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NITROGEN IN SAVANNA GRASS AND LITTER 

Augustine 0 .  Isichei 

Department of Botany, University of Ife 

SUMMARY 

1. Savanna grasses are low in nitrogen. This is relayed to the low 

nitrogen content of the soils: there is decreasing nitrogen in the 

soil northwards and this is reflected in the grasses. 

2. Even in the same environment some species are better accumulators than 

others. Possible reasons are advanced for this. The Andropogon species 

and Beckerops i s  u n i s e t a  are the best known accumulators. 

3. There is a well marked seasonality in nitrogen concentration in grass. 

The below-ground parts have their highest concentration in the dry 

season, while in the above-ground parts the highest concentration is 

at the beginning of growth. 

4. Litter is important because it is a major means of nitrogen re-cycling. 

Its pattern of fall and decay in the savanna is discussed. It is empha 

sized that most of the litter fall is after the annual fires. 

5. Nitrogen content of litter varies from site to site but does not show 

significant seasonal difference. 
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1. Introduction 

1.1 Grass 

Bradshaw et al. (1964) stated that nitrogen is one of the nutri- 

ent elements universally often limiting in natural and agricultural lands; 

this is particularly true of the tropics. Savanna soils are low in total 

nitrogen with values ranging from 0.008 to 0.290% with a mean of 0.051% 

(Jones 1973). (See also Nnadi and Balasubramanian, thisvolume.) A small 

proportion of soil total nitrogen is available for uptake by plants; Jones 

estimates only about 4% annually; Isichei (1979) has estimated only about 

half this amount. 

Often, within rather broad limits, the amount of nitrogen in a plant 

depends on the amount available in the soil. In the savanna there is a 

broad relationship between total annual rainfall and plant biomass in thv 

various zones and concomitant with this is an increase in the availability 

of organic matter for decomposition that eventually results in soil nitro- 

gen. So one would expect a decrease in soil total nitrogen from the 

Derived to the Sudan zones. This has been shown by some workers, including 

Jones (1973) and Isichei (1979). 

As Bate (1981) has emphasized, the amount of nitrogen available to 

plants each season is largely a function sf the rate at which organic 

nitrogen is mineralized by soil micro-organisms. In the savanna, moisture 

is the obvious limiting factor for microbial activity and it would be 

expected that as soon as the rains come there will be a surge in amount 

of available soil nitrogen (See Enwezor 1967). It is likely, then, that 

concentration in grasses may be highest in nitrogen at the beginning of 

grass growth. This is often so, but the matter is complicated by grass 

flushing which occurs in the dry season. Grass flush has very high nitro- 

gen concentration drawn exclusively from grass rhizome reserves. As the 

season progresses and total biomass accumulates, nitrogen concentration 

decreases even though the total amount of nitrogen continues to increase 

because of uptake from the soil. So in the savanna a linear decrease in 

nitrogen concentration with season is often observed. 

1.2 Litter 

The importance of studying litter production in the savanna 

stems from its crucial role in nutrient cycling and soil organic matter 

build-up. Hopkins (1965) is also of the view that litter production is 

an index of the production of the woody vegetation. In spite of this, 

very little information is available for West Africa in terms of litter 

production and its contribution to soil organic matter. Nye and Greenland 

(1960 p.49) review and discuss in a very general way the role of litter 

in nutrient cycling in both forest and savanna. Hopkins (1966) concluded 

that litter does not add much organic material to the soil in savanna 

regions, since more litter is destroyed by annual fires than is decomposed. 

On the other hand, Collins (1977), who worked on the border of the 
Southern and Northern Guinea zones in Nigeria, observed that most of the 

tree leaf litter falls after the annual fires,? so that decomposition and 



consumption by termites account for much of the litter disappearance. 

This implies that considerabh organic matter, nitrogen and sulphur may 

be added or returned by way of litter. This is in line with the view of 

Cornforth (1970), who worked in a tro~ical rainforest in Trinidad. 

Isichei (1979) has a similar opinion based on litter collection for a 

twelve month period in the Derived, Southern Guinea and Northern Guinea 

zones. 

I have observed that while time of leaf fall in savanna varies from 

species to species in the absence of fire, fire,especially fires in the 

month of January, bring about complete leaf fall in most species. On the 

other hand, if one travels through the Southern Guinea zone at this time, 

one notices new flush of leaves in DanieZZia o Z i v e r i  which means that 

leaf fall occurs before burning in this species. Collins, however, is 

right in saying that most leaf fall occurs after burning has taken place. 

2. Nitrogen concentration of savanna grass 

2.1 Nitrogen concentration in relation to season and site 

Table 1 (adapted from Isichei 1979)- which shows the mean percent- 

age nitrogen concentration for various periods of the year in samples 

collected from sites in the Derived and Guinea zones - surmnarizes the trend 
in nitrogen concentration in the major savanna grasses. Above-ground (the 

part usually affected by burning) in the dry season, the nitrogen concentration is 

low but there is an exponential increase in concentration st the flush and early 

growth reriods. Thereafter there is a steep decline. Belau-grauud, the highest 

nitrogen ~oncentr,ation is in the dry season. There is a continuous decline 

as the season progresses with the lowest value at the peak period. This 
pattern in nitrogen concentration has been reported by Haer (1970) who worked at Zamaru on 

Table 1 Mean nitrogen concentrations in above - and below - 
ground qrass samples at various seasons for sites 

in the Derived, Southern and Northern Guinea zones 

( 2 95% confidence interval) 

Andropogon g a y a n u s ,  and by Jihad (1976) who worked an K y p a ~ r h e n i a  s ~ e c i e s  

in Zambia. Hagger obtained a mean above-ground value of 1.04% nitrogen at 

the beginning of growth and a 0.24% in the dry season; Jihad's above-ground 

values were 1.15% and 0.35%, respectively. (Figures in both cases are 
calculated front crude protein figures.) 

The pattern of concentration below-ground throughout the year substan- 

Season 

Flush (Feb. - May) 
Mid-growth (July - Aug.) 
Peak ( O c t .  - Nov. ) 
Dry (Dec, - Feb. ) 

n 

6 

9 

12 

11 

above-ground 

0.74 2 0.18 
0.57 _+ 0.06 
0.47 + 0.06 
0.32 + 0.11 

n 

8 

10 

12 

10 

- 
below-gruund 

0.53 2 0.10 
0.49 f 0.08 

0.42 + 0-05 
0.58 + 0.12 



t i a t e s  t h e  o p i n i o n  ( y e t  t o  b e  p r o v e d )  t h a t  t h e r e  i s  t r a n s l o c a t i o n  o f  n i t r o g e n  

t o  t h e  below-ground p a r t s  which  i s  a g a i n  r e l o c a t e d  upwards  d u r i n g  g r a s s  

f l u s h i n g .  E g u n j o b i  ( 1 9 7 4 )  i n d i c a t e d  t h i s ,  and  Morton ( 1 9 7 7 )  h a s  shown t h i s  

t o  happep  i n  t e m p e r a t e  s p e c i e s .  

T a b l e  2  ( f r o m  I s i c h e i  1 9 8 1 )  shows t h e  mean p e r c e n t a g e s  o f  n i t r o g e n  i n  

oven-dry  g r a s s  s a m p l e s  o v e r  t h e  s e a s o n s  f o r  t h e  p e r i o d  1975-1978,  a b o v e -  

dnd  be low-ground ,  f o r  f i v e  s i tes  i n  t h e  D e r i v e d ,  S o u t h e r n  G u i n e a  a n d  

N o r t h e r n  G u i n e a  z o n e s .  

Table 2  Mean p e r c e n t a g e  n i t r o g e n  i n  above-  a n d  bel0i.l- g r o u n d  c o l l e c t i o n s  

1975-1978 2 95% c o n f i d e n c e  i n t e r v a l  ( f r o m  I s i c n e i  1 9 8 1 )  

T h e r e  i s  s i g n i f i c a n t  d i f f e r e n c e  ( a n a l y s i s  o f  v a r i a n c e )  b e t w e e n  n i t r c -  

g e n  c o n c e n t r a t i o n  above-ground  a n d  be low-ground  (P < 0 . 0 0 1 )  a n d  be tb ieen  t h e  

s i tes (P  <0.01)  a n d  t h e  s e a s o n s  ( P  - 0.001); t h e  i n t e r a c t i o n  b e t w e e l  s e a s o n s  

a n d  above-ground/beiow-ground n i t r o g e n  c o n c e n t r a t i o n s  i s  a l s o  s i g n i f i c a n t  

(P <O.OOl) . 
The  p l o t  i n  t h e  b e r i v e d  zone  ( O l o k e m e j i  P l o t  B) h a s  t h e  h i g h e s t  mean 

c o n c e n t r a t i o n  f o l l o w e d  by O l o k e m e j i  P l o t  A a n d  I g b e t i .  The  Borgu p l o t s  

h a v e  t h e  l o w e s t .  A c a s u a l  l o o k  a t  T a b l e  3  ( A f o l a y a n  and  i ' a f u n s h o  1 9 7 8 )  

shows a d i f f e r e n c e  b e t : ~ e e n  n i t r o g e n  c o n c e n t r a t i o n  i n  g r a s s e s  b e t w e e n  t h e  

woodland  f i r e  p l o t s  a n d  t h e  !:.':,> n-; , i . a r i i . ~ ,  f i r e  p l o t s .  The  d e c r e a s e  i n  

N c o n c e n t r a t i o n  w i t h  s e a s o n  i s  a l s o  e v i d e n t  f rom b o t h  T a b l e s .  

T h a t  t h e  g r a s s  s a m p l e s  showed a  g e n e r a l  d e c r e a s e  i n  N c o n c e n t r a t i o n  

n o r t h w n r d s  i s  n o t  s u r p r i s i n g  b e c a u s e  s o i l  t o t a l  ni t ror jen d e c r e a s e s  n o r t h -  

w a r d s  ( d u e  t o  d e c r e a s i n g  a n n u a l  r a i n f a l l ,  less v e g e t a t i o n  and  less s o i l  

ground 

Belaw- 

ground 

Seasons 

Flush 

Mid- 

grawth 

Peak 

Dry 

F l u s h  

Mid- 
g r C h ~  

Peak 

D r y  
Season 

-- 

B O W  
m g a n  Giwa 

(Northern Guinea 
wccdland) 

1.04 9 . 4 2  

0 . 5 6 2 0 . m  

0.40 f 0.04 

0 . 2 0 5 0 . 3 2  

0 . 3 7 2 1 . 0 1  

0.52 ? 0.13 

0.37 f 0.02 

0.46 f 0.09 

Olokanej i 
Plo t  A 

( l a t e  burnt 
W i v e d  ) 

1.04 2 0.08 

0 . 6 4 5 0 . 0 9  

0.46 + 0.04 

0 . 4 5 + 0 . 0 8  

0 . 5 3 L 0 . 0 7  

0.55 + 0.07 

0.48 2 0.06 

0.55 2  0.06 

m r g u  
O l i  River 

(Northern 
Guinea o p )  

1.40 +- 0.40 

0 . 6 4 2 0 . 0 6  

0.39 0.02 

0 . 2 1 2 0 . 0 2  

0 . 4 5 2 0 . 0 7  

0.44 2 0.09 

0.31 2  0.02 

0.50 2 0.09 

S , I  

Olokemej i 
P l o t  B  

(ea r ly  burnt 
Derived ) 

1.16 2 0.09 

0 . 7 2 2 0 . 0 8  

0.56 2 0.04 

0 . 5 2 2 0 . 1 1  

0 . 6 9 f 0 . 4 7  

0.56 ? o.oa 

0.62 2 0.24 

0.69 f 0.47 

T  E S 

I g b e t i  
(Southern 

mines) 

1.01 2 0.41 

0 .70+0 .C6  

0.50 f 0.04 

0 .4820 .06  

O . W f 0 . 0 8  

0.45 + 0.04 

0.39 f 0.06 

0.70 2 0.18 



T a b l e  3  S e a s o n a l  changes  i n  mean n i t r o g e n  c o n c e n t r a t i o n  i n  t h r e e  

major  g r a s s  s p e c i e s  a t  Borgu Game Rese rve ,  1975.  

( C o n c e n t r a t i o n s  c a l c u l a t e d  from c r u d e  p r o t e i n  f i g u r e s .  

Afolayan and E'afunsho 1978)  

I M o n t h s  

l.= R e s u i t s  from Woodland fire p l o t s  

2.= R e s u l t s  from i j ,!rkou/Di t a r ? : z r ~ , ~  open savanna  p l o t s  

S p e c i e s  

1. i i g ~ a r ~ r ~ h e i z i a  
c : r i t i i i a n u  

B c r k e r o p s i s  
L C I : ~ : S ~  t o  

2. i o u d c t i , ~  j ' l i tv i i -o  

~ , ' ~ s ~ ~ ~ ~ r ; ! ~ i ' ; c  
' . r i d 0  luc l ,a  1.0 

o r g a n i c  m a t t e r ) .  Even a t  t h e  two Olokemej i  p l o t s ,  where t h e  b u r n i n g  regirde 

has a f f e c t e d  t h e  s o i l s  such  t h a t  t h e  e a r l y  b u r n t  p l o t  ( P l o t  B )  h a s  a  h i g h e r  

mean t o t a l  s o i l  n i t r o g e n  t h a n  t h e  l a t e  b u r n t  p l o t  ( P l o t  C ) ,  when a l l  g r a s s  

c o l l e c t i o n s  from b o t h  p l o t s  a r e  compared, t h e  e a r l y  b u r n t  p l o t  samples  show 

s i g n i f i c a n t l y  (P  < 0 . 0 1 )  h i g h e r  mean N c o n c e n t r a t i o n s  (0 .62% and 0 . 4 6 % ,  

r e s p e c t i v e l y ,  I s i c h e i  1 9 8 1 ) .  N i t rogen  c o n c e n t r a t i o n  i n  A n d r o p o g o n  t c c t o r u r ,  

a  g r a s s  common t o  b o t h  p l o t s ,  i s  h i g h e r  i n  c o l l e c t i o n s  from P l o t  B  t h a n  i n  

c o l l e c t i o n s  from P l o t  A,  w i t h  r e s p e c t i v e  mean c o n c e n t r a t i o n s  of  0 .64% and 

0 .45% ( s i g n i f i c a n t l y  d i f f e r e n t  a t  P  4 0 . 0 0 5 )  ( I s i c h e i  1 9 8 1 ) .  

2.2 N i t rogen  c o n c e n t r a t i o n  i n  r e l a t i o n  t o  s p e c i e s  

2 .2 .1  G e n e t i c a l l y  based  v a r i a t i o n  among s p e c i e s  

Some s p e c i e s  a r e  b e t t e r  accumula to r s  o f  n i t r o g e n  t h a n  o t h e r s  and 

s o  t e n d  t o  have  h i g h e r  n i t r o g e n  c o n c e n t r a t i o n s  t h a n  o t h e r s  when growing i n  

t h e  same envi ronment .  Thus Bradshaw e t  a l .  (1964) s t a t e d :  "An awareness  o f  

d i f f e r e n c e  i n  r e s p o n s e  t o  n i t r o g e n  between economica l ly  i m p o r t a n t  s p e c i e s  

u n d e r l i e s  much p re sen t -day  g r a s s l a n d  management, and c e r t a i n  S p e c i f i c  e x p e r i -  

ments  s u g g e s t  t h a t  d i f f e r e n c e s  between s p e c i e s  may b e  c o n s i d e r a b l e . "  T h i s  

i s  no less t r u e  and v e r y  i m p o r t a n t  f o r  N i g e r i a n  savanna  g r a s s e s ,  b e c a u s e  low 

n u t r i e n t  c o n t e n t  - main ly  i n  terms of  n i t r o g e n  and phosphorus  - i s  one  of  

t h e  major  c n n s t r a i n t s  f a c i n g  t h e  l i v e s t o c k  i n d u s t r y  t o d a y  (Brinckrnan and 

d e  Leeuw 1 9 7 9 ) .  The d i f f e r e n c e s  i n  e f f i c i e n c y  o f  accumula t ion  by d i f f e r e n t  

s p e c i e s  i s  a t  t i m e s  s o  g l a r i n g  t h a t  Beauchamp e t  all. ( 1 9 7 6 ) ,  i n  a  s t u d y  on  

maize  geno types ,  obse rved  t h a t  " t h e r e  a p p e a r s  t o  be  some p o t e n t i a l  f o r  t h e  

s c r e e n i n g  and development  of  h y b r i d s  c a p a b l e  o f  accumula t ing  r e l a t i v e l y  

l a r g e  q u a n t i t i e s  of  n i t r o g e n  o r  u s i n g  n i t r o g e n  Inore e f f i c i e n t l y  t h r o u g h  

t r a n s l o c a t i o n  f rom v a r i o u s  p a r t s . "  The work o f  Opakunle (1978.) showed d i f -  

f e r e n c e s  between Andropogon g a y a n u s  and S c h i z a c h y p i u m  s a n g u i n e u r n .  H~ 

December 

0 .43  

0 . 5 1  

0 .42  

0 .34  

August  

1 .33  

1.24 

1.03 

1 .20  

September  

0.99 

1 .00  

0 . 8 0  

0.82 

Oc tobe r  ' 

0 .75  

0.78 

0.63 

0 .59  

November 

0 .52  

0 .60  

0 .53  

0 .52  



grew wild rhizomes of the two grasses at three different nitrogen concen- 

trations (210, 420 and 630 ppm N). Higher concentrations of nitrogen 

were found in 5 .  sangi,tiiz:;i<n! at the lowest concentration medium, while at 
I 

the higher N-levels A. : ~ f ' : i ~ o n ~ < ~  accumulated more. The implication for this 

is that Andropogoii na2cfl1:: may be outcompeted in N-poor soil. The differ- 

ences in accumulation by species is further illustrated by Hagger (1975). 

While testing the yield of A. gayanusin response to nitrogen applications 
-1 

that ranged from 0 to 896 kg N ha he found that when rates exceeded 

500kg N ha-1 A .  guyail8.;:decreased in abundance and began being replaced by 

"less desirable species". 

2.2.2 Variation in species composition and form of nitrogen utilisedin 

relation to successional position 

Even in the same environment uptake may depend on whether a species 

is especially adapted to such an environment in terms of whether the eco- 

system is 'seral' or 'climax'. (In natural habitats undisturbed for a 

long time such as in game reserves one would assume that species found 

there are the 'climax' species.) Bate and Heelas (1975) found that ni- 

trate uptake by the 'seral' grass, SporoboZu . :  .~:!rnrnido l f s  was 20% higher 

than uptake by 'climax' grass Hgipar~rhcnia filipt.nda in Zimbabwe. This 

is in line with the observation of Rice and Pancholy ( 1 9 7 2 )  th-at as a 

succession approaches 'climax' there is increasing utilization of ammonium 

nitrogen and decreased nitrate-nitrogen uptake. The implication of these 

observations for nitrogen uptake depends on the form of nitrogen that is 

more abundant in the habitat. From the standpoint of energy conservation 

in the ecosystem and prevention of nitrogen loss through denitrification 

and leaching, ammonium nitroqen uptake is obviously advantageous. 

2.2.3 Maximum nitrogen accumulators among species occurring in Nigeria 

That some species are better accumulatorsthan others has been 

shown in Nigerian savanna (Isichei 1979). Tables 4 - 8 compare the 

nitrogen content of various grass species found at various sites in the 

Derived, Southern Guinea and Northern Guinea zones at various times of the 

year. Results of analysis of variance and paired comparison of means 

indicate which species are good accumulators of nitrogen in natural savan- 

na and which are not. In summary, the Andropopon species, namely 

A .  gayanuc, A. sc1,irensic and .ii. tectoritrn, have been identified as the 

best accumulators of nitrogen. !!. gayanus and A. schirensis are more 

widely distributed;A. Lcctor7.m is very often restricted to shade. 

B r c k i .  rap- ,I:: &in<::,.,ia (also favouring shade) is a fairly good accumulator 
in poor soil. The annual, H!!j;o[,r:. i t  Ln % t ! : r o i i ! ~ r o ! . : ~ ,  which is sometimes 

the most abundant species at the peak crop period in the Northern Guinea 

zone is a poor accumulator both above- and below-ground. 

2.2.4 N,-fixation in the grass rhizosphere - - 

c'nc likcly reason why some species s i - ; o s : ~  indications of better 

accumul.~'ion tti,ln others is t!le obser~rati~~? . ] ; i t  sonic tropical grasses, 



T a b l e  4  Comparison o f  n i t r o g e n  c o n c e n t r a t i o n  i n  some g r a s s  s p e c i e s  

d u r i n g  t h e  d r y  s e a s o n  o f  1975-1977 i n  t h e  Der ived  and 
+ 

Sou the rn  Guinea Zones ( f rom I s i c h e i  1979)-  

+ The d i f f e r e n c e  between t h e  s p e c i e s  i s  s t a t i s t i c a l l y  s i g n i f i c a n t  
below-ground b u t  n o t  above-ground 

S p e c i e s  

i l i i i l r o p ~ ~ ~ i i  ;.:cloPittn 
. . 

/ i .  c c r ! ~ ~ > ~ . i i ~ - i ~  

L : L . c ~ ; ,  T O P S  I ;  ui.rist.,t a 

i ( P e r e n n i a l  spp .  1 

!!. *:,. c , ~  l ~ , ~ . r t r t a  

:-,.!i::,; ,.!, .I : : ( P :  . : a<gu incum 

T a b l e  5  N i t r o g e n  c o n c e n t r a t i o n  i n  some s p e c i e s  compared a t  t h e  peak 

growth  p e r i o d  i n  t h e  Der ived  and Sou the rn  Guinea zones*  

*Some a n a l y t i c a l  r e s u l t s  mi s s ing  

Mean f 95% Conf idence  I n t e r v a l  

*Here t h e  d i f f e r e n c e s  among t h e  s p e c i e s  was s i g n i f i c a n t  b o t h  above- 
and below-ground. 

S p e c i e s  
p~ 

And. I . ,  ;'ijgo,, 1 i . ' L  O ~ U I .  

. . A .  ::ct, 8 r.:n:i: .  

?, ( ~ ~ ~ ' ~ c r ~ , , p :  '.? ~':. t,c7 

. . H g p  :pr, , : i r ;  :.,:.), .L;ccruf ,u  

M o i i ( > ~ y ~ , i i  ':,:. r: :,:..:i i f o r m i  
. . 

Sc:: i : : a c . . ! ~ . , ~ ~  ,rn : ~ . : . , ; g . , i i : ; ~ . ~ ~ ~ :  

i n  a s s o c i a t i o n  w i t h  t h e  b a c t e r i u m  G p i r i Z L i ! : ~  i i p o f c r u r n  , f i x  n i t r o g e n  i n  

t h e i r  r h i z o s p h e r e  ( s e e  f o r  example,  Dobe re ine r  and Day 1 9 7 6 ) .  No work on  

t h i s  h a s  been r e p o r t e d  i n  N i g e r i a n  savanna .  Ba land reau  (1975)  e s t i m a t e d  t h a t  

lOkg N ha-1 i s  f i x e d  i n  Andropogoneae r h i z o s p h e r e  i n  t h e  I v o r y  C o a s t  i n  a n  

envi ronment  s i m i l a r  t o  t h e  Der ived/Guinea  Savanna r e g i o n s  o f  N i g e r i a .  Day 

(1977) g i v e s  a  l i s t  o f  l a b o r a t o r y  grown g r a s s e s  from B r a z i l ,  N i g e r i a  and 

Ivo ry  C o a s t  t h a t  have been  s t u d i e d  f o r  r h i z o s p h e r e  f i x a t i o n  and t h e  l i s t  

i n c l u d e s  r l t !  !r.c;/oljl ,, iin,i,~iiz, :: ( f rom N i g e r i a )  w i t h  a  n i t r o g e n a s e  a c t i v i t y  o f  

5-90 nanomoles of n i t r o g e n  p e r  gram r o o t  p e r  hou r .  F u r t h e r  r e p o r t s  of  n i t r o -  

gen  f i x a t i o n  i n  g r a s s -  S p i r i i l u r n  sys t ems  w e r e  made i n  F l o r i d a ,  U.S.A. (Smith  

e t  a l .  1 9 7 6 ) ,  b u t  some doub t  was e x p r e s s e d  c o n c e r n i n g  t h e  r e s u l t s  p r e s e n t e d  - - 
(Rogerson 1 9 7 7 ) .  Day (1977)  shows t h a t  n i t r o g e n  f i x e d  i n  t h e  r h i z o s p h e r e  

i s  i n c o r p o r a t e d  i n t o  t h e  p l a n t .  

Below-ground 
0 . 5 1  2 .003 

0.63 f  -03  

0.80 f O . 8 0  

0 . 6 1  2 .02 

0 .33  2 .004 

0 .55  f .01 

n  
9  

6  

7  

8 

5  

19 

Mean + 959 Conf idence  I n t e r v a l  

S t a n d i n g  c r o p  
0 . 5 1  2 .008 

0 .54  2 .03 

0 .43  2 .008 

0 .  60 2 -02  

0.48 2  - 0 5  

0.46 f .000 

n  
4  

4  

2* 

8  

4  

9  

Below-Ground 

0 .39  2 .006 

0 . 4 1 2 . 0 0 2  

0 . 6 0 2 . 0 3  

0 . 3 5  + .14 

0 .37  +_ .04 

2 1  0.44 2 -002 
I 

n 

6  

8  

4  

2 

3  

n  

35 

S t a n d i n g  c r o p  

0.57 + .003 

19 0 . 4 4 f . 0 0 1  

6 1 0 .51  t . O 1  

1 5  0 . 4 1  + .005 

18  1 0.42 2 .001 



Table 6 Comparison of mean % nitrogen in oven-dry samples of Andropogon s p p . ,  Hyparrhenia s p p .  and Schizachyrium 

sanguineurn at various seasons at the southern Guinea site* 

*Slgnlflcant nlfference bet.qecn al~ove- and below- ground ( P  ( 0 . 0 2 5 1 ,  between the seascn; (P -0 C O ~ !  ?nd species ( P <  0 . 0 0 5 ) .  

Flush 

?lid-growth 

Peak-growth 

Dry season 

% nitrogen + 9 5 %  Confidence Interval 

S c h i z ~ c h y r i : ' ~ ?  s a r g u i r e u r i  / ~ . ; < , ; P o ; J C ~ ~ G ~ ;  s ~ p .  

n 

18 

! l y p a r r / ~ a ; ? i a  s p p .  (perennial) 

Below- 

0 . 5 0  ? . 0 7  

0 . 5 1  2 - 0 9  

9 . 4 5  1 . 1 3  

0 . 6 3  2 . 5 0  

n 1 Below- 

8 0 . 5 5  ' . 2 5  

n 

10 

n 

7 

n 

10 

Below- 

0 . 4 6  !: . 0 9  

8 

5 

3 

Above- 

0 . 9 4  ? . 2 6  

Above- 

1 . 7 7  ? . 2 5  

8 

Above- 

1.11 + . 2  

4 1 0 . 4 1  2 .05 1 1 
I 

I 
5 1 0 . 3 6  2 . 0 5  j 3 1 I 

5  ( 0 . 5 5  2 . 2 4  8 

4 

7 

7 - 

0 . 6 6  5 . 0 9  

n 

9 

0 . 3 3  2 

0 . 3 3  & .10 

0 . 7 2  1 -48 

0 . 6 6  2 .O1 

0 . 4 5  2 .OY 

0 . 4 9 '  .17 

0 . 6 9  2 . 0 6  ! 1 

0 . 4 6  i . 0 6  

0 . 3 5  2 - 0 9  

I 
I 

7 0 . 4 6  2 . 0 9  4 

7 
.- 

5  , 0 . 3 6  2 1 9  



T a b l e  7  C o n c e n t r a t i o n  o f  n i t r o g e n  i n  some g r a s s  s p e c i e s  i n  t h e  N o r t h e r n  
Guinea zone  i n  t h e  d r y  s e a s o n  1976-1977* 

*The s p e c i e s  show a  s i g n i f i c a n t  d i f f e r e n c e  i n  below-ground n i t r o g e n  

-7 

S p e c i e s  

/.i? i ~ o p o g o ; :  < ~ , ~ ; j ( i i z d u "  

c o n c e n t r a t i o n  o n l y  (P<0.025)  

T a b l e  8  Comparison of N c o n c e n t r a t i o n  i n  some s p e c i e s  i n  t h e  N o r t h e r n  

Guinea  zone  a t  peak  g rowth  (November) 

b .  s c i i r w r i : c i ,  0.20 .02 2  0 .40+ .002  

,?gpar.i'i:.:,i l c :  ii!r>oZtici"aLci 3  ! 0.41 2 -02 

~ ~ ~ ~ a ~ ~ r i ~ c i z i a  ( p e r e n n i a l )  s p p  1 , 0.28 t . 003  

; 'c iz inncii~~r~ii~i i i  .sun;;?rii~,?itr: i 1 2  0 . 2 0 2  .002 2 ; 0.36 2 .003 

O, n i t r o g e n  i n  oven-dry  t i s s u e  + 9 5 ?  

C o ~ f  i d e n c e  I n t e r v a l  

*The s p e c i e s  d o  n o t  show s i g n i f i c a n t  d i f f e r e n c e  e i t h e r  above- o r  

below-ground.  

Below-ground 

S p e c i e s  

. . 
: ' . , !dtao:.>u:,, J: :;(:I?? ,~ . : i l~ :z : ;  

4:. pc~:;? :, i,r;;i.i/:: 

i ? .  , ; O L J U ; .  ( s '  

, .  . . . .  
, I~I ,~. : ;  ,; , " L . I ~ s L I , ; . J ~ z - L  

. . 
i . . i jpo, .rs,!  ! ; t ; f i ~ l c c r c i L ;  

;.'. :? l f&: / , , .~ : ,> ;2 '7  

. . 
C '  L a i l  i . 

2 .2 .5  W ii:rogen l o s s  f  r o ~ n  a n n u a l  b u r n i n q  

T a b l e  9 i s  a  f o l l ow-up  o f  t h e  i n f o r m a t i o n  i n  T a b l e s  4  - 8:  it 

shows t h e  n i t r o g e n  c o n c e n t r a t i o n  i n  t h e  m a j o r  g r a s s  s p e c i e s  o f  s i tes  i n  t h e  

De r ived ,  S o u t h e r n  and  N o r t h e r n  Guinea  z o n e s  a t  t h e  v a r i o u s  s e a s o n s ,  t h e  

mean N-conten t  o f  a l l  h e r b a c e o u s  p l a n t s  ( m a i n l y  g r a s s )  p e r  u n i t  a r e a  t h r o u g h  

one  y e a r  ( O c t o b e r  1976 t o  November 1 9 7 7 ) .  (The d a t e s  have  been  g rouped  

a c c o r d i n g  t o  s e a s o n s .  Fo r  r e f e r e n c e  p u r p o s e s  t h e  s t a n d i n g  c r o p  f i g u r e s  

o b t a i n e d  on t h e s e  d a t e s  a r e  i n s e r t e d  w i t h  t h e  n i t r o g e n  f i g u r e s . )  The T a b l e  

g i v e s  a p i c t u r e  o f  t h e  amounts  o f  n i t r o g e n  i n  h e r b a c e o u s  b iomass  a t  v a r i o u s  

t i m e s  o f  t h e  y e a r  and  a l l o w s  e v a l u a t i o n  o f  n i t r o g e n  l o s s  a s  a r e s u l t  o f  

s avanna  b u r n i n g  which i s  o f  p r ime  i m p o r t a n c e .  

n  n  Above-ground 

% n i t r o g e n  i n  oven-dry  t i s s u e  95% 

C o n f i d e n c e  I n t e r v a l  

" 3  0.60 2 .03  15 W.19 2 .Wl  

n  

29 

9  

n  

1 8  

5 

9  

5 

20 

4 

5  

Above-ground 

0 . 4 1 + . 0 0 0 6  

0 .35  2 .003 

Below-ground 

0 .34  + -0003  

0 .28  2 .008 

0 . 3 3  + - 0 1  

0.34 + -002  

0.35 + -004 

0 . 3 5  2 .004 

0 . 3 0 f . 0 0 1  

0 .38  2 -002  ': 1 0.42  2 -008  

38 i 0.37  + .0004 

I 0.30  + - 0 3  

7  0 .  39 f_ .003 



X i t r o g e n  L:)st t h r o u g h  b u r n i n g  i s  a l c s s  t o  t h e  s y s t e m  s i n c e  no 

n i t r o g e n  1 5  left i n  t h e  a s h  ( I s i c h e i  and  S d n f o r d  1 9 8 0 ) .  Hence t h e  

importance of t h e  amount o f  n i t r o g e n  i n  t h e  below-ground p a r t  o f  t h e  h e r -  

h z c c c u s  Liomass - which i s  n o t  u s u a l l y  b u r n t .  A t  l a t e  b u r n i n g  i n  F e b r u a r y /  

March,  t h e  m o u n t  o f  n i t r o g e n  above-ground  i s  a b o u t  h a l f  t h e  a m o ~ n t  i n  

December when  g r a s s  d r y i n g  s t a r t s .  T h i s  o b v i o u s l y  s u g g e s t s  t r a n s l o c a t i o n .  

3 .  N i t r o g e n  i n  l i t t e r  

3.1 N i t r o g e n  i n  l i t t e r  i n  r e l a t i o n  t o  s i t e  and  s e a s o n  

3 . 1 . 1  g n q e  o f  n i t r o g e n  c o n c e n t r a t i o n  

C o r n f o r t h  ( 1 9 7 0 ) ,  w o r k i n g  i n  a  t r o p i c a l  r a i n f o r e s t  i n  T r i n i d a d ,  

found  n i t r o g e n  c o n c e n t r a t i o n  i n  l e a f  l i t t e r  t o  b e  be tween  0 . 8 0  a n d  0 .901 .  

T a b l e  1 0  p r e s e n t s  t o t a l  K j e l d a h l  n i t r o g e n  c o n c e n t r a t i o n s  i n  l e a f  and  wood 

l i t t e r  a s  o b t a i n e d  by I s i c h e i  ( 1 9 7 9 )  i n  t h e  D e r i v e d ,  S o u t h e r n  G u i n e a  and 

N o r t h e r n  G u i n e a  z o n e s .  N i t r o g e n  c o n c e n t r a t i o n  i n  l i t t e r  r a n g e s  from 0 . 5 0 '  

i n  wood t o  1 . 2 2 %  i n  l e a v e s .  

3 . 1 . 2  V a r i a t i o n  among s i tes  

A s i g n i f i c a n t  d i f f e r e n c e  among t h e  s i t e s  i s  i n d i c a t e d  when an 
. . 

; ~ ~ L c L . " z L ' ' .  t e s t  is a p p l i e d .  R e s u l t s  show t h a t  N - c o n c e n t r a t i c n  i n  l e a f  

l i t t e r  a t  O l i  R i v e r  ( N .  G u i n e a )  i s  less t h a n  c o n c e n t r a t i o n  a t  I g b e t i ;  O l i  

R i v e r  l i t t e r  a l s o  had s i g n i f i c a n t l y  less n i t r o g e n  i n  t h e  November p e r i o d  

t h a n  e i t h e r  I g b e t i  o r  Tungan Giwa. No s i g n i f i c a n t  d i f f e r e n c e  i s  i n d i c a t e d  

among t h e  s e a s o n s .  

3 . 1 . 3  L i t t e r  p r o d u c t i o n  i n  West  A f r i c a n  s a v a n n a  

T a b l e  11 i n t e g r a t e s  l i t t e r  p r o d u c t i o n  a n d  n i t r o g e n  c o n c e n t r a t i o n  

a n 3  g i v e s  :In i d e a  o f  t h e  amount o f  n i t r o g e n  r e t u r n e d  t o  t h e  s o i l  when b u r n -  

i n g  l o s s  i s  e x c l u d e d .  Known l i t t e r  p r o d u c t i o n  f i g u r e s  f o r  West A f r i c a n  

s a v a n n a  a r e  p r e s e n t e d  i n  T a b l e s  12a  and 12b .  

3 . 2  N i t r o g e n  i n  l i t t e r  i n  r e l a t i o n  t o  s p e c i e s  

I s i c h e i ' s  ( 1 9 7 9 )  r e s u l t  shows t h a t  l i t t e r  p r o d c t i o n  i s  r e l a t e d  

t o  d e n s i t y  o f  t r e e s  and  t h a t  n i t r o g e n  c o n c e n t r a t i o n  i s  r e l a t e d  t o  t h e  p r o -  

p o r t i c n  o f  l eguminous  t r e e s .  H e  a n a l y s e d  c o r e s  t a k e n  f r o m  legume and non- 

i i . ; u c . c  ~ r c c s  and  f o u n d  t h a t  l egumes  had s i g n i f i c a n t l y  h i g h e r  N-concent ra t io r -  

, p  -.:,.as, n  2 6 ) .  

. L i t t e r  a s  a  s o u r c e  f o r  o r g a n i c  m a t t e r  b u i l d - u p  i n  t h e  s o i l  

L i t t e r  c c u l d  c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  b u i l d - u p  o f  o r g a n i c  

[ : l a t t e r  i f  i t  is  n o t  b u r n e d .  I s i c h e i  and  S a n f o r d  ( 1 9 8 0 )  f o u n d  t h a t  a t  t h e  

~ T l o k e m e j i  p l o t s  o n l y  a b o u t  1 8 . 5 4 9 ,  11 .71% a n d  3 6 . 8 4 %  o f  t h e  a n n u a l  l e a f ,  

tdood and f r u i t  l i t t e r  p r o d u c t i o n ,  r e s p e c t i v e l y ,  a r e  b u r n e d .  I t  i s  c e r t a i n  

t h a t  t h e  amount o f  l i t t e r  b u r n e d  is s u b j e c t  t o  y e a r ~ t o - y e a r  a n d  p l a c e - t o -  

p l a c e  v a r i a t i o n ,  b u t  t h e  i m p o r t a n t  f a c t  i s  t h a t  t h e  l i t t e r - f a l l  p e a k s  a r e  

o u t s i d e  t h e  b u r n i n g  p e r i o d s  i n  mos t  p l a c e s .  I s i c h e i  ( 1 9 7 9 )  o b s e r v e d  two 

l i t t e r  Ca l l  p e a k s  - o n e  i n  A u g u s t ,  d u r i n g  t h e  l i t t l e  d r y  s e a s o n  (Hopkins  

1 9 6 6 ) ,  and i n  t h e  l a t e  d r y  s e a s o n  a f t e r  b u r n i n g  mus t  h a v e  t a k e n  p l a c e .  ( S e e  

a l s o  C o l l i n s  1 9 7 7 ) .  
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Table 1C N i t r o g e n  c o n c e n t r a t i o n  i n  l i t t e r  f 95% c o n f i d e n c e  l i m i t s  

( v a l u e s  a r e  p e r c e n t a g e s )  

% C o n c e n t r a t i o n  % C o n c e n t r a t i o n  
S i t e s  i n  Leaf L i t t e r  i n  Wood L i t t e r  

Olokemeji  A 0 .95  2 0.20  0 .50  f 0.14  
( l a t e  b u r n t  Der ived  savenna  

d l o k e m e j i  B 0.97 f 0 .80  .0 .58  f 0 .10  

( e a r l y  b u r n t  Der ived  savanna )  

Olokemej i  C 0.95  + 0.10 0 . 6 1  f 0.16  
( f i r e  p r o t e c t e d  Der ived  savanna )  

I g b e t i  1 .22  + 0.18 0 .61  5 0.16 - 
( s o u t h e r n  Guinea savanna )  

O l i  R i v e r  0 .81  _+ 0.12 0.55 + 0.02  

(open Nor the rn  Guinea savanna )  

Tungan Giwa 0 .97  f 0.10 0.58 +_ 0.04 
(Nor the rn  Guinea woodland) 

T a b l e  11 T o t a l  a n n u a l  n i t r o g e n  c o n t e n t ,  i n  grams,  o f  l e a f  

wood and f r u i t  l i t t e r  p e r  s q u a r e  m e t r e  o f  s i t e  a r e a  

S i t e s  

Olokemeji  A 

B 

C 

I g b e t i  

Borgu 

O l i  R i v e r  

Tungan Giwa 

-2 N i t r o g e n  g m oven-dry l i t t e r  + 95% c o n f i d e n c e  i n t e r v a l  

Leaf l i t t e r  Wood l i t t e r  F r u i t  l i t t e r  T o t a l  l i t t e r  

0 .65  f .04 6'.49 f .65 0.00 7.14 f .22 

4.50 + - 0 8  1.15 f .08 0 .13  f .D4 5.95 + .02 

5.50 + . I 2  1.26 + .G6 0 .10  f .02 6.86 f .04 

1.25 f .07 4.39 f .46 0.19 f .09 5 .83  f -10  

3 . 4  L i t t e r  d i s a p p e a r a n c e  

What c e r t a i n l y  happens i s  t h a t  a  c o n s i d e r a b l e  amount o f  l i t t e r  i s  

consumed by t e r m i t e s  which abound i n  t h e  s avanna  ( See  Ohiagu,  t h i s  

volume.)  T h i s  r e p r e s e n t s  an  a c c e l e r a t e d  breakdown o f  l i t t e r  b u t  whe the r  

t h e  n i t r o g e n  c o n t a i n e d  i n  t h e  l i t t e r  i s  d e n i t r i f i e d  b e f o r e  p l a n t s  can  ab- 

s o r b  i t  i s  n o t  known. 

T a b l e  1 3  p r e s e n t s  c a l c u l a t e d  l i t t e r  d i s a p p e a r a n c e  r a t e s  a t  v a r i o u s  

s i tes i n  t h e  savanna  ( I s i c h e i  1 9 7 9 ) .  ' D i s a p p e a r a n c e '  i s  used  because  t h e  

r a t e s  r e p o r t e d  i n c l u d e  consumption by termites and n a t u r a l  m i c r o b i a l  de-  

compos i t i on  which i s  a f f e c t e d  by c l i m a t e ,  e s p e c i a l l y  m o i s t u r e  a v a i l a b i l i t y .  



- 2  
T a b l e  1 2 a  Summary o f  known l i t t e r  f a l l  r e s u l t s ,  g  m 

L o c a t i o n  a n d  Zone Leaf  f a l l  Wood f a l l  T o t a l  S o u r c e  

Near  Mokwa 
( S o u t h e r n  G u i n e a )  

2  90  4  40 Z a i r e  (Miombo) - 
Lamto,  Ovory C o a s t  - 
( D e r i v e d  S a v a n n a )  

F e t e  O l e ,  S e n e g a l  - 
( S a h e l  Zone)  

O l o k e m e j i ,  N i g e r i a  
( D e r i v e d  S a v a n n a )  

160 Hopkins  ( 1 9 6 6 )  

T a b l e  1 2 b  Mean a n n u a l  l e a f ,  wood a n d  f r u i : . .  l i t t e r  l a 1 1  i n  g r a m s  

oven-dry  l i t t e r  m2 (From I s i c h e i  1 9 7 9 )  - 

g  oven-dry  f . a l l  m-2 + 95% c o n f i d e n c e  i n t e r v a l  S i t e  

Leaf  F a l l  Wood F a l l  F r u i t  F a l l  

. Olokeme j i A 62 .88  + 9.80 986.95 + 641.27 0 . 8 0  + 0 . 4 1  

B 316.79 f 32.04 223.07 f 27.04 1 4 - 7 3 . ?  2.10 

C 582.13 f 48.62 207.79 + 42.32 10 .04  + 0 . 8 8  

I g b e t i  1 1 8 . 2 1  27.84 671.87 + 299.45 15.52 f 8.26 

Borgu 

O l i  R i v e r  148.19 + 46.64 69.65 + 47.62 1 .46  + 4.86 

Tungan Giwa 240.66 f 27.06 175.89 f 81.07 27.47 f 4.86 

The r a t e s  p r e s e n t e d  i n  t h i s  t a b l e  a g r e e  w e l l  w i t h  t h o s e  r e p o r t e d  t y  Hopkins  

( 1 9 6 6 )  a n d  Madge ( 1 9 6 0 ) .  

I t  h a s  v e r y  o f t e n  b e e n  s t a t e d  t h a t  n u t r i e n t  c o n t e n t s  o f  t r o p i c a l  e c o -  

s y s t e m s  a r e  h e l d  i n  t h e  b i o m a s s .  L i t t e r  i s  t h e r e f o r e  a  v e r y  i m p o r t a n t  

means o f  n u t r i e n t  r e - c y c l i n g .  T h i s  makes i t  i m p e r a t i v e  t h a t  r a n g e  d e v e l o p -  

m e n t s  which  s t a r t  w i t h  c l e a r i n g  o f  trees b e  r e v i e w e d .  I s i c h e i  ( 1 9 7 9 1 ,  i n  

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

s a v a n n a  e c o s y s t e m  i s  h e l d  i n  t h e  woody b i o m a s s  i n s t e a d  o f  i n  t h e  h e r b a c e o u s  

b i c m a s s .  A p a r t  f rom s p a r i n g  t h e  trees f o r  l i t t e r  p r o d u c t i o n ,  t h e r e  i s  a l s o  

t h e  a d v a n t a g e  o f  e n h a n c e d  g r o w t h  o f  p a r t i c u l a r l y  n u t r i t i o u s  g r a s s e s ,  

e s p e c i a l l y  fini:2*~i$.oj.o?i Li-!ctorun; a n d  A .  s a y a n u s  a n d  B e c k e r o p s i :  u n z s e t u .  

4 .  D i s c u s s i o n  

I t  i s  e v i d e n t  t h a t  many g r a s s e s  h a v e  f a i r l y  h i g h  n i t r o g e n  c o n c e n t r a -  

t i o n s  a t  e a r l y  s t a g e s  o f  g r o w t h .  T h i s  c o n c e n t r a t i o n  d w i n d l e s  s h a r p l y  a s  

t-he scason  anc: c l rowth  p r o g r e s s .  I t  i s  a l s o  e v i d e n t  t h a t  p a r t i c u l a r  species 

from t h e  beginning o f  g r o w t h  t o  m a t u r i t y  h a v e  h i g h e r  N c o n c e n t r a t i o n  t h a n  

o t h e r s .  The  h i q h  N - c o n c e n t r a t i o n  s p e c i e s  n e e d  t o  b e  s y s t e m a t i c a l l y  

scrcenci ' .  f o r  e . ~ c h  zone  o f  t h e  s a v a n n a .  The s ~ o r k  o f  Brinckman a n d  d e  Leeuw 



Tab le  13  L i t t e r  decompos i t i on  r a t e s  p e r  y e a r  ( f rom I s i c h e i  19'79) 

L i t t e r  Component 

L e a t  W o o d  
S i t e  

* k l / k  5 0 % 9 5 %  k  l / k  50% 
Disappsa rance  ( y r )  D i sappea rance  (yr) -- 

Olokemeji  A 2.32 0 .43  0.30 1 . 3  0.32 3.13 2.2 9.4 

B 2 .51  0 .40  0 .28  1.2 - - - - 
C 2.69 0:60 0 .41  1 .8  - - - - 

I g b e t i  1 .68  0 .60  0 .41  1 .8  - - - - 
Borgu 

O l i  R ive r  2.52 0 . 4 0  0.28 1 .2  1 .16  0 .86  0 .60  2.6 

Tungan Giwa 4.62 0.22 0 .15  0 .65  0 .37  2 .72  1 .9  8 . 1  

*The decompos i t i on  p a r a m e t e r ,  K ,  h a s  been c a l c u l a t e d  from t h e  d i f t e r e n -  

t i a l  e q u a t i o n ,  
- k t  

N t  = N~~ , where N t  i s  t h e  l i t t e r  r ema in ing  a f t e r  t i m e  t 

and N o  i s  t h e  l i t t e r  a t  t h e  beg inn ing  of  t ime  i n t e r v a l  l e n g t h  t .  

( A f t e r  Olson 1963) .  ( k  h a s  been c a l c u l a t e d  p e r  y e a r ) .  

( 1 9 7 9 ) ,  which a l s o  i n c l u d e d  browse p l a n t s ,  i s  v e r y  welcome i n  t h i s  r e g a r d .  

I b e l i e v e  such  s t u d i e s  w i l l  p r o v i d e  t h e  key  t o  e f f e c t i v e  s avanna  manage- 

ment f o r  l i v e s t o c k  p r o d u c t i o n .  

L i t t e r  s t u d i e s  have s o  f a r  r e p o r t e d  o n l y  p r o d u c t i o n  f i g u r e s .  I t  

canno t  be a s c e r t a i n e d  what  e f f e c t i v e  r o l e  l i t ter  p l a y s  i n  o r g a n i c  m a t t e r  

bu i ld -up  s i n c e  it is  p o s s i b l e  t h a t  most  o r g a n i c  m a t t e r  i n  t h e  s avanna  may 

r e s u l t  from decay ing  r o o t s  and r o o t l e t s .  I t  w i l l  a l s o  b e  i n t e r e s t i n g  t o  

see how decompos i t i on  p r o c e s s e s  a f f e c t  N-concen t r a t i on  i n  l i t ter .  

Q u a n t i f i c a t i o n  o f  t h e  r o l e  of  l i t t e r  i n  o r g a n i c  m a t t e r  bu i ld -up  and 

n u t r i e n t  c y c l i n g  w i l l  a f f e c t  savanna  management p r a c t i c e s ,  b e c a u s e  it 

seems t h a t  many p e o p l e  a r e  n o t  y e t  conv inced  o f  t h e  d e s i r a b i l i t y  of  

p l a n t i n g  trees i n  r a n g e l a n d s .  
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