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Abstract

It is increasingly recognised that soil fauna have a significant role in soil processes affecting nutrient availability and crop

performance. A field experiment was conducted in southern Burkina Faso (West Africa) to investigate the contribution of soil

fauna to nutrient availability and crop performance after application of different organic materials with contrasting qualities. A split

plot design with four replications was laid out. The main treatment was the use of insecticides, to establish plots without fauna next

to plots with fauna. The sub-treatments consisted in the application of Andropogon straw, cattle dung, maize straw, compost or

sheep dung and a control. Soil fauna significantly increased crop water use efficiency. Crop nutrient use efficiency was high with

the use of easily decomposable organic material in the presence of soil fauna. Supplementing low quality organic resources with

mineral nitrogen is required to optimise the effects of their interaction with soil fauna towards enhanced crop nutrient and water

use efficiencies.
© 2006 Elsevier Masson SAS. All rights reserved.
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1. Introduction

In semi-arid West Africa, efficient use of water and

nutrients by the crop is essential to sustain agricultural

production. Previous studies showed that soil fauna can

play a key role in nutrient and water availability to

crops [4,2]. In the savannah ecosystem of Kaibo soils

are characterised by low organic matter content and

nitrogen and phosphorus limitations. The cropping sys-

tem is largely dependent on nutrient release by organic

resource decomposition and, therefore, the activities

and interactions of soil fauna. Soil macrofauna mainly

consist of termites (78%), ants, Coleoptera, Myriapoda,

Arachnida, Dermaptera and earthworms [5]. The appli-

cation of organic resources plays a key role in West

African agricultural systems where little or no mineral

fertiliser input is used. In this region, continuous and

intensive cropping without restitution has depleted the

nutrient base of most soils leading to negative nutrient

balances [8,7,1]. This paper analyses how the beneficial

effect of soil fauna on crop water and nitrogen use effi-

ciency can be optimised with the use of organic

resources with contrasting qualities.

2. Materials and methods

The study was conducted in 2000 in Kaibo

(11–12°N) in southern Burkina Faso characterised by

a north Sudanian climate. The annual rainfall ranges

from 750 to 1000 mm with a mean temperature of

28 °C. The rainy season is from June to September

with an average rainfall of 935 mm for the last

47 years. A split plot design with four replications

was laid out in a site previously under fallow for

6 years. The experiment was laid out on a Eutric Cam-

http://france.elsevier.com/direct/ejsobi

European Journal of Soil Biology 42 (2006) S275–S277

*Corresponding author. Tel.: +226 50 34 3008;

fax: +226 50 34 1065.

E-mail address: ceas-rb@fasonet.bf (E. Ouédraogo).

1164-5563/$ - see front matter © 2006 Elsevier Masson SAS. All rights reserved.

doi:10.1016/j.ejsobi.2006.07.021

mailto:ceas-rb@fasonet.bf
dx.doi.org/10.1016/j.ejsobi.2006.07.021
https://www.researchgate.net/publication/222234138_Effects_of_termites_on_infiltration_into_crusted_soil?el=1_x_8&enrichId=rgreq-0a556691707a7348bcc1e66292183c93-XXX&enrichSource=Y292ZXJQYWdlOzQwMTA4NTkzO0FTOjIzODE1ODIzMTEwOTYzMkAxNDMzNzkyNzU1MTIx
https://www.researchgate.net/publication/222795791_Research_on_nutrient_flows_and_balances_in_west_Africa_state-of-the-art?el=1_x_8&enrichId=rgreq-0a556691707a7348bcc1e66292183c93-XXX&enrichSource=Y292ZXJQYWdlOzQwMTA4NTkzO0FTOjIzODE1ODIzMTEwOTYzMkAxNDMzNzkyNzU1MTIx
https://www.researchgate.net/publication/233244730_Soil-dwelling_termites_and_mulches_improve_nutrient_release_and_crop_performance_on_Sahelian_crusted_soil?el=1_x_8&enrichId=rgreq-0a556691707a7348bcc1e66292183c93-XXX&enrichSource=Y292ZXJQYWdlOzQwMTA4NTkzO0FTOjIzODE1ODIzMTEwOTYzMkAxNDMzNzkyNzU1MTIx
https://www.researchgate.net/publication/222969728_Soil_macrofaunal-mediated_organic_resource_disappearance_in_semi-arid_West_Africa?el=1_x_8&enrichId=rgreq-0a556691707a7348bcc1e66292183c93-XXX&enrichSource=Y292ZXJQYWdlOzQwMTA4NTkzO0FTOjIzODE1ODIzMTEwOTYzMkAxNDMzNzkyNzU1MTIx


bisol with a loamy texture (47% sand, 36% silt, 17%

clay).
The main treatment was the use of insecticides, to

establish plots with fauna and plots without fauna.

Dursban (insecticide) (with chloropyrifos as active

ingredient, applied at the rate of 400 g a.i. ha−1) and

endocoton (insecticide and acaricide) (with endosulfan

as active ingredient, applied at the rate of 450 g a.i.

ha−1) were applied four times (just before the set-up

of the experiment and 3, 6 and 10 weeks after the

organic material application and sowing). Evaluation

of pesticide effects on the main groups of soil macro-

fauna was done by Ouédraogo et al. [5]. The results

showed that termite, earthworm and ant populations

were reduced, respectively, by 99.6%, 100%, and

96.3% compared to untreated plots. The plots measured

24 × 20 m and were 10 m apart. Sub-treatments con-

sisted of Andropogon straw, cattle dung, maize straw,

compost and sheep dung application, equivalent to

40 kg N ha−1, and a control plot without organic

amendment. Organic amendments were applied at the

soil surface. Compost was produced after aerobic

decomposition. The size of sub-plots was 10 × 5 m,

separated by guard rows of 2.5 × 2 m. The blocks

were separated by an alley of 4 m.
The plots were sown with sorghum (Sorghum bico-

lor L. Moench) variety SARIASO 14 at a density of

31,250 seedlings ha−1 on July 2000. During the grow-

ing season the field was weeded twice using hoes. The

crop was harvested 4 months after sowing.
Sorghum water use efficiency (WUE) was calculated

as:

WUE ¼ ðTotal above ground biomass in the treatment

� total above ground biomass in the control

without faunaÞ ðkg=haÞ=Total rainfall ðmmÞ

Apparent nitrogen use efficiency (ANUE) was cal-

culated as:

ANUE ¼ ðSorghum grain yield in the treatment

� Sorghum grain yield in the control without

faunaÞ ðkg ha�1Þ=Equivalent total nitrogen
applied ðkg ha�1Þ:

3. Results and discussion

3.1. Sorghum nitrogen use efficiency

Soil fauna enhanced crop ANUE (Fig. 1) in the treat-

ment with compost, sheep dung and maize straw but

reduced ANUE in the treatment with Andropogon

straw and cattle dung. Table 1 shows that soil fauna,

organic amendments and their interaction significantly

affected ANUE. The F-value indicates that soil fauna

affected more ANUE than the type of organic amend-

ment.

The reduction in ANUE should be due to stimulated

nitrogen immobilisation in the presence of soil fauna.

Indeed, recalcitrant organic material need to be broken

down by soil macrofauna, which increases the exposure

of substrate to the microflora, and lead to an enhanced

decomposition [6]. In nitrogen-deficient soils enhanced

decomposition of recalcitrant organic material leads to

nitrogen immobilisation. These results indicate that soil

fauna is essential to nitrogen use efficiency by crops in

the low input agricultural systems in semi-arid West

Africa but external nitrogen input is necessary to opti-

mise nitrogen use efficiency with the application of low

quality organic material.

3.2. Sorghum WUE

In semi-arid West Africa, water is one of the limiting

factors for crop production. WUE was 1.5 kg mm−1 in

Fig. 1. Sorghum ANUE in fauna and no-fauna plots at Kaibo, Burkina

Faso, after application of organic resources of different qualities.

SA = Andropogon straw, CD = cattle dung, SM = maize straw,

CO = compost, SD = sheep dung. Bars represent standard deviations.

LSD = least significant difference at P = 0.05. C/N = carbon:nitrogen

ratio, L/N = lignin:nitrogen ratio.

Table 1

ANOVA of apparent nutrient use efficiency (ANUE)

Source of variation df F-value P-value

Soil fauna 1 401.15 < 0.001

Organic amendment 4 190.00 < 0.001

Soil fauna × organic amendment 4 383.06 < 0.001

P-value: probability level, df: degree of freedom.
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the plots with fauna (Fig. 2). Soil fauna significantly

increased sorghum WUE except in the treatment with

cattle dung. This may be due to the improvement of soil

physical properties. Mando and Miedema [3] showed

that in semi-arid area, soil fauna continuously open

voids, which significantly improves soil water avail-

ability to the crop. Cattle dung had the highest L:N

ratio probably because dung was collected at the end

of the dry season a period where the quality of forage

is very poor with high lignin content. The unavailability

of nutrient may reduce sorghum WUE. The reduction

of WUE in no-fauna plots underlines the key role of

soil fauna in the improvement of crop WUE in semi-

arid regions.

4. Conclusion

After the application of organic resources of high

quality, crop water and nitrogen use efficiencies are sig-

nificantly enhanced in the presence of soil fauna.

In the presence of soil fauna, the mulching effect of

low quality organic material can improve crop WUE

but may reduce crop nitrogen use efficiency due to

increased nitrogen immobilisation. Supplementing

recalcitrant organic material with inorganic nitrogen

will optimise the beneficial impact of soil fauna on

nutrient use efficiency. Agricultural practices that elim-

inate the beneficial contribution of soil fauna such as

intensive soil tillage and pesticide application should

be avoided especially in low input agricultural systems.
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Fig. 2. Sorghum WUE in fauna and no-fauna plots at Kaibo, Burkina

Faso, after application of organic resources of different qualities.

Legend as in Fig. 1.
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