Garwood (1961) c laimed th a t  there was an as­
s o c i a t i o n  between regrowth and d e c l i n i n g  carbohydrate  
c o n te n t  in  the s t u b b l e .  On the o t h e r  hand, Davidson 
and M ilthorpe  (1965) conc luded  from t h e i r  work with 
D a c t y l i s  glomerata t h a t  carbohydrate  reserves  a lone 
co u ld  n o t  meet the demand f o r  new growth and l o s s e s  
by r e s p i r a t i o n  a f t e r  severe  d e f o l i a t i o n  and that  o ther  
f r a c t i o n s ,  p o s s ib ly  p r o t e i n s ,  were r e m o b i l i z e d .  David­
son (1969 )  reported  a s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  
between r o o t  weight and percentage w a te rso lu b le  c a r ­
bohydrates  in Lolium perenne . He suggested  that  a high 
c o n c e n t r a t i o n  o f  carbohydrates  in autumn i s  a s s o c ia t e d  
with r a p i d  r o o t  growth so that  the c o n c e n t r a t i o n  o f  
carbohydrates  in  the r o o t s  may n o t  r e a l l y  be a measure 
o f  carbohydrate  r e s e r v e s .  Work on Medicago s a t i v a , 
however ,  in d ica te d  th a t  a b i d i r e c t i o n a l  movement o f  
o r g a n i c  compounds between the r o o t  and the sh o o t  took 
p la ce  a f t e r  d e f o l i a t i o n  (Hodgkinson 1968) .  I t  appeared 
that  carbohydrate  r e s e r v e s  in  the r o o t  c o n t r i b u t e d  to 
new s h o o t  growth u n t i l  new lea ves  began e x p o r t in g  photo-  
s y n t h a t e .

In summary, p re se n t  knowledge in d i c a t e s  th a t  sea­
sona l  changes occu r  in  carbohydrate  con tent  o f  stems 
and r o o t s .  3ecause d e p le t i o n  o f  these  substances  usu­
a l l y  c o i n c i d e s  with the onset  o f  new growth i t  i s  sug­
ge s te d  that  the carbohydrates  at l e a s t  p a r t ly  a c t  as 
r e s e r v e s .

In Rajasthan, Dabadghao e t  a l .  (1962) found that 
s e v e r a l  g ra s s e s ,  among them C. c i l i a r i s , reached maximum 
r o o t i n g  depth w ith in  9 months o f  growth, an o b s e r v a t io n  
in agreement with the present  d a ta .  Dabadghao e t  a l .  
b e l i e v e d  that fo rage  u t i l i z a t i o n  should be p o s s i b l e  
during the estab l ishm ent  y ea r .  The adverse e f f e c t s  
o f  d e f o l i a t i o n  on growth in d i c a t e d  above,  however,
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imply th a t  under s e m i -a r id  and a r id  c o n d i t i o n s  any 
t rea tm ent  during the es ta b l ishm ent  y e a r  causing r e ­
duced r o o t  growth and r o o t i n g  depth and a d e p l e t i o n  
in  the underground re s e r v e s  must be d isa dva ntageou s ,  
e s p e c i a l l y  i f  growth c o n d i t i o n s  during the f o l l o w i n g  
y e a r  are poor .

On a s in g le  p lant  b a s i s ,  the g r a s s e s  d i f f e r e d  
g r e a t l y  in  mean r o o t  dry matter y i e l d s .  The o v e r a l l  
r e s u l t s  in d i c a t e d  that  C . c i l i a r i s  v a r . b i l o e l a  and C. 
gayana had high y i e l d s  f o l l o w e d  c l o s e l y  by C. c i l i a r i s  
var.mbalambala (Table 4 ,  F i g . 1 2 ) .  In term ediate  y i e l d s  
were o b ta in e d  f o r  P. maximum and T. t r ia n d r a  w hile  E . su- 
perba was i n f e r i o r .  Although r o o t  y i e l d s  from s i n g l e  
p la n t s  do not have much meaning, r o o t  ex ca v a t io n s  in
2 8 month o ld  sward p l o t s  t o  3 m depth showed that  C_̂_%
c i l i a r i s  var.mbalambala had produced 7,000 kg/ha r o o t  
dry m a t te r ,  compared t o  3,300 kg/ha f o r  P. maximum,

Grass roo ts  are n o t  harvested  and r o o t  y i e l d s  
per  se are th ere fo re  o f  no economic i n t e r e s t .  I t  i s  
g e n e r a l l y  accepted  th a t  grass r o o t s  c o n t r ib u t e  t o  the 
development o f  a good s o i l  s t r u c t u r e .  Moreover, the 
o v e r a l l  am e l io ra t iv e  i n f lu e n c e  o f  g ra ss  r o o t s  i s  mani­
f e s t e d  in  many ways (R u s s e l l  1961) .  Over a l o n g e r  
p e r i o d  o f  t ime, r o o t  matter  w i l l  i n f lu e n c e  s o i l  o r ­
g a n ic  m a tter ;  s o i l  f e r t i l i t y  and the water h o ld in g  
c a p a c i t y  o f  the s o i l  be ing  improved. Since many East 
A f r i c a n  s o i l s  have a low organ ic  m atter  con tent  i t  i s  
b e l i e v e d  that grasses  producing h igh  r o o t  y i e l d s  are 
t o  be p r e fe r r e d .

6.3 Leaf and Shoot Y ie ld s

At Muguga and Kedong (1 9 6 7 -1 9 6 8 ) ,  P. maximum and 
C . gayana were s u p e r io r  t o  o th e r  s p e c i e s  in mean l e a f  
and s h o o t  y i e l d s  ( F i g . 1 2 ) .  The mean shoot  y i e l d  data
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given  in  F i g . 13 ( f o r  Muguga and Kedong combined) sug­
g e s t  th a t  the two C . c i l i a r i s  v a r i e t i e s  at the February 
sampling had exceeded C. gayana. At Muguga (1 9 6 8 -1 9 6 9 ) ,
P.maximum and C.gayana had h igher  mean shoot  y i e l d s  
than C . c i l i a r i s  v a r . b i l o e l a ;  there  were s i g n i f i c a n t  
d i f f e r e n c e s  in mean l e a f  y i e l d s  between a l l  s p e c i e s ,  
with P. maximum g iv in g  the h ighes t  y i e l d  (Tables  5 and 
6 ) .  These d i f f e r e n c e s ,  however, c o u ld  not be demon­
s t r a t e d  c l e a r l y  on an in d iv id u a l  sampling date b a s i s .  
Leaf and shoot y i e l d  d i f f e r e n c e s  between C. gayana and 
C. c i l i a r i s  v a r . b i l o e l a  were not  s i g n i f i c a n t  at the l a s t  
three  samplings .  At the March sampling,  there was no 
s i g n i f i c a n t  d i f f e r e n c e s  between any o f  the s p e c i e s .
A l s o ,  mean l e a f  weight index d i f f e r e d  between P. maxi­
mum and C. c i l i a r i s  v a r . b i l o e l a  o n ly  (Table  1 2 ) .

These r e s u l t s  suggest  that  above ground y i e l d  d i f f e r ­
ences  decreased  at the l a s t  sam plings .  This agrees  
with Naveh and Anderson (1966) who, from t h e i r  c u t t in g  
t r i a l s  in  northern Tanzania, im pl ied  that while  C. c i l i -  
a r i s  had a s low er  estab l ishm ent  r a t e  than C .gayana, i t  
would u l t im a te ly  o u t y i e l d  the l a t t e r .  Later  work
(Andercon and Naveh 1968) showed th a t  y i e l d  d i f f e r e n c e s

t \

between C.gayana and C. c i l i a r i s  in  a 30 months p e r io d  
from sowing were s m a l l ,  but C . c i l i a r i s  was capable  
o f  more susta ined  product ion  during dry p e r i o d s .  From 
in t e n s i v e  carry ing  ca p a c i ty  s t u d ie s  under s e m i -a r id  
c o n d i t i o n s  in Kenya, P ere ira  e t  a l . (1961) suggested  
C . c i l i a r i s  to be b e t t e r  than C. gayana.

6 .4  L e a f / r o o t  and S h o o t / r o o t  Ratios

Plants  adapted t o  dry c l im a te s  have been c l a s s i f i e d  
in v a r io u s  ways (Parker 1968) .  A ccord ing  to  L e v i t t  
e t  a l .  (1960) every  p la n t  adapted to  a dry c l im ate  
(x erop h y te )  must be drought r e s i s t a n t ,  f o r  s u r v iv a l
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is  c o n d i t i o n a l  to  growth and development.  In L e v i t t ' s  
c l a s s i f i c a t i o n ,  xerophytism  was d i v id e d  in to  two c a t e ­
g o r i e s .  The a b i l i t y  t o  s ta y  a l i v e  (drought  r e s i s t a n c e )  
and the a b i l i t y  to  grow and d eve lop .  Drought r e s i s t a n c e  
was s u b d iv id ed  in t o  the a b i l i t y  to  prevent  r e d u c t io n  
in water content  (drought  avo idance)  and the a b i l i t y  
t o  surv ive  reduct ion  in  water c o n ten t  (drought t o l e ­
r a n c e ) .  Drought avo idance  was f u r t h e r  d iv id e d  i n t o  
three  c a t e g o r i e s ,  the a b i l i t y  t o  o b ta in  a la rg e  amount 
o f  water during drought (water sp en d ers :  drought e v ­
a d in g ) ,  the a b i l i t y  t o  complete l i f e  c y c l e  b e fo re  e x ­
treme drought (ep hem era ls : drought e s ca p in g )  and the
a b i l i t y  t o  reduce water l o s s  t o  a minimum (water s a v e rs :  
drought e n d u r in g ) .

In the above c l a s s i f i c a t i o n ,  drought a v o id in g  
p lants  would probably be most s u i t a b l e  as pasture 
p lants  because f a c t o r s  r e s p o n s ib le  f o r  drought a v o i ­
dance h e lp  to  maintain the optium water  content  f o r  
growth, w h i le  f a c t o r s  fa v ou r in g  drought t o le r a n c e  p er ­
mit s u r v i v a l  but growth would be r e s t r i c t e d .  Where 
r a i n f a l l  i s  seasonal  a h igh and pro longed  prod u ct ion  
o f  green m ater ia l  can on ly  be ach iev ed  i f  s u f f i c i e n t  
amounts o f  water can be sup p l ied  by the r o o ts  to  the 
t r a n s p i r in g  and p h o to sy n th e s iz in g  s h o o t .  Deep r o o t i n g  
i s  b e l i e v e d  to  be an advantage to  the growth and s u r ­
v iv a l  o f  a p lant  where water r e s e r v e s  are a v a i l a b l e  
a t  c o n s id e r a b le  depths (Burton e t  a l . 1954, Oppen- 
heimer 1960, May and M ilthorpe 1962) .  Plants having 
a shallow but dense r o o t  system, may a l s o  be drought 
r e s i s t a n t  and Oppenheimer (1960) s u g g e s t  that  an i n c r ­
eased secondary and t e r t i a r y  r a m i f i c a t i o n  o f  such a 
r o o t  system enables a b e t t e r  u t i l i z a t i o n  o f  s o i l  water 
i f  i t  becomes immobil ized  in the w i l t i n g  range o f  s o i l  
m o is tu re .  Hudson, commenting on the paper o f  Troughton 
and W hitt ington (1 9 6 8 ) ,  on the o th e r  hand, po in ted  out
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that  a p lant  with a w e l l  deve loped  r o o t  system may 
q u ic k ly  exhaust the supply o f  a v a i l a b l e  s o i l  moisture 
and e v e n tu a l ly  d i e .  This had been observed  in  one grass 
v a r i e t y  growing under low r a i n f a l l  c o n d i t i o n s . When 
s e l e c t i n g  grasses  f o r  dry c o n d i t i o n s ,  t h e r e f o r e ,  i t  
i s  e s s e n t i a l  t o  know the environment f o r  which s e l e c ­
t i o n  i s  being made and p r e fe r a b ly  ca rry  out  t r i a l s  be­
fo r e  any recommendation is  made. Under East A fr i c a n  
c o n d i t i o n s  i t  i s  suggested  that  g rasses  having low 
s h o o t / r o o t  and l e a f / r o o t  r a t i o s  are  u su a l ly  b e t t e r  
equipped to  surv ive  the dry p e r io d s  between the sea ­
sonal  ra in s  although i t  i s  r e a l i z e d  that a high ro o t  
y i e l d  i s  not n e c e s s a r i l y  c o r r e l a t e d  with e x t e n s iv e  
r o o t  d i s t r i b u t i o n  and water uptake e f f i c i e n c y .  In these 
r e s p e c t s ,  the C. c i l i a r i s  v a r i e t i e s  and T . t r ia n d ra  
(Tables  9 and 10, F ig .  16) proved s u p e r io r  to  o t h e r  
grasses  having low mean r a t i o s .  An in term ed ia te  r a t i o  
was ob ta ined  in  C.gayana while  P . maximum and E.superba 
had h igh  r a t i o s .  This f in d in g  confirms the o b s e r v a t io n  
made by Owen and Brzostowski (1966)  in t h e i r  pasture 
t r i a l s  in c e n t ra l  Tanzania (mean annual r a i n f a l l  550 
mm) whe^e C . c i l i a r i s  performed w e l l  while  C. gayana 
s u f f e r e d  g r e a t ly  during a drought year .

At Muguga and Kedong (1967-1968)  most s p e c i e s  
a t ta in e d  maximum r a t i o s  b e fore  December ( F i g s . 14 and 
15) but  the a n a ly s i s  o f  r a t i o  t r e n d s ,  s p e c ie s  and l o ­
c a t io n s  combined (Table  2 1 ) ,  showed that maximum v a l ­
ues were obta ined  in  December. This was the r e s u l t  
o f  the very high r a t i o s  a t ta in ed  in  December by P. 
maximum and E■sup erb a . Very low r a t i o s  were obta ined  
at the February sampling,  and again  most g rasses  y i e l ­
ded h ig h e r  r a t i o s  a t  the May-July sampling f o l l o w i n g  
the seasona l  r a in s .

In the more in te n s iv e  work a t  Muguga (1968-1969)  
the s h o o t / r o o t  r a t i o s  in P.maximum and C. gayana
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( F ig .  6) in creased  i n i t i a l l y ,  reached high va lues  
during September to November, decreased  markedly from 
November to  January and then in c r e a s e d  aga in .  A s im i la r  
trend was observed f o r  the l e a f / r o o t  r a t i o  in P. maximum. 
Ratios  in  C . c i l i a r i s  v a r . b i l o e l a ,  however, did n o t  a l t e r  
s i g n i f i c a n t l y  throughout the growth per iod  a lthough they 
showed a decreas ing  t ren d .

In g e n e ra l ,  the r e s u l t s  on s h o o t / r o o t  r a t i o s  at 
Muguga suggest  that  two samplings c o n f in e d  to the Sept-  
ember-November p e r io d  using C . c i l i a r i s  v a r . b i l o e l a  as 
an i n d i c a t o r  p la n t ,  would i n d i c a t e  whether or  n o t  a 
grass has a fa v ou ra b le  s h o o t / r o o t  r a t i o .  This supposes 
that the  same exper im enta l  procedure  i s  f o l l o w e d .  I t  i s  
p o s s i b l e  that  th is  technique  cou ld  be ap p l ied  w ith  equal 
success  t o  o ther  h a b i t a t s .

Seasonal  changes in s h o o t / r o o t  r a t i o  in g ra sses  
( in  some cases r e l a t e d  to  s p e c i f i c  c o n d i t i o n s )  have 
been observed  by s e v e r a l  w orkers . Weaver and Himmel 
(1 9 2 9 ) ,  Roberts and Struckmeyer (1946)  and Troughton 
(1960) found that  s h o o t / r o o t  r a t i o s  in crea sed  a t  the 
time o f  f l o w e r in g .  Troughton a l s o  noted that  a lower 
r a t i o  was obtained in  p lants  grown under moisture  s t r e s s  
as compared to  adequate water s u p p ly ,  while  decreased  
l i g h t  i n t e n s i t y  had the o p p o s i te  e f f e c t .  Ozanne e t  a l . 
(1965) found that  the r a t i o s  in c r e a s e d  with in c r e a s in g  
m a tu r i ty ,  and MacColl and Cooper (1967) observed  that 
the s h o o t / r o o t  r a t i o s  in creased  from sp r in g  t o  w inter  
when the grasses  were grown under g lasshouse  c o n d i t i o n s .  
The growth o f  the s h o o t  r e l a t i v e  t o  that o f  the r o o t  
appears t o  be c o n t r o l l e d  g e n e t i c a l l y  (Troughton and 
W hitt ington  1968) .  Furthermore, Eagles (1967) found 
that in c r e a s in g  temperature r e s u l t e d  in i n c r e a s in g  
s h o o t / r o o t  r a t i o s  in  a t e t r a p l o i d  popu la t ion  o f  
D a c t y l i s  glomerata from Norway w h i le  the r a t i o  de­
c rea sed  in a d i p l o i d  populat ion  from Portugal



when grown in  c o n t ro l le d -e n v ir o n m e n t  rooms. In Lo- 
lium perenne , Troughton (1961) observed  that  in c r e a s ­
ing temperature (10°C -  21°C) r e s u l t e d  in  decrea s ing  
s h o o t / r o o t  r a t i o s .  I t  is  t h e r e f o r e  apparant that  some 
e x c e p t io n s  e x i s t  t o  the statement o f  Brouwer (1966) 
that  the shoot  r o o t  r a t i o  g e n e r a l l y  in cre a s e s  with i n ­
c r e a s i n g  temperature.  In the p resent  i n v e s t i g a t i o n  i t  
was d i f f i c u l t  to  r e l a t e  s h o o t / r o o t  r a t i o  changes to 
any s p e c i f i c  c o n d i t i o n s .  The s h o o t / r o o t  r a t i o  in  C. 
c i l i a r i s  var.  b i l o e l a ,  however, d i f f e r e d  from the o th er  
g r a s s e s ,  e s p e c i a l l y  a t  Muguga (1 9 6 8 -1 9 6 9 ) .  Except  f o r  
a s l i g h t  i n i t i a l  in c r e a s e ,  i t s  s h o o t / r o o t  r a t i o  showed 
a s t e a d i l y  d e c r e a s in g  trend which was maintained through 
f l o w e r  form ation ,  through temperature in c r e a s e  and 
through decreas ing  s o i l  moisture a v a i l a b i l i t y .

Comparisons between s h o o t / r o o t  r a t i o s  in  swards 
and those  o f  spaced plants (Table  22) i n d i c a t e  that 
these  approximate in  value .  This im p l ie s  that  both 
the r e s u l t s  o f ,  and conc lus ion s  drawn from, spaced 
p la n ts  are d i r e c t l y  a p p l i ca b le  t o  sward c o n d i t i o n s .

6 .5  S p e c i f i c  Weight o f  Leaves
\

A great  volume o f  work on s p e c i f i c  weight  o f  
l e a v e s  has shown th a t  the r a t i o  i s  in f lu e n c e d  by l i g h t  
and temperature.  In Lolium p erenn e , M i t c h e l l  (1953) 
found that  s p e c i f i c  weight o f  l e a v e s  in c r e a s e d  with 
in c r e a s e  in l i g h t  i n t e n s i t y  or  decrease  in a i r  tem­
p e r a tu r e .  M i t c h e l l  concluded t h a t  the speed and pat­
t e rn  o f  m orp h o lo g ica l  development o f  p lants  as a whole 
was determined by contemporary r a th e r  than prev ious  
l i g h t  and temperature c o n d i t i o n s  and th a t  a r e a d j u s t ­
ment could  o c cu r  w ith in  a week. S im i la r  in f lu e n c e s  
o f  l i g h t  and temperature on s p e c i f i c  weight o f  leaves  
were recorded  in Helianthus annuus by Blackman e t  a l .
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(1 9 5 5 ) ,  and Hunt and Cooper (1967)  found th a t  s p e c i f i c
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weight  o f  leaves  in g ra sses  grown under heated g l a s s ­
house c o n d i t i o n s  was h ig h er  in  May, a time c o i n c i d i n g  
w ith  h igh  l i g h t  i n t e n s i t y  and low temperature,  than 
in  September when l i g h t  i n t e n s i t y  was lower and temp­
e ra tu r e  h ig h er .  At Muguga (1968-1969)  s p e c i f i c  weight 
o f  l e a v e s  in crea sed  from A p r i l  t o  Ju ly  (Table  1 4 ) .  
Assuming that the r e s u l t s  obta ined  in  B r i ta in  are  ap­
p l i c a b l e  t o  East A f r i c a ,  the e f f e c t  o f  the 3°C drop 
in  mean a i r  temperature from A p r i l  t o  May (Tab le  1) 
must have been o f  g r e a t e r  s i g n i f i c a n c e  than reduced 
l i g h t ,  f o r  although l i g h t  i n t e n s i t y  i s  b e l i e v e d  t o  be
much the same during sunshine,  r a d i a t i o n  d ecreased  from 

2 2406 gm /ca ls /cm  /day t o  291 gm /ca ls /cm  /day during  the 
above p e r io d  ( E . A .A .F . R.0 .  1969) ,  mainly due t o  i n ­
c re a se d  c loud c o v e r .  Following J u l y ,  t o t a l  l i g h t  
( r a d i a t i o n )  sunshine hours and temperature in c r e a s e d  
and in  November they were much the same as in A p r i l ,  
but th e re  was no f u r t h e r  increase  in  the s p e c i f i c  
weight  o f  l e a v e s .  The p o s s i b i l i t y ,  however, th a t  the 
in c r e a s e d  s o i l  m oisture  tension  from June t o  October  
and the in crea sed  f l o w e r  and seed form ation  from July 
to  November may have had c e r ta in  in f lu e n c e s  on s p e c i f i c  
weight o f  l e a v e s ,  cannot be e x c lu d ed .

6.6  Root D is t r ib u t i o n  -  Water use

Roots present  i n  the 0-20 cm s o i l  l a y e r  changed 
p r o p o r t io n s  throughout the growth per iod  a t  Muguga 
( F i g . 8 ) .  These changes were most probably  in f lu e n c e d  
by water  a v a i l a b i l i t y ;  low percentages  n e a r ly  c o i n ­
c ided  with  high r e s i s t a n c e  readings  ( F i g . 17) r e l a t e d  
to  low r a i n f a l l  during  the p e r io d  o f  measurement 
( F i g . 2 ) .  The r e s i s t a n c e  b l o ck s ,  however,  were p laced  
below the 0-20 cm s o i l  la y er  and cou ld  not  g iv e  a meas­
urement f o r  t h i s  l a y e r .  W ilt ing  p o in t  was probab ly  
reached much e a r l i e r  than was r e co rd e d  by the r e s i s t ­
ance b l o c k s .  The r o o t  percentages i n d i c a t e  th a t  great
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e r r o r ' s  may be made i f  c o n c lu s io n s  are drawn from the 
r e l a t i v e  amount o f  r o o t s  present  in  the s o i l  su r fa ce  
l a y e r s  on the b a s is  o f  a s in g le  sampling.

R e s u l t s  given in  Table 27 i n d i c a t e  c l e a r l y  that 
u n d e r  t h e s e  c o n d i t i o n s  grasses  r o o t  deeper when grow­
i n g  i n  c o m p e t i t io n .  This i s  c o n t ra ry  to  the f in d in g s  
o f  P a v l y c h e n k o  (1942) who from Nebraska repor ted ,  
d e e p e r  r o o t i n g  in spaced  p lants  compared with that  o f  
p l a n t s  grown in a sward. Ozanne e t  a l .  (1965) found 
t h a t  a  f i v e f o l d  in c r e a s e  in se e d in g  rate  o f  g r a s s e s ,  
l e g u m e s  and herbs ,  had no s i g n i f i c a n t  e f f e c t  on o v er ­
a l l  r o o t i n g  depth in  126 days o ld  p la n ts .

N e i t h e r  the r e s i s t a n c e  read ings  nor the je t -w ash  
r o o t  sampling could  g iv e  a c cu ra te  in form ation  on the 
r o o t i n g  depths o f  th e se  g ra s s e s .  The gypsum r e s i s t a n c e  
b l o c k s  are i n t e n s i t i v e  to  changes in moisture p o t e n t i a l  
u n d e r  c o n d i t i o n s  o f  h igh s o i l  moisture  and when i n i t i a l  
c h a n g e s  in  r e s i s t a n c e  readings o c c u r ,  the s o i l  su r ­
r o u n d i n g  the b lock s  i s  dep leted  by approxim ate ly  h a l f  
o f  i t s  a v a i la b le  s o i l  moisture ( s e e  3 . 5 , 2 ) .  A small 
n u m b e r  o f  r o o t s ,  h i g h l y  a c t iv e  in  e x t r a c t i n g  water ,  
may t h e r e f o r e  have been present  a t  the d i s t a l  end o f  
t h e  r o o t  systems w ithou t  a f f e c t i n g  the b lo ck  re a d in g s .

To c a l c u la t e  the  water used by p l a n t s ,  r e l a t i o n ­
s h i p s  between t r a n s p i r a t i o n  (E^) and the Penman e s t i ­
m a te  o f  p o t e n t ia l  ev a p o ra t io n  (Eq , given in  Table 1) 
h a v e  been  found u s e f u l ;  in  w e l l -w a te re d  Kikuyu grass 
( P e n n is e tu m  c landest inum ) at  Muguga, c o n s i s t e n t  
values o f  Et /EQ = 0 .7 5  were ob ta in ed  (G lover  and Fors-  
g a t e  1 9 6 4 ) .  S im i la r  values have been determined f o r  
P . maximum and Cynodon dacty lon  (Hosegood 1963) .  Using 
t h i s  r e l a t i o n s h i p  t o  c a l c u l a t e  p o t e n t i a l  t r a n s p i r a t i o n ,  
i t  c a n  be deduced from Table 1 th a t  t r a n s p i r a t i o n a l  l o s  
s e s f r o m  grasses growing at  Muguga may be as much as 
5 mm p e r  day. As a v a i l a b l e  s o i l  moisture becomes l i m i ­
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t i n g ,  water  movement from deeper la y e r s  i n t o  the r oo t  
zone may be o f  im portance .  Van Bavel e t  al . '  (1968) 
demonstrated  upward movement o f  water  to the r o o t  zone 
a t  r a t e s  up to 4 mm p er  day f o r  up t o  12 days a f t e r  
i r r i g a t i o n .  There was,  however, an i n d i c a t i o n  in  t h e i r  
graphs th a t  t h i s  ra te  was d ecrea s in g  a f t e r  th is  p e r io d .  
The t o t a l  amount o f  water  that  c o u ld  be t ra n s p o r te d  
in  t h i s  way was t h e r e f o r e ,  a lthough h ig h ly  s i g n i f i c a n t ,  
s t r i c t l y  l im i te d  by the observed d e c r e a s e ,  through 
s e v e r a l  orders  o f  magnitude,  o f  s o i l  moisture cond­
u c t i v i t y  through r e l a t i v e l y  small  decreases  in moisture 
c o n t e n t .  At Perkerra in Kenya, P e r e i r a  (1958) observed 
th a t  in  s p i t e  o f  the la rge  q u ant i ty  o f  water a v a i la b le  
in the s o i l  p r o f i l e  up to  about 180 cm, maize f a i l e d  
t o  mature because r o o t s  could  not grow f a s t  enough to 
occupy the p r o f i l e  where water was a v a i l a b l e .  This 
would i n d i c a t e  that  upward movement o f  water by 
c a p i l l a r i t y  was i n s u f f i c i e n t  to meet the demand o f  the 
maize c r o p .

In the present  s tu d y ,  i f  the bu lk  supply o f  water 
t o  the r o o t  zone was by c a p i l l a r y  f l o w ,  a very s teep  
g r a d i e n t  o f  moisture content between the r o o t  zone and 
the water  f i l l e d  s o i l  layers  below should have been 
o b se rv e d .  The r e s i t a n c e  readings d id  not show such a 
phenomenom. In e a r ly  February 1968 very l i t t l e ,  i f  
any, a v a i l a b l e  water was l e f t  in the s o i l  underneath 
C . c i l i a r i s  v a r . b i l o e l a  at Muguga ( F i g . 17) to  480 cm 
depth .  The sward, however,  remained green and there 
was no i n d i c a t i o n  o f  any drought e f f e c t s .  During the 
next three  weeks b e f o r e  the ra ins  that  f e l l  in  the l a t t e r  
part  o f  February, t r a n s p i r a t i o n a l  l o s s e s ,  i f  maximal, 
were about 100 mm (5 mm per d a y ) .  Most o f  t h i s  water 
must have been e x t r a c t e d  from the s o i l  below 480 cm 
depth .  With an a v a i l a b l e  water h o ld in g  c a p a c i t y  o f  
25 mm per 30 cm s o i l  depth (Table  2 ) ,  a l l  a v a i l a b l e  
water between 480 and 600 s o i l  depth would have
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been e x t r a c t e d  during th is  p e r i o d .  I t  seems rea son ­
a b l e ,  t h e r e f o r e ,  t o  suggest  that the r o o ts  must have 
p en e tra te d  to 6 m depth f o r  a lthough t r a n s p i r a t i o n a l  
l o s s e s  may have been s m a l le r ,  i t  i s  dou bt fu l  th a t  a 
r o o t  system in th is  very  uniform and deep s o i l  would 
end a b ru p t ly  and use a l l  a v a i l a b l e  water t o  the same 
depth .  The r e s i s t a n c e  readings su gg est  a r a t h e r  d i f f  
e r e n t  s i t u a t i o n .  F ig s .  19 and 20 show that  the r e s ­
i s t a n c e  readings changed from 5.8 to  2.6 over  a s o i l  
p r o f i l e  o f  at l e a s t  150 cm depth .  Rooting depths o f  
a l l  g ra sse s  at  Muguga and Kedong were es t im ated  in a 
s i m i l a r  way (Table  2 7 ) .  At Kedong, the procedure  was 
somewhat s im pler ,  s i n c e  r o o ts  d id  not  penetrate  as 
deep as at  Muguga, the r e s i s t a n c e  readings  gave a 
more d i r e c t  i n d i c a t i o n  o f  r o o t i n g  depths.

Although the r o o t  excavat ions  were c a r r i e d  out  
with c a r e ,  i t  was n o t  p o s s ib l e  to  f o l l o w  and c o l l e c t  
the v ery  f ine  r o o t s  a t  the d i s t a l  end o f  the r o o t  
systems and i t  was n o t  p r a c t i c a l  t o  remove r o o t s  from 
depths g reater  than 3 m. I t  was thought ,  however,  
that  the roots  c o l l e c t e d  formed the major part  o f  
the r o o t s  (Table 2 5 ) .

Root depths in excavated  p lants  (Table  25) in d ­
i c a t e d  that  grasses  roo te d  deeper  at  Muguga, but  r e s ­
i s t a n c e  reading data d id  not  agree  with these o b s ­
e r v a t i o n s .  As d i s c u s s e d  e a r l i e r ,  however,  the Kedong 
s o i l  was far  from s a tu ra ted  by the seasona l  ra in s  
in April -May and measurable changes in s o i l  moisture 
would t h e r e fo r e  be more e a s i l y  a t t a in e d  a t  Kedong as 
compared to  Muguga. The r e s u l t s  do i n d i c a t e ,  however 
that  the grasses  can be p laced  in  two g r o u p s : those
that  are deep r o o t i n g  (both C . c i l i a r i s  v a r i e t i e s , ,
C.gayana and P . maximum) , and those  which are shallow 
r o o t i n g  ( E.superba and T . t r i a n d r a ) .
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Deep r o o t in g  g ra sses  have the advantage o f  b e ing  
ab le  t o  absorb  water  from great  depths during p e r i o d s  
o f  d rought .  S o i l  moisture r e s i s t a n c e  readings  sug ­
gested t h a t  s e v e r a l  o f  the grasses s tu d ie d  r o o te d  to  
depths o f  about 6 m at  Muguga. A f t e r  the long  ra in s  
in April -May 1967, the s o i l  at  Muguga was sa tura ted  
with water  ( F i g . 1 7 ) ,  h o ld in g  about 500 mm o f  a v a i l ­
able  w ater  to  a depth o f  6 m (Dagg 1 9 6 8 ) .  Before  the 
long r a in s  which began in  the l a t t e r  part  o f  February 
1968, the C. c i l i a r i s  v a r i e t i e s ,  C. gayana, and P.maxi­
mum had used a l l  a v a i l a b l e  water t o  6 m in a d d i t i o n  
to  the 340 mm o f  ra in  which f e l l  between the long 
rains in  1967 and 1968. During t h i s  time i n t e r v a l ,  
the e v a p o r a t i o n a l  demand was 1180 mm (Table 1 ) ,  g i ­
ving an Et /E Q value o f  0 .7 1 .  This v a lu e ,  was on ly  
s l i g h t l y  lower  than the one ob ta ined  by Glover and 
Forsgate  (1964) and Hosegood (1 9 6 3 ) .  Ev ident ly  the
grasses  maintained n e a r - p o t e n t i a l  r a t e s  o f  t r a n s ­
p i r a t i o n  u n t i l  a l l  a v a i l a b l e  water t o  6 m s o i l  depth 
was e x t r a c t e d .

The mean annual p o t e n t i a l  eva pora t ion  f o r  12 
years o f  records  in c l u d i n g  1968 (E . A .A .F . R .0 . ,  1969) 
was 1705 mm g iv in g  an average p o t e n t i a l  t r a n s p i r a t i o n  
o f  1279 mm per yea r  (1705 x 0 . 7 5 ) .  This i s  more than 
the average  r a i n f a l l  o f  1013 mm (Table  1 ) ,  i n d i c a t i n g  
that  modulus p o t e n t i a l  growth ra tes  can seldom be a t ­
ta in ed .  Large s o i l  moisture d e f i c i t s  are t h e r e f o r e  
l i k e l y  t o  develop  by the s t a r t  o f  the  rainy season ,  
e s p e c i a l l y  b e fo re  the long  r a in s .  To compensate f o r  
a d e f i c i t  o f  500 mm w ith in  a per iod  o f  two months, a 
r a i n f a l l  o f  about 660 mm i s  r e q u i r e d ,  a l low in g  160 mm 
f o r  e v a p o tr a n s p i r a t io n  l o s s e s .  The seasona l  ra in s  do 
not norm ally  compensate f o r  t h i s  l o s s  but the long  
rains in  1967 and 1968 were much h ig h e r  than normal 
i n d i c a t i n g  that through drainage and some c o n t r i b u ­
t io n  t o  ground water had occurred .



Even g r e a t e r  s o i l  moisture d e f i c i t s  o c cu r  b e fo re  
the long  rains a t  Kedong, where the r a i n f a l l  p a tte rn  
i s  much the same as f o r  Muguga. This  r e s u l t s  in  a 
more pronounced seasona l  growth. The mean annual 
p o t e n t i a l  ev a p ora t ion  (7 years o f  r e c o r d s )  was 1747 
mm (Woodhead 1968) ,  g iv in g  an average p o t e n t i a l  tran­
s p i r a t i o n  o f  1310 mm (using  the same E /Eq va lue  as 
f o r  Muguga). The mean annual r a i n f a l l  i s  805 mm.

Data on mean annual r a i n f a l l ,  p o t e n t i a l  eva po ­
r a t i o n  and t r a n s p i r a t i o n  f o r  Kedong and Muguga a l low  
f o r  a comparison t o  be made o f  the two areas in  terms 
o f  e x p e c te d  growing sea son s .  I f  drought o c cu re d  in 
on ly  one p e r io d  during the y e a r ,  g rasses  c o u ld  p r o ­
bab ly  grow f o r  about 8  ̂ months at  Kedong in  c o n t r a s t  
to  an expected  10 month growing p e r i o d  at  Muguga.

During the exper im enta l  p e r i o d ,  A p r i l  1967 
through February 1968, the d i f f e r e n c e s  between r a i n ­
f a l l  and t r a n s p i r a t i o n  was 323 mm a t  Kedong; the 
long ra in s  did not pen etra te  much below 2 m s o i l  
depth .  At Muguga, r a i n f a l l  exceeded  p o t e n t i a l  t ra n s ­
p i r a t i o n .  Y ie ld s  d id  not  d i f f e r  between Muguga and 
Kedong. I t  was suggested  that  the spaced p la n ts  at 
Kedong must have had a r e l a t i v e l y  g r e a te r  l a t e r a l  
a b s o r p t io n  o f  water although the h o r i z o n t a l  spread 
o f  r o o t s  was much the  same (Table 2 6 ) .  This assump­
t io n  cou ld  not  be s u b s ta n t ia te d  s i n c e  water l o s s e s  
from the s o i l s  were not  measured.

The combined Muguga and Kedong shoot  y i e l d s  
( F i g . 13) suggested th a t  E. superba and T . t r ia n d r a  were 
l e s s  p ro d u ct iv e  than o ther  g r a s s e s .  In T . t r i a n d r a , 
y i e l d  increments were i n i t i a l l y  much the same as in 
the o t h e r  g ra sse s ,  but  from July t o  November, i n c r e ­
ments were l e s s .  The low y i e l d s  o f  E.superba and T. 
t r i a n d r a  in p a r t i c u l a r  could  be a r e s u l t  o f  having
l e s s  a v a i la b le  water w ith in  t h e i r  r o o t  range due to
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a s h a l l o w e r  r o o t  system.

The l o s s  o f  water through s u r fa c e  r u n - o f f  has 
n o t  been c o n s id e r e d ;  i t  was assumed t o  be n e g l i g ­
i b l e  in  the exper im ental  p l o t s  ( P e r e i r a  e t  a l . 19 67 ) .  
N e v e r t h e le s s ,  r u n - o f f  cause s e r i o u s  r e d u c t io n  in  y i e l d  
in  areas  such as Muguga and Kedong where r a i n f a l l  
l i m i t s  growth and heavy seasona l  r a in s  o c c u r .  Sound 
management p r a c t i c e  s h o u ld ,  however, be ab le  to  prevent  
r u n - o f f ,  and thus prec lud e  an a s s o c i a t e d  l o s s  o f  p ro ­
d u c t i v i t y  .

The above d i s c u s s i o n  demonstrates the important 
p a rt  p layed  by the r o o t  system in the adaption o f  
g r a s s e s  t o  sem i -ar id  c o n d i t i o n s  w ith  seasona l  r a i n ­
f a l l .  Deep r o o t i n g  g ra sse s  are n ecessa ry  to  e x p l o i t  
the annual recharge o f  the s o i l  moisture  r e s e r v e s  from 
the se a s o n a l  r a in s ,  thereby  making the growth season  
as lon g  as p o s s i b l e .  This presupposes  more than mere 
s u r v i v a l .  In comparison with sha l low  r o o t i n g  g r a s s e s ,  
deep r o o t i n g  grasses  should be capab le  o f  transform ing  
an in c r e a s e d  water uptake i n t o  g r e a t e r  y i e l d  o f  dry 
m atter  during a given p e r io d .  Although f l u c t u a t i o n  
in  the water table  i s  to  be e x p ec ted  when deep r o o t i n g  
g r a s s e s  are used, the g r e a te r  water use must n o t  r e s u l t  
in  a n e t  l o ss  o f  ground water r e s e r v e s .  At Muguga, 
i t  i s  b e l i e v e d  that the r a i n f a l l  i s  adequate t o  meet 
the above requirement .  At Kedong, fu r t h e r  s tu d ie s  
on the water use o f  these  grasses  in  swards are r e ­
q u ire d  b e fo re  any sugg est ion  can be made. I t  i s  w e l l  
known, however, that T . t r ia n d r a  can t o l e r a t e  very  
dry c o n d i t i o n s ,  and Bogdan and P ra t t  (1967) regarded 
E .superba  as a sa fe  g rass  f o r  use under moderately  
dry c o n d i t i o n s .  Although a l l  g rasses  had a h ig h e r  
percentage  o f  t h e i r  r o o t  systems in  the s u r fa ce  
la y e r s  at  Kedong (Table 2 5 ) ,  E .superba and T . t r ia n d r a  
had the h ig h e s t .  S ince  these two grasses  had h ig h e r  
mean r o o t  y i e l d s  at  Kedong, although not  s i g n i f i c a n t l y
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d i f f e r e n t  from Muguga, i t  f o l l o w s  t h a t  the r o o t  den­
s i t y  was much h igher  in  the s u r fa c e  l a y e r ,  maximum 
spread o f  r o o ts  be ing  much the same (Table 2 6 ) .  From 
s tu d ie s  on T . t r ia n d r a  in  South A f r i c a ,  Goossens and 
S ta p e lb erg  (1933) sugg ested  that  the heavy c o n c e n t ra ­
t i o n  o f  r o o t s  in  the s u r fa c e  s o i l  l a y e r  enabled  t h i s  
s p e c i e s  to  make the f u l l e s t  use o f  a l l  l i g h t  showers 
o f  r a i n ,  and to  compete fa v ou ra b ly  with o th e r  deeper  
r o o t i n g  g ra s s e s .  Murray and G lov er  (1935) came to  
a s i m i l a r  c o n c lu s io n .  The p re s e n t  study sup ports  
th is  h y p o th e s is  and i n d i c a t e s  th a t  E . superba a l s o  
has t h i s  q u a l i t y .  E . superba has the  d isadvantage o f  
high s h o o t / r o o t  and l e a f / r o o t  r a t i o s  but i s  probab ly  
more deep r o o t in g  than T . t r i a n d r a .

Competit ion i s  one o f  the un d er ly in g  p r i n c i p l e s  
in p la n t  communities and Donald (1963)  d e f in e s  com­
p e t i t i o n  in  such a way that  i t  c o v e r s  a l l  l i v i n g  o r ­
ganisms: "Competit ion  occu rs  when each o f  two o r  mo­
re organisms seeks the measure i t  wants o f  any par­
t i c u l a r  f a c t o r  or  t h i n g ,  and when the immediate sup­
ply o f  the f a c t o r  o r  thing i s  below the combined de­
mand o f  the o rgan ism s" .  T . t r ia n d r a  o f t e n  forms large  
pure stands although o th e r  g rasses  may be p resen t  in 
the v i c i n i t y .  P o s s i b ly  th is  grass  in some co m p e t i t iv e  
way w ithstands  i n t r u s i o n  from o t h e r  g r a s s e s ,  and ob­
s e r v a t io n s  in T . t r ia n d r a  grass lands  at Kedong seem to 
v e r i f y  th is  s u g g e s t io n .  Where f i r e b r a k e s  were made, 
using a d i s c  p lough,  o th er  g rasses  ( C.gayana in  p a r t i ­
c u la r )  invaded the f i r e b r a k e s  and formed dense stands ,  
d i s p l a c i n g  T . t r i a n d r a . A p o s s i b l e  exp lan at ion  f o r  
o th e r  grasses  being unable to  compete with T . t r ia n d ra  
is  th a t  the s p e c ie s  uses the s o i l  moisture in the 
s u r fa ce  layers  so e f f e c t i v e l y  th a t  o th er  g rasses  are 
unable t o  e s t a b l i s h  themselves .  T . t r i a n d r a , t h e r e ­
f o r e ,  would seem to  have a g r e a t e r  a b i l i t y  t o  surv ive  
under c o n d i t i o n s  o f  low in te r m it t e n t  r a i n f a l l ,  and
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s h a l lo w  s o i l .  I t  i s  a l s o  p o s s ib l e  th a t  the high den­
s i t y  o f  T . t r iand ra  r o o t s  in the s o i l  su r fa ce  at Kedong 
a c t e d  as a mechanical b a r r i e r  t o  the pen etra t ion  o f  
the  s o i l  p r o f i l e  by the s e e d l in g  r o o t s  o f  o th er  s p e c i e s .  
Rhodes (1968) r e p o r ts  on a s im i l a r  phenomenom in  L o l -  
ium p e re n n e . Another exp lan at ion  f o r  the s u c c e s s  o f  
T . t r i a n d r a  could  be th a t  i t  has a more e f f e c t i v e  n u tr ie n t  
a b s o r b in g  ro o t  system. Parsons e t  a l . (1953) g iv e  a 
good example o f  such c o m p e t i t io n .  They found th a t  
A g r o s t i s  alba and Poa p r a te n s is  t ook  up potassium 
s o  r e a d i l y  that D a c t y l i s  g lom erata , Medicago s a t i v a  
and Bromus inermis were e l im inated  from a mixed popu­
l a t i o n  .

6.7 Ro o t  Morphology

Diameter o f  nodal r o o t s  between 0 and 80 cm s o i l  
depth was not in f lu e n c e d  by the d i f f e r e n t  growth con­
d i t i o n s  at  Muguga and Kedong. Marked d i f f e r e n c e s ,  
however ,  were found between s p e c i e s .  C . c i l i a r i s  var.  
b i l o e l a  had the l a r g e s t  diameter (1 .6 0  mm) f o l l o w e d  
by E . superba (1 .3 7  mm), C. gayana (1 .2 7  mm), C . c i l i a r i s  
var.mbalambala (1 .23  mm), T . t r ia n d r a  (0 .87  mm) and 
P.maximum (0 .71  mm). Many o f  these  grasses  had large  
d iam eter  roo ts  when compared with o th e r  s p e c i e s . 
Pavlychenko (1942) re cord ed  diameters between 0.19 and 
1 .1  mm f o r  ten grass s p e c i e s ;  C r id e r  (1945) l i s t e d  
r o o t  diameters ranging from 0.43 t o  1.11 mm f o r  n in e -  
week o l d  plants o f  twelve  grass s p e c i e s  grown in  p o ts :  
Coupland and Johnson (1 9 6 5 ) ,  s tudy ing  ro o t  development 
o f  n a t iv e  grassland in  Saskatchewan, reported  r o o t  d ia ­
meters from 0.2 to  1 .0  mm. Large r o o t  d iam eters ,  how­
e v e r ,  have been observed  p r e v io u s ly  in grasses  growing 
under wet co n d i t i o n s  in  the grass p r a i r i e s  o f  the USA 
where the c o a r se s t  r o o t s  o f  Spart ina  michauxiana mea­
sured 3 t o  4 mm across  (Weaver 1 9 2 6 ) .
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In P.maximum r o o t s ,  the c o r t e x  was s loughed o f f  
r e l a t i v e l y  e a r ly  e x c e p t  f o r  sh o r t  s e c t i o n s  behind the 
r o o t  t i p s .  This was a l s o  observed in  C.gayana, E .sup-  
erba and T . t r i a n d r a , a lthough to a l e s s e r  e x t e n t .  In 
the two C. c i l i a r i s  v a r i e t i e s ,  the c o r t e x  was i n t a c t ,  
w ithout  any s ign  o f  d e t e r i o r a t i o n ,  14 months from plan­
t in g .  These o b s e r v a t io n s  seem to  agree  with the data 
ob ta in ed  on s p e c i f i c  weight  o f  r o o t s  (Table 1 9 ) .

Throughout the growth p e r i o d ,  mean s p e c i f i c  w eight  o f  
r o o ts  was h igher  in P . maximum than in  C . c i l i a r i s  var.  
b i l o e l a ;  C. gayana was in te rm e d ia te .

The co r te x  may p la y  an important r o l e  in the up­
take o f  n u t r i e n t s .  E a r l i e r ,  i t  was thought that  nu­
t r i e n t s  were absorbed mainly in younger  t i s s u e  a short  
d i s ta n ce  from the r o o t  t i p  (Steward e t  a l .  19 42 ) .  Re­
cent  experiments  with ba r ley  in s o l u t i o n  c u l t u r e ,  how -  
e v e r ,  sugg est  a d i f f e r e n t  s i t u a t i o n  (Clarkson e t  a l .  
1968) .  In o l d e r  r o o t s ,  at  l e a s t  40 cm from the r o o t  
t i p  where the endodermis was h e a v i ly  th ick en ed ,  phos­
phate was absorbed and t r a n s lo c a t e d  as r e a d i l y  as in 
the young t i s s u e ,  p ro v id in g  the c o r t e x  remained i n ­
t a c t .  Much l e s s  i s  known about o t h e r  i o n s ,  but i t  
seems th a t  the pattern  o f  potassium uptake is  comparable 
t o  that  f o r  phosphate (Clarkson and Sanderson, c i t e d  in 
R u sse l l  1970) .  I f  the same s i t u a t i o n  is  g e n e r a l l y  true 
f o r  p la n ts  growing in  s o i l ,  C . c i l i a r i s  would have a 
great  advantage over  most o f  the o t h e r  grasses  i n c l u ­
ded in  t h i s  work.

On the ba s is  o f  p e r s is ta n c e  o f  the c o r t e x ,
Goossens and S ta p e lb erg  (1933) c l a s s i f i e d  grasses  in 
two group s :  those having  a s o f t ,  e a r ly  deciduous c o r ­
tex and those having a more o r  l e s s  hard p e r s i s t e n t  
c o r t e x .  Group one in c lu d ed  grasses  o f  the dry r e ­
gions w ith  x e ro p h y t i c  r o o t s ;  group two c o n s i s t e d  o f  
grasses  o f  the moist reg ions  with mesophytic  r o o t s .
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In t h i s  c l a s s i f i c a t i o n ,  C . c i l i a r i s  would seem t o  belong 
t o  group two'. However, th is  work has in d ic a te d  that  
C. c i l i a r i s  i s  w e l l  adapted to  d r i e r  r e g io n s .

Roots with a mucilagenous l a y e r  were observed  in 
E . su p e rb a , e s p e c i a l l y  in  the s o i l  s u r fa c e  l a y e r ,  and 
in  T . t r ia n d ra  at  g r e a t e r  depth .  S im i la r  mucilagenous 
la y e r s  have been d e s c r ib e d  bv P r ice  (1 9 1 1 ) ,  Warming 
( 1 9 2 5 ) ,  Goossens and S ta p e lb e rg  (1 933 )  and Arber (1934) 
but o p in io n s  d i f f e r  as t o  how they are formed. The 
shea th ,  in c lu d in g  the mucilage and s o i l  p a r t i c l e s ,  
remains on the r o o ts  as long as the c o r te x  and Warming 
(1925) b e l i e v e d  that the mucilage p r o t e c t e d  a g a in s t  
a l o s s  o f  water from the r o o t s  i n t o  s o i l  when the  l a t ­
t e r  became dr ied  out .  Goossens ( 1 9 3 6 ) ,  however, thought 
th a t  i t  a ided in  the a b s o rp t io n  o f  water.

6.8 T en ta t iv e  Conclusions

Above ground y i e l d s  in C. gayana and P. maximum 
exceeded  those o f  the two C . c i l i a r i s  v a r i e t i e s  under 
the r e l a t i v e l y  good r a i n f a l l  c o n d i t i o n s  o f  these ex ­
periments  . The d i f f e r e n c e s ,  however,  tended t o  decrease  
f o r  the xa ter  stages o f  growth. On a dry matter b a s i s ,  
a h i g h l y  balanced sh o o t  and r o o t  development was ob­
served  in  the two C . c i l i a r i s  v a r i e t i e s ,  while  in  the 
o th e r  two s p e c i e s ,  sh o o t  growth was much more r a p id  
during  the f i r s t  7 months o f  growth. Assuming that  
comparative shoot  and r o o t  growth would be s i m i l a r  un­
der l e s s  favourable  moisture c o n d i t i o n s ,  i t  i s  probable  
that  above ground y i e l d  d i f f e r e n c e s  would be s m a l le r ,  
even during e a r ly  s ta g e s  o f  growth. Under c o n d i t i o n s  
o f  m oisture  s t r e s s ,  i t  i s  l i k e l y  that  y i e l d s  would be 
reduced  e a r l i e r  in s p e c i e s  with h igh  s h o o t / r o o t  r a t i o s .  
Under severe  dry c o n d i t i o n s  C.gayana and P.maximum 
would not  be ab le  t o  s u r v iv e ,  even i f  they succeded  in 
e s t a b l i s h i n g  them selves .  This i s  supported by the
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o b s e r v a t io n s  o f  P e r e i r a  e t  a l . (1961 )  and Owen and 
Brzostow sk i  (1 966 ) .

R egenerat ion ,  v e g e t a t i v e l y  o r  g e n e t i c a l l y ,  i s  a 
most important f a c t o r  t o  be c o n s id e r e d  when growth 
may be l i m i t e d  by low or  uncerta in  r a i n f a l l .  I t  i s  
p o s t u la t e d  that  a w e l l  adapted grass  should have the 
a b i l i t y  t o  b u i ld  up a reserve  o f  seeds  in the s o i l ,  
th a t  i s ,  the seeds must not only  maintain t h e i r  v i a ­
b i l i t y  but a p r o p o r t i o n  o f  them shou ld  remain dormant 
even when moisture c o n d i t i o n s  are fa v ou ra b le  f o r  g e r ­
m in a t ion .  T . t r ia n d r a  i s ,  e c o l o g i c a l l y ,  a h i g h ly  suc­
c e s s f u l  s p e c ie s  p roba b ly  due, in p a r t ,  t o  the s p e c i e s  
a b i l i t y  t o  b u i ld  up such a seed r e s e r v e .  In t h i s  work 
both C. c i l i a r i s  v a r i e t i e s  showed p oor  germ inat ion .  
Brzostow ski  and Owen (1 966 ) ,  however, found th a t  seeds 
o f  t h i s  grass germinated r e a d i ly  prov id ed  mature 
seeds were s to r e d  f o r  12 to  18 months a f t e r  h a r v e s t .  
This suggests  that  C. c i l i a r i s  may be able  t o  s t o r e  
v i a b l e  seeds over  a pro longed  p e r io d  o f  time and that 
i t s  es ta b l i shm ent  i s  safeguarded even when growth con­
d i t i o n s  are p oor  f o r  per iods  up t o  Is  y e a rs .  Freshly 
h a rv e s te d  seeds o f  both  C■gayana and P.maximum g e r ­
minate r e a d i l y  and i t  i s  probable  th a t  with these  gras 
ses no s i g n i f i c a n t  seed  reserves  remain f o l l o w i n g  a 
good r a in .

Observations showed that C. c i l i a r i s  v a r . b i l o e l a  
in p a r t i c u l a r ,  and a l s o  var.mbalambala,  had e x te n s iv e  
rhizome systems o f  g r e a t  r e g e n e ra t iv e  v a lu e .  A ls o ,  
most o f  the rhizomes were l o c a t e d  w e l l  below the s o i l  
s u r f a c e ,  which i s  o f  great  s i g n i f i c a n c e ,  because the 
use o f  f i r e  i s  g e n e r a l ly  accepted  as a t o o l  f o r  e ra ­
d i c a t i n g  u n d es ireab le  v e g e ta t io n .

Specht (1957) emphasized th a t  i n t e r c e p t i o n  o f  
r a i n f a l l  by v e g e t a t io n  i s  a major f a c t o r  in any study
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o f  the water balance o f  an ecosy stem .  Stem f l o w  or  
f o l i a r  d r i p  can be o f  c o n s id e r a b le  importance in  ar id  
plant communities and has a g rea t  i n f lu e n c e  on d i s t r i ­
bution  o f  incoming m o is tu re .  G lov er  (1950) found that 
a number o f  Somaliland p lants  had deve loped  e x te n s iv e  
shallow l a t e r a l  r oo t  systems as an ad aptat ion  t o  s h a l ­
low p e n e tr a t io n  o f  r a in  water a f t e r  s p o r a d ic  showers.
In East A f r i c a ,  G lover  and Gwynne (1962) showed that 
the maize p lant  was capable  o f  i n t e r c e p t i n g  l i g h t  sho­
wers o f  rain and c o n c e n t r a t in g  water  in c o n s id e r a b le  
amounts near the base o f  i t s  stem. A s im i la r  phenom­
enon! was descr ibed  f o r  s e v e ra l  gra ss la n d  communities, 
in c lu d in g  T , t r ia n d r a  in Kenya (G lo v e r  e t  a l . 1 9 6 2 ) ,  
and f o r  Agropyron spicatum in B r i t i s h  Columbia ( Nda- 
wula-Senyimba 1969) .

The a e r i a l  part  o f  grasses  may th e r e fo r e  be con­
s id e r e d  as a catchment area which c o l l e c t s  ra in  water 
and d e l i v e r s  i t  to  the  s o i l  at  the base o f  the grasses 
where i t  accumulates in amounts g r e a t e r  than those  a v a i l  
able from bare ground. This supposes that  the grasses  
are d i s t r i b u t e d  s i n g l y  or  in clumps; t h i s  i s  a com­
mon type o f  d i s t r i b u t i o n  in d r i e r  range r e g i o n s .  Where 
rain f a l l s  upon a uniform c l o s e d  canopy, no s i n g l e  p lant  
is a b le  to  obta in  such a d d i t i o n a l  water.

I t  has been suggested  that E . superba and T . t r ia n d ra  
because o f  t h e i r  h igh  co n c e n t ra t io n  o f  r o o t s  in  the 
s o i l  s u r fa ce  la y e r ,  are capable o f  u t i l i z i n g  l i g h t  sho­
wers o f  rain more e f f e c t i v e l y  than o ther  g r a s s e s .  Un­
dou b ted ly ,  the catchment e f f e c t  can be in c lu d e d .  A ls o ,  
the mucilagenous r o o t  la y er  observed  in E.superba in 
the t o p  s o i l  may enhance the a b sorp t ion  o f  small  amounts 
o f  w ater .

When studying T . tr iandra  grass lan ds  in East A f r i c a ,  
Heady (1966) found that  t h i s  grass  grew on a v a r i e t y
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o f  s o i l s  and did not  appear t o  be c l o s e l y  c o r r e l a t e d  
to  r a i n f a l l  c o n d i t i o n s .  He a l s o  observed  that  where 
T. t r i a n d r a  was o c c u r r i n g  in  abundance, o rgan ic  matter  
t o  a depth o f  20 t o  50 cm was c o n s ta n t ly  h ig h er  than 
where the grass was s c a r c e  or  a b se n t .  Although Heady 
thought that  the range o f  organ ic  m atter  was a r e s u l t  
o f  d i f f e r e n c e s  in  the abundance o f  T . t r ia n d r a  r a t h e r  
than caus ing  i t ,  the f in d in g s  in t h i s  work may su g ­
g e s t  the l a t t e r .

The success  o f  T . t r ia n d ra  grass lands  i s  undoubt­
ed ly  the r e s u l t  o f  a v a r i e t y  o f  f a c t o r s .  Four o f  the 
more important o f  these  in c lu d e .  1) The r e l a t i v e l y  
sh a l low  r o o t  system, which enables  the grass  to  grow 
e q u a l l y  good on both sha l low  and deep s o i l s ;  2) on 
deep s o i l s  i t  can compete with more deep r o o t i n g  gras ­
ses  p r o v id in g  r a i n f a l l  i s  i n t e r m i t t e n t ,  because o f  
i t s  a b i l i t y  to u t i l i z e  l i g h t  showers o f  ra in  more 
e f f e c t i v e l y ;  3) the g ra ss  has a fa v o u ra b le  s h o o t /  
r o o t  r a t i o ,  and 4) i t s  e s ta b l ishm ent  i s  sa feguarded  
by seed  reserves  in the  s o i l .
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CHAPTER V I I

CONCLUSIONS AND RECOMMENDATIONS

In East A f r i c a  where rangelands are c h a r a c t e r ­
i z e d  by a complex o f  e c o l o g i c a l  f a c t o r s ,  management 
is  e q u a l l y  var ied  and the p re fe ren ce  f o r  any one 
grass may d i f f e r  over  com parat ive ly  small  a rea s .  The » 
main f a c t o r  l i m i t in g  growth i s  r a i n f a l l .  Most o f  the 
rangelands in Kenya have two ra iny  seasons a year  but 
large  areas  o f  Uganda and Tanzania have only  one.
Under such co n d i t i o n s  o f  seasonal  ra in s  i t  i s  very 
important to  f in d  the grass  s p e c ie s  th a t  w i l l ,  f o r  
each d i f f e r e n t  growth h a b i t a t ,  most e f f e c t i v e l y  e x ­
p l o i t  and u t i l i z e  the annual recharge  o f  the s o i l  p ro ­
f i l e .

Under the c o n d i t i o n s  d e sc r ib e d  f o r  the e x p e r i ­
ments, l e a f  and shoot  y i e l d s  alone would tend to  f a - '  
vour P. maximum as a p r e fe r r e d  rangeland g r a s s .  How­
ever ,  when the high r o o t  y i e l d s  and t h e i r  p o s s i b l e  long 
term e f f e c t  on s o i l  f e r t i l i t y  and s o i l  water h o ld in g  
c a p a c i t y  are c o n s id e r e d ,  the two C . c i l i a r i s  v a r i e t i e s  
and C. gayana would seem to  be b e t t e r  than P, maximum.

In many o f  the East A fr ican  s o i l s ,  o rgan ic  
matter content  i s  low and i t  i s  b e l i e v e d  that  the i n ­
f lu e n c e  d i f f e r e n t  grasses  may have on the s o i l s  should 
be i n v e s t i g a t e d .  This research  c o u ld  e a s i l y  be com­
bined w ith  long term pasture t r i a l s .

In more a r id  c o n d i t i o n s ,  above ground y i e l d s ,  
l e a f / r o o t  and s h o o t / r o o t  r a t i o s ,  and r o o t i n g  depth 
( p r o v i d in g  the s o i l s  are deep) are f a c t o r s  t o  be con ­
s i d e r e d .  In these r e s p e c t s ,  the two C. c i l i a r i s  v a r i e ­
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t i e s  proved s u p e r io r  t o  a l l  o th e r  g r a s s e s .

I f ,  however, the s o i l s  are sh a l low  i t  i s  p o s s ­
i b l e  t h a t  grasses  l i k e  T . t r i a n d r a , having low s h o o t /  
r o o t  r a t i o s  and sha l low  r o o t  system s,  would be p re ­
f e r a b l e  although there  i s  no exper im enta l  e v id en ce  to 
s u g g e s t  that  C . c i l i a r i s  v a r i e t i e s  which have deep roo t  
systems would not do e q u a l ly  w e l l  under sha l low  s o i l  
c o n d i t i o n s .

In t h i s  d i s c u s s i o n  i t  has been suggested that  
T . t r i a n d r a  and the two C■c i l i a r i s  v a r i e t i e s ,  due t o  
t h e i r  i n t r i n s i c  seed germination p r o p e r t i e s ,  are  b e t ­
t e r  equipped to  r e s e e d  the area s u c c e s s f u l l y  f o l l o w i n g  
p ro lo n g e d  per iods  o f  drought than any o f  the o t h e r  
g r a s s e s  s tu d ied .

These r e s u l t s  i n d i c a t e  that  fu tu re  work on im­
p ro v in g  the rangelands should c o n s i d e r  the r e l a t i o n s h i p  
o f  above t o  below ground growth o f  g r a s s e s . This  work 
has shown that such s tu d ie s  can be s i m p l i f i e d .  Com­
p a r i so n s  between s h o o t / r o o t  r a t i o s  in swards and 
those  o f  spaced p la n ts  suggest  t h a t  c o n c lu s io n s  drawn 
from spaced p lants  are  d i r e c t l y  a p p l i c a b l e  to  sward 
c o n d i t i o n s .  A lso ,  r e l a t i v e  d i f f e r e n c e s  between sh o o t /  
r o o t  r a t i o s  o f  p e r e n n ia l  grasses  can be o b ta in e d  from 
spaced p lants  grown a t  Muguga, and p o s s i b l y  o t h e r  l o ­
c a t i o n s  having s i m i l a r  growth c o n d i t i o n s ,  through two 
samplings conf ined t o  the September-November p e r i o d ,  
p r o v id in g  the same exper imental  procedure  i s  f o l l o w e d ,  
and us ing  C . c i l i a r i s  v a r . b i l o e l a  as a standard .  By 
us ing  the jet -wash method f o r  r o o t  e x c a v a t io n ,  the d i s ­
t r i b u t i o n  o f  the r o o t s  in the s o i l  p r o f i l e  c o u ld  be 
determined and s tu d ie s  on r o o t  morphology cou ld  be 
c a r r i e d  out .  An i n d i c a t i o n  o f  minimum r o o t i n g  depth 
can be obta ined  in swards with the a id  o f  gypsum r e ­
s i s t a n c e  b locks  p la ced  a t  r e g u la r  i n t e r v a l s  to  a t  l e a s t
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6 m depth .

During the es ta b l ishm ent  p e r io d  o f  grasses  on 
ranges in  s e m i -a r id  and a r id  r e g i o n s ,  which l a s t s  ap­
prox im ate ly  10 months a f t e r  p l a n t i n g ,  graz ing  should 
be a v o id ed  or  kept  t o  a minimum. This  would a l l o w  the 
grasses  t o  b u i ld  up t h e i r  r o o t  systems and underground 
re se rv e s  with consequent  high subsequent primary and 
secondary p r o d u c t i v i t y  l e v e l s .

Knowledge o f  the many grass  v a r i e t i e s  in East 
A f r i c a  i s  s ca n t .  A resea rch  programme t o  compare 
and ev a lu a te  the more important g ra ss  v a r i e t i e s  would 
c e r t a i n l y  prov ide  f u r t h e r  v a lu a b le  data f o r  the o v e r ­
a l l  improvement o f  East A fr ican  rang e lan d s .
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APPENDIX

EXAMPLE OF STATISTICAL METHOD AND CALCULATION

S h o o t / r o o t  r a t i o s ,  Muguga and Kedong 1967-1968

Study I I

To in d i c a t e  the procedure used in the s t a t i s ­
t i c a l  treatment o f  the data p resen ted  in t h i s  t h e s i s ,  
the a n a l y s i s  o f  the s h o o t / r o o t  r a t i o s ,  ob ta ined  at 
Muguga and Kedong, May 1967 to  February 1968, i s  
given as an example. The s h o o t / r o o t  r a t i o s  are s t a ­
ted in  Table 1.  I t  was assumed (Chapter 4) th a t  the 
v a r i a b i l i t y  between the r a t i o s  shown w ith in  the dou­
b le  l i n e s  in the t a b l e  in d i c a t e s  a true r e p r e s e n ta ­
t ion  o f  the t o t a l  r e c o r d s  in c lu d in g  T . t r i a n d r a ;  thus 
the standard  e r r o r  o b ta in e d  through the c a l c u l a t i o n s  
shown in  Tables 2 and 3 was used t o  draw c o n c lu s io n s  
from the whole s e t  o f  data.

To determine d i f f e r e n c e s  w ith in  groups th a t  
proved s i g n i f i c a n t  in  Table 3, the l e a s t  s i g n i f i c a n t  
d i f f e r e n c e s  (LSD) t e s t  was employed as f o l l o w s :

Example 1.

Comparing s h o o t / r o o t  r a t i o s  between C . c i l i a r i s  
v a r . b i l o e l a  = 2.675 and C.gayana = 6.357 at Kedong.

LSD = t
t = tabu lated  " t "  value 

, s2= mean square f o r  e r r o rwhprG * •n = number o f  o b s erv a t ion s
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t  = 2.086 ( t a b u la t e d  " t "  value a t  the 5% l e v e l ) :  

s^= 0.711205 (mean square f o r  e r r o r ,  Table 3 ) .  

n^= 8 (number o f  ob se rv a t io n s  in  C . c i l i a r i s  var .  

b i l o e l a ) .

n2= 7 (number o f  o b s e r v a t io n s  in  C. gayana) .

LSD = 0.910

(Table 1).

The d i f f e r e n c e s  between the means given above i s  
la rg e r  than the LSD va lue  obtained i n d i c a t i n g  th a t  at  
the 5% l e v e l ,  C.gayana had a h ig h e r  mean s h o o t / r o o t  
r a t i o  than C. c i l i a r i s  v a r . b i l o e l a .

Example 2 .

Comparing a g es ,  f o r  example May = 2.762 versus 
July = 3 .274 (Table  1 ) .

2t  and s are  the same as in example 1.

n^= 22 (number o f  ob se rv a t io n s  in  May, a l l  

s p e c ie s  and l o c a t i o n s ) .

n2 = 23 (number o f  o b se rv a t io n s  in J u l y ) .

LSD = 0 ,5 2 5 .

This shows that the r a t i o s  a t  the two dates did 
not d i f f e r  at the 5% l e v e l  s in ce  the LSD value ob ­
tained was s l i g h t l y  l a r g e r  than the d i f f e r e n c e  between 
the May and July r a t i o s .

For each a n a ly s i s  o f  v a r ia n ce ,  only the s p e c i e s  
having the same number o f  o b s e r v a t io n s  (n1 and n 2 ) 
o v e r a l l  or  f o r  a p a r t i c u l a r  comparison would y i e l d
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the same LSD. This gave r i s e  to  s e v e r a l  LSD va lues  
w i th in  each a n a l y s i s .  Using the s h o o t / r o o t  r a t i o  
a n a l y s i s  as an example,  these were:

LSD (PCO.OS) comparing s h o o t / r o o t  r a t i o  means:

1 . Between s p e c i e s  at Kedong

(a ) Two o f  C . c i l i a r i s v a r . b i l o e l a ,  C. c i l i a r i s  var

mbalambala, E .superba,  P.maximum. LSD = 0.880

(b ) One o f  (a) versus C.gayana, LSD = 0.910

( c ) One o f  (a) versus T. t r i a n d r a , LSD = 0.950

(d ) C.gayana versus  T. t r i a n d r a , LSD = 0.979

2. Between s p e c i e s  at Muguga

(a )  Two o f  C. c i l i a r i s  v a r . b i l o e l a ,  C . c i l i a r i s  var .  

mbalambala, E .superba , P.maximum, LSD = 0.880

( b ) Two o f  C.gayana, P.maximum,

T . t r ia n d r a , LSD = 0.940

( c ) One o f  (a )  versus ( b ) , LSD = 0 .910

3. Between same s p e c ie s  at  Kedong and Muguga

(a ) C . c i l i a r i s  v a r . b i l o e l a ,  v a r . mbalambala,

E.superba, LSD = 0.880

(b ) C.gayana, LSD = 0 .940

( c ) P.maximum, LSD = 0.910

(d ) T . t r i a n d r a , LSD = 0.979
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4. Between ages ,  a l l  sp e c ie s  and l o c a t i o n s  combined

Hay versus J u l y , LSD = 0.525

May versus September LSD = 0.537

May versus December o r  February, LSD =0.631

July  versus September, LSD = 0.531

July  versus December or  February, LSD = 0.626

September versus  December o r

February, LSD = 0.637

December versus  February LSD = 0.718



Shoot/root ratios obtained at Muguga and Kedong May 1967 - February 1968

May Jul • S e p . D ec . Feb.
S p ec ies

S pec ies Locat ion Plan t Plant Plant Plant Plant Mean

1 2 1 2 1 2 1 1

Cenchrus c i l i a r i s , Muguga 4.04 4.16 2.21 1.98 3.07 5.57 2.90 2.62 3.319
b i l o e l a Kedong 1.67 2.23 2.21 2.16 2.56 3.89 3.12 3.56 2.675

Cenchrus c i l i a r i s , Muguga 2.02 2.28 1.61 2.83 1.86 5.50 3.60 2.66 2.795
mbalambala Kedong 2.33 1.74 2.57 2.32 4.28 3.29 3.88 7.28 3.461

C h lo r is  gayana Muguga
Kedong

1.57
2.27

2.95
5.54

4.18
7.00

3.33
4.82

9.82
9.16

6.25
7.96

4.52
7.75

4.660
6.357

E r a g r o s t i s  
superba

Muguga
Kedong

2.58
2.97

3.21
0.96

4.98
1.82

3.55
1.62

4.80
4.43

8.62
7.30

21.70
11.44

11.30
7.43

7.59 3 
4.746

Panicum maximum Muguga
Kedong

4 .35
2.57

4.39
2.57

4.78
4.57

5.03
5.77

7.36
9.94 11.90

9.31
14.68

7.02
10.51

6.034
7.814

Themeda t r ia n d ra Muguga 2.63 1.12 1.74 2.53 2.77 6.28 5.29 3.194
Kedong 1.74 3.10 5.21 5.99 8.21 6.46 4.387

Date mean: 2. 762 3. 274 5. 707 8.278 6.367
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TABLE 2

Uncorrected sums o f  squares

f o r  s h o o t / r o o t r a t i o s

T o ta l = 471.646600

Places  (P) = 396.262250

Ages (A) = 399.449780

S p e c ie s  (S) = 421.372275

P x A = 401.701500

P x S = 437.936050

A x S = 434.725850

P x A x S = 457.422500

C o r r e c t i o n  f a c t o r 395.263690
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TABLE 3

A n a ly s is  o f  v a r ia n c e  f o r  s h o o t / r o o t  r a t i o s

Terms Degrees o f  
freedom

Sums o f  
squares

Mean
squares F( c a l c )

P la ce s  (P) 1 0.998560 0.998560 1.40

Ages (A) 1 4.186090 4.186090 5 . 89X

S p e c ie s  (S) 4 26.108585 6.527146 9 . 18XXX

P x A 1 1.253160 1.253160 1.76

P x S 4 15.565215 3.891304 5.4  7XX

A x S 4 9.167485 2.291871 3 . 22X

P x A x S 4 4.879715 1.219929 1.72

E rror 20 14.224100 0.711205

T o ta l 39 76.382910

XXXS i g n i f i c a n t  at  the 0.1% l e v e l  

xxS i g n i f i c a n t  at  the 1% l e v e l  

S i g n i f i c a n t  at the 5% l e v e l


