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ABSTRACT

Nutrient use efficiency (NUE) is a very important concept in the evaluation of crop production and can be significantly 
influenced by nutrient management. This study was carried out in 2014 and 2015 cropping seasons to determine the 
response of maize to nitrogen as affected by zinc fertilization in the moist savanna of Nigeria. The response was 
evaluatedusing agronomic efficiency (AE), fertilizer response (FR), and partial factor productivity (PFP). The treatments 

-1 -1were four N rates; 0. 60, 90, and 120 kg ha  and three Zn rates; 0, 2.5, and 5 kg ha . The experimental design was a 4 x 3 
factorial fitted to randomized complete block design with three replicates. There was response to N over the two seasons, 
however, there was no significant difference among the N rates.There was also response to Zn,even thoughonly in 2015 

-1 -1with the highest grain yield of 6.1 Mg ha  obtained from maize fertilized with 5 kg Zn ha . Interaction of N and Zn on grain 
yield was not significant.There was no significant effect of Zn on FR in both seasons.The AE and PFP were significantly 
affected by Zn fertilization in both seasons and their values were significantly reduced with increasing rate of N, 

-1 -1irrespective of Zn rate.Application of 60 kg N ha  plus 5 kg Zn ha , had the highest efficiency of N use of 82.72 kg grain kg 
-1N in both seasons.
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the farmers, despite the adoption of fertilizer still report 
low yields due to inefficient use.The current fertilizer 
recommendations in the country are mainly blanket 
fertilizer recommendations and often specified to the level 
of agroecological zone (AEZ) (Ichami et al., 2019). 
However, environmental factors vary at short distances in 
the landscape and management factors also vary among 
smallholder farmers in su b-Saharan Africa (SSA) 
(Stoorvogel and Smaling, 1998; Tittoneil, et al., 2005; 
Vanlauwe et al., 2011; Zingore et al., 2007). As a result, 
there is low response of crops to fertilizer, which makes 
the recommendations to be of limited in relevance to the 
farmers (Tittoneil et al., 2013). 
Blanket fertilizer recommendations both interms of type 
and amount can be assessed using indicators such as 
agronomic nutrient use efficiency (AEN), fertilizer 
response (FR) (Ichami et al., 2019) and partial factor 
productivity (PFP). The AEN is a measure of the increase 
in crop yield for a given amount of nutrient added and can 
be used to evaluate the efficiency of a specific nutrient 

INTRODUCTION

Maize production has increased very much over the years 
in both moist and semi-arid Sudan savannas of Nigeria. It 
has become one of the major commercial crops providing 
food, animal feed, and industrial raw materials (Badu-
Apraku and Fakorede, 2017; IITA, 2017). The total annual 
production has increased from 1.06 M tons in 1976, to 
about 11.6 M tons in 2016 (FAO, 2018). The average yield 

-1per hectare of 1.4 Mg ha  has been reported for quite a 
large number of farmers, but an increasing number of 
farmers referred to as “best-farmers” have been reporting 

-1yield of > 7 Mg ha , similar to what is obtained in research 
stations (IITA, 2017). One of the main reasons for the high 
yields in the best-farmers' fields and research stations is 
adoption of best agronomic practices including adequate 
fertilization. Others are selection of appropriate maturity 
groups and high yielding varieties (Kamara et al., 2009).
The introduction of hybrid maize in the moist savanna of 
Nigeria in the last three decades revealed that majority of 
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There is an urgent need for the review of the blanket 
fertilizer recommendation as a result of increasing 
number of smallholder farmers reporting decreasing 
fertilizer response for staple food crops such as maize 
(Ichami et al., 2019). Blanket fertilizer recommendations 
can be improved upon when there is better understanding 
of the factors that affect variability in response to 
fertilizers. Environmental factors including climatic such 
as rainfall variability, soil-related such as low level 
oforganic carbon, and secondary and micronutrient 
deficiencies affect response to fertilizers across 
smallholder farming systems in SSA (Ichami et al., 
2019).Low levels of soil organic carbon in maize fields of 
Zimbabwe led to a poor fertilizer response (Zingore et al., 
2007). Low response to fertilizer has also been attributed 
to a high variability in rainfall amounts (Sileshi et al., 
2008). The importance of secondary and macronutrient 
deficiencies in SSA has been responsible for low response 
to fertilizer using meta-analysis by Kihara et al. (2017). 
This subject of understanding the factors that influence 
the variation in fertilizer response remains understudied in 
the moist savanna of Nigeria. Studies that systematically 
identify the main factors that affect fertilizer response 
across smallholder farmer's fields in SSA are lacking 
(Ichami et. al., 2017). There is dearth of published studies 
on the effect of Zn fertilization on the response of maize to 
mineral or organic fertilizer N in the moist savannas of 
Nigeria to our knowledge. Therefore, we conducted this 
experiment to determine the effect of Zn fertilization on 
the response of maize to mineral fertilizer N as part of a 
broad study to identify the factors that influence AEN, FR, 
and PFP to refine blanket fertilizer recommendations for 
maize in smallholder farmer's fields in the moist savannas 
of Nigeria. Our objectives are to quantify the interactive 
effects of N and Zn fertilizations on maize grain yield and 
use AEN, FR and PFP to evaluate the effect of Zn 
fertilization on the response of maize to N fertilization.

MATERIALS AND METHODS

Study site 
The study site was the Teaching and Research Farm, 
Federal University of Technology, Minna, located at 
Latitude 9° 30′ 49.8′′ N; Longitude 6° 26′ 17.5′′ E, 207.8 m 
above sea level in the moist savanna of Nigeria. The 
climate of Minna is sub-humid and the rainfall pattern is 
monomodal, with the rainy season starting in March and 
ending in October. The monthly rainfall during the period 
of the study is shown in Figure 1. The physical features 
around Minna consist of gently undulating high plains 
developed on basement complex rocks made up of 
granites, migmatites, gneisses and schists (Ojanuga, 
2006). The soil of the site was classified as Typic 
Plinthustalf (Lawal et al., 2012). The site has been under 
fallow for a long period of time due to its inaccessibility.

applied. It indicates how much productivity improvement 
was gained by the application of the nutrient and used as a 
short-term indicator of the impact of applied nutrients in 
productivity (Dooberman, 2007; Ichami et al., 2019). The 
FR is defined as the incremental crop yield due to 
fertilization, independent of the quantity or type of 
fertilizers applied. The FR is calculated as the ratio of crop 
yield in fertilized plot and unfertilized control plot(Ichami 
et al., 2019). It is a useful concept for identifying 
responsive and non-responsive soils (Njoroge, et al., 
2017; Tittoneil, et al., 2007; Zingore et al., 2007). The 
concept of non-responsive soils, which are soils on which 
crops do not respond to mineral fertilizers application, 
was introduced by Giller et al. (2006). The PFP is 
determined by dividing the grain yield with the amount of 
nutrient applied; therefore, it is an indication of 
production per unit of nutrient applied. The PFP addresses 
how productive the cropping system is compared to its 
nutrient input. It is considered the most important index 
for on-farm studies, among the different indices of 
nutrient use efficiency, as it integrates the use efficiency of 
both indigenous and applied nutrients (Dooberman, 2007; 
Mandal et al., 2015). 
Nitrogen is the most limiting nutrient in maize production 
in SSA (Ma et al., 2016; Nziguheba, et al., 2009). It is a 
major yield determining factor and essential for optimum 
maize growth and yield (Kogbe and Adediran, 2003). 
Nitrogen fertilizers have therefore, become the primary 
nutrient sources for maize over the last fifty years 
(Hossain et al., 2012) and a key input for achieving 
highest yield of maize in the savanna AEZ (Sajedi et., 
2009). Several workers have reported response of maize 
to N fertilization in the moist savannas of Nigeria (Adnan 
et al., 2020; Afolabi et al., 2017). Even though, the blanket 
N fertilizer recommendation in the moist savannas is 120 

-1 -1kg ha , some studies have reported 60 kg ha  as optimum 
for maize production (Adeboye et al., 2010; Afolabi et al., 
2017).
Globally, apart from deficiencies of N and P, inadequate 
soil Zn also poses a serious threat to crop production 
(Nube and Voortman, 2006). Deficiency of zinc (Zn) is the 
most widespread micronutrient disorder among different 
crops (Naik and Das, 2008) and the most commonly 
deficient trace element in plants (Cakmak, 2002). Zinc has 
been reported as one of the most limiting nutrients for 
maize production in savanna soils (Chude et al., 2003). 
Zinc fertilizers increase both yield and quality of cereal 
crops (Abunyewa and Mercer-Quarshie, 2004; Cakmak, 
2008). Judicious application of Zn fertilizer increase crop 
production and enrich plant organs, including grains 
(Jiang et al., 2008; Khan et al., 2002; Phattarakul et al., 
2012; Sudhalakshmi et al., 2007). In the moist savanna of 
Nigeria, application of Zn fertilizer has been reported to 
increase grain yield and grain N concentration of maize 
(Afolabi et al., 2017). 



 Soil Sampling and Analysis 
Surface soil (0–15 cm) samples were collected from ten 
points along four diagonal transects. The samples from 
each transect were bulked together to give four composite 
samples, which were used to characterize the field before 
land preparation. The soil samples collected were air-
dried, crushed gently, passed through 2-mm sieve and 
taken to the laboratory for physical and chemical analyses 
using the method described by Agbenin (1995). Briefly, 
particle size distribution was determined by the 
Bouyoucos hydrometer method. Soil reaction was 
determined potentiometrically in 1:2.5 soil to water 
suspension with the glass electrode pH meter. Organic 
carbon was determined by the Walkley and Black wet 
oxidation method. Exchangeable bases were determined 
by extraction with 1 N NH OAC. Potassium in the extract 4

was determined with a flame photometer, while calcium 
and magnesium were determined using an atomic 
absorption spectrophotometer. Available phosphorous 
was extracted by the Bray No. 1 method and the P 
concentra t ion in  the  extract  was  determined 
colorimetrically using spectrophotometer. Total N was 
determined by the Kjeldahl digestion method. Zinc was 
extracted using the diethylenetriamine penta-acetic acid 
(DTPA) extractant and Zn in solution determined by 
atomic absorption spectrophotometer. 
Maize grain yield analysis was carried out by harvesting 

Treatments and experimental design: 
The application rate included four levels of N; 0, 60, 90, 

-1 -1120 kg ha and three levels of Zn; 0, 2.5, 5 kg ha . The 
experimental design was a 4x3 factorial design fitted to a 
randomized complete block design with three replications 
to give a total of 36 experimental plots. The size of the 

2experimental plot was 4 m by 6 m (24 m ) with an alley of 
1 m between the plots.

Agronomic practices 
The field was manually cleared and ridged at 75 cm apart. 
The maize variety, Oba super 2 (quality protein maize) 
was sown (2 plants per stand) at 25 cm within the ridge. 
Thinning was done to one plant per stand at 2 weeks after 
sowing (WAS). All the plots received basal fertilizer 

-1application of 30 kg P ha  as single superphosphate, 30 kg 
-1K ha  as muriate of potash at 2 WAS. The N was applied in 

split application, one-third at 2 WAS while the remaining 
two-thirds were applied at 5 WAS. The Zn was mixed 
thoroughly with the N fertilizers. The N fertilizer was 
applied as urea and Zn as ZnSO  to required plots. 4

Fertilizers were applied by side banding, 5 cm away from 
the seedlings and about 5 cm deep. All the plots were hoe-
weeded at 2 and 5 WAS and manual remoulding was done 
using hoe in place of the last weeding at 8 WAS to control 
weeds.

Figure 1. Monthly rainfall distribution in Minna, Nigeria during the period of the study 
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of probability, unless otherwise stated.

RESULTS AND DISCUSSION

Initial soil characteristics
The initial properties of the soil at the commencement of 
the experiment in 2014 season are shown in Table 1. Sand 
was the dominant fine earth fraction in the soil with a 

-1value of 881 g kg . This confers on the soil a sandy loam 
texture. The coarse nature of the soil indicates low water-
holding capacity and availability, making the soil 
susceptible to drought stress during even short rainless 
period. The sandy nature of the soil allows for tillage of 
the soil, even at high moisture content, with less damage 
to the structure of the soil.
The soil has a slightly acidic reaction, implying that nearly 
all plant nutrients are available in optimum amount. The 
pH range of 6.0 to 7.0 is the most suitable for the release of 
many plant nutrients for uptake and optimum growth and 
development of most plants (Tan, 2000). The soil organic 
carbon, N, and phosphorus (P) were all low in the soil 
(Chude et al., 2011). The low content of soil organic 
carbon implies low reserve of soil organic matter which is 
responsible for low N and P in the soil. Soil organic matter 
is the major source of N and to a large extent P in the soil 
(Brady and Weil, 2010). The low organic carbon with 
consequent low N and P are characteristics of savanna 
soils, due partly to rapid decomposition in tropical 
climates which makes it difficult to build-up soil fertility 
(Andr◌֝en et al., 2007). The typically insufficient rates of 
organic inputs such as manure or crop residues applied to 
croplands due to low crop productivity and livestock 
density, and alternative use of crop biomass for energy and 
construction are also partly responsible for the low 
content of organic matter in tropical soils (K◌֝ätterer,et al., 
2011). The relatively low N compared to organic carbon 

maize ears in the three central rows, leaving out border 
2plants at both ends (net plot of 8.7 m ). These ears were 

shelled, air-dried and weighed. The grain yield was 
adjusted to 12 % moisture content for each plot.

Calculation and Statistical analysis 
The FR, AE, and PFP were calculated using the formulae 
below:
 
FR =Y  / Y (Ichami et. al., 2019)              Eq.1f c

Where,
FR-Fertilizer Response
Y –Yield in kilogram of fertilized cropf

Y –Yield of in kilogram of control cropc

ii. AE = Y –Y /N (Ichami et. al., 2019)     Eq. 2f c

  
Where,
AE –Agronomic Efficiency
Y – Yield in kilogram of fertilized cropf

Y –Yield in kilogram of control cropc

N –Nutrient applied in kilogram

iii. PFP= Y / N       (Doberman, 2007)         Eq. 3f

Where, 
PFP – Partial Factor Productivity 
Y – Yield in kilogram of fertilized cropf

N   – Nutrient applied in kilogram

The General Linear Model Procedure of SAS (SAS 
Institute, 2015) was used for statistical analysis of the data 
including analysis of variance (ANOVA) and means 
separation where F values were significant was carried out 
by Duncanʼs multiple range test (DMRT) at the 5% level 

Table 1: Means of initial soil properties prior to land preparation in 2014
   

Parameters
  

Values 
  

Sand (g kg-1)  881  

Silt (g kg-1)  36  

Clay (g kg-1)  83  

Textural class  Sandy loam  
pH in H2O (1:2.5)  6.6  
Organic Carbon (g kg-1)  5.08  
Total Nitrogen (g kg -1)  0.06  
Available P (mg kg -1)  9  
Exchangeable Bases (cmol kg-1)  
Ca2+

 

Mg2+
 

K+ 
 

Na+ 
 

 
2.80  
2.00  
0.72

 
0.05

 Exchangeable Acidity (cmol kg -1)
 

0.36
 Effective cation exchange capacity

 
(cmol kg-1)       

 Extractable zinc (mg kg-1)
5.93

 2.30
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documented for some soils of the study area by other 
workers (Lawal et al., 2014). The extractable Zn was 

-1above the critical level of 2.20 mg kg  established for 
some soils of the moist savanna by Yusuf et al. (2005). 

-1Extractable Zn values below 1.5 mg kg indicate 
deficiency of the nutrient in cropping systems 
(Dobermann and Fairhurst, 2000; Zare et al., 2009). The 
soil can therefore, be regarded as adequate in available Zn 
for the successful cultivation of most crops and its 
deficiency is currently not expected on crops grown in the 
soil.

Effects of nitrogen and zinc on grain yield 
The effects of N and Zn on the grain yield of maize in 2014 
and 2015 seasons are shown in Table 2. Grain yields were 
significantly affected by the application of N in both 

-1seasons. Highest grain yields of 5.9 and 4.6 Mg ha  were 
recorded for 2015 and 2014 respectively with application 

-1of 120 kg N ha  significantly out-yielding the non-
fertilized control by 47 % in 2015 and 33 % in 2014. These 
results confirm the assertion that N fertilization is 
important for maize in the moist savanna. Numerous 
studies have reported increased grain yield of maize with 
N fertilization in the moist savanna of Nigeria (Adeboye 
et al., 2010; Lawal et al., 2015; Afolabi et al., 2017). There 
was no significant difference in grain yield among the N-
fertilized maize in both seasons. These results suggest that 

-1application of the lowest rate (60 kg N ha ) seems to be 
optimum for profitable maize production in the area. 

-1Adeboye et al. (2010) have also reported 60 kg N ha  to be 
optimum for maize in the area. In the West African 

-1savanna, 60 to 120 kg N ha has been recommended for 

will lead to stabilization of N in the soil and minimize its 
via nitrification coupled to nitrate leaching and 
denitrification due to high microbial N use efficiency 
(Zhang et al., 2019). Microbial N use efficiency is the 
proportion of N allocated to biosynthesis, mainly growth, 
relative to acquired N or organic N uptake (Mooshammer 
et al., 2014). Microbial N use efficiency reflects the 
capacity of organic N retention in microbial biomass. It 
has been demonstrated that under N limitation and 
relatively high amount of organic carbon in the soil, most 
acquired organic N is allocated to growth and microbial 
biomass, resulting in high microbial N use efficiency and 
immobilization of the N (Zhang et al., 2019).

2+, 2+The exchangeable cationic plant nutrients; Ca  Mg , and 
+K  are all rated low (Chude et al., 2011). The low content 

of these cationic nutrients is a reflection of the low organic 
matter content in the soil. In tropical soils, organic matter 
is the main source of negative charges that these nutrients 
are adsorbed to,which prevents them from being leached 
down the soil profile beyond the root zone (Brady and 

-1Weil, 2010). The exchangeable acidity was 0.36 cmol kg  
and rated low. The soil is thus low in potential acidity, will 
not contribute to the active acidity, may not constitute 
toxicity to crops or have an adverse effect on root 
development. High amount of aluminium is toxic to roots 
and cause swelling of the roots thereby impeding their 
ability to absorb water and nutrients from the soil (Brady 
and Weil, 2010). 
The extractable Zn concentration is relatively high in the 

-1soil, 2.30 mg kg , which may be attributed to the soil 
being under fallow for a long period of time without 
cultivation. Similar amount of extractable Zn has been 

Table 2: Effects of nitrogen and zinc fertilization on the grain yield of maize in 2014 and 2015 seasons.  
Treatment    Grain yield (Mg ha-1)    

       2014      2015   
Nitrogen(N) 

(kg ha-1) 
      

0  3.1b  3.1b   

60  4.4a  5.6a   

90  4.4a  5.5a   

120  4.6a  5.9a   

SE ±  188  445   

Zinc (Zn) 
(kg ha-1) 

      

0  3.9  3.5b   

2.5  4.3  5.3a   

5  4.1  6.1a   

SE ±  163  386   

Interaction       

NxZn  NS  NS   

 Means in the same column for a factor followed by the same letter are not significantly different at 5 % level of 
probability. 
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years (Mertens and Westermann, 1991) and this can result 
in good distribution of Zn in the soil which would enhance 
its uptake. One of the problems associated with soil 
application of Zn is being not well distributed in the soil 
which will affect uptake by roots (Holloway et al., 2010). 
The interaction of N and Zn fertilization on grain yield 
was insignificant which indicates that the response of 
grain yield to addition of N and Zn was additive.

Agronomic nitrogen use efficiency as affected by zinc 
fertilization
The AE of N, as affected by Zn application in both 2014 
and 2015 seasons are shown in Tables 3 and 4. The AE 
values were slightly higher in 2015, ranging from the 

-1lowest value of 14.44 kg kg  obtained in the treatment, 
-1 -1120 kg N ha  plus 5 kg Zn ha  in 2014 to the highest value 

-1 -1of 82.72 kg kg  recorded for the treatment, 60 kg N ha  
-1plus 5 kg Zn ha  in 2015. The values recorded in this study 

-1were higher than 18 kg kg  reported in smallholder maize 
-1farms in SSA (Ichami et al., 2019) and 19 kg kg  in 

farmer-managed experiments in maize fields in SSA 
(Vanlauwe, et al., 2011). The values were also higher than 

- 1the range of 15 to 30 kg kg , obtained where 
recommended management practices were employed and 
when soil K and P were optimum (Fixenet al., 2015), 

-1while the world average of 24 kg kg  reported by Ladha et 
al (2005). Dobermann (2007) reported that AE of N in 

-1cereals varied between 10 to 30 kg kg  and could reach > 
-130 kg kg  in well managed systems with low levels of N, 

or with low soil N supply. The relatively high values 
recorded in this study are a reflection of the high grain 
yield obtained in the control plots in both seasons (Table 
2). Agronomic efficiency of N is a function of maize grain 
yield in the control plot (Ichami et al., 2019).
The AE was significantly affected by zinc fertilization in 
both seasons. In most cases, in both seasons, across the Zn 
levels, there was significant reduction in AE at high rate of 

-1N. the lower N rate of 60 kg ha  produced the highest AE 

maize by Carsky and Iwuafor (1999). Grain yields of non-
fertilized control were higher than the national average of 

-1below 1.4 Mg ha  for most farmers in Nigeria, probably 
due to the land having been under fallow for a long period 
of time. The national average yields per hectare of a large 

-1number of farmers are below 1.4 Mg ha  (IITA, 2017). In 
2015, the N-fertilized maize had higher grain yields 
compared to their counterparts in 2014. The lower 
amounts of rainfall in 2014 compared to 2015 in July and 
August (Fig. 1), which is the period of rapid vegetative 
growth and tasselling of maize when it requires more 
water might have been responsible for the lower grain 
yields recorded in 2014. Maize requirement of water and 
nutrients is usually relatively high during the period of 
rapid vegetative growth and tasselling. 
The main effect of Zn fertilization on grain yield was 
insignificant in 2014. This might be due to relatively high 
extractable Zn concentration in the experimental soil and 
thus, high Zn nutritional status of the maize. The initial 

-1extractable Zn was 2.30 mg kg  which was above the 
-1critical level of 2.20 mg kg  established for maize in some 

savanna soils by Yusuf et al. (2005). Lack of response to 
Zn application with similar concentration of soil 
extractable Zn has been reported for wheat (Zhang et al., 
2012). In contrast to 2014, in 2015, the main effect of Zn 
application on grain yield was significant with the Zn-
fertilized maize out-yielding the control by over 34 %. 
However, the Zn-fertilized ones have statistically similar 

-1grain yields. The highest grain yield of 6.1 Mg ha  across 
-1both seasons was obtained with application of 5 kg Zn ha . 

Judicious application of fertilizer Zn helps to increase 
crop production (Slaton et al., 2001; Khan et al., 2002; 
Manzeke et al., 2014). The response of grain yield to Zn 
application in 2015 may be attributed to the build-up of Zn 
in the soil resulting from the residual effect of 2014 
application, combined with the application at the 
beginning of 2015 cropping season. Zinc fertilizers are 
known to have residual effects which can last up to four 

Table 3: Fertilizer response, agronomic efficiency and partial factor productivity of nitrogen as affected 
by zinc fertilization in 2014 cropping season.

Means in the same column followed by the same letter (s) are not significantly different at 5 % level of probability.  
 NS -Not Significant.  

Nitrogen 
(kg ha-1) 

Zinc  
(kg ha-1)  

Fertilizer Response  
 

Agronomic  
Efficiency  

(kg grain kg N-1)

Partial Factor  
Productivity  

(kg grain kg N-1)

 

       
60 0  2  26.56b  63.39b  
60 2.5  2.  40.44a  77.23a  
60 5  2  40.78a  77.61a  
90 0  2  21.52b  46.07c  
90 2.5  2  25.56b  49.82c  
90 5  2  27.78b  52.33bc  

120 0  2  22.86b  41.23cd  
120 2.5  2  22.11b  40.53cd  
120 5  2  14.44b  32.86d  
SE ± 0.05 2.00 3.17       
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significant reduction in PFP with increasing rate of N in 
both seasons irrespective of the Zn level due to 
statistically similar grain yield at all levels of N that appear 

-1to suggest 60 kg N ha  is optimum for profitable grain 
yield of maize in the area as reported by other workers 
(Adeboye et al., 2010; Lawal et al., 2015; Afolabi et al., 

-2017). The PFP values ranged from 32.86 to 105. 56 kg kg
1 -1 which is within the range of 40 to 90 kg kg  reported by 
Fixen et al (2015), where recommended management 
practices are employed and when soil available P and K 

-1are optimum and similar to the world average of 72 kg kg  
reported for maize by Ladhaet al (2005). The lower values 
at high N rate, suggest over-application of N, while the 
higher values at lower rates suggest other nutrients supply 
are likely limiting grain yield. (Fixen et al., 2015). 
However, the values obtained in this study are lower than 

-1 -1the 122 kg kg  at 9 kg N ha  reported for SSA by 
Dobermann and Cassman (2005). Similar to the results of 
AE, in both seasons, the highest value of PFP was 

-recorded in the treatment having application of 60 kg N ha
1 -1 plus 5 kg Zn ha  and higher values were obtained in 2015 
than in 2014, again due to the higher grain yield in 2015.  

CONCLUSION

The basic premise of this study was to evaluate the effect 
of Zn fertilization on the efficiency of N use by maize as 
part of a broad study to identify the major factors that can 
be used to refine blanket fertilizer recommendations 
currently in use in Nigeria. The findings of the study 
indicate that N is important in maize production and the 

-1current blanket recommended N rate of 120 kg ha for the 
crop in the moist savanna agroecological zone of Nigeria 

-1could be reduced to as low as 60 kg ha . Zinc fertilization 
can help to increase the efficiency of N use by maize and 
thus, fertilizer recommendation for the area can be 

-1modified to include Zn application at the rate of 5 kg ha .

-1of 22.72 kg kg  in 2015. These results appeared to be 
related to the statistically similar grain yield at all levels of 
N supplied. Similarly, across the N levels, AE was highest 

-1in plots with the highest rate of 5 kg Zn ha , suggesting 
higher rate of Zn results in more efficient use of N for 
production of grain yield. Higher values were recorded in 
2015 than in 2014 due to higher grain yield recorded in 
2015.

Fertilizer response to nitrogen as affected by zinc 
fertilization
The effect of Zn fertilization on response of maize to N 
fertilization in 2014 and 2015 seasons are shown in Tables 
3 and 4. The FR values increased slightly in 2015 ranging 
from 2 in 2014 to 5 in 2015.  Fertilization increased the 
maize grain yield by > 30 % in both seasons. The values 
are within the range of 1 to 12 reported for smallholder 
farmers in SSA using meta-analysis by other workers 
(Ichami et al., 2019). No statistical difference in FR was 
found among the Zn rates in both seasons. Our results 
suggested that the inherent and applied Zn are sufficient 
for adequate nutrition of maize and thus, not a factor 
limiting grain yield. The total carbon, soil pH, 
exchangeable K, and P-Olsen have been identified as 
some of the factors that led to responsiveness of soils in 
SSA to fertilization (Ichami et al., 2019). 

Partial factor productivity of nitrogen as affected by 
zinc fertilization
The PFP of N as affected by Zn fertilization in both 2014 
and 2015 seasons are shown in Tables 3 and 4. There was 
significant effect of Zn on the PFP of N in both seasons. In 

-12014 and 201, the highest values of PFP were 77.61 kg kg  
-1and 105.56 kg kg  respectively, which were recorded in 

-1 -1the treatment, 60 kg N ha  plus 5 kg Zn ha  in both 
seasons.  The values obtained in this same treatment were 
significantly higher than the values recorded for higher 
rates of N at all levels of Zn in both seasons. There was 

Not Significant.

le 4: Fertilizer response, agronomic efficiency and partial factor productivity of nitrogen as affected 

 

Factor  
Productivity 

(kg grain kg N-1) 
 

82.06abc 
10.556a 
50.56cd 

67.74bcd 
64.37bcd 

5.44cd 

 
Tab
by zinc fertilization in 2015 cropping season. 

 

NS-  

Nitrogen 
(kg ha-1) 

Zinc 
(kg ha-1) 

Fertilizer Response  
 

Agronomic  
Efficiency 

(kg grain kg N-1) 

Partial 

60 0 4 7.78ab 95.11ab
60 2.5 4 59.72abc 
60 5 5 82.72a 
90 0 3 35.67c 
90 2.5 5 52.85abc 
90 5 4 49.48bc 

120 0 4 35.72c 46.89d 
120 2.5 4 35.14c 46.31d 
120 5 5 44.28bc 5
SE ±  0.20 4.16 4.82 

Means in the same column followed by the same letter (s) are not significantly different at 5 % level of probability.
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