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Abstract: Soil fertility management in Sub-Saharan Africa (SSA) is still traditional and done by shifting
cultivation. Combination effect of intercropping, application of chemical fertilizer (CF) and transported manure
(TM) on millet/cowpea growth and nitrogen (N), phosphorus (P) balances was studied for 3 years in sandy soil.
There was an increase of 11-18% in millet/cowpea intercropping compared to pure millet from 2007-2009. There
was an increase of 26-71% in millet plus cowpea biomass with application of TM, CF or both compared to the
non application. The application of fertilizer increased the total biomass of millet plus cowpea and millet alone
in the order: None < TM + CF < CF < TM in 2007 but in 2008 and 2009 the trend was in the following order:
None < CF < TM < TM + CM. There was no difference in cowpea biomass with and without chemical fertilizer
in the three years but rather TM has shown effect on cowpea grain production all over the years. Millet/cowpea
interaction improved the N balance significantly with both application of TM and CF. The application of CF and
TM had highly significant (P < 0.001) effect on the phosphorus balance in this low P soil. Cowpea contributed
more to N and organic carbon while millet was favorable to P balance in the intercropped situation. 
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INTRODUCTION includes same options which have already been pointed

Soil fertility management in Sub-Saharan Africa (SSA) to confirm their effects but to create new agronomy
is  still  traditional  and done by shifting cultivation [1]. synergistic combinations, what of the combinations of
The increase in population and mining cultivation [2], application and intercrop are desirable for soil fertility
increased demand for crop land, which in turn has led to management?
a decrease in fallow periods [3] needed for stable
traditional agriculture, causing reduction in crop yields MATERIALS AND METHODS
and soil fertility degradation [4]. 

There are several reports on the effect of Experimental Site Description: A field experiment was
intercropping of cereals and grain legumes [5,6], conducted for 3 years at Sadore, ICRISAT, West and
application effect of chemical fertilizer [7], manure [8, 9] Central Africa, Niamey (13°14 N latitude, 2°17 E
and fertilizer  combination  [10]. Inorganic fertilizer longitudes, 231 m altitude). Sadore is in the bioclimatic
appears to be the best means of restoring the nutrient Sahelian agro ecological zone as having a mono-modal
balance, increasing crop yields and raising the rural rainfall  pattern  with  an  annual  rainfall  of  550 mm  [15].
income [11]. However, the constraint is its availability [12, Top Soils in the study area are sandy, siliceous
13]. Furthermore,  combining  inorganic  fertilizer  and isohypothermic and classified as Psammentic Paleustalf
transferred manure would allow assessing the dynamics [16]. The agriculture system in this area is rain fed millet
of organically mediated nitrogen (N) and phosphorus (P) based crop-legume and livestock interaction. In 2007, the
in sustainable  local  agro-ecosystem  evaluation  [14]. mean annual rainfall was 501.7 mm within 31 days of rain,
The focus of technologies on soil fertility management it decreased to, 462.4 mm within 33 days in 2008 and then

out in the previous papers. However, the focus is not only
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increased up to 515.6 mm within 45 days of rain in 2009. The interaction between the crop pattern and fertilizer
The temperature was 22.8°C minimum and 37.5°C maximum
in 2007; in 2008 it was 23.5°C Minimum and 35°C Maximum
and 23°C and 36°C in 2009. The site is sandy (90 %) and
the pH is slightly acidic (4.7) with low organic carbon
content (0.24 %) and the available P is less than 10 ppm.

Plant  Materials,  Fertilizer  and  Experimental  Design:
A local millet variety (110 days) hiny kirey and an
identified dual purpose medium maturing cowpea variety,
(85 days) TN256-87 [17, 18] were used. The experiment
was conducted in a randomized complete block design
with three replications. The treatments consisted of millet
monocrop (MM) and intercrop millet and cowpea (IN).
There was difference in fertilizer application as control
without fertilizer, chemical fertilizer (CF) as diammonium
phosphate (DAP as micro dose, 2 g / hill), transported
manure  (TM)  (6  ton  /  ha)  and  the  combination  CF
plus  TM.   The   crops   were  planted  at  the density of
1.4 m x 1.4 m in the middle of June and harvested in
October. At physiological maturity, plants were harvested
in each plot and partitioned into ears and stalks for millet
and into pods and fodder for cowpea. After drying, the
ears of millet and pods of cowpea were threshed for grain
and the total biomass was also determined. 

Nitrogen and Phosphorus Balances: The N uptake was
determined by multiplying the respective yield of millet
and cowpea with N concentration and N balance = (FN +
MN + AN) – N uptake. Where, FN is fertilizer N, MN is
manure N and AN, is atmosphere N. The N ratio from
atmosphere in cowpea was referred to [9]. 

P balance = (FP + MP) – (GP- SR (SP))

Where FP is fertilizer P input, MP is manure P input
GP is P accumulation in grain, SP is P accumulation in
straw and SR is the fraction of straw removed from the
?eld. The amount of P uptake in grain and straw was
calculated by multiplying the respective yields with P
concentrations.

All data were submitted to general statistical package
[20] for ANOVA and means separation. The relationships
between the different treatment, fertilizer application and
crop biomass yield were also determined.

RESULTS

Effect of millet, millet/cowpea cropping and fertilizer
application (CF and TM) on millet and cowpea biomass.

application was not significant (Table 1).
In 2008, the crop pattern shows high significant

biomass  production  in   millet/cowpea   intercropping
than pure millet. There was an increase of 11-18% in
millet/cowpea intercropping compare to pure millet from
2007-2009. There was an increase of 26-71% in millet plus
cowpea biomass with application of TM, CF or both
compared to the non application.

The effect  of  crop  pattern and fertilizer application
on  biomass  and  grain  production   of   millet  and
cowpea was low in 2007 compared to the production in
2008 and 2009. The crop pattern had no significant effect
on millet plus cowpea biomass in 2007 and 2009 but had
significant effect (P < 0.05) in 2008. The application of
fertilizer had highly significant effect (P < 0.001) on
biomass of millet plus cowpea and on biomass of millet in
2008 and 2009 but not in 2007. The TM+CF is best
followed by TM in this order. On the other hand, the
application of fertilizer had effect (P < 0.01) on cowpea
biomass in 2007 and 2009 but not in 2008. There was
significant effect (P < 0.001) of fertilizer application on
millet grain in 2008 and 2009 and that effect was also
significant (P < 0.001) on cowpea grain in 2009. The millet
biomass yield in sole crop was lower than millet yield
associated with cowpea throughout the years. The
application of fertilizer increased the total biomass of
millet plus cowpea and millet alone in the order: None <
TM + CF < CF < TM in 2007 but in 2008 and 2009 the
trend was in the following order: None < CF < TM < TM
+ CM. There was no difference in cowpea biomass with
and without chemical fertilizer in the three years but rather
TM has shown effect on cowpea grain production all over
the years.

Nitrogen Economy in the Different Cropping Pattern,
Application of Chemical Fertilizer and Transferred
Manure: In millet monocrop, transferred manure and
chemical fertilizer plus transferred manure allow soil N to
be positive (Table 2). N balance is highly significant if the
crop residue is not removed from the field. TM, TM+CF >
CF alone where 87% crop residue return are required and
non application where 100% return would be required. In
this situation, CF application allows a gain of 25% and in
non application 75% crop residue is required.
Millet/cowpea interaction improved the N balance
significantly with both application of transferred manure
and chemical fertilizer.



Am-Euras. J. Agron., 3 (2): 30-35, 2010

32

Table 1: Effect of crop pattern, Chemical fertilizer and transferred manure application on millet and cowpea biomass and grain production

Biomass(kg/ha) Grain (kg/ha)

------------------------------------------------------------------------------------ ---------------------------------------------------------------

Millet+Cowpea Millet Cowpea Millet Cowpea

--------------------------- --------------------------- ------------------------- ---------------------------- ----------------------------

Treatment 2007 2008 2009 2007 2008 2009 2007 2008 2009 2007 2008 2009 2007 2008 2009

Crop pattern (C) Millet 471 2157 2741 471 2157 2741 - - - 80 137 379 - - -

Millet/Cowpea 530 2631 3329 289 2058 3093 241 573 236 30 124 395 24 152 75

Application (A) CF 628 1703c 2023b 569 1532c 1972b 59b 170 51b 80 112bc 281bc 5 59 18b

TM 769 2836b 3838a 603 2345b 3647a 165a 491 191a 110 137b 477ab 19 113 66a

TM+CF 469 3785a 4884a 293 3528a 4711a 177a 257 174a 26 220a 644a 15 60 44ab

Non 135 1252c 1394b 55 1026c 1338b 80b 227 56b 2 52c 146c 9 72 21b

C n.s. * n.s. n.s. n.s. n.s. - - - n.s. n.s. n.s. - - -

A n.s. *** ** n.s. *** *** ** n.s. ** n.s. *** *** n.s. n.s. ***

CXA n.s. n.s. n.s. n.s. n.s. n.s. - - - n.s. n.s. n.s. - - -

Different alphabets indicates statisticaly sibnificant at 5% (Student t test)

Table 2: N balance on the different cropping pattern, application of chemical fertilizer and transferred manure

N input by the N input from N uptake by N uptake by N balance Nuptake /

Crop pattern Application application atmoshere (Kg N/ha) millet (kg N/ha) cowpea (kg N/ha) (kg N/ha) N input

Millet monocrop CF 2.0 - 16.3bc - -14.3b 7.7

TM 56.0 - 25.0ab - 31.0a 0.5

TM+CF 58.0 - 33.7a - 24.7a 0.6

Non 0.0 - 14.3c - -14.3b -

** **

Millet Cowpaea intercrop CF 4.0 4.0 16.3 7.3 -15.3b 2.9

TM 56.0 11.7 23.0 21.3 23.7a 0.6

TM+CF 60.0 6.3 41.7 11.7 13.7a 0.8

Non 0.0 4.7 9.0 8.7 -13.3b 3.8

n.s. n.s. n.s. *

Different alphabets indicates statisticaly sibnificant at 5% (Student t test)

N ratio from atmosphere in cowpea was referred from Bado et al. (2006)

Table 3: P balance on the different cropping pattern, application of chemical fertilizer and transferred manure

P input by P uptake by P uptake by

Crop pattern Application the aplication millet (kg P/ha) cowpea (kg P/ha) P balance (kg P/ha) P uptake / P input

Millet monocrop CF 6.0 2.7c - 2.7c 0.5

TM 16.0 4.7b - 11.0b 0.3

TM+CF 21.0 6.7a - 14.7a 0.3

Non 0.0 2.3c - -2.3d -

* ***

Millet Cowpaea intercrop CF 11.0 2.3b 1.0 7.7b 0.3

TM 16.0 3.7b 3.0 9.0b 0.5

TM+CF 27.0 8.3a 2.0 17.0a 0.4

Non 0.0 1.3b 1.0 -2.0c -

* n.s. ***

Different alphabets indicates statisticaly sibnificant at 5% (Student t test)
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Table 4: Corelation coefficiency among intial, applied and uptaken values in N and P.

Milet/Cowpea intercrop Milet monocrop

------------------------------------------------------------------------------------------------------------- ----------------------------------------------

Total biomass Milet biomass Cowpea biomass Milet grain Cowpea grain Milet biomass Milet grain

Milet biomass 0.96

Cowpea biomass 0.28 0.01

Milet grain 0.88 0.95 -0.15 0.88

Cowpea grain -0.01 -0.26 0.91 -0.40

Total N (soil( before exp. 0.35 0.37 0.01 0.33 -0.04 0.58 0.56

N input by application 0.89 0.78 0.50 0.66 0.26 0.84 0.71

N input by atomosphere 0.33 0.07 0.98 -0.07 0.90

N uptake by millet 0.87 0.94 -0.12 0.90 -0.35 0.99 0.86

N uptake by cowpea 0.33 0.07 0.99 -0.08 0.90

N balance 0.48 0.32 0.64 0.21 0.50 0.68 0.57

Bray P (soil0 before exp. 0.41 0.30 0.45 0.15 0.45 0.87 0.89

P input by application 0.90 0.89 0.19 0.83 -0.02 0.88 0.79

P uptake by millet 0.90 0.96 -0.10 0.92 -0.34 0.96 0.88

P uptake by cowpea 0.44 0.20 0.91 0.05 0.81

P balance 0.76 0.75 0.14 0.71 0.00 0.81 0.71

Phosphorus Economy in the Different Cropping Pattern, atmosphere. N balance is related more to cowpea (r = 0.64)
Application of Chemical Fertilizer and Transferred than millet biomass (r = 0.32) production in millet/cowpea
Manure: The application of chemical fertilizer and intercrop, while highly related to millet biomass (r = 0.68)
transferred manure had highly significant (P < 0.001) effect in millet monocrop. The millet biomass and grain
on the phosphorus balance in this low P soil (Table 3). production is highly linked to P availability in the soil
Transferred manure plus chemical fertilizer improved before planting in millet monocrop. Phosphorus input by
better the P balance followed by the TM alone and CF. In application contributed much, to total biomass of millet
case of non application, 100% of residue return is required plus cowpea in intercropping, biomass of millet and millet
in pure millet. The P uptake by millet was significantly grain production in millet monocrop. Phosphorus uptake
improved (P < 0.01) in millet monocrop by both application by cowpea contributed to own biomass and grain
of TM plus CF and this is followed by TM application production in millet/cowpea intercrop. Phosphorus
alone and in this case the CF application alone is similar balance in the soil is correlated to total millet and cowpea
to non application. In cowpea/millet intercrop, the biomass, millet biomass and grain production in millet. 
application of TM and CF had highly significant
difference (P < 0.001) on P balance and the P uptake by DISCUSSION
millet is significant and is better improve by both TM and
CF application. Total biomass (Millet+ Cowpea) was the highest in

Correlations Between the Biomass, Grain Production in transferred manure, followed by transferred manure,
Millet/cowpea and Nitrogen And, Phosphorus Economy chemical fertilizer and control (non application),
Before and after  Tm,  Cf  Application  in  Sandy  Soil: respectively due to decrease in nutrient availability [21].
The total  biomass of millet and cowpea is highly The total biomass in Millet+ Cowpea was bigger than
correlated (r = 0.96) with millet biomass and millet biomass that in Millet monocrop because of the input of cowpea
is  negatively  correlated  with  cowpea  grain  (Table 4). biomass on it.
On the other hand, cowpea biomass is negatively Positive relationship was found between biomass of
correlated with millet grain production. N input by Millet+ Cowpea and nitrogen application (R = 0.78) and
application is correlated (r = 0.89) with total biomass this relationship may vary depending on type of fertilizer.
production. Cowpea biomass and grain production The biggest biomass is, the greater distributed to millet
depend for more than 90% on the N input from biomass.

application plot of both of chemical fertilizer and

2
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N balance becomes positive in case of application of REFERENCES
the transferred manure. It becomes negative without
application due to lack of nutrient availability [21].

Accumulation of nitrogen in the soil was the highest
in the plot of millet monocrop followed by Millet +
Cowpea, respectively. Nitrogen concentration determined
the soil organic status. This is due to the positive effect
of organic matter on soil properties: physical (structure,
stability and porosity), chemical (exchangeable cations,
cations exchange capacity, pH) and biological (energy
substrate supply for soil fauna and micro flora). The role
of carbon is important in sandy soil with low clay activity
because it acts as substitute for clay CEC build up and
protect soil against the climate harshness and it is a
mediator of nutrient supply in traditional cropping system
with low chemical fertilizer input [22]. There is much
evidence that N and P availability acts as the mechanical
factor limiting crop yield in West Africa [4], but past
experience shows that their supply to plant should be
organically mediated [23] as in this synergistic effect
when transported manure is applied together with
chemical fertilizer.

In sandy soils, it thus appears fundamental to
manage all components that affect soil fertility: Biological
processes are crucial to sustain the fertility of sandy soils
as they control N fluxes [24]. Like in other pedoclimatic
zones, the assessment of N and P in agro systems on
tropical sandy soils is a useful tool to define sustainable
intensification plans necessary to respond to population
increases and global change issues [25-26].

CONCLUSION

This study suggests that millet/cowpea association
should be used by all farmers instead of millet monocrop.
Application of CF disturbs cowpea biomass but increase
millet biomass. Combination of chemical fertilizer and TM
is important for millet/cowpea production in association
and lead to positive nitrogen, phosphorus and carbon
economy in the soil. 

The combination of TM and CF reduce cowpea N
uptake but increase millet production.

Millet monocrop is equal to millet plus cowpea in N
balance.
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