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Abstract: Maize (Zea mays L.) is an important food crop in Niger, but low and irregular rainfall combined with sandy soils having 
low fertility level limit productivity. A two-year study was conducted at Institut National de Recherche Agronomique du Niger 
(INRAN) stations in Tarna/Maradi and Bengou/Gaya in 2014 and 2015 in order to evaluate maize agronomic and economic fertilizer 
use efficiency. The experimental design was a randomised complete block design (RCBD) with three replications. Results indicate 
higher effect of fertilizer in 2015 compared to 2014. At low N rates 20 kg N/ha and 40 kg N/ha, application of 20 kg P/ha increased 
maize grain yield across locations and years. The highest agronomic efficiency of N (AEN) was recorded with 60 kg N/ha in 2015 at 
Bengou and Tarna with 9.65 kg and 14.05 kg grain yield per kg of applied N, respectively. At Tarna, the low N rates of 20 kg N/ha 
and 40 kg N/ha recorded important AEN of more than 12 kg yield increases per kg of applied N. The highest rainfall use efficiency 
(RUE) of 6.13 kg/year/mm was obtained with application of 80 kg/ha N, 0 kg/ha P and 40 kg/ha N, 20 kg/ha P in 2015 at Tarna. 
Without P, the highest value cost ratio (VCR) value of 4.31 was recorded at Tarna in 2015 with 60 kg/ha N, and the lowest value of 
0.08 at Bengou in 2014 with 20 kg/ha N. Based on VCR and RUE derived from this study, the optimal fertilizer recommendation for 
maize in the semi-arid conditions of Niger could be 40 kg/ha N, 20 kg/ha P and 0 kg/ha K. 
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1. Introduction 

Maize (Zea mays L.) is an important food crop in 

Niger, ranking fourth after pearl millet (Pennisetum 

glaucum (L.) R. Br.), sorghum (Sorghum bicolor (L.) 

Moench) and rice (Oryza sativa and O. glaberrima). 

Most of the consumed maize in Niger is imported 

from the neighboring countries of Nigeria, Benin and 

Burkina Faso. Maize production in Niger is low due to 

the low and irregular rainfall combined with very 

sandy soils with low fertility. The maize area of 

production is very small and limited to soils with more 

clay content in low lands and valleys. However, the 

area has increased from 12,398 ha in 2010 to 32,154 

ha in 2015 due to efforts to increase its production [1]. 

At the same time, the grain yield increased from 760 
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kg/ha in 2010 to 1,760 kg/ha in 2015 [1]. Maize in 

Niger has not been the subject of intense scientific 

research both by Institut de Recherches Agronomiques 

Tropicales (IRAT) and Institut National de Recherche 

Agronomique du Niger (INRAN), compared with 

other cereals, such as pearl millet, sorghum and rice 

[2]. Currently, only four varieties are registered in the 

National Catalogue of Plant Species and Varieties: P3 

Kollo, CET, EV 84-22 RS and MAKA. The variety 

developed since 1970 by the IRAT [2] remains the 

most popularized in Niger. There is now progress in 

the development of new varieties and hybrids that are 

more productive than those commonly used. Maize 

has better response to nutrients applied than sorghum 

and pearl millet and its grain price is higher, thus 

application of fertilizer can be more economically 

profitable. In Niger, as in the West Africa (WA) 

Sahelian countries, soil water deficits often constrain 
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maize yield, but more effective management of 

nutrient supply is important [3], including use of 

fertilizer and other good agronomic practices [4]. 

Most of the reported studies on maize response to 

fertilizer application are from Guinea Savanna and 

other areas of West Africa with sub-humid and humid 

growing seasons [5-8]. There is limited information 

on maize response to nutrient reported from Niger. It 

was reported by Pandey [9] a mean increase in maize 

yield of 0.65 Mg/ha with 50 kg/ha N applied. The 

economics of fertilizer use is a constraint, including 

risk of investing in inputs due to output price 

instability and frequent crop failures [10], and 

financial constraints which enhance vulnerability to 

risk, but also limit farmers’ capacity for fertilizer use 

[11]. 

This study aimed at determining the best maize 

response to nutrients application and water use, which 

provides the high economic return to farmers and is 

easily accessible and adoptable. 

2. Materials and Methods 

2.1 Study Area  

The study was conducted on two research stations: 

Tarna/Maradi (13°27′33″ N, 07°6′14″ E), and 

Bengou/Gaya (11°58′44″ N, 03°33′29″ E). The soils 

were classified as Arenosols [12] at both sites. The 

two sites have a monomodal rainfall distribution. 

Maradi is located in the Sahel agroecological zone 

(AEZ) in South-Central-East of Niger with annual 

mean rainfall of 600 mm with 85% occurring from 

July to September. Monthly mean maximum and 

minimum temperatures range from 28 °C to 42 °C and 

12 °C to 29 °C. Maize is produced mostly in the 

Goulbi valley with better soil quality, compared to the 

upland soils where dryland crops are produced. 

Bengou/Gaya is located in the Northern Sudan 

Savanna, a relatively small area in Southwest Niger 

with a mean annual rainfall of 800 mm. Rainfall 

distribution is similar to the Sahel AEZ, but with a 

longer season beginning in June. Monthly mean 

maximum and minimum temperatures range from 

31 °C to 40 °C and 19 °C to 27 °C, respectively. 

The soil test results indicate that soil of the sites is 

moderately acid (pH = 6.2-6.8) with 2.5-6.2 g/kg 

organic C, low total N, Mehlich-3 P of 72-102 mg/kg, 

low exchangeable bases and 417-663 g/kg of sand 

(Table 1). Soil sand content was less and nutrient 

availability was greater at Tarna/Maradi compared 

with Bengou. The rainfalls during the two years of the 

study were in the range of the long-term average for 

both Tarna/Maradi and Bengou sites (Table 2). 
 

Table 1  Chemical and physical characteristics of the soils at Tarna and Bengou, Niger.  

Soil variables Tarna/Maradi Bengou/Gaya 

pH-H2O (1:1) 6.56 6.18 

Organic C (g/kg) 6.18 2.54 

Total N (g/kg) 0.48 0.22 

Mehlich-3 P (mg/kg) 102 72 

Available K (mg/kg) 102.18 72.15 

Ca (meq/100 g) 6.97 2.39 

Mg (cmol(+)/kg) 2.25 0.67 

Na (cmol(+)/kg) 0.34 0.10 

Bo (mg/kg) 0.24 0.18 

Mn (mg/kg) 70.03 45.88 

Zn (mg/kg) 8.83 8.66 

Silt (g/kg) 243 121 

Sand (g/kg) 417 663 
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Table 2  Monthly rainfalls (mm) in 2014 and 2015 for Gaya and Tarna, Niger.  

 
Month 

Tarna/Maradi Bengou/Gaya 

Average* 2014 2015 Average* 2014 2015 

May 23 24 1 91 89 19 

June 64 23 34 125 99 54 

July 149 173 166 178 133 180 

August 175 120 229 226 199 277 

September 75 91 65 160 205 236 

October 7 0 0 17 11 30 

Total 494 534 495 797 755 797 
* Long-term average for Maradi and Gaya.  
 

Table 3  Fertilizer rates.  

Treatments N (kg/ha) P (kg/ha) K (kg/ha) S (kg/ha) Zn (kg/ha) Mg (kg/ha) B (kg/ha) 

T1 0 0 0     

T2 20 0 0     

T3 40 0 0     

T4 60 0 0     

T5 80 0 0     

T6 0 20 0     

T7 20 20 0     

T8 40 20 0     

T9 60 20 0     

T10 80 20 0     

T11 60 10 0     

T12 60 30 0     

T13 60 20 10     

T14 60 20 20     

T15 60 20 30     

T16 60 20 20 15 2.5 10 0.5 
 

2.2 Experimental Design and Management 

The experimental design is a randomised complete 

block design (RCBD) with three replications. The 

treatment structure is an incomplete factorial with five 

N levels (0, 20, 40, 60 and 80 kg/ha) without P and 

with P levels (10, 20 and 30 kg/ha); K (0, 10, 20 and 

30 kg/ha) with N levels 60 kg/ha and P 20 kg/ha; a 

diagnostic treatment: 15 kg/ha S, 2.5 kg/ha Zn, 10 

kg/ha Mg and 0.5 kg/ha B combined with NPK rate 

comparable to another treatment. The treatment 

structures were presented in Table 3. 

The sources of N, P and K were urea, triple 

superphosphate (TSP) and potassium chloride (KCl), 

respectively. Magnesium sulfate was used as the 

source of Mg, borax (Na2B4O7·5H2O), zinc-sulfate 

(ZnSO4) and calcium carbonate (CaCO3) were used as 

the sources of B, Zn and Ca.  

The fertilizers were point applied 5-10 cm from 

the hills and incorporated 7-10 d after crop 

emergence. N fertilizer was applied with half rate at 

the same time with P, K and the micronutrient 

fertilizers application and the remaining half at the 

boot stage. 

The variety used in the two sites was P3 Kollo with 

80-85 d to maturity and yield potential of 2,500-4,000 

kg/ha, developed in the 1980s by IRAT [13]. The 

experimental sites were ploughed and harrowed. Plots 

of 6 m × 6 m (36 m2) size were marked out for all the 

treatments with 2 m alley between blocks. The seeds 

were treated with Apron Star 42W (Syngenta product 

containing active ingredients thiamethoxam, 
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mefenoxam and difenoconazole with 20, 20 and 2 

g/kg active ingredient (a.i.), 5 g/kg seed) to avoid 

damping-off and assure a good emergency with 

vigorous seedlings and sowed manually at a depth of 5 

cm.  

Spacings used were 0.8 m between rows and 0.4 m 

within rows, and the seedlings were thinned to 2 

plants/hill after the first weeding to have a plant 

population of 62,500 plants/ha. Sowing dates were 

July 3rd and July 17th in 2014 in Tarna and Bengou. 

In 2015, maize was sowed on June 27th in Tarna and 

July 9th in Bengou. Manual hand-hoeings were 

conducted at the third and sixth weeks after sowing to 

control weeds. In 2014, maize was harvested on 

October 16th in Tarna and October 23rd in Bengou. In 

2015, the harvesting dates were October 24th in Tarna 

and October 28th in Bengou. 

2.3 Data Collection 

Soil samples were gathered from 10-15 points at 

0-20 cm soil depth to form composite samples for 

each block, then air dried, sieved through a 2 mm 

sieve and sent to World Agroforestry Centre (ICRAF) 

laboratory in Nairobi, Kenya for determination of 

particle size distribution, pH, organic carbon (OC), 

total N, Mehlich-3 P and exchangeable K, Ca, Mg and 

Na.  

Data collected from the two central rows of 4 m 

long of plot included number of plants, number of 

panicles, weight of panicles and grain weight.  

2.4 Data Analysis 

Analysis of variance (ANOVA) was used to 

determine variation in yield due to different levels of 

N, P and K by site and year and combination across 

site-year. The effect of N and P fertilizer and their 

interactions were the primary focus of the analysis. 

When significant effects of N rate by P rate did not 

occur, asymptotic regression was fitted to the yield 

data in order to determine response to N. The 

asymptotic function is given as yield (y) (kg/ha) by Eq. 

(1): 

y = a – bcN               (1) 

where, a is yield at the plateau (i.e., expected 

maximum), b is the amplitude (the gain in yield due to 

nutrient application), c is a curvature coefficient and N 

is the nutrient rate applied. The regression analyses for 

N rate effects included treatments with and without P.  

Rain use efficiency (RUE), defined as the ratio of 

grain yield to seasonal total rainfall was calculated and 

used as proxy for water use efficiency (WUE). 

Therefore, RUE was used in this study as a metric for 

evaluating WUE. 

Nutrient use efficiency (NUE) by maize was 

assessed focusing on the agronomic efficiency of N 

(AEN) at fixed P rates and agronomic efficiency of P 

(AEP) at fixed N levels. Therefore, it closely reflects 

impact of the applied N fertilizer. AEN was calculated 

as a ratio of the increased crop output to the amount of 

N applied. AEP was calculated in a similar manner.  

The third analysis focused on determining returns to 

fertilizer use. For this purpose, the value cost ratio 

(VCR) was used, because it is commonly used when 

assessing the profitability of fertilizer use, especially 

in the absence of data on full production costs. Hence, 

VCR was calculated as a ratio of value of increased 

crop output to the cost of fertilizer applied.  

All analyses were done using the Statistix 10 

(Analytical Software, Tallahassee, FL). 

3. Results 

3.1 Overall Yield Response 

Grain yield and response to fertilizer application 

were greater in 2015 than in 2014 (Figs. 1 and 2). In 

the more productive year of 2015, the highest grain 

yield of 3,203 kg/ha was obtained at Tarna (Fig. 1) 

with the diagnostic treatment of 60-20-20 + 

micronutrients, which was 24% more yield than with 

the same N, P and K rates. However, at Bengou 

during the same year, the highest yield of 2,915 kg/ha 

was obtained with the treatment of 60-30-0, indicating 

that  the  increase  in P rate  had  more  effective  yield 



Optimizing Fertilizer Use by Smallholder Farmers and Economic Returns  
to Maize in Semi-arid Niger 

  

89

 

 
Fig. 1  Maize grain yield response to applied nutrients at INRAN research station in Tarna/Maradi, Niger.  
T1-T16: N, P and K rates (kg/ha).  

 

increase of 25% than the diagnostic treatment. In the 

least productive year of 2014, the highest yield was 

obtained under the treatment 60-30-0 with 1,821 kg/ha 

at Tarna and with treatment of 60-20-20 at Bengou 

with 2,427 kg/ha. 

3.2 Response to N 

Table 4 presented the results of maize response to N 

fertilizer rates at the two locations in 2014 and 2015. 

There was a maize yield response to N rates without P 

fertilizer application; when in Tarna in 2014, the 

highest maize grain yield of 1,327 kg/ha was obtained 

with 40 kg/ha N. The relationship of maize grain yield 

to N rates was best fitted with a second degree 

polynomial equation (Fig. 3). This indicates that the 

maximum maize yield increase was not reached with 

80 kg/ha N. The response of maize to N rates with fixed 

20 kg/ha P was not significant. The N response at the 

fixed P rates, 0 kg/ha and 20 kg/ha presented in Table 5 

indicated that the algorithm of the asymptotic 

regression model Eq. (1) did not converge in 2014 at 

Bengou and in 2015 at Tarna/Maradi. Fig. 4 gave 

another view of the maize response to increased N rates 

with 0 kg/ha and 20 kg/ha P. At the low N rates 20 

kg/ha and 40 kg/ha, application of 20 kg/ha P led to 9% 

to 17% increase of maize grain yield over all locations 

and years. However, application of 20 kg/ha P 

increased maize grain compared to the application of 20 

kg/ha N only, except for Bengou in 2014.  

3.3 Response to P 

Maize response to P fertilizer rates when N is fixed  
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Fig. 2  Maize grain yield response to applied nutrient at INRAN research station in Bengou/Gaya, Niger. 
T1-T16: N, P and K rates.  
 

Table 4  Variation in maize grain yield (kg/ha) response to applied N rates at fixed P levels.  

Fixed P rate (kg/ha) N rates (kg/ha) 
Bengou Tarna 

2014 2015 2014 2015 

0 

0 948 1,177 808 1,330 

20 1,163 1,385 1,060 1,501 

40 1,019 1,851 1,327 1,840 

60 1,192 1,788 966 2,172 

80 1,925 1,941 1,284 2,357 

F value 6.71 5.14 1.62 8.87 

p value 0.011 0.024 0.261 0.005 

20 

0 1,029 1,532 1,177 1,762 

20 895 1,680 1,385 2,033 

40 1,423 1,334 1,467 2,359 

60 1,405 2,161 1,276 2,189 

80 1,230 2,041 1,655 2,281 

F value 2.71 2.19 0.85 1.14 

p value 0.107 0.161 0.529 0.404 
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Fig. 3  Maize yield response function of N rate in 2014 and 2015.  
BG:Y14, BG:Y15 = grain yield in Bengou in 2014 and 2015; TN:Y14, TN:GY15 = grain yield in Tarna in 2014 and 2015. 
 

Table 5  Coefficients of the asymptotic N response function at fixed P rate (e.g., 0 kg/ha and 20 kg/ha). 

P rate (kg/ha) Coefficients 
Bengou Tarna 

2014* 2015 2014 2015* 

0 

a  - 2.11 1.19 - 

b  - 0.95 0.38 - 

c  - 0.98 0.93 - 

a, b and c are the coefficients of the asymptotic regression model.  
* At Bengou in 2014 and at Tarna in 2015, the algorithm did not converge. 
 

constant to 60 kg/ha presented in Table 6 indicated 

significant yield increase at Bengou in 2015 and Tarna 

in 2014 (p < 0.05), when the highest yields were 

obtained with 60 kg/ha N + 30 kg/ha P with 

respectively 2,915 kg/ha and 2,664 kg/ha. 

3.4 Nutrient Use Efficiency  

Maize AEN presented in Table 7 indicated no 

significant difference with 0 kg/ha P, but the highest 

efficiency was recorded with 40 kg/ha N in 2015 at 

Bengou and 60 kg/ha N in 2015 at Tarna with 

respectively 11.08 kg and 14.05 kg grain yield per kg 

of applied N. At Tarna, the low N rates of 20 kg N/ha 

and 40 kg N/ha recorded important AEN of more than 

12 kg yield increases per kg of applied N. AEP 

presented in Table 8 is higher with 20 kg/ha N in all 

sites and years with an average of 40 kg vs. 15 kg at 

Bengou and 33 kg vs. 20 kg at Tarna. 

3.5 Rain Use Efficiency  

The highest RUE is 6.13 kg/year/mm with 80 kg/ha 

N, 0 kg/ha P and 40 kg/ha N, 20 kg/ha P in 2015 at  
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Fig. 4  Maize responses to N and P fertilizer rates in Niger.  
 

Table 6  Variation in maize yield (kg/ha) response with P application rates at fixed rates of N (60 kg/ha). 

N rate (kg/ha) P rates (kg/ha) 
Bengou Tarna 

2014 2015 2014 2015 

60 

0 1,233 1,694 966 2,172 

10 1,413 1,956 1,342 2,335 

20 1,405 2,161 1,276 2,189 

30 1,212 2,915 1,821 2,664 

F value 0.180 3.390 7.590 1.160 

p value 0.689 0.094 0.018 0.399 
 

Table 7  Variation in AEN (kg increase/kg of applied N) with N application rates at affixed P levels of 0 kg/ha and 15 kg/ha.  

Fixed P rate (kg/ha) N rates (kg/ha) 
Bengou  Tarna  

2014 2015 2014 2015 

0  

0     

20 0.25 9.40 12.58 8.59 

40 3.38 11.08 12.96 12.767 

60 6.35 9.65 2.63 14.047 

80 9.37 6.72 5.94 12.847 

F value 0.69 0.66 1.28 0.66 

p value 0.589 0.608 0.364 0.604 

20 

0     

20 2.16 28.27 28.85 35.19 

40 14.30 5.50 16.47 25.73 

60 9.23 17.44 7.79 14.33 

80 4.73 11.58 10.58 11.89 

F value 3.9 2.36 1.49 8.44 

p value 0.105 0.185 0.309 0.034 
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Table 8  Variation in AEP (kg increase per kg/ha P) at affixed rate of 0 kg/ha N.  

N rate (kg/ha) P rates (kg/ha) 
Bengou Tarna 

2014 2015 2014 2015 

0 
0 20.86 8.90 21.64 18.43 

20 52.31 27.70 42.99 23.38 

F value 3.11 2.85 1.68 0.21 

p value 0.219 0.233 0.324 0.693 
 

Table 9  Variation in RUE (kg/year/mm) due to applied N rates at fixed P levels (e.g., 0 kg/ha and 15 kg/ha).  

Fixed P rate (kg/ha) N rates (kg/ha) 
Bengou Tarna 

2014 2015 2014 2015 

0  

0 1.66 1.70 2.15 3.46 

20 1.67 1.99 2.82 3.90 

40 1.92 2.38 3.53 4.79 

60 2.40 2.59 2.57 5.65 

80 3.11 2.52 3.42 6.13 

F value 4.13 5.14 1.62 8.87 

p value 0.042 0.024 0.261 0.005 

20 

0 2.00 2.34 3.13 4.58 

20 1.74 2.56 3.69 5.29 

40 2.77 2.04 3.91 6.13 

60 2.73 3.30 3.40 5.69 

80 2.39 3.12 4.41 5.93 

F value 2.71 2.19 0.85 1.14 

p value 0.108 0.161 0.529 0.405 
 

Table 10  Variation in returns to fertilizer use (VCR) due to applied N rates at fixed P levels of 0 kg/ha and 20 kg/ha.  

Fixed P rate (kg/ha) N rates (kg/ha) 
Bengou Tarna 

2014 2015 2014 2015 

0  

0 - - - - 

20 0.08 2.88 3.86 2.63 

40 1.04 3.40 3.98 3.92 

60 1.95 2.96 0.81 4.31 

80 2.87 2.06 1.82 3.94 

F value 0.69 0.66 1.28 0.66 

p value 0.589 0.608 0.364 0.604 

20  

0 0.88 2.06 1.82 2.14 

20 0.16 2.11 2.16 2.63 

40 1.72 0.66 1.98 3.09 

60 1.39 2.63 1.18 2.16 

80 0.82 2.00 1.83 2.05 

F value 0.95 0.52 0.27 0.40 

p value 0.482 0.726 0.888 0.801 

-: fertilizer is not applied so the VCR cannot be calculated. 
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Tarna (Table 9). Considering the semi-arid situation of 

Niger, these results indicate that maize efficiently used 

rainfall in these situations.  

3.6 Returns to Investment in Fertilizer 

VCR or returns to fertilizer use due to applied N 

rates at fixed P levels of 0 kg/ha and 20 kg/ha   

(Table 10) varied significantly among N rates, but 

without significant difference. The highest VCRs (2-4) 

were recorded during the higher production year of 

2015 at all the two locations. Under 0 kg/ha P 

condition, the highest VCR value of 4.31 was 

recorded at Tarna in 2015 with 60 kg/ha N, and the 

lowest value of 0.08 at Bengou in 2014 with 20 kg/ha 

N. The VCR values were lower for all N rates with 20 

kg/ha P compared to 0 kg/ha P, with a high value of 

3.09 in 2015 at Tarna. The results indicated that it was 

not economically beneficial to add P, even though the 

soils at the experimental sites are poor in P. 

4. Discussion 

Regardless of the treatments, maize grain yields 

were higher during the 2015 cropping season, 

compared to 2014 at both sites. This could be 

explained by the rainfall received in 2015 (Table 2), 

which contributed to soil moisture conservation, and 

by the way, increased the nutrient assimilability by 

crops. Low and poorly distributed rainfall can reduce 

the availability of nutrients to maize plants [14]. 

Rainfall supply is one of the most critical factors 

limiting crop growth and yield. Thus, according to 

Mason et al. [15], limited and erratic rainfall, short 

and variable growing season are all obstacles to crops 

production. In rain-fed agriculture, where productivity 

is limited by rainfall, RUE is also shown to account 

for rainfall variability and to some extent local soil 

characteristics [16]. RUE has also been proposed as a 

robust indicator of productivity and land degradation 

in rain-limited areas [17]. 

In all sites, maize grain yield at a fixed P rate 

increased as the N rate increased during 2014 and 

2015 cropping season (Table 3) till an optimal (40-60 

kg/ha N), then declined. According to Sebillotte [18], 

there is a peak of yield response, after which 

increasing the amount of amendment did not lead to 

yield increase. The higher effect of fertilizer observed 

in 2015 compared to 2014 (Figs. 1 and 2) in both 

locations could be explained by the regular rainfall 

and the fact that maize was planted earlier, which 

allowed the crop to grow well without presence of 

cropping season water stress. These results are in line 

with the finding of Mason et al. [15], who stated that 

rainfall supply is one of the most critical factors 

limiting crop growth and yield. The higher yield of 

3,203 kg/ha obtained in 2015 at Tarna (Fig. 1) under 

treatment T16 (60-20-20 + micronutrients), which 

could be due to the addition of the micronutrient at 

this location. This result is confirmed by the Liebig’s 

law (1974), which stated that the most limited factor 

must be corrected before seeing the effectiveness of 

others nutrients applied.  

The maize yield response to N was best fitted with 

a second degree polynomial equation, which indicated 

the non-necessity of applying till 80 kg/ha N to obtain 

the maximum yield. In fact, AEN is an integrated 

index of fertilizer N recovery efficiency and 

physiological N use efficiency [19]. In most cases 

(Table 7), AEN at P fixed rate or N fixed rate increase 

with increasing application of the nutrient. These 

results are in line with the findings of Efthimiadou et 

al. [20], who found that agronomic efficiency (AE) 

was greater in plots treated with mineral fertilizer. But 

these results are contrary to the findings of Vanlauwe 

et al. [21], who reported that AE is low for excessive 

inorganic and organic fertilizer application. The AE 

found during this study was higher than under famer 

management, since they are using small amount of 

mineral fertilizer to lower their incomes. In fact, under 

farmers’ practices in Africa, nutrient assimilation or 

recoveries by crops is only 10% to 15% of the P and 

10% to 20% of the N and K applied through fertilizer 

[22]. 
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The profit derived from any technology is a key 

entry point for its adoption by farmers, particularly the 

short-term cost-benefit one as reported by De Jager et 

al. [23]. To evaluate the profit derived from fertilizer 

application, VCR which measures the average gain in 

the value of crop output per kg of fertilizer applied 

was used. Technically, VCR = 1 means that the value 

of the yield increased over the control equals the cost 

of the fertilizer, and hence the farmer’s labour input is 

not rewarded. If there were no transaction costs in the 

acquisition of fertilizer, the incentive would be to 

apply fertilizer to the point where the VCR is 1. 

However, there is substantial uncertainty about the 

outcome of applying fertilizer, and transaction costs 

are inevitable. VCR ≥ 2 represents 100% return on the 

money invested in fertilizer and is sufficient to 

warrant investment in fertilizer [24]. At fixed P rate of 

20 kg/ha and N rate varying from 60 kg/ha to 80 kg/ha, 

VCR was greater or equal to 2 in 2015 at Bengou and 

Tarna (Table10), which meant a gain of 100% was 

obtained. These results are in line with the findings of 

Gonda [25], who obtained millet AE greater than 2 

under application of N, P and K fertilizer at the rate of 

100-200 kg/ha during 2013 cropping season. Indeed, a 

farming enterprise satisfies conditions for economic 

sustainability when the VCR is greater than 1 [26]. 

Moreover, technically, VCR greater than 2 would 

imply profitability of fertilizer as long as other inputs 

were not altered as the use of fertilizer [27]. 

5. Conclusions 

Under low soil fertility conditions, application of 

amendment is necessary in order to improve crop 

production. Maize production could be improved and 

promoted through the use of mineral fertilizer, since it 

is economically viable. The results of this study 

concluded that under inherently poor sandy soil and 

within Sahelian conditions, farmers can increase 

maize production and improve their incomes through 

the application of mineral fertilizer. Based on VCR 

and RUE derived from this study, the optimal 

fertilizer recommendations for the Sahel conditions of 

Niger could be 40 kg/ha N, 20 kg/ha P and 0 kg/ha K. 

Acknowledgments 

The authors are grateful to the following institutions 

that have assisted technically and financially in this 

work: INRAN, the Alliance for a Green Revolution in 

Africa (AGRA), CAB International Africa (Nairobi, 

Kenya) and the University of Nebraska-Lincoln. They 

are also grateful to their support and to the staff who 

participated in this research. 

References 

[1] FAOSTAT. 2015. CROPSTAT FAO, Country data, 

Niger. FAO Rome, Italy. http://www.fao.org. 

[2] Tardieu, F., and Manichon, H. 1986. “Characterization of 

Maize Rooting as Water Captor on Cultivated Plot. II. A 

Study Method of Horizontal and Vertical Root 

Distribution.” Agronomy, EDP Sciences 6 (5): 415-25. 

[3] Heisey, P. W., and Mwangi, W. 1996. “Fertilizer Use and 

Maize Production in Sub-Saharan Africa.” CIMMYT 

Economics Working Paper 96-01, Mexico.  

[4] Nalivata, P., Kibunja, C., Mutegi, J., Tetteh, F., Tarfa, B., 

Dicko, M. K., Ouattara, K., Cyamweshi, R. A., Nouri, M. 

K., Bayu, W., and Wortmann, C. S. 2017. “Integrated 

Soil Fertility Management in Sub-Saharan Africa.” In 

Fertilizer Use Optimization in Sub-Saharan Africa, edited 

by Wortmann, C. S., and Sones, K. Nairobi, Kenya: 

CABI, 113-24.  

[5] Uyovbisere, E. O., and Lombin, G. 1990. “Response of 
Early Maturing Maize (Zea mays L.) Variety to 
Potassium and Zinc Fertilization in the Nigerian 
Savanna.” Fert. Res. 23 (2): 73-80. 

[6] Wopereis, M. C. S., Tamelokpo, A., Ezui, K., Gnakpenou, 

D., Fofana, B., and Breman, H. 2006. “Mineral Fertilizer 

Management of Maize on Farmer Fields Differing in 

Organic Inputs in the West African Savanna.” Field Crop 

Res. 96 (2-3): 355-70. 

[7] Onasanya, R. O., Aiyelari, O. P., Onasanya, A., Oikeh, S., 

Nwilene, F. E., and Oyelakin, O. O. 2009. “Growth and 

Yield Response of Maize (Zea mays L.) to Different 

Rates of Nitrogen and Phosphorus Fertilizers in Southern 

Nigeria.” World J. Agric. Sci. 5 (4): 400-7. 

[8] Fosu-Mensah, B. Y., MacCarthy, D. S., Vlek, P. L. G., 
and Safo, E. Y. 2012. “Simulating Impact of Seasonal 
Climatic Variation on the Response of Maize (Zea mays 
L.) to Inorganic Fertilizer in Sub-Humid Ghana.” Nutr. 
Cycl. Agroecosys. 94 (2-3): 255-71. 

[9] Pandey, R. 2001. “Nitrogen Fertilizer Response and Use 



Optimizing Fertilizer Use by Smallholder Farmers and Economic Returns  
to Maize in Semi-arid Niger 

  

96

Efficiency for Three Cereal Crops in Niger.” Soil Sci. 

Plant Anal. 32 (9-10): 1465-83. 

[10] Vlek, P. L. G. 1990. “The Role of Fertilizers in 
Sustaining Agriculture in Sub-Saharan Africa.” Fert. Res. 
26: 327-39. 

[11] Masson, R. T. 1972. “The Creation of Risk Aversion by 
Imperfect Capital Markets.” Am. Econ. Rev. 62: 77-86. 

[12] FAO. 2006. Guidelines for Soil Description. 4th ed.. 
Rome: FAO. 

[13] Ministère du Développement Agricole (MDA). 2012. 
National Catalogue of Crop Species and Varieties.  

[14] Soon, Y. K., Clayton, G. W., and Rice, W. A. 2001. 
“Tillage and Previous Crop Effects on Dynamics of 
Nitrogen in a Wheat-Soil System.” Agronomy Journal 93 
(4): 842-9. 

[15] Mason, S. C., Maman, N., and Palé, S. 2014. “Pearl 
Millet Production Practices in Semi-arid West Africa: 
Review.” Experimental Agriculture—Cambridge Univ. 
Press 51 (4): 501-21. 

[16] Bai, Z. G., Dent, D. L., Olsson, L., and Schaepman, M. E. 
2008. “Proxy Global Assessment of Land Degradation.” 
Soil Use Manage. 24: 223-34. 

[17] Sileshi, G. W., Akinnifesi, F. K., Ajayi, O. C., and Muys, 
B. 2011. “Integration of Legume Trees in Maize-Based 
Cropping Systems Improves Rainfall Use Efficiency and 
Yield Stability under Rain-Fed Agriculture.” Agricultural 
Water Management 98: 1364-72. 

[18] Sebillotte, M. 1974. “Agronomy and Agriculture: Essay 
of Anlysing Agronomist’s Task.” Cahiers de l’ORSTOM 
24: 3-25. 

[19] Ladha, J. K., Pathak, H., Krupnik, T. J., Six, J., and Van 
Kessel, C. 2005. “Efficiency of Fertilizer Nitrogen in 
Cereal Production: Retrospect and Prospects.” Advances 
in Agronomy 87: 85-156. 

[20] Efthimiadou, A., Bilalis, D., Karkanis, A., and 
Froud-Williams, B. 2010. “Combined Organic/Inorganic 

Fertilization Enhance Soil Quality and Increased Yield, 
Photosynthesis and Sustainability of Sweet Maize Crop.” 
Australian Journal of Crop Science 4 (9): 722-9. 

[21] Vanlauwe, B., Kihara, J., Chivenge, P., Pypers, P., Coe, 
R., and Six, J. 2011. “Agronomic Use Efficiency of N 
Fertilizer in Maize-Based Systems in Sub-Saharan Africa 
within the Context of Integrated Soil Fertility 
Management.” Plant Soil 339 (1-2): 35-50. 

[22] Chianu, J. N., Chianu, J. N., and Mairura, F. 2012. 
“Mineral Fertilizers in the Farming Systems of 
Sub-Saharan Africa: A Review.” Agronomy for 
Sustainable Development 32: 545-66. 

[23] De Jager, A., Nandwa, S. M., and Okoth, P. F. 1998. 
“Monitoring Nutrient Flows and Economic Performance 
in African Farming Systems (NUTMON): I. Concepts 
and Methodologies.” Agriculture, Ecosystems & 
Environment 71 (1): 37-48. 

[24] Kihara, J., Huising, J., Nziguheba, G., Waswa, B. S., 
Njoroge, S., Kabambe, V., Iwuafor, E., Kibunja, C., 
Esilaba, A. O., and Coulibaly, A. 2016. “Maize Response 
to Macronutrients and Potential for Profitability in 
Sub-Saharan Africa.” Nutrient Cycling in 
Agroecosystems 119 (2): 171-81. 

[25] Gonda, A. 2015. “Integrated Management of Composted 
Cattle Manure and Mineral Fertilizer for Improved Pearl 
Millet and Cowpea Yields under Strip Cropping System 
in Niger.” Ph.D. thesis, Faculty of Agriculture, Kwame 
Nkurmah University of Science and Technology, Kumasi, 
Ghana, 165. 

[26] Zhen, L., and Routray, J. K. 2003. “Operational 
Indicators for Measuring Agricultural Sustainability in 
Developing Countries.” Environmental Management 32 
(1): 34-46. 

[27] Heerink, N. 2005. “Soil Fertility Decline and Economic 
Policy Reform in Sub-Saharan.” Land Use Policy 22: 
67-74. 

  


