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SUMMARY 

Acacia senegal increased to ta l  n i t rogen  and  organic ca rbon  while i t  had  no 
effect  on the  soil t ex ture ,  pH,  avai lable phosphorus  and  avai lable  po tas s ium 
of a Sand Sheet  soil. The higher  n i t rogen  co n t en t  in the  topsoil  m a y  have  been  
pa r t l y  caused by  symbio t ic  f ixat ion.  To minimise  soil var iab i l i ty  when  
conduc t ing  field tr ials in areas cleared f rom A. senegal t rees  the  up roo ted  t ree  
pa tches  m u s t  be avoided in p lo t  l ayout  and l iberal  a m o u n t s  of n i t rogen  
fert i l iser  and f a rmya rd  manure  m u s t  be appl ied over  the  whole t r ial  area 
when  possible. 

INTRODUCTION 

Shifting cultivation is practiced in the tropics under conditions of 
extensive agriculture as the principal means of restoring soil fertility. 
In the Sand Sheet soils (known locally as 'goz') of the Acacia senegal 
zone of the Sudan, 12-20 years of A. senegal fallow is followed by 
3-10 years cropping period during which sorghum (Sorghum vulgare), 
penissetum (Penissetum typhoides), sesame (Sesamum indicum) and 
groundnuts (Arachis hypogaea) are grown. Preliminary field trials 
with sorghum conducted in 1962 in a soil cultivated for the first year 
after a 12-year fallow revealed that crop growth was strikingly 
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be t t e r  on the  sites of the  felled and  uproo ted  A. senegal t rees  t h a n  a t  
a d is tance f rom t h e m  

This  was the  m a j o r  source of soil va r iab i l i ty  and  was ha rd  to avoid  
due to the  dense and  i r regular  t ree spacing. A precise exp lana t ion  of 
this p h e n o m e n o n  would not  only  prov ide  a means  to lower the  
expe r imen ta l  error in fu ture  field tr ials  bu t  would also add  to the  
unde r s t and ing  of the  role of the  A. senegal ro ta t ion  in soil fer t i l i ty  
res tora t ion  under  the  arid t ropica l  condit ions of the  area.  N y e and  
G r e e n 1 a n d 5 have  repor ted  t h a t  shif t ing cu l t iva t ion  sys tems  in the  
humid  t ropics  are usual ly  more  dependen t  on phosphorus ,  po ta s s ium 
and  ca lc ium cycling t h a n  on ni t rogen a l though d r ama t i c  changes  in 
ni t rogen conten t  va ry ing  as the  re la t ive  length of the  fallow and 
cropping period changes  have  been observed.  B o o t h 1 has  ment ion-  
ed the  existence of n i t rogen fixing bac te r i a  in A. senegal in the  Sudan.  

As a first  s tep towards  the  exp lana t ion  of the  problem,  deta i led 
soil sampl ing  was carr ied out  at ,  and  a round  an up roo ted  A. senegal 
t ree and  the  resul ts  of the  analyses  are p resen ted  in this paper .  

PROCEDURE 

This  s t u d y  was  car r ied  o u t  a t  U m m  Higl ig  E x p e r i m e n t  Site, K o r d o f a n  
Province, in December 1964. Composite soil samples were taken around a 
recently uprooted 12-year old A. senegal tree at radii of 0.25, 0.75, 1.25, 1.75, 
2.25, 3.25, 4.25 and 5.25 m. The depths sampled were 0-0.20, 0.20-0.50, and 
0.50-1.30 m corresponding to the three soil layers as distinguished by H u n- 
t i n g s 3. The maximum radius of 5.25 m coincided with the outer perimeter of 
the tree branches. For better comparison composite samples were also taken 
from a radius of 20.00 m. Each composite sample consisted of 20 sub-samples. 

The determinations performed on the composite samples were mechanical 
analysis (pipette method), pH (with soil: water ratio 1:5), total nitrogen 
(macro-Kjeldahl) organic carbon (dry combustion by Fisher induction carbon 
apparatus) available phosphorus (extracted by 0.025 N HC1 + 0.03 N NH4F) 
and available potassium (extracted by 1 N NH4Ac). Soil: extraetant ratio 
and shaking time was for both phosphorus and potassium 1 : 8 and 1 minute 
respectively. 

RESULTS AND DISCUSSION 

The  resul ts  are presented  in Figures  1-6. Compar i son  of the  clay 
con ten t  (Fig. 1) and  p H  values  (Fig. 2) f rom samples  t aken  f rom an 
increasing dis tance f rom the t ree  did not  indicate  any  differences for 
a n y  of the  three  soil layers.  Similarly,  no differences were ev ident  for 
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Fig. l. The effect of Acacia senegal on the  c lay  content  of a Sand Sheet  soil. 
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Fig. 2. The effect of Acacia senegal on the  p H  of a Sand Sheet  soil. 

available phosphorus (Fig. 3). Available potassium values did not 
differ for the second and third layers while for the first were slightly 
higher around the tree than away from it (Fig. 4). Total nitrogen was 
markedly higher around the tree and especially at the radius of 
1.50-2.50 m for the first layer while tor the second and third no 
appreciable differences were found (Fig. 5). Organic carbon was 
higher around the tree for all layers and particularly for the first 
(Fig. 6). 
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Fig.  3. T h e  effect  of A cacia senegal on the  avai lable  phosphorus content  of a 

Sand Sheet  soil. 
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Fig .  4. T h e  effect  of Acacia  senegal on the  avai lable  potass ium content  of a 

Sand Sheet  so i l  

The higher content in organic carbon and nitrogen around the tree 
was probably the result of falling leaves, decaying tree roots and 
wind blown dry grasses and other plant debris accumulated around 
the tree during the dry seasons. It is probable that symbiotic 
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Fig. 5. The effect of A cacia senegal on the  tota l  nitrogen content  of a Sand 
Sheet  soil. 

0.30 

... / -. ./ ..,- ~-'~ 
~_ , / --..- \ \  

o.10 \ 
h 

SOIL DEPTH, CM 
o o O -  20 
o - - - - ~  20 -  50 

Zr-----,~ 50 -130  

o.25 1.25 2.25 3.25 ~.2s s.25~ ~ : _ ~  

RADIUS EROM TREE, M 

Fig. 6. The effect of d cacia senegal on the  organic carbon content  of a Sand 
Sheet  soil. 
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nitrogen fixation in the leguminous A. senegal roots contributed to 
the nitrogen increase 1. The fact that  the difference pertained only to 
the first layer could be attr ibuted to the acidity of the second and 
third layers. This may be supported by M ann  4 who reported inhi- 
bition of nitrogen tixation in groundnuts grown on acid soils. 

The absence of any detectable difference in the response to 
drought between sorghum plants grown on uprooted tree patches 
and those at a further distance seems to exclude soil moisture as 
accounting even partly for sorghum growth differences. The small 
differences in potassium can hardly be a cause for the observed 
differential crop growth since in preliminary fertiliser trials sorghum 
did not respond to this nutrient 2 

To minimise soil variability in future fertiliser trials plots must 
not be laid out close to uprooted trees even if this will result in a very 
irregular layout. For trials not aiming at fertility investigations, e.g. 
variety trials, a liberal application of nitrogen fertiliser or farmyard 
manure may be sufficient. Growing a uniform and very dense crop 
of sorghum for 2-3 years prior to any trials may also be helpful. 
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