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the Sambhar La.ke is a neotenous form of A. mil
hauseni, and is well adapted to such hostile con
ditions. 

My thanks are due to Dr. J. P. Harding, British 
Museum (Natural History), for suggestions, and to 
Dr. D. K. Mathur for his help and guidance. 
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AGRICULTURE 

Non-Symbiotic Nitrogen Fixation in a Soil 
of the Nigerian Rain-Forest Zone 

COMPARATIVELY little is known of the contribution 
of non-symbiotic nitrogen fixation to the nitrogen 
economy of tropical soils. In the tropical rain-forest 
areas it is generally considered that the soil nitrogen 
supply, depleted by arable cropping, is built up again 
during the period of 'bush fallow', presumably by 
indigenous legumes (and perhaps certain non-legumes) 
present in the regrowth. That appreciable non
symbiotic nitrogen fixation may occur in the soils of 
this area was shown in the experiment described here. 

A bulk sample was collected from the 0-20 cm. 
layer of Iwo loamy sand, a latosol developed over 
gneiss. This soil came from a cropped area on the 
Faculty of Agriculture Farm, University College, 
Ibadan. 3·kgm. lots were placed in pots in the green. 
house, and six cultural treatments and two fertilizer 
treatments applied. Total nitrogen (Kjeldahl plus 
nitrate) contents are shown in Table 1. 

There were appreciable increases in the nitrogen 
content in the case of the bare soil and the soil to 
which glucose had been added, as well as a smaller 
increase in the soil on which Oentrosema was grown. 
There was also a small but statistically significant 
increase in nitrogen when fertilizer containing 
phosphorus and molybdenum was added. 

The increase in nitrogen recorded above for the 
bare soil is equivalent to approximately 140 lb. of 
nitrogen or 6 cwt. of ammonium sulphate per acre, 
an increase of considerable agricultural significance 
were it to occur in the field. It has been estimated 
that some 15 lb. of nitrogen per acre per annum are 
fixed in the soils of the Sudan Gezira, where crops of 

dura have been produced annually for centuries 
without the use of fertilizers or manures1• Undcr 
temperate conditions it has been estimated that 
legumes may fix 150-300 lb. and free-living nitrogen. 
fixing micro.organisms 15-30 lb. of nitrogen per 
acre per ann\llll·. 

The growing of plants on the soil appears to have 
depressed nitrogen fixation (or to have increased 
denitrification). The nitrogen contained in the plant 
material (tops plus roots) amounted to approximately 
0·05 gm. per pot for the legume (Oentrosema) and 
0·04 gm. per pot for the grass (Eleusine). Thus there 
was no net increase in nitrogen where the grass was 
grown, and the increase with the legume was only 
about half that found in the bare soiL 

Since the soils of the rain·forest zone carry growing 
plants almost continuously (either 'bush fallow' or 
arable crops) it is unlikely that non·symbiotic nitrogen 
fixation is important agriculturally, even though the 
potential capacity for fixation by this means may be 
great. In most of the indigenous rotations of southern 
Nigeria the period during which the land is bare does 
not amount to more than a few months (the time 
between clearing and planting) in 5-10 years. 

The results recorded here are nevertheless con
sidered to be of sufficient interest for the study to be 
continued and expanded. 
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Swellings on the Shoots of Cacao Plants 
Deficient in Copper 

AN experiment to induce symptoms of micro
nutrient-element defi.ciency on cacao grown in sand
culture was undertaken in 1958. The sand and 
chemicals were purified as recommended by Hewitt1 

and the water was demineralized by passing it through 
resin columns. The treatments were done in dupli
cate; a complete set of treatments was randomized 
within each of two blocks. Seeds were taken from 
the centre portions of Amelonado cacao pods (where 
they are more uniform); they were washed and 
planted directly into the sand, three seeds to a plastic 
pot. The plants were watered with demineralized 
water twice a day for one week, after which 500 ml. 
of nutrient solution was supplied in the mornings 
and an equal amount of water in the afternoons. 
Complete overhead shade was given for one month, 
after which it was reduced to 50 per cent. Plants were 
harvested 100 days, 204 days and 321 days after 
sowing. 

Table 1. TOTAL NITROGEN CONTENT OF THE UPPER 20 CM. OF Iwo LoAMY SAND AS INFLUENCED BY DIPFERENT CULTURAL AND FERTILIZER 
TREATM1!NTS 

I Soil kept moist for 20 weeks 
\--------\-----------

.. __ .... , 

,- - -------------
Eleu8ine 

! 

Bare + 30 gm. ! Mulched I Centrosema 
Soli kept Bare glucose with wood PUW80em coraca1l4 Mean. 

dry N (gm.)/pot per pot shavings grown N (~1IPot N (gm.)/pot 
Fertilizer treatment 

I 
~h.~e;~i~~~60rus plus molybdenum N (~8tot I n~ N (~mi;pot I· N (~78tot I N (~~~tot & :~~ 
!lfeant 1·03 1 '24 1 ·18 1 '02 1'07 0 '96 

1'06 
1·11 

- -.; Difference between means for fertilizer treatments is statistically significant (P < 0'05). 
f Differences among means for cnltural treatments are statisticallY significant (P < 0 ,01) . L.S.D. = 0 '06 gm. nitrogen p er pot. 
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