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Abstract 

In this paper the role of organic manure in intensified farming systems in the SAT of West-Africa is 
discussed. Different aspects are treated: its function as a source of plant nutrients, its effects on soil 
physical and on soil chemical properties. It is concluded that often the major effect is through increased 
nutrient supply, but that in combination with chemical fertilizer- particularly ni t rogen- it serves to 
counteract the negative effects of these fertilizers, particularly acidification and the increased removal of 
nutrients other than the one applied in the fertilizer. 

Insufficient organic material appears to be available to realize the required production increase and 
prevent the negative effects of nitrogen fertilizers. However, application of chemical fertilizer alone can 
lead to sustainable production systems provided export and losses of all nutrient elements are 
sufficiently compensated and acidification is avoided by using the correct type of nitrogen fertilizer, 
possibly in combination with liming. 

Introduction 

Intensified land use in the West-African SAT, 
associated with increasing population pressure, 
puts high demands on maintenance and improve- 
ment of soil fertility. The demands on traditional 
systems of shifting cultivation ('cultures itin6ran- 
tes') have exceeded their limits due to shortage 
of land, hence they must be replaced by more 
intensive systems [9, 26]. 

This problem., which was first encountered in 
the 50's mainly in the vicinity of urban centres, 
led to research concentrating on the develop- 
ment of semi-intensive production systems, in 
which the fallow period was replaced by cultiva- 
tion of a forage crop, either a perennial grass or 
a leguminous species. Morel and Quantin [28], 
summarizing experimental work in the Central 
African Republic, covering the period 1954- 
1963, concluded that continuous cultivation using 
external inputs (mainly chemical fertilizer) was 
more productive than those semi-intensive 
systems. 

Application of organic manure, alone or in 
combination with chemical fertilizer, to increase 
production per unit area, had been considered as 
early as '46/'47, at several locations in Mall [45]. 
Long-term fertilizer experiments in which yields 
and 'soil fertility' were recorded for periods of at 
least ten years under different rotations and with 
different fertilizer regimes: without fertilizer, 
with chemical fertilizer, organic manure, or com- 
binations in the SAT of W. Africa were initiated 
in the early '60's by the Research Institute for 
Tropical Agriculture (IRAT). The experiments 
in Saria (Burkina Faso) cover a period of 29 
years [35]. 

Many of the results of these experiments have 
been summarized by Pi&i [36, 37], who con- 
cluded that fertilizer application is an effective 
means to increase yields in arable farming sys- 
tems without fallows. However, he cautions that 
in the long term problems may arise, especially 
in the drier areas. To substantiate that, he cites 
Pichot et al. [35]: 'Application of NP and NPK 
fertilizers results in increased yields for some 
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years, but in the long run it leads to decreasing 
base saturation and acidification of the soil. 
These phenomena, associated with the use of N 
fertilizers, are characterized by increasing K- 
deficiency, decreasing pH and occurrence of A1- 
toxicity. Application of organic materials such as 
green manures, crop residues, compost or animal 
manure can counteract the negative effects of 
chemical fertilizers.' This leads Pi6ri [36] to con- 
clude that soil fertility in intensive arable farming 
systems in the W.-African SAT can only be 
maintained through efficient recycling of organic 
material, in combination with effective use of 
N-fixing leguminous species and chemical fertiliz- 
ers. Crop residues should be composted or re- 
cycled through the animal, as direct application 
of material with a high C/N ratio may have 
negative effects due to immobilization of N dur- 
ing its decomposition (Fig. 1). Application of 
animal manure or compost, however, generally 
has a positive effect, also in combination with 
chemical fertilizer (Table 1). 

Annual applications of at least 5 t ha -1 of com- 
post or animal manure appear necessary to main- 
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tain a constant production level after clearing 
fallow land, while higher applications are neces- 
sary to achieve increased yields [35]. However, 
limited availability of crop residues is a serious 
constraint for the production of such quantities 
of compost, as straw is generally used for other 
purposes. Evaluation of availability of straw for 
composting in different regions of Senegal, 
showed that only in the south a surplus existed of 
1 to 2.5 ton ha i [1]. In all other regions all the 
straw is being used as animal feed, construction 
material and fuel. Similar analyses for Burkina 
Faso led to the same conclusions [41]. Even if all 
the straw being produced would be used as 
animal feed, manure production would still be 
insufficient, and substantial areas of natural pas- 
ture would be required to produce the necessary 
5 ton of manure per ha of arable land. Quilfen 
and Melville [38] observed that in the present 
production systems in the north of Burkina Faso, 
only 2.5 to 4 ton of animal manure per hectare of 
arable land is applied. Breman and Traor6 
[6, 7, 8] showed that feed availability from natur- 
al pasture and crop by-products at the present 
animal density, is insufficient for the production 
of the manure required to maintain the present 
production levels in arable farming in Niger, 
Burkina Faso and Mali, even if all feed would be 
used for that purpose. 

Hence, if on the one hand, compost or animal 
manure are indispensable to maintain soil fertili- 
ty, and on the other hand insufficient organic 
manure is available, it would imply that sustain- 
able arable farming systems, characterized by 
stable high yields, cannot be developed in the 
semi-arid tropics of West Africa. 

Table 1. Effect of application of different types of organic 
manure (10tha -a) with and without fertilizer N on grain 
yield (kgha -1) of millet (Source: Sedogo, 1981) 

Treatment 
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animal 
Fig. 1. Grain yield of millet as a function of nitrogen fertil- 
izer application, with (10 t ha -a) and without straw applica- manure 
tion (Source: Traor6, 1974). compost 
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In this paper the role of organic manure in 
maintaining soil fertility is critically evaluated 
and possible alternatives to avoid the negative 
effects of chemical nitrogen fertilizers are dis- 
cussed. 

Effects of  organic  m a n u r e  

Application of organic manure generally aims at 
two major goals: (i) increased supply of nutrient 
elements to the crop and (ii) increased organic 
matter contents in the soil, resulting in more 
favourable soil physical and chemical properties. 
These two goals are conflicting, as release of 
nutrient elements requires decomposition of the 
organic material, which is thus lost for the for- 
mation of soil organic matter. First the role of 
organic manure in the supply of plant nutrients 
will be discussed and subsequently the effect on 
soil organic matter content will be treated. 

Organic  manure  as a source of  plant nutrients  

In the last decades, many experiments have been 
carried out in West Africa to determine crop 
yields as affected by fertilizer application, with 
or without organic manure. In analyzing these 
experiments, generally yields at a certain level of 
fertilizer application, with and without organic 
manure application are compared, as illustrated 
in Figure 2. The yield increase, in this case grain 
yield of millet, is attributed to the combined 
positive effects of organic manure on crop 
growth. The observed variability in response in 
different experiments is attributed to differences 
in the quality of organic manure. 

In most cases, in the analyses no attempts are 
being made to differentiate between the quan- 
titative effects of organic manure as a source of 
additional nutrient elements and possible other 
positive effects. Such a differentiation is facili- 
tated if, in addition to fertilizer application and 
crop yield, the chemical composition of organic 
manure and harvested products have been de- 
termined. Availability of those data allows analy- 
sis and comparison of application/uptake and 

301 

Grain field (kg/ha) 
2500 - 

2000 ~ . ~ . . ~  

1500 
= 

o o 1000 

500 

_ e ~ 

, , without straw 
. . . . . .  with straw 

I ! ! I I = ' I , ~ , I , , ~ | 

0 40 80 120 160 
N application (kg/ha) 

Fig. 2. Grain yield of millet as a function of nitrogen fertil- 
izer application with (11 t ha -I in the first year, 15 t ha -~ in 
the second year, year of observation) and without compost 
application (Source: Ganry et al., 1974). 

yield/uptake relations for different combinations 
of organic manure and fertilizer application in 
so-called three quadrant figures [46]. In those 
figures, the upper left hand side presents the 
relation between application of a nutrient ele- 
ment and production, the upper right hand side 
presents the relation between uptake of a nu- 
trient element and production, while in the lower 
right hand side the relation between application 
rate and uptake is presented. 

To illustrate the method, the results of a nitro- 
gen fertilizer experiment in Niger [34] are pre- 
sented in Figures 3a-c. The data refer to an 
experiment with millet, executed during three 
consecutive seasons on the same plots. The treat- 
ments consisted of application of 0, 45 and 
90 kg N ha -1 as urea, with and without applica- 
tion of 10.000 kg of straw per ha, containing 35 
kg of nitrogen. Annual  rainfall in the three years 
of 339, 283 and 296mm was well below the 

- - 1  long-term average of 600 mm yr 
In the first year a linear relation is found 

between nitrogen uptake and aboveground dry 
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matter production, almost till the highest uptake 
level (Fig. 3a, II). The relation between applica- 
tion and uptake is linear, both with and without 
straw, as often found in experiments involving 
nitrogenous fertilizers [27], but the recovery of 
fertilizer N is slightly lower (0.21 vs. 0.28) in the 
presence of straw. Presumably, a larger part of 
the fertilizer N is not available for uptake, which 
may be due to immobilization by straw decom- 
posing micro-organisms. 

In the second season (Fig. 3b) production 
hardly responds to increased nitrogen uptake, 
while the maximum yield is substantially lower 
than in the preceding season. Apparently, nitro- 
gen availability was not the growth-limiting fac- 
tor as also witnessed by the very high concen- 
tration of N (17.2 g kg -1) in the tissue at harvest 
at the highest application rates. The presence of 
straw again affects the relation between applica- 
tion and uptake: uptake at zero fertilizer applica- 
tion is slightly higher in the presence of straw, 
while the recovery fraction is lower. Without 
straw, increased fertilizer application from 45 to 
90 kg ha -1 does not result in higher uptake, pre- 
sumably because the crop was 'saturated' with 
nitrogen throughout its growth cycle. 
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Fig. 3. The relation between (quadrant I) yield and N appli- 
cation (Ni); that between (quadrant II) N uptake (Nu) and 
yield and that between (quadrant III) N application and N 
uptake for millet in three consecutive years, 1971 (a), 1972 
(b) and (1973) (c) (Source: Pichot et al., 1974). 

III 

I I 
100 810 60 410 

N O ( kg ha -I) 

Production ( t  ha -~) 
8 

6 I 

~ 7 4  ~x°~O-~ 
r / t / /  / /  2 / 

/ /  
/ 

I I 410 x) I 

20402C 20 6~i 

°')o 
II 

6o 

B0 

No(k ho -1 ) 

(b) 

I I 
80 100 

N u ( k g  ha -1 ) 

' 8' 100 0 
N o [ kg ha -1) 

O" "0 
X ~ x ~ -  

III 

610 410 210 

2( 

40 

60 

80 

N o ( k g  ho -1 ) 

Production ( t ha -1) 
8 

, ~ ~ o _ __oo 

6 x/SXl-- - x 
/ 

/ 
/ 

4 / /  I 
/ 

2 11 
I 

14o 6'°  ,,do t;o 210 ~ \ N u ( kg ha q) 

\ \ \ \  

II ~ It 

~ × o  I 

(c) 

Fig. 3. (continued). 

In the third year (Fig. 3c), the highest yield is 
achieved, with again at the highest application 
rates no response to increased nitrogen uptake: 
another factor (nutrients other than N or water 
availability) appears yield-determining. At the 
highest uptake levels, production in the com- 
bined straw/fertilizer treatments seems some- 
what higher than in the fertilizer only treat- 
ments, a phenomenon also frequently observed 



under Dutch conditions with application of or- 
ganic manure to silage maize [40]. This suggests 
that the situation with respect to the production- 
determining factor has improved. This could be 
the result of the higher organic matter content in 
the soil under the straw treatments with its asso- 
ciated higher water holding capacity, more 
favourable pH, improved availability of nutrient 
elements other than nitrogen, etc. This may be 
deduced from the results of chemical soil ana- 
lyses: higher values for organic C, total P, CEC, 
and base saturation in the soils amended with 
straw. 

The relation between application and uptake 
shows that in the presence of straw, uptake 
without fertilizer application is higher by about 
35 kg ha -1, while the recovery of fertilizer N 
differs only slightly (0.56 vs. 0.51). Presumably, 
some of the nitrogen immobilized in organic 
material in the preceding seasons is mineralized 
in this season. 

N uptake at zero fertilizer application without 
straw is intermediate between the first and the 
second year. 

Other fertilizer experiments reported in the 
literature (not only involving nitrogen, but also 
phosphorus) have been analysed in a similar way 
[3, 16, 22, 23, 25, 29, 44, 45]. They are not 
treated in detail in this paper, but on the basis of 
those analyses the following conclusions can be 
drawn: 
- higher nutrient uptake due to fertilizer applica- 

tion generally leads to higher yields; 
-higher  yields obtained with combined applica- 

tion of organic manure and fertilizer, com- 
pared to fertilizer alone, can in first instance be 
explained by the additional supply of the limit- 
ing nutrient element. Higher yields obtained 
with combined application of organic manure 
and fertilizer, at similar non-limiting uptake 
levels, may be attributed to the supply with 
organic manure of nutrient elements other than 
the one applied in fertilizer or more favourable 
soil physical or chemical properties; 

- recovery of N from fertilizer in the first years is 
higher in the absence than in the presence of 
organic manure probably due to immobiliza- 
tion. Part of that N may, however, be released 
in subsequent years; 

-up take  of N from organic manures varies 
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strongly from year to year and is dependent on 
the quality of the organic material and en- 
vironmental conditions. 

Soil organic matter build-up 

Increasing soil organic matter content in culti- 
vated soils in the semi-arid tropical zones of 
West Africa is tedious, as illustrated, for exam- 
ple, by the results of the long-term experiment in 
Saria (Burkina Faso). After 18 years of annual 
applications of 60 t ha -1 of animal manure, in 
combination with 60 kg N, 45 kg P and 25 kg K 
per hectare, organic C content has increased 
from 2.5 to about 6.6 g kg -1 (or from 4.5 to 12 g 
organic matter per kg) [35]. Similar conclusions 
follow from the results of an experiment with a 
rotation of millet and groundnut, started in 1972 
in the north of Senegal. Annually, either chemi- 
cal fertilizer alone (100kgNPK, 14-7-7 and 
100 kg N as urea) or in combination with 10 ton 
ha -1 of animal manure was applied. In 1983 the 
soils in this experiment were analysed, showing 
that organic carbon content in the soils that had 
received organic manure, was 0.3 g kg -1 higher 
in the upper 10cm and 0.15gkg -1 in the 10- 
20 cm layer and was identical below that depth 
compared to the soils that had received chemical 
fertilizer only [12]. A further example refers to 
an experiment in which annual applications of 
11.5ton ha -1 of compost and 150kg fertilizer 
N ha -1 were compared with only return of the 
millet stover produced. After 4 years, organic 
carbon was 2 g kg -1 higher in the top 20 cm of 
the soil under the former treatment [19]. 

To put these results in perspective, in Table 2 
an approximate calculation is presented of the 
amounts of organic material necessary to in- 
crease the organic carbon content in the top 
20 cm of a soil with a bulk density of 1.4 g cm -3 
in one year by i gkg -1. In the calculations, it is 
assumed that the relative rate of decomposition 
of soil organic matter is 0.06 yr -1 [24]. Hence, if 
the original carbon content is 3 g kg -I, 500 kg C 
ha -1 is required to maintain organic carbon at 
that level. To increase the carbon content by 
l g k g  -1 an additional 2800kg ha -1 of C is re- 
quired. The rate of decomposition of organic 
material added to the soil depends on its quality 
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Table 2. Schematic calculation of the amounts of straw, 
animal manure or compost necessary to increase organic C in 
the top 20 cm of a soil by 1 g kg 1 (for details see text) 

C loss from existing 
organic material (kg ha  -1 yr-l): 

Required C for increasing carbon 
content by 1 g kg-l(kg ha-l): 

Total C required (kg ha-~): 

Relative rate of decomposition of 
organic material (kg kg -1 yr-1): 

- straw 
- animal manure 
- compost 

C content (kgkg 1) in: 
-straw 
- animal manure 
- compost 

Organic material required (t ha-l): 
- straw 
- animal manure 
- compost 

0.5 
0.7 
0.8 

0.45 
0.35 
0.30 

500 

2800 

3300 

14.7 
31.4 
55.0 

as shown by Van Duivenbooden and Ciss6 [15], 
who established losses of 0.4 and 0.6 kg C kg -1 
over a 90-day period in the growing season, for 
millet straw and animal manure,  respectively. 
Feller et al. [20], following decomposition of 
compost in a rainy season of 120 days found a 
loss of 0.8 kg kg -1. In the calculations of Table 2, 
relative decomposition rates of 0.5, 0.7 and 
0.8 kgkg -1 during a 120-day rainy season have 
been used for straw, animal manure and com- 
post, respectively. The amounts of these materi- 
als required to increase the organic carbon con- 
tent by 1 g kg -a are then 14.7, 31.4 and 55.0t  
ha -1, assuming carbon contents of 0.45, 0.35 [14] 
and 0.3 [18] g kg -a, respectively. 

To maintain these higher carbon contents in 
subsequent years, annual applications of 3000, 
6425 or 11250 kg ha -1 of straw, animal manure 
or compost are necessary. 

The large amounts of organic material neces- 
sary to increase the organic matter  content of 
soils, are largely due to the high rates of decom- 
position under these conditions. This argument is 
supported by observations on the dynamics of 
organic matter  following clearing of forest or 
savanna vegetations. These processes have been 
studied both in West Africa: Nye and Greenland 
[30] in Ghana,  Brams [5] in Sierra Leone,  Fauck 
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Fig. 4. Organic matter content in various soil layers for soils 
after different periods of cultivation. 

et al. [17] and Siband [42, 43] in Senegal (Casa- 
mance) and in other parts of the world [39]. In 
the Casamance, soils under forest were com- 
pared with soils that had been under cultivation 
for periods from 3 to 90 years, with varying 
fallow periods. Soil organic matter  was highest in 
the soils under forest and lowest in the soils 
cultivated for 90 years, the differences being 
most pronounced in the top 20 cm. Soil organic 
matter  content rapidly declines in the first few 
years following clearing, after which the decrease 
proceeds more gradually (Fig. 4). 

Effect of soil organic matter content on soil 
physical properties 

Organic matter  content especially affects the 
stability of the aggregates formed from the clay 
and loam particles. The degree of aggregation 
affects pore volume and pore size distribution, 
and hence infiltration capacity and soil moisture 
retention characteristics. 

Aggregate stability also influences soil struc- 
ture, which affects aeration and erosion suscep- 
tibility. These effects, however important they 



may be, are difficult to quantify and are there- 
fore not further treated here. 

Ciss6 and Vachaud [13] studying the water 
balance of the soils from the experiment in 
northern Senegal, referred to earlier, concluded 
that the differences in organic carbon content 
were too small to cause significant differences in 
soil hydraulic properties: infiltration capacity, 
soil moisture retention curve (Fig. 5) and hy- 
draulic conductivity curve are similar for soils 
differing 0.15-0.3 g kg -1 in organic C. 

More pronounced differences in organic C 
may not substantially affect moisture availability 
for a crop. The difference in available soil mois- 
ture between the forest soils and the soils long 
under cultivation (Fig. 4; [43]) is only some 
tenths cm3cm -3 (Table 3). The differences in 
total available water probably are also related to 
the lower clay and loam contents in the upper 
layer of the soils under cultivation, as a result of 
migration to deeper layers. 
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Table 3. Moisture content (cm 3 cm 3) at pF2.5, pF3.0 and 
pF 4.2 and available soil moisture (era 3 cm -3) between pF 2.5 
and pF 4.2 and between pF 3.0 and pF 4.2 for forest soils and 
soils under cultivation for various periods (Source: Siband, 
1974). 

Forest soil Length of period under 
cultivation (yr) 

3 12 46 90 

pF2.5: 
0-10 cm 11.4 10.4 9.7 7.5 7.2 

10-20 cm 9.7 9.7 9.8 9.7 8.9 
pF 3.0: 

0-10cm 9.6 8.2 7.6 6.2 5.5 
10-20 cm 8.0 7.5 8.1 9.7 7.1 
pF 4.2: 

0-10 cm 7.5 5.9 6.0 4.6 3.9 
10-20 cm 5.4 5.2 6.6 6.5 4.8 
pF 2.5-pF4.2: 

0-10 cm 3.9 4.5 3.7 2.9 3.3 
10-20 cm 4.3 4.5 3.2 3.2 4.1 
pF 3.0-pF 4.2: 

0-10 cm 2.1 2.3 1.6 1.6 1.6 
10-20 cm 2.6 2.3 1.5 3.2 2.3 
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Fig. 5. Soil moisture retention curve for the top soil layers of sandy soils differing 0.3 (0-0.1 m) and 0.15 (0.1-0.2 m) g kg 1 in 
organic C content. 
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These considerations lead to the conclusion 
therefore, that the difference in maximum yield 
observed in the experiment in Niger (Fig. 3c, II), 
where the difference in organic C content was 
l g k g  1 after 3 years, is not likely to be the 
result of differences in moisture availability. 

Effect of  organic matter content on soil chemical 
properties 

The most important soil chemical characteristic 
affected by soil organic matter content is its 
cation exchange capacity (CEC), which in addi- 
tion is determined by its clay content and the 
mineralogical composition of the clay fraction. In 
his review, Pichot [33] points out that in tropical 
soils, whose clay fraction is dominated by kaoli- 
nite and Fe and A1 oxides and hydroxides, soil 
organic matter content is the major factor in- 
fluencing cation exchange capacity. This conclu- 
sion is based on results from Senegal [42], Ivory 
Coast [10], the Central African Republic [32], 
Burkina Faso [2] and Niger [11, 34], where 
significant positive correlations were observed 
between organic matter content and CEC. 

To quantify the effect of changing organic C 
contents in the soil, either through organic 
manuring, or through prolonged cultivation, on 
CEC, a relation between the change in C content 
and the associated change in CEC is necessary. 
For construction of that relation results from the 
north [12] and south [43] of Senegal, Niger [34] 
and Burkina Faso [35] were used, leading to a 
significant correlation (Fig. 6). A difference of 
1 g kg -1 in organic C results in a difference of 
4.3 mmol kg -x in CEC (pH 7), a value within the 
range (3.64-5.46) presented by Bolt et al. [4]. 
The residual variability must be ascribed to dif- 
ferences in origin, nature and quality of the 
organic material. 

At higher CEC values the buffering capacity 
for cations such as K, Mg and Ca is higher. 
Exchange of cations with A13+ and H + lowers 
base saturation, but also counteracts decreasing 
pH. Hence, CEC serves as a buffer for pH 
changes. 

Application of organic manures not only sup- 
plies N and P, but other important elements like 
K, Mg and Ca as well, which contribute to 
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Fig. 6. Change in cation exchange capacity (6 CEC) as a 
function of change in organic C content (6 C) (Sources: 
Ciss6, 1988; Pichot et al., 1981; Pichot et al., 1974; Siband, 
1974). 

maintaining base saturation at a high level. The 
positive relation between pH and base saturation 
has, among others, been illustrated by Pichot 
([32], Fig. 7). 
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Fig. 7. Relation between pH and base saturation (Source: 
Pichot, 1971). 
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Long-term effects of fertilizer application 

In a number of reported fertilizer experiments 
the positive response to increased nutrient avail- 
ability declines with time when only chemical 
fertilizers are applied as demonstrated in the 
long-term experiment in Saria, Burkina Faso 
[35]. In that experiment, started in 1960, sor- 
ghum is cultivated in monoculture or in rotation 
with groundnut and ni6b6, under different fertil- 
izer regimes: chemical fertilizer only (two 
levels), and in combination with 5, respectively 
40 t ha 1 of animal manure. The amounts of N 
and P given annually, varied over the years, 
while since 1969 K fertilizer has been applied. 
Over the first 19 years, these amounts were on 
average 25 kg N, 30 kg P and 10 kg K per hectare 
at the lower level and 60 kg N, 45 kg P and 25 kg 
K at the higher level. 

Sorghum grain yields in the control plots de- 
clined within a few years to about 150 kgha -1. 
After 1970, yields in the treated plots also de- 
creased: first that in the high fertilizer only treat- 
ment, followed by the lower fertilizer only, and 
by the treatments with the low manure applica- 
tion rate. Only in the high manure/high fertilizer 
treatments yields remained stable. 

Results of soil chemical analyses carried out in 
1978 (some of which are given in Table 4) serve 
as the basis for the explanation of the yield 
decline [35]. Organic C content in the fertilizer 
only plots is lower than in the control, while in 
the plots receiving organic manure, it is much 
higher. CEC (pH 7) varies little among treat- 
ments, except for the plots with the highest 
application of organic manure. Base saturation 
clearly differs: in the fertilizer only treatments 

significantly lower than in the control, in the 
manure plots higher, pH is related to base satu- 
ration, hence lower than the control in the fertil- 
izer only plots and higher in the animal manure 
plots. The lower pH and base saturation must be 
attributed to the acidifying effect of the fertilizer 
(most probably ammonium sulphate and/or am- 
monium phosphate). 

Pichot et al. [35] explain the declining yields 
through these low pH values. Small differences 
in pH in the vicinity of pH 5 can have dramatic 
effects: Al ions can be liberated from the clay 
lattice, and preferentially be adsorbed at the 
exchange complex. At pH values below 5.2 the 
concentration of A1 in the soil solution sharply 
increases (in the plots receiving only fertilizer, 
up to 50 mg 1-1), with toxic effects on the crop. 
Yield reductions of 80% have been observed at 
50% A1 at the complex [35]. 

Alternatively, the yield reduction could be due 
to K deficiency. The potassium supply with fertil- 
izer may not have been sufficient to compensate 
for the export in grain and straw. An indication 
could be that exchangeable K is lower in the 
fertilizer only plots than in the control. Applica- 
tion of organic manure provides K and other 
cations, thus counteracting the decline in base 
saturation and preventing acidification and hence 
A1 toxicity. However, large amounts of organic 
manure are required, as in the plots receiving 
5 ton ha -1 of animal manure pH still approaches 
critical values of around 5. 

The results of chemical analyses of the soils 
from the Niger experiment are comparable to 
those of Saria (Table 5): application of chemical 
fertilizer only (in this case urea) leads to a 
decline in pH (although the critical value of 5 is 

Table 4. Organic carbon content (gkg 1), CEC (mmolkg 1), base saturation (fraction), exchangeable K, Ca en Mg 
(mmol kg-1), and pH (water) for soils from experiments in Saria, Burkina Faso (Source: Pichot et al., 1981) 

C content CEC Base Exchangeable cations pH 
saturation 

K Ca Mg 

Control 2.5 
Chemical fertilizer: 
low 2.4 
high 2.4 
5 t ha- t :  chemical 
fertilizer low 3.5 
40 t ha- t :  chemical 
fertilizer high 6.6 

26.5 0.63 1.6 11.5 3.5 5.2 

26.5 0.37 0.9 6.6 2.2 4.6 
25.0 0.38 1.5 6.0 2.1 4.4 

25.0 0.70 2.2 11.4 3.9 5.2 

39.4 1.00 5.0 23.7 10.7 5.9 
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Table 5. Organic carbon content (g kg 1), CEC (mmol kg-1), base saturation (fraction), exchangeable K, Ca en Mg (mmol kg I) 
and pH for soils from the experiments in Tarna, Niger (Source: Pichot et al., 1974) 

C content CEC Base Exchangeable cations pH 
saturation 

K Ca Mg 

Control 1.6 11.8 0.9 0.4 8.5 1.7 6.1 
90kgNha 1 1.8 12.1 7.2 0.5 6.8 1.4 5.5 
10 t straw ha 1 
+ 90 kg N ha 1 1.8 16.7 9.3 1.8 10.7 3.1 6.2 

not yet reached).  The differences in maximum 
yield between the fertilizer only plots and those 
receiving also organic manure could indicate that 
problems similar to those in Saria can be expec- 
ted in the long run. 

Discussion 

To achieve food self-sufficiency for a growing 
population in West-Africa, the only solution is 
increased production per unit area. Agricultural 
research has shown convincingly that to achieve 
that goal, improved nutrient avai labi l i ty-  in ad- 
dition to other cultural m e a s u r e s -  plays a key 
role [31]. 

Nutrient supply for the crop can be improved 
by applying either chemical fertilizer or organic 
manure,  resulting in increased production of 
both marketable product  (grains) and crop res- 
idues (stover, straw). Larger amounts of organic 
manure than of chemical fertilizer are required, 
as their element concentration is lower than that 
of chemical fertilizers. Moreover ,  the rate of 
nutrient supply from organic manures is slower, 
as the organic material must be decomposed to 
release the nutrient elements which also makes 
timing of nutrient availability uncertain. On the 
other  hand, organic manures contain various nu- 
trient elements, while m o s t  commonly used 
chemical fertilizers specifically supply only N and 
P, and sometimes K. Availability of organic 
manures is a limitation, while the price of chemi- 
cal fertilizers may be prohibitive for application. 

Agricultural research faces the challenge to 
answer the question which combination of fer- 
tilizers is most efficient for production increases. 
It is important  to realize that intensive systems 
should also be sustainable. Considering the re- 

sults presented earlier, two major problems 
appear: 
- u s e  of chemical NP fertilizers without organic 

manure,  or without liming and K and possibly 
Mg fertilizer application, may result in acidifi- 
cation of the soil, with the associated risk of A1 
toxicity and deficiencies of other nutrient ele- 
ments. 

- availability of organic manures is insufficient to 
realize the required production increase and to 
prevent in combination with chemical fertiliz- 
ers soil acidification. 
In most of the fertilizer experiments cited in 

this paper it was common practice to remove in 
the fertilizer only treatments all the biomass 
from the field. That  leads to declining organic C 
levels in the soil with the associated reduction in 
CEC. With the organic material substantial 
quantities of N, P and other minerals are re- 
moved, which is insufficiently compensated if 
only chemical NP fertilizers are applied. That  
results in decreasing base saturation and a lower 
pH. To assess which practices can result in sus- 
tainable production systems, quantitative assess- 
ment of the following aspects is necessary: 
- I s  the production increase in crop residues, 

associated with the use of chemical fertilizers 
sufficient and necessary to stabilize soil organic 
C content? 

- A r e  the losses of C and nutrient elements 
incurred during transformation of crop residues 
to compost or animal manure compensated by 
the greater availability of the remaining ele- 
ments and the added value of the material as 
animal feed or as a source of energy (biogas)? 

- D o e s  a minimum soil organic C content exist 
for a given level of fertilizer application and 
production? 

- W h i c h  mixture of chemical fertilizers is neces- 
sary to maintain the base saturation at a 



favourable level  taking into account possible 
supply of cations through crop residues, animal 
manure or compost? 

- W h a t  is the optimum pH value for a given 
production systems and to what extent is liming 
necessary to :maintain that pH? 
To provide quantitative answers to these ques- 

tions, determination of more nutrient response 
curves is hardly helpful. Target-oriented experi- 
ments are necessary in which production and 
nutrient uptake (of both grain and straw) are 
determined for different doses of various chemi- 
cal fertilizers and organic materials, applied 
alone and in combination with lime application. 

Evidently, in ensuring sustainability of inten- 
sified production systems, the equivalent acidity 
of fertilizers is a major consideration. If am- 
moniacal fertilizers are used, they must be com- 
bined with liming to maintain soil pH at a 
favourable level. Rock phosphates, with their 
inherent impurities, not only serve as a source of 
P, but may also help in maintaining a sufficiently 
high base saturation [21]. In combination with 
nitrate fertilizers also soil pH can be maintained. 
Hence, judicious application of chemical fertil- 
izer may lead to sustainable intensified agricul- 
tural production systems in W. Africa, provided 
that their use is not prevented by economic 
considerations. 

References 

1. Allard JL, Bertheau Y, Drevon JJ, Seze O and Ganry F 
(1983) Ressources en r6sidus de r6colte et potentialit& 
pour le biogaz au S6n6gal. Agron Trop 38:213-221 

2. Arrivets J (1974) Fertilisation des vari6t& locales de 
sorgho sur les sols ferrugineux tropicaux du plateau 
Mossi (Haute-Volta). Doc. IRAT Haute-Volta 

3. Arrivets J (1976) Exigences min6rales du sorgho: 6tude 
d'une vari&~ vottaique ~ grande tige. Agron Trop 31: 
29-46 

4. Bolt GH, Bruggenwert MGM and Kamphorst A (1976) 
Adsorption of cations by soil. In: Bolt GH and Brug- 
genwert MGM (eds) Soil chemistry. A. Basic elements. 
Developments in soil science. Vol. 5A, pp 54-90. 
Elsevier Scientific Publishing Company 

5. Brams EA (I971) Continuous cultivation of West Af- 
rican soils: organic matter diminution and effects of 
applied lime and phosphorus. Plant Soil 35:401-414 

6. Breman H and Traor6 N (eds) (1986a) Analyse des 

309 

conditions de l'61evage et propositions de politiques et 
de programmes. R@ublique du Niger. Sahel D(86)284, 
Club du Sahel/CILSS/OCDE, Paris 

7. Breman H and Traor6 N (eds) (1986b) Analyse des 
conditions de l'61evage et propositions de politiques et 
de programmes. Burkina Faso. Sahel D(86)300, Club 
du Sahel/CILSS/OCDE, Paris 

8. Breman H and Traor6 N (eds) (1987) Analyse des 
conditions de l'61evage et propositions de politiques et 
de programmes. Mall. Sahel D(86)302, Club du Sahel/ 
CILSS/OCDE, Paris 

9. Breman H, Ketelaars JJMH and Traor6 N (1990) Un 
remade contre le manque de terre? Bilan des 61ements 
nutritifs, la production primaire et '61evage au Sahel. 
S6cheresse 2:109-117 

10. Cabanettes JP and Le Buanec B (1974) Etude de 
l'apparition d'une carence potassique dans un sol ferral- 
litique sur granite. Agron Trop 29:675-684 

!1. Charoy J and Nabos J (1974) Contribution ~ l'6tude du 
r61e sp6cifique de la mati~re organique. Doc. IRAT 
Niger 

12. Ciss6 L (1988) Influence d'apports de mati6re or- 
ganique sur la culture de rail et d'arachide sur un sol 
sableux du Nord S6n6gal. II. D6veloppement des plan- 
tes et mobilisations min~rales. Agronomic 8:411-417 

13. Ciss6 L and Vachaud G (1987) Effet d'un amendement 
organique sur l'infiltration, les coefficients de transferts 
hydriques, et l '6vaporation d'un sol sableux d6grad6 du 
Nord-S6n6gal. Hydrol continent 2 :15-28  

14. Ciss6 L and Duivenbooden N van (in prep) Etude de la 
d6composition et de l'6volution des taux de carbone, 
d'azote et de phosphore de la mati6re organique appor- 
t6e au sol 

15. Duivenbooden N van and Ciss6 L (1989) L'am61iora- 
tion de l'alimentation hydrique par des techniques cup 
turales likes & l'interaction eau/fertilisation azot6e. 
CABO Rapport No. 117, CABO, Wageningen 

16. Dupont de Dinechin B (1968) Contribution ~ t '&ude 
des exportations du mais et du sorgho en Haute-Volta. 
CR du colloque sur la fertilit6 des sols tropicaux, pp. 
528-543. IRAT, Paris 

17. Fauck R, Moureaux C1 and Thomann Ch (1969) Bilans 
de l'~volution des sols de S~fa (Casamance, S~n6gal) 
apr& quinze ann6es de culture continue. Agron Trop 
24:263-301 

18. Feller C and Ganry F (1982) D6composition et humifi- 
cation des r6sidus v6g6taux dans un agro-syst6me tropi- 
cal. III. Effet du compostage et de l'enfouissement de 
divers r6sidus de r6colte sur la r6partition de la mati6re 
organique dans diff6rents compartiments d'un sol sab- 
loneux. Agron Trop 37:262-269 

19. Feller C, Ganry F and Cheval M (1981a) D6composi- 
tion et humification des r6sidus v6g6taux dans un agro- 
syst6me tropical. I. Influence d'une fertilisation azot6e 
(ur6e) et d'un amendement organique (compost) sur la 
r6partition du carbone et de l'azote dans diff6rents 
compartiments d'un sol sableux. Agron Trop 36 :9-17  

20. Feller C, Ganry F and Cheval M (1981b) D6composi- 
tion et humification des r6sidus v6g~taux dans un agro- 
syst6me tropical. II. D6composition des r6sidus v6g- 



310 

6taux (compost) pendant une saison des pluies darts un 
sol sableux. Agron Trop 36:18-25 

21. Flach EN, Quak W and Diest A van (1987) A com- 
parison of the rock phosphate-mobilizing capacities of 
various crop species. Trop Agric (Trinidad) 64:347-352 

22. Ganry F, Bideau J and Nicoli J (1974) Action de la 
fertilisation azot6e et de l 'amendement organique sur le 
rendement et la valeur nutritionelle d'un mil Souna III. 
Agron Trop 24:1006-1015 

23. Gigou J (1984) La mobilisation des 616ments min6raux 
per le sorgho IRAT55 au cours de deux saisons aux 
pluviomdtries tr~s diff6rentes. Agron Trop 39:324-334 

24. Harpaz Y (1975) Simulation of the nitrogen balance in 
semi-arid regions. PhD Thesis, Hebr. Univ. Jerusalem 

25. Jenny F (1974) Etude du phosphore: correction de la 
carence phosphore et fertilisation d'entretien dans quel- 
ques sols du Mali. IRAT, Montpellier 

26. Keulen H van and Breman H Agricultural development 
in the Sahelian region: a cure against land hunger? 
Agric Ecol Env (in press) 

27. Keulen H van and Heemst HDJ van (1982) Crop 
response to the supply of macronutrients. Versl land- 
bouwkd Onderz 916, Pudoc, Wageningen 

28. Morel R and P Quantin (1972) Observations sur l'6vo- 
lution ~ long terme de la fertilit6 des sols cultiv6s 
Grimari (R6p. Centrafrique). Agron Trop 27:667-739 

29. Nabos J, Charloy J and Pichot J (1974) Fertilisation 
phosphat6e des sols du Niger: utilisation des phosphates 
naturels de Tahoua. Agron Trop 29:1140-1150 

30. Nye PH and Greenland DJ (1964) Changes in the soil 
after clearing tropical forest. Plant Soil 21:101-112 

31. Penning de Vries FWT and Djiteye AM (eds) (1982) La 
productivit6 des pfiturages naturels. Une 6tude des sols, 
des v6g6tations et de l'exploitation de cette ressource 
naturelle. Versl landbouwkd Onderz 918, Pudoc, 
Wageningen 

32. Pichot J (1971) Etude de l'6volution du sol en pr6sence 
de Iumures organiques ou min6rales. Cinq ann6es d'ex- 
p6rimentation /~ la station de Boukoko, RCA. Agron 
Trop 26:736-754 

33. Pichot J (1975) R61e de la mati6re organique dans la 
fertilit6 du sol. Agron Trop 30:170-175 

34. Pichot J, Burdin S, Charoy J and Nabos J (1974) 
L'Enfouissement des pailles de Mil Pennisetum dans les 
sols sableux dunaires. Agron Trop 24: 995-1005) 

35. Pichot J, Sedogo MP, Poulain JF and Arrivets J (1981) 
Evolution de la fertilit6 d'un sol ferrugineux tropical 

sous l'influence de fumures min6rales et organiques. 
Agron Trop 36: 122-133. 

36. Pi6ri C (1986) Fertilisation des cultures vivri6res et 
fertilit6 des sols en agriculture paysanne subsaharienne. 
Agron Trop 41 :1-20  

37. Pi6ri C (1989) Fertilit6 des terres de savanes. Bilan de 
trente ans de recherche et de d6veloppement au Sud du 
Sahara. Agridoc-International, Paris 

38. Quilfen JP and Milleville P (1983) R6sidus de culture et 
fumure animale: un aspect des relations agriculture- 
61evage dans le nord de la Haute-Volta. Agron Trop 38: 
206-212 

39. Sanchez PA (1981) Soil management in the Oxisol 
savannahs and Ultisol jungles of tropical South 
America. In: Greenland DJ (ed.) Chacterization of soils 
in relation to their classification and management for 
crop production: examples from some areas of the 
humid tropics, pp 214-253. Clarendon Press, Oxford 

40. Schr6der J and Dilz K (1987) Cattle slurry as manure for 
forage maize. In: Meer HG van der, Unwin RJ, van 
Dijk TA and Ennik GC (eds). Animal manure on 
grassland and fodder crops. Fertilizer or waste? Dev. in 
Plant and Soil Sci. no. 30, pp 137-156. Martinus Nijhoff 
Publ, Dordrecht 

41. Sedogo M (1981) Contribution ~t la valorisation des 
r6sidus culturaux en sol ferrugineux et sous climat aride. 
Th~se de docteur-ing6nieure. Sciences du sol. Ecole 
Nationale Sup6rieure d'Agronomie et des Industries 
Alimentaires, Nancy 

42. Siband P (1972) Etude de l'6volution des sols sous 
culture traditionelle en Haute-Casamance: principaux 
r6sultats. Agron Trop 27:574-591 

43. Siband P (1974) Evolution des caract6res et de la 
fertilit6 d'un sol rouge de Casamance. Agron Trop 29: 
1228-1248 

44. Tourte R, Pocthier MG, Ramond C, Monnier J, Nicou 
R, Poulain JF, Hamon R and Charreau C (1971) 
Thames 16gers lourds syst6mes intensifs voies diff6ren- 
tes ouvertes au d6veloppement agricole du S6n6gal. 
Agron Trop 26:632-669 

45. Traor6 MF (1974) Etude de la fumure min6rale azot6e 
intensive des cdr6ales et du r61e sp6cifique de la mati6re 
organique dans la fertilit6 des sols au Mali. Agron Trop 
24 :1-20  

46. Wit CT de (1953) A physical theory on placement of 
fertilizers. Versl landbouwkd Onderz 59.4. Staatsdruk- 
kerij, 's Gravenhage 


