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A = Farm 1 in Cheyohi; B = Farm 2 in Sarauniya; C = Farm 1 in Garin Labo. 
Figure 1.2.4. Revenue–trade-off relationships. 

Both the amount of haulm offered to livestock and the quantity ingested correlated significantly 
with live weight but not with fecal output. Feeding of stover, though had no effect on live 
weight, correlated significantly with fecal output.

The quantities of CP and NDF ingested correlated significantly with both live weight and fecal 
output (Table 1.2.12). However, CP intake exerted a stronger effect (r2 = 0.97) on live weight 
than fecal output (r2 = 0.79). On the contrary, the linear effect of NDF ingested was stronger on 
fecal output (r2 = 0.98) than live weight (r2 = 0.77).

Table 1.2.12. Correlation coefficient (r) for livestock produces at Farm 1 in Cheyohi

Parameter
Offer rate (g day–1) Intake rate (g day–1)

Stover Haulm Husk Stover Haulm Husk CP NDF

Weight gain (kg h–1) 0.732 0.970 0.732 0.694 0.964 0.737 0.985 0.877
(0.160) (0.006) (0.160) (0.193) (0.008) (0.155) (0.002) (0.051)

Manure (kg h–1) 0.956 0.785 0.956 0.921 0.793 0.970 0.896 0.990
(0.011) (0.116) (0.011) (0.026) (0.110) (0.006) (0.040) (0.001)

Rainfall pattern and crop water requirement 

The total rainfall collected during the cropping season in Garin Labo was 376 mm. The total 
requirement for a 100-day millet crop was 480 mm leading 21% moisture deficit in millet water 
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requirement (Figure 1.2.5). A cowpea crop intercropped with the millet a month after sowing 
accessed only 205 mm of rainfall; yet, a 95-day cowpea crop required 356 mm of rainfall 
for its growth and development. Consequently, by practicing intercropping, only 57% of the 
water requirement of cowpea was met (Figure 1.2.5). However, farmers could satisfy the water 
requirement of cowpea by planting the crop as sole crop together with millet crop at the onset 
of the growing season.

Figure 1.2.5. Rainfall pattern and crop water requirement.

Discussion

The observation that grain yield of maize increased with increasing amount of crop residues in 
Cheyohi (northern Guinea savannah) affirms the findings of Larbi et al. (2002) that along the 
transect from humid forest to the northern Guinea savannah, grain yield of maize increased 
with mulching rate. The lack of response of millet and cowpea to crop residue application in the 
Sahel savannah supports the conclusion of Giller et al. (2009) that crop residue management 
can result in yield benefits in the long-term. However, in the short-term, yield losses or no yield 
benefits may result. 

In studies where positive responses to crop yield were observed in the short-term, they were 
attributed to the improved rainwater use efficiency through improved infiltration and reduced 
evaporative water losses (Giller et al. 2009) and mobilization of soil P through the release of 
organic acids from the decomposing residue (Hue 1991). Nutrient immobilization (Larbi et al. 
2002), occurrence of residue-borne diseases, and poor germination (Giller et al. 2009) have 
been cited as factors responsible for the often-observed short-term yield reductions. 

The results of our study indicated that the application of haulms could be a viable strategy for 
increasing the grain yield of maize in the northern Guinea savannah. However, approaches 
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other than crop residue management may be required to increase the grain yield of cowpea. 
The strong positive correlation between haulm intake and live weight found in our study while 
confirming the findings of Faftine et al. (1998) and Ayantunde et al. (2007) suggest that mutton 
production could be increased dramatically by increasing the proportion of haulm fed to small 
ruminants.

In addition, CP intake influenced live weight better than NDF. Following the report by 
Savadogo et al. (2000) that upper part of the cereal stover is more digestible and has a higher 
concentration of CP than the lower parts, improvement in live weights could be achieved by 
selective removal of ‘stover tops’ from the field for livestock feeding. On the other hand, less 
nutritious ‘stover bottoms’ are retained on the field to replenish the organic matter of the soil. 

The trade-offs estimated in this study had a strong negative relationship with farm revenue 
affirming the fact that the smaller the trade-off, the better the crop residue allocation option. The 
legume haulm by virtue of the low C:N ratio, high concentration of CP, and high digestibility 
exerted a significant impact on both crop and livestock production units of the farm. The trade-
offs indicated that farmers in the northern Guinea savannah where crop–livestock integration 
is low obtained the highest farm revenue by allocating lower amount (25%) of the haulm for 
livestock feeding and retaining a higher amount for soil incorporation (75%). 

Due to the lack of response to crop residue incorporation in the dry savannah agro-ecological 
zones, the highest farm revenue was obtained when more haulm (75% in Sudan savannah and 
100% in the Sahel) was fed to livestock rather than incorporating it into the soil. In addition 
to the well-known lack of response to crop residue application in the short-term (Giller et 
al. 2009), the poor workability of the soils in savannahs during the dry season made manual 
incorporation of crop residues ineffective and allowed free roaming animals to graze the 
residues applied. 

The current trade-offs for allocating crop residues between the crop and livestock units of the 
farm may be improved by adopting proactive measures, which would increase the productivity 
of the two units. Firstly, by planting improved dual purpose legumes in rotation with other 
crops rather than as intercrop, the water requirement of the legume could be satisfied to supply 
farmers with quality crop residues for both soil application and livestock feeding. Secondly, as 
the quantity and distribution of rainfall is a major biophysical constraint to agriculture in the dry 
savannahs, improved soil water conservation practices (i.e. surface mulching and tied ridging) 
are important to improve crop productivity. Lastly, intake of stover in our study was 30–52% 
as opposed to 80–100% intake of haulm. Considering that stover forms the bulk of the crop 
residues at the disposal of farmers, strategies such as milling or chopping and treating stover 
with palatable feed ingredients are warranted to improve stover intake. 

Short-term benefits are important to attract farmers to crop residue management; yet, a 
significant effect of the application of crop residues on crop yield may require several seasons 
of continuous practice. Livestock, on the other hand, respond instantaneously to crop residues 
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rations. Besides, while the residual effect of crop residues on the crop yields may last for 
seasons, no such residual effects are found on the live weights of livestock. 

The vital importance of research on the trade-offs in the alternative uses of crop residues is to 
determine the appropriate time-frame that would allow the impact of crop residue application 
on the cropping system to be evaluated in a holistic manner. 

Conclusion

Trade-off analysis is a useful decision-making tool for providing information on the profitability 
of crop residue allocation options. The use of crop residues as fodder for livestock increased 
livestock productivity; however, soil amendment crop residues had little or no effect on crop 
productivity. 

Though the trade-offs calculated for the five scenarios were not significantly different on all 
the study farms, farmers in northern Guinea could improve their farm revenue by using 25% of 
haulm and 75% of stover as fodder; and 75% of haulm and 25% of stover as soil amendment. 
In Sudan savannah, farm revenue could increase by using 75% of haulm and 25% of stover as 
fodder; and 25% of haulm and 75% of stover as soil amendment. Finally, in the Sahel savannah, 
higher farm revenues were achieved by feeding all residues to livestock and incorporating none 
into the soil.

The potential pathways for improving the prevailing trade-offs identified in the study were: 
the use of improved dual purpose legumes in appropriate rotation to legume biomass yield; 
application of surface mulch and tied ridging to improve soil water storage; and processing of 
stover to enhance palatability and intake.
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Output 2	   Identifying areas of intervention and entry 
points through which appropriate crop–livestock 
integration technologies can stimulate the intensification 
of crop–livestock systems 

Output 2.1  Identifying entry points for improving the productivity 
of cereal–legume–livestock systems: The NUTMON approach

A Opoku, R Abaidoo, M Nouri, E Iwuafor, N Karbo, E Grings and EY Safo

Introduction

A revolution in the productivity of smallholder farms is required to redress the current deficits 
in food production and breaking the present poverty cycle of low input–low production–low 
income (World Bank 2007). Apart from the prevailing farming constraints in the savannahs of 
West Africa, which compel smallholder farmers to rely on low-external inputs strategies for crop 
and livestock productions, the alarming rate of nutrient mining is a major setback to agricultural 
productivity (Sanchez et al. 1996; Smaling et al. 1996). 

On a continental scale, Africa consumes 0.8 million tonnnes of N, 0.26 million tonnes of P, and 
0.2 million tonnes of K (FAO 1995) and losses as much as 4.4 million tonnes of N, 0.5 million 
tonnes of P, and 3 million tonnes of K from its cultivated lands annually (Sanchez et al. 1996). 

A quantitative knowledge on nutrient flows in such a farming system offers a credible insight 
into the sustainability of the system, facilitates the identification of the main losses of nutrients 
from the system; hence, serves as a diagnostic tool to identify entry points through which 
research could stimulate agricultural productivity. Accordingly, many studies in sub-Saharan 
Africa (SSA) in the last decade have focused on the quantification and estimation of nutrients 
that enter and leave the farming systems (Smaling et al. 1996; van den Bosch et al. 1998; 
Kanmegne et al. 2006). 

Most of these studies, however, provided quick balance sheet, based on a short time-frame 
exercise, and depended on a number of assumptions relating to system dynamics. Of concerned 
is the validity of such assumptions, their degree of reliability, and capability to provide insight 
into these dynamic processes. Scoones and Toulmin (1998) questioned the credibility of nutrient 
balance analysis to provide reliable directions and support for policy formulation on resource 
management. On the contrary, Lynam et al. (1998) provided convincing evidence that nutrient 
balance formed a template for economic budgeting; hence, a useful tool for understanding the 
determinants of soil management decisions undertaken by a farmer.

The nutrient monitoring (NUTMON) framework is an integrated, multidisciplinary methodology 
that targets different actors in the process of managing natural resources and is useful in 
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assessing soil nutrients balances at the farm-scale (Smaling et al. 1996; van den Bosch et 
al. 1998). In sum, a thorough audit of nutrient flows in these farming systems and judicious 
manipulation of the flows to redress the nutrient imbalances may be a plausible pathway for 
identifying efficient farming technologies and increase agricultural productivity. 

Conceptual framework

A cereal–legume–livestock system is conceptualized as a farming system comprised of a cereal–
legume production unit, a livestock production unit, and a homestead through which nutrient 
transfers take place (Figure 2.1.1). Nutrients may be imported into the farm primarily through 
feed concentrate, mineral fertilizers, and biological N fixation while export occurs through 
the sales of livestock and crop products (Watson et al. 2005). In the savannahs of West Africa, 
deposition of harmattan dust is another important nutrient input into the farming system (Harris 
1999). Additional nutrients losses may occur through leaching, erosion, and dentrification (de 
Jager et al. 1998).

Figure 2.1.1. Conceptual framework for nutrient cycling in smallholder cereal–legume–livestock 
systems.
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Nutrients in crop–livestock systems are cycled in several stages, and losses at each stage may 
decrease the amount of useful output. For example, crop residues may be fed to livestock and 
the manure generated returned to the cropland. Turner and Hiernaux (2002) found rangeland to 
be an integral component of the daily grazing orbit of livestock in the dry savannahs as animals 
are typically kept on a free range. As a result, livestock grazing on rangelands may import 
nutrients onto croplands when the manure deposited in confinement either through kraaling or 
night parking is used in crop production (Harris 2002).

Alternatively, nutrients in crop residues may be taken up by the subsequent crop to produce 
biomass and grain when left on the field after harvest (Powell et al. 2004). Nonetheless, in the 
dry savannahs, a substantial amount of crop residues left on the field may be lost as a result of 
bush fires, strong winds, termites, free roaming animals, or transhumant herds of Fulani cattle. 
Carsky and Ndikawa (1998) reported that 4 Mg ha–1 of Mucuna biomass disappeared during the 
dry season due to wind and termite activities.

Materials and methods
Characterization of households

Nine case study farms were selected in Garin Labo to represent three socio-economic groups 
of farmers (rich, medium, and poor-resource) with three farmers in each group. In Saurniya 
and Cheyohi, the study was conducted on three case study farms with one farmer from 
each socio-economic group. The test farmers were selected on the basis of their resource 
endowment, interest in learning, and capacity to exchange information with their peers. 
Categorization of households into socio-economic groups was based on local wealth ranking 
exercise centred on ownership of draught oxen, donkeys, livestock herds, and cultivated 
crop land (Table 2.1.1). Differentiation of households into the socio-economic group was 
undertaken before data collection. The rich farmers group was also called ‘equipped crop–
livestock farmers’ while the medium-resourced farmers were referred to as unequipped crop–
livestock farmers. The poor-resourced farmers, on the other hand, were referred to as ‘crop 
only farmer.’ 

Table 2.1.1. Resource profile of households’ categories 

Criteria Rich Medium Poor 
Draught animal + equipments 2 units 1units 0
Cattle (number) >2 1–2 0
Small ruminants (number) >20 11–20 0–10
Total herd size (TLU) >2 1–2 <1
Total land holding (ha) >5 2–5 1–2
 
Quantification of nutrient flows
Nutrient flows managed by farmers

A survey was conducted from March to October 2007 in the 15 selected households to 
collect information on nutrient flows managed by farmers. Farmers gave information on 
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the different production units, land use, major farm products, and their destinations. The 
inflows investigated were the quantities and types of mineral fertilizers (IN 1) and manure, 
feedstuffs, and concentrates entering the farm annually (IN 2). The outflows were crop 
products (OUT 1) and residues (OUT 2) leaving the farm annually for the homestead 
use, sold, or given as gifts. Farmers generally gave quantities in their own units, such as 
sacks, bags and buckets, which were converted to standard metric amounts. Samples 
of the different inputs and products were collected and analysed for their N, P, and K 
concentrations.

Environmental nutrient inflows 

Nutrient inflows such as atmospheric deposition and biological nitrogen fixation were estimated 
from transfer functions derived from climate and soil data of the sites. The combined wet and 
dry atmospheric deposition (IN 3), was calculated using the transfer function developed by 
Stoorvogel and Smaling (1990), in which IN 3N, IN 3P, IN 3K is the input of N, P and K (kg ha–1 
yr–1) and p is the mean annual precipitation (mm yr–1), as follows:

	 IN 3N =  
	 IN 3P =  
	 IN 3K = 

Biological nitrogen fixation (IN 4) in the crop production systems was estimated from the 
general equation:

	 IN 4 (N) = [(AL × IN 4a) + (AF × IN 4b)] × [AF]
–1 

Where AL is the area of legume field, AF is the farm size, IN 4a is the symbiotically fixed and 
IN 4b the non-symbiotically fixed nitrogen. It was assumed that 60% of the total N demands 
of groundnut and cowpea are supplied through symbiotic nitrogen fixation (Stoorvogel and 
Smaling 1990).

	 IN 4a = 

Non-symbiotic nitrogen fixation was estimated from the function (Smaling et al. 1993):

	 IN 4b =

	 where:  NG and NH   are quantities of N accumulated in grain and haulm, respectively; 	
	 and  
            	  YG and YH     being grain yield and haulm yield, respectively. 

 2/114.0 p
 2/1023.0 p
 2/1092.0 p

 ( ) ( ){ } ( ){ }[ ]005.0135026.0 ×−++××+× pYNYN HHGG

 ( ){ }[ ]005.013502 ×−+ p
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Estimation of environmental nutrient outflows 

Leaching of soil N and K below the root zone (OUT 3) were calculated. In tropical soils P 
is tightly bound to soil particles; as a result, P outflow due to leaching was assumed to be 
negligible. The quantities of N lost annually through leaching (kg ha–1 yr–1) was estimated from 
the transfer function developed by de Willigen (2000):

	 OUT 3N =

	 where:	 p	 is annual precipitation (mm yr–1); 
		  C	 is the clay content of the top soil (%); 
		  L	 is rooting depth (m);  
		  Nf	 is N derived from the application of mineral and organic fertilizer  
			   (kg ha–1); 
		  Oc 	 is organic carbon content of the top soil (%); and  
		  Nu 	 is N uptake by the crop (kg ha–1 yr–1).

The amount of K lost annually through leaching (kg ha–1 yr–1) was calculated using the transfer 
function developed by Smaling (1993) as follows:

	 OUT 3K = 

	 where Ke is the exchangeable K (cmol kg–1) in the top soil and Kf is the amount of K		
	 derived from mineral fertilizer.

The loss of gaseous N (kg ha–1 yr–1) from the soil (OUT 4) was calculated by multiplying the 
percentage of N lost through denitrification (DN) by the amount of N supplied through fertilizer 
application and soil mineralization as follows:

	 OUT 4 =  
 
	        
	 where Ns is mineralized N in the rootable zone (kg ha–1), Nf is N applied with mineral 
and organic fertilizer (kg ha–1). Ns is determined from soil total N and the annual relative 
mineralization rate (M) estimated at 3% (Nye and Greenland 1960). 

DN is a function of clay content of the top soil, C (%), and the annual rainfall p (mm yr–1), 
through the transfer function (Smaling et al. 1993):

	 DN = 

 ( ) ( )NuOcNfLC
p ×−×+×××+ 00362.00000601.00037.037.21

 ( ) ( )41.000029.0 +××+ pKfKe

 ( ) DNNfNs ×+

MNtotNs ××= 20

pC 01.013.04.9 +×+−
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Nutrient balance

The nutrient balance was calculated without nutrient input through sedimentation (IN 5) since 
the cropping systems in study did not employ irrigation. Also, nutrient losses through erosion 
(OUT 5) were not included as slope angles measured on the test farms were less than 0.5%. The 
nutrient balance was estimated as:

	 Nutrient balance = IN 1 + IN 2 + IN 3 + IN 4 – OUT 1 + OU T2 + OUT 3 + OUT 4

Results 
Nitrogen flows and balances in cereal–legume–livestock systems

All the selected farmers in Garin Labo received 50 kg/ha of urea from the SLP team in Niger. 
As a result, the socio-economic status of the farmers had no significant effect on their N inputs 
although equipped crop–livestock farmers supplied more N through manure than the other 
farmer groups (Figure 2.1.2a). Equipped crop–livestock farmers also lost significantly higher 
amount of N (21 kg/ha) through crop residue than crop only farmers (15 kg/ha). All farmers 
regardless of their socio-economic status suffered similar losses of N from crop produce and 
leaching.

Figure 2.1.2a. Nitrogen flows in cereal–legume–livestock systems at farm level in Garin Labo.

Following the existing fertilizer recommendations for the study locations, farmers in Sarauniya 
applied more N through mineral fertilizers than those in Cheyohi and Garin Labo (Figure 
2.1.2b). Nitrogen inputs through the manure application, atmospheric deposition, and BNF 
also differed significantly across the study locations (Figure 2.1.2b). Groundnuts supplied 
significantly higher amount of N through BNF than cowpea in either Cheyohi or Garin Labo. 
Farmers in Sarauniya lost significantly higher amount of N through harvested crop produces 
and residues than farmers in Cheyohi and Garin Labo (Figure 2.1.2b). 
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Figure 2.1.2b. Nitrogen flows in cereal–legume–livestock systems at village level. 
 
Under the current farmer practice, where all crop residues are removed from the field, N 
balances were negative (–6.9 to –18.6 kg/ha) on all farms (Figure 2.1.3a) in Garin Labo. In a 
scenario where Farmers 4 and 9 incorporated half of their residues, Farmer 4 defray the negative 
balance by 8 kg/ha while Farmer 9 attained a positive balance (Figure 2.1.3a). In the absence of 
fertilizer application, highly negative (–20.3 to –40.2 kg/ha) N balances were obtained on all 
fields (Figure 2.1.3b). 

Figure 2.1.3a. N balances at farm level in Garin Labo with N fertilizer application. 
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–81.85 kg/ha) were obtained (Figure 2.1.4b). Whether farmers applied mineral fertilizers or not, 
the N balances estimated for these villages improved dramatically with the incorporation of half 
of the crop residue produced (Figures 2.1.4a and 2.1.4b). 
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Figure 2.1.3b. N balances at farm level in Garin Labo without N fertilizer application. 

Figure 2.1.4a. N balances at village-level with N fertilizer application.

Figure 2.1.4b. N balances at village-level without N fertilizer application.
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Phosphorus flows and balances in cereal legume livestock systems

The socio-economic status of the farmers had no significant effect on the amount of P supplied 
by the farmers into the cereal–legume unit of the farm (Figure 2.1.5a). All farmers, regardless of 
their socio-economic status suffered similar losses of P from crop produce and crop residue.

Figure 2.1.5a. P flows in cereal-legume-livestock systems at farm-level in Garin Labo.

In accordance with the existing fertilizer recommendations for the study locations, farmers in 
Sarauniya applied more P through mineral fertilizers than those in Cheyohi and Garin Labo 
(Figure 2.1.5b). Phosphorus inputs through manure application in Sarauniya and Garin Labo 
differed significantly from P input via manure in Cheyohi (Figure 2.1.5b). 

Figure 2.1.5b. P flows in cereal-legume-livestock systems at village-level.
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were observed. In the absence of SSP application, negative (–0.5 to –4.6 kg/ha) P balances were 
obtained on all fields (Figure 2.1.6b).

P (kg ha
–1

 yr
–1

)

OUT 1 OUT 2

IN 3IN 2IN 1

–4

–2

0

2

4

6

8

10

Nutrient flows

Crop only Crop livestock unequiped

Crop livestock equiped

P (kg ha
–1

 yr
–1

)

IN 1 IN 2 IN 3 IN 4

OUT 1 OUT 2

–10

–5

0

5

10

15

20

25

30

Nutrient flows

Cheyohi Sarauniya Garin Labo



44 Balancing livestock needs and soil conservation in West Africa

Figure 2.1.6a. P balances at farm-level in Garin Labo with N fertilizer application.

Figure 2.1.6b. P balances at farm-level in Garin Labo without N fertilizer application.

As indicated in Figure 2.1.7a, P balance across all locations was more positive in Sarauniya (15.7 
kg/ha) than in either Cheyohi (9.7 kg/ha) or Garin Labo (5.4 kg /ha). In scenarios where farmers do 
not apply mineral fertilizer, negative balances (–2.4 to –7.9 kg /ha) were obtained (Figure 2.1.7b). 

Figure 2.1.7a. P balances at the village-level with N fertilizer application.
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Figure 2.1.7b. P balances at village-level without N fertilizer application. 
 

Entry points for improving cereal–legume–livestock productivity

Farmers in Garin Labo used about 20% of the total crop residues generated to satisfy their fuel 
wood and raw material needs for the construction of granaries, fences, and roofing mats. It 
leads to an export of 3–4.2 kg/ha of N annually (Figure 2.1.8).  

Figure 2.1.8. Hot spots for research interventions in cereal–legume–livestock farms in Garin Labo.
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Also, farmers generally do not retain crop residues on the field for soil fertility restoration. As 
a result, there is severe nutrient mining of 35–45 kg/ha of N and 66–76 kg/ha of K annually 
(Figure 2.1.8). Farmers heaped manure at place near the kraal without any protection against 
the rainfall or sunshine and caused 60% of N in the manure to be lost during storage. Finally, 
about of 20.2–20.8 kg/ha corresponding to 57% of the total N input into the cropping system 
was lost through leaching.

Hence, the four hotspots for research intervention to improve the nutrient cycling efficiency of 
the farming system shown on Figure 2.1.8 include the following:

Reduction of the use of crop residues for fuel wood and construction purposes by •	
identifying other locally available sources; 

Quantification of the short and long-term benefits of crop residue retention and packaging •	
the technology appropriately to boost its adoption;

Development of cost-effective options for improving the quality of manure; and•	

Development of cost-effective technologies to control leaching.•	

Discussion

The negative N balance observed at the farms and village levels suggest that annual crop 
production in these villages relies on soil N stocks to sustain crop production. A depletion of 
these reserves at the prevailing rate of 7 to 19 kg/ha per year will bring crop production to a 
halt if remedial measures are not used to reserve the trend. The N balances in this study were 
better than the average N-balance for sub-Saharan Africa (–22 kg/ha per year) as reported by 
Stoorvogel and Smaling (1990) when farmers applied the recommended doses of mineral N 
fertilizers. 

In the absence of mineral N fertilizer use, N balances became worse than average value. It 
confirms that although smallholder farmers in the savannahs of West Africa are applying N 
fertlizers, their application rate were short of the recommended rates. Leaching loses of N 
(19–22 kg N/ha) compared favourably with the 24.5 to 30 kg N/ha losses found by Wortmann 
and Kaizzi (1998). The observed marginal losses of N through gaseous exchanges could be 
due to the low pH and well drained nature of these soils which moderated the processes of 
denitrification and ammonia volatilization.

Following the application of the recommended doses of mineral P fertilizers, positive balance 
was achieved. The P balances estimated without the use of P fertilizer in Garin Labo (–2.40 kg 
P/ha per year) agreed with the average P balance in Niger (–2.0 kg P/ha per year) reported by 
Stoorvogel and Smaling (1990) indicating that smallholder farmers in Niger may not be using 
P fertilizers in the cropping systems. Compared with average balances for Ghana and Nigeria 
(Stoorvogel and Smaling 1990), our estimates indicated that smallholder farmers use P fertilizer 
but at a lower rate than recommended. Retention of half of the residues generated on the field 
supplied higher amount N (8–26.28 kg N/ha/yr) than P (0.5–2.0 kg P/ha per year) into cropping 
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system. Considering that N is the most limiting plant nutrient in the soils of the savannahs 
(Vanlauwe et al. 2002), returning of crop residues may improve crop production greatly.

Crop residue is a scarce resource in the savannahs of West Africa as the amount of useable 
residues produced in the zone would support ruminant population for only 3.1 months/year 
if all is fed to livestock (Fernández-Rivera et al. 2004). Approaches to promote tree and shrub 
production such as agroforestry with pollarding and alley farming are, therefore, needed to 
reduce the dependency on crop residues for fuel and construction purpose. Regardless of 
immense benefits of crop residues retention on crop production, farmers in the dry savannahs of 
West Africa find it prudent to remove all from the field. 

Research efforts should be intensified with the farmer as a key stakeholder to ensure efficient 
utilization of crop residues. In this regard, a working knowledge on the short and long term 
benefits of crop residue retention may refine farmers’ decisions. As poor handling and storage of 
manure significantly reduced the fertilizer value, cost-effective strategies (i.e. storing manure in 
pits rather than heaps; under shed and covering with polyethylene film; and on concrete floors 
and under roofs) should be evaluated and used appropriately. The high leaching losses found 
in our study demand a cost-effective integrated approach to curb these losses. Such techniques 
may focus on increased synchrony and synlocation of nutrient uptake by crops and moderate 
rate of infiltration.

Conclusion

The current farmer practices on crop residue allocation in the savannahs of Ghana, Nigeria, 
and Niger, irrespective of regimen of N fertilizers used, lead to the depletion of soil N. The 
stocks of P in the soil are increased when the recommended application rates of P fertilizers are 
followed.

As a myriad of factors contributed to the widespread negative N balances, a multifaceted 
approach is required to reverse the trend. Such a strategy should reduce the use of crop residues 
for non-agricultural purposes and increase their availability for crop and livestock production. 
It may identify other locally available materials for fuel wood and construction, promote the 
retention of crop residues on the field after harvest, and improve the storage of manure while 
reducing leaching losses simultaneously. Lastly, these management options should be affordable 
to the farmer and compatible with his/her practice.
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11	 Capacity building/training

Ten participants from Niger, Nigeria, Denmark, Ghana and Kenya attended the training 
workshop on the use of Integrated Modeling Platform for Mixed Animal Crop Systems 
(IMPACT) and Reference works (Refworks) from 12 to 16 February 2007 at IITA-Kano station. 
The IMPACT workshop equipped participants with the relevant skills to collect comprehensive 
data on crop–livestock systems, create a database, and assess the profitability, labour efficiency 
and partial nutrient balance of a farming enterprise. It also introduced to the participants the 
concept of a holistic approach to monitor the food security status of a household. The lessons 
on the Refworks sharpened the skills of participants in literature search, literature coalition and 
references citation. 

The projects also trained two PhD students on the biophysical and socio-economic aspects 
of crop residue management. The two students designed research protocols and executed it 
to contribute to the key outputs of the project. The biophysical student is a student from the 
Kwame Nkrumah University of Science and Technology in Ghana and is writing a thesis on 
‘Sustainable management of crop residues and manure in smallholder cereal–legume–livestock 
systems in the savannahs of West Africa.’ The socio-economic student is preparing a thesis 
entitled ‘Socio-economic factors influencing crop residues intensification decisions in the 
subhumid and semi-arid savannahs of West Africa’ to be submitted to the Obafemi Awolowo 
University in Nigeria.

12	 Presentations in conferences/meeting

Presentation on trade-offs in agricultural uses of crop residues were made by Andrews Opoku 
and Dr Robert Abaidoo at the joint ILRI–IITA workshop at IITA on 3 November 2009. Dr Tahirou 
Abdoulaye also made a presentation on ‘Balancing livestock needs and soil conservation: 
Assessment of opportunities in intensifying cereal–legume–livestock systems in West Africa’ at 
the Livestock Program meeting in Addis Ababa on 4 December 2009.

13	 Problems and measures taken 

Challenges were posed by the poor workability of the soil (which made manual incorporation 
of crop residues less effective) and by the low intake of cereal stover by livestock. In addition, 
most of the farmers only had a few animals, so it was difficult to quantify the trade-offs at 
individual farm level.

Future studies on crop residue allocation may consider implementing field experiments in areas 
where control grazing is practised. This will prevent crop residues meant for soil improvement 
from being grazed by free-roaming animals. To improve stover intake, future studies may chop 
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or mill the material and fortify it with palatable feed ingredients. Animals were bought from 
local markets in the study areas to make up for numbers required. Future studies may, however, 
foster the formation of vibrant farmer groups and entreat members to donate animal each for 
the study.

14	 Linkages with other research 

The project has worked closely with DGIS Dutch Government—APO at IITA, Kano to 
develop protocols for baseline data collection and the BMZ/GTZ-Postdoctoral Scientist (Soil 
Conservation Specialists) at IITA, Ibadan to review literature on past soil conservation projects 
and practices in Ghana, Benin and Nigeria.
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