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ABSTRACT 

Field trials were conducted in three years of 2006, 2007 and 2008 wet seasons at Institute for Agricultural 

Research (IAR) Farm Ahmadu Bello University Zaria to evaluate effects of nitrogen and sulfur fertilizers on 

quality protein maize varieties and their interactions on soil nitrogen and sulfur content after harvest. Treatments 

consisted of four rates each of nitrogen (0, 60,120 and 180 kg N/ha) using Urea (46%N) and sulfur (0, 5, 10 and 

15 kg S/ha) using Potassium sulfate (1%S).  Two quality protein maize varieties namely Obatanpa and EVDT99 

- STR were used as test crop during the trials. The experiment was laid out in a split plot design, with nitrogen 

and variety in the main plot and sulfur in the sub plot. The treatment combination was replicated three times. 

The result showed that soil N and S content was significantly affected by interaction between N and S fertilizers. 

Influence by various rates of the two fertilizers was shown to be inconsistent. It can be concluded that 

application of nitrogen and sulfur fertilizers increase uptake of both due to their synergistic effect that exist 

between the two nutrients. It is therefore recommended that farmers should be applying sulfur in addition to 

nitrogen as both are important for growth, development and yield that are enhanced by their synergistic effect. 

__________________________________________________________________________________________ 
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INTRODUCTION 

Maize (Zea mays L.) is a significant food and feed 

crop of the world. World production was 817 million 

tonnes in 2009—more than rice (Oryza sativum L.) 

(678 million tonnes) or wheat (Triticum aestivum L.) 

(682 million tonnes) (FAO, 2009). It is a versatile 

crop that adapts easily to a wide range of production 

environments and fits well in the existing cropping 

systems worldwide. Being a source of diversified 

products obtained from industrial inputs, such as 

starch, corn oil, glucose etc., the demand of maize 

crop has been constantly mounting. conventional 

maize grain has been elevated in terms of nutritive 

value to contain about 72% starch, 10% protein, 4.8% 

oil, 5.8% fibre, 3.0% sugar and 1.7% ash (Chaudhary, 

1983). Present day maize hybrids have high yield 

potential but their average yield do not appear to be 

satisfactory in Nigeria as compared to other maize 

growing countries of the world. The world average 

yield in 2009 was 4255kg per hectare.  Average yield 

in USA was 8600 kg per hectare, while in Sub-

Saharan Africa it was 1316 kg per hectare (Anon., 

1992). The most important factors responsible for low 

yield of maize are: imbalance nutrition and low plant 

density are of prime importance. Nitrogen being an 

essential element plays an important role in crop 

development and final grain yield (Tisdale et al., 

1990; Ahmad et al., 1994). The deficiency of this 

element has been approved as one of the major yield 

limiting factors for cereal production (Shah et al., 

2003). Application of nitrogen at low rates reduced 

grain yield by 43-74% and number of grains per plant 

up to 33-65% (Andrea et al., 2006). Yield and protein 

concentration in maize seed increased with increase in 

nitrogen rate (Raja, 2003). 

Sulfur is the fourth major nutrient after N, P and K. It 

is a constituent of the essential amino acids lysine and 

tryptophan. On the average maize crop absorbs as 

much S as it absorbs P. When S is deficient in soil, 

full yield potential of the crop cannot be realized 

regardless of other nutrients even under good crop 

husbandry practices (Tandon, 1989). Deficiency of S 

is likely to be widespread in Africa, especially in the 

savanna regions, where annual bush burning results in 

losses of sulfur to the atmosphere as Sulfur dioxide 

(SO2) (Tandon, 1989). Quantitative increase in yield 

of maize could thus be achieved by N and S 

enrichment of the soils of the savanna. Quality 

enhancement of maize through soil N and S 

enrichment from inorganic fertilizers are also 

considered necessary for the production of QPM.  

Worldwide production of maize is 785 million tons, 

with the largest producer, the United States, producing 

42%. Africa produces 6.5% and the largest African 

producer is Nigeria with nearly 8 million tons, 

followed by South Africa. Africa imports 28% of the 

required maize from countries outside the continent. 

Most maize production in Africa is rain fed. Irregular 

rainfall can trigger famines during occasional 

droughts (IITA 2014). 

Maize yield in most African countries especially 

Nigeria is far below the yield obtained in other 

countries. United States of America is the highest 

producer of maize accounting for more than one third 

of the world’s total (42%) followed by Asia (29.1%) 

and Latin America (10.9%).  Africa produced 7.6% of 
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the world’s total with Nigeria producing 7.3 million 

tonnes or 0.86% of the world’s figure (FAO, 2010).  

The world average yield in 2010 was 5215kg per 

hectare.  Average yield in USA was 9592 kg per 

hectare, while in Sub-Saharan Africa it was 2078.7 kg 

per hectare (FAO, 2010). 

Problems associated with low yield are many, but one 

of the most important is fertilization. It is either in 

terms of improper type, rate, application method etc. 

Nitrogen is the most important nutrient in maize 

production and its application together with Sulfur 

enhances its uptake, but this is not known by most 

farmers and fertilizer blending companies so as to 

have the two nutrients blended together for easy 

application. One of the objectives of this study was to 

evaluate effect of interaction between Nitrogen and 

Sulfur on uptake of each nutrient (N & S) by QPM 

maize. This paper therefore reports effects of 

interaction between nitrogen, sulfur and maize 

varieties on soil N and S content after harvest. 

 

MATERIALS AND METHOD 

The experiment to evaluate response of two quality 

protein maize varieties to different rates of nitrogen 

and sulfur was conducted for three years during the 

wet season of 2006, 2007 and 2008 at the Institute for 

Agricultural Research (I.A.R.) Farm at Samaru, Zaria 

(11
0
 11

/
 N; 07

0 
38

/
 E and 686 meters above sea level), 

located in the northern Guinea Savanna zone of 

Nigeria.  The experiment was laid out in split plot 

design with nitrogen and maize variety in the main 

plot and sulfur in the subplot. The treatments 

consisted of two open pollinated QPM varieties 

(Obatanpa and EV-99-EVDT99-STR), four rates each 

of nitrogen (0, 60, 120 and 180 kg N/ha) using urea 

(46%N) and sulfur (0, 5, 10, and 15 kg S/ha) using 

potassium sulfate (1%S) to evaluate effects of 

nitrogen and sulfur on quality protein maize (QPM) 

varieties with respect to growth and yield 

performance, nutrient uptake and protein content of 

grains.  The experiment was replicated three times. 

Gross plot size was 6 ridges i.e. 4.5 m by 2.5 m, 

giving an area of 11.25 m
2
, while net plot size was 4 

ridges i.e. 3.0 m by 1.5 m with an area of 4.5 m
2
. 

The two varieties used for the trials were open 

pollinated quality protein maize namely Obatanpa and 

EVDT99 - STR; both were sourced from Institute for 

Agricultural Research Ahmadu Bello University 

Zaria. Obatanpa is a non tillering variety, erect, 

medium maturing with 106 to 110 days to 

physiological maturity. The plant height is 150 – 245 

cm, while the plant colour is green. Potential grain 

yield of Obatanpa is 5.8 t/ha (Ado et al., 2009). The 

seed characteristics shows that the row arrangement is 

straight with 14 – 18 rows per cob, the kernel is white 

and kernel type is dent/flint. Obatanpa has high 

essential amino acids, lysine (3.9%) and tryptophan 

(1.1%) about 56% higher than conventional maize 

with protein content of 10 – 12%. In addition to high 

yield, it is tolerant to striga infestation, stem borer and 

maize streak virus (MSV). EV-99-EVDT99-STR is 

medium maturing at about 58 days to mid-silking with 

170 cm in height, white seeded kernels. It is adapted 

to lowland tropics with days to maturity of 90 – 95 

days, high yield with potential yield of 5.5 t/ha. It is 

tolerant to Striga hermonthica and resistant to maize 

streak virus (Ado et al., 2009).     

Soils were randomly sampled from the experimental 

site before land preparation each year, at the depth of 

0 – 30 cm and a composite sample was taken, dried, 

ground and sieved using 1mm sieve. The composite 

sample in each year was taken to laboratory and 

analyzed for the determination of physical and 

chemical properties (Table 1). Total nitrogen, as 

determined by macro-Kjeldahl extraction (Bremner, 

1965), Available phosphorus was determined by Bray 

1 method (Bray and Kurz, 1945). Exchangeable 

cations were determined from ammonium acetate 

leachate (Black, 1965), using atomic absorption 

spectrophotometry for calcium (Ca) and magnesium 

(Mg), and flame photometry for sodium (Na) and 

potassium (K). Soils were also sampled from each 

plot after harvest and analyzed for N and S content 

using Kjeldahl and Turbidimetric Methods 

(Tabatabai, 1974).  

The land was double harrowed and then ridged 75cm 

apart. Plots were demarcated after ridging with well-

formed borders between plots (1m) and replications 

(1.5m) to minimize nutrient seepage. Sowing was 

done by hand on 11
th

 and 9
th

 July in 2006, 2007 

respectively and 17
th

 June in 2008 after a good rain to 

provide moisture for good germination. Two seeds 

were planted per hole at the spacing of 25cm between 

stands, and the seedlings were later thinned to one 

plant per stand at two weeks after sowing. This gave 

plant population of 53,333 plants per hectare.  

The nutrients applied were N, P, K and S where by P, 

K, S and 75% of N were applied at 3 weeks after 

sowing while the remaining 25% of N at 6 weeks after 

sowing. P and K were equally applied to all plots at 

the rate of 26 and 50 kg/ha respectively, while N and 

S were varied according to the rates used for the trial 

(0, 60, 120 and 180 kg N ha
-1

 and 0, 5, 10 and 15 kg S 

ha
-1

). Nitrogen for each rate was applied in two doses 

of 75% and 25%. First dose of N was applied at 3 

weeks after sowing along with the whole of P, K and 

S, while the second dose was applied at 6 weeks after 

sowing at the time of remolding.  

Weeding was done manually using hoe to control 

weeds at 3 and 6 weeks after sowing. Second weeding 

was followed by second dose of N fertilizer 

application and remoulding to cover the applied N and 

give support to the crop against lodging. Chemical 

weed control was not applied during this trial. Stem 

borer infestation was observed at 3 weeks after 

sowing, which was controlled by spraying with a 

combination of cypermethrin and dimethoate at the 

rate of 0.03 and 0.25 kg active ingredient per hectare 

respectively. No disease was observed throughout the 
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period of the trial. Data collected were subjected to 

statistical analysis of variance (ANOVA) as described 

by Snedecor and Cochran (1967) and means of 

treatments were compared using Duncan Multiple 

Range Test (DMRT) (Duncan, 1955).  

 

RESULTS   

Nitrogen (N g/kg) in Soil after Harvest 2006 

Interaction between 0 kg N/ha and 15 kg S/ha 

produced the highest N in soil after harvest 

compared to its interaction with other S rates that 

interacts with 0 kg N/ha which were statistically 

similar, it is also the interaction that left the highest 

soil N reserve compared to all other interactions  

 

 

except interaction between 60 kg N/ha and 5 kg S/ha 

(Table 2). Interaction between 60 and 180 kg N/ha 

with all the S rates did not significantly differ in 

their left over soil N after harvest. However, 

interaction between 120 kg N/ha and 0 kg S/ha 

produced the lowest soil N content after harvest 

compared to its interaction with other S rates. 

 

Table 1: Physical and chemical properties of the soils of the experimental sites at Samaru Zaria in 2006, 

2007 and 2008. 

Soil Characteristics Soil Depth (0 – 30cm) 

2006                        2007                2008 

Physical Characteristics (%) 

Sand 

Silt 

Clay 

Textural Class 

Chemical Characteristics  

pH 1:2.5 in H2O    

pH 1:2.5 in CaCl2 

Organic Carbon (%) 

Total Nitrogen (%) 

Available Phosphorus (mg/kg) 

Exchangeable Bases (Cmol/kg) 

Ca 

Mg 

K 

Na 

S 

CEC 

ECEC 

Total Acidity 

 

36.40 

50.00 

13.60 

Loam 

 

5.91 

5.69 

1.44 

0.27 

22.40 

 

4.80 

3.00 

0.28 

0.61 

5.50 

8.69 

9.29 

0.60 

 

51.40 

37.50 

11.10 

Sandy Loam 

 

6.44 

5.15 

0.59 

0.11 

7.35 

 

3.00 

1.80 

0.41 

0.87 

7.50 

6.08 

6.18 

0.10 

 

31.40 

50.00 

18.60 

Loam 

 

6.01 

5.28 

0.90 

0.18 

23.45 

 

3.60 

3.00 

0.33 

0.83 

8.00 

7.76 

8.16 

0.20 

 

Nitrogen (N g/kg) in Soil after Harvest 2006 2007 

When the interaction between 0 kg N/ha and all the S 

rates was observed, its interaction with 10 kg S/ha 

gave a significantly highest N left over in the soil after 

harvest than its interaction with other S rates which 

were statistically similar (Table 2). Lower value was 

observed from interaction between 180 kg N/ha and 

10 kg S/ha compared with its interaction with other S 

rates. Similar trend was observed from interaction 

between 60 kg N/ha and 15 kg S/ha in comparison 

with its interaction with other S rates.  
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Table 2: Effects of Nitrogen and Sulfur fertilizer Interaction on soil N and S content.   

Treatment 0kg S/ha 5kg S/ha 10kg S/ha 15kg S/ha 

 Nitrogen N (g/kg) in Soil after Harvest 2006 

0 kg N/ha 0.44 c 0.485 bc 0.485 bc 0.573 a 

60 kg N/ha 0.483 bc 0.528 ab 0.485 bc 0.483 bc 

120 kg N/ha 0.35 d 0.44 c 0.485 bc 0.485 bc 

180 kg N/ha 0.438 c 0.44 c 0.398 cd 0.44 c 

S.E. ± 0.0257    

 Nitrogen N (g/kg) in Soil after Harvest 2006 2007 

0 kg N/ha 0.743 cd 0.77 b-d 0.925 a 0.755 b-d 

60 kg N/ha 0.753 b-d 0.855 a-c 0.865 a-c 0.685 d 

120 kg N/ha 0.785 a-d 0.805 a-d 0.763 b-d 0.895 ab 

180 kg N/ha 0.798 a-d 0.86 a-c 0.673 d 0.875 a-c 

S.E. ± 0.0433    

 Sulfur S (mg/kg) in Soil after Harvest 2007 

0 kg N/ha 74.35 d-f 86.688a-d 93.863 ab 100.393 a 

60 kg N/ha 76.888 c-e 60.848 f 99.6 a 86.243 a-d 

120 kg N/ha 79.883 b-e 71.233 d-f 86.74 a-d 89.98 a-c 

180 kg N/ha 99.038 a 70.358 ef 95.78 a 77.92 c-e 

S.E. ± 4.722    

Means followed by the same letter(s) within a treatment group are not significantly different at 5 percent level of 

significance using DMRT 

 

Sulfur (S mg/kg) in Soil after Harvest 2007 

Soil sulfur content analyzed after harvest indicated 

that interaction between N and S influenced the 

balance of S in the soil (Table 2). When S is fixed and 

N varied, interaction between 0 kg S/ha and 180 kg 

N/ha produced significantly higher S content in the 

soil than its interaction with other N rates which were 

statistically similar. When 5 kg S/ha interacts with 0 

kg N/ha higher S content was observed from the soil 

after harvest compared to its interaction with other N 

rates which were statistically similar. The effects of 

interaction between 10 kg S/ha and all the N rates did 

not show any significant difference. However, 

interaction between 15 kg S/ha and 180 kg N/ha 

produced lower S content in the soil after harvest 

compared to its interaction with other N rates which 

were statistically similar.   

 

Nitrogen (N g/kg) in Soil after Harvest 2006 

Interaction between QPM variety and sulfur 

significantly influenced nitrogen content of the soil 

after harvest in 2006 (Table 3). Interaction between 0, 

5 and 15 kg S/ha and Obatanpa variety gave similar 

but significantly higher soil N content than their 

interaction with EV-99-EVDT99-STR.  

However, interaction between 10 kg S/ha and both 

varieties was not significantly different.  

 

Table:3. Effects of Variety and Sulfur fertilizer Interaction on soil N and S content.   
Treatment 0kg S/ha          5kg S/ha        10kg S/ha   15kg S/ha 

 Nitrogen N (g/kg) in Soil after Harvest 2006 

Obatanpa (V1) 0.505 ab 0.5275 a           0.464 bc       0.55 a 

EV-99-EVDT99-STR (V2) 0.35 d 0.419 c           0.463 bc       0.44 c 

S.E.± 0.0182    

 Nitrogen N (g/kg) in Soil after Harvest 2007 

Obatanpa (V1) 0.769 b             0.768 b           0.874 a       0.771b 

EV-99-EVDT99-STR (V2) 0.77 b             0.878 a           0.739 b       0.834 ab 

S.E.± 0.0307    

 Sulfur S (mg/kg) in Soil after Harvest 2007 

Obatanpa (V1) 81.484 cd            72.393 d           99.288 a      96.411 ab 

EV-99-EVDT99-STR (V2) 83.595 c            72.17 d           88.704 bc      80.856 cd 

S.E.± 3.339    

 Sulfur S (mg/kg) in Soil after Harvest 2008 

Obatanpa (V1) 97.263 b            83.931 b           95.25 b     110.736 a 

EV-99-EVDT99-STR (V2) 92.609 b            94.364 b           94.06 b     89.428 b 

S.E.± 4.399    

Means followed by the same letter(s) within a treatment group are not significantly different at 5 percent level of 

significance using DMRT 

 

Nitrogen (N g/kg) in Soil after Harvest 2007 
Interaction between QPM variety (Obatanpa) and 10 

kg S/ha significantly gave higher residual N than its 

interaction with other S rates which were statistically 

similar (Table 3). However, when the other QPM 

variety interacts with 5 kg S/ha more N was found in 
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the soil after harvest than its interaction with other S 

rates though at par with its interaction with 15 kg 

S/ha. When sulfur rates were fixed and QOM varieties 

varied, no significant difference was observed when 0 

and 15 kg S/ha interacted with the varieties. 

Interaction between 5 kg S/ha and EVDT99 - STR 

QPM variety produced higher residual N while higher 

residual N was observed when 10 kg S/ha interacts 

with Obatanpa QPM variety. 

 

Sulfur (S mg/kg) in Soil after Harvest 2007 

When varieties were kept constant and sulfur rates 

varied, with Obatanpa variety increase in S rate from 

0 to 5 kg S/ha did not affect residual S in the soil after 

harvest. Further increase to 10 kg S/ha significantly 

increased residual S which was found to be 

statistically similar with application of 15 kg S/ha. 

Lower residual S was observed in plots where 

EVDT99 - STR QPM variety was planted when 5 kg 

S/ha was applied than application of other S rates 

though at par with 15 kg S/ha. Application of 0, 10 

and 15 kg S/ha left statistically similar residual S in 

plots where EVDT99 - STR variety was planted. 

Application of 10 and 15 kg S/ha produced 

significantly higher residual S in plots where 

Obatanpa was planted than plots where EVDT99 - 

STR was planted.  

 

Sulfur (S mg/kg) in Soil after Harvest 2008 

Increase in sulfur rates from 0 up to 10 kg S/ha 

produced statistically similar residual S in Obatanpa 

plots, further increase to 15 kg S/ha produced 

significantly higher residual S. Application of all the 

four sulfur rates did not differ in their residual S in  

EV-99-EVDT99-STR plots. Keeping sulfur rates 

constant and varying QPM varieties showed no 

significant difference in residual S from plots where 0, 

5 and 10 kg S/ha were applied. However, when 15 kg 

S/ha was applied, higher residual S was produced by 

plots where Obatanpa QPM variety was planted.    

 

DISCUSSION 

Analysis for the residual N and S in soil per plot after 

harvest showed significant interaction between N and 

S in 2006 and 2007 while in 2008 the interaction was 

not significant. It was indicated in both years that 

application of only one of the nutrient left higher 

residual content of the other compared to when both 

nutrients were applied. This could be due to the fact 

that N and S have synergistic effect on each other, 

meaning the uptake of one is enhanced due to the 

presence of the other. It was also observed that N and 

S interaction significantly influenced plant tissue N 

and S content. This observation agreed with that of 

Ray and Mughogho, (2000) who reported that N and 

S content of plant leaf increased with application of 

the two nutrients than when only one was applied 

especially in nutrient deficient areas. Fazli et al., 

(2008) found that uptake of N was considerably 

reduced under S deficiency. A number of studies 

indicated synergistic effect of combined application of 

S and N on the uptake of these nutrients by maize and 

rapeseed (Fazli et al., 2008).  

Sulfur addition, however, significantly increased the 

percent N in grain. Sulfur is an important nutrient for 

plant growth and development. Sulfur interactions 

with nitrogen are directly related to the alteration of 

physiological and biochemical responses of crops, and 

thus required to be studied in depth. This would help 

to understand nutritional behavior of sulfur in relation 

to nitrogen nutrients and provide guidelines for 

inventing balanced fertilizer recommendations in 

order to optimize yield and quality of crops (Fazli et 

al., 2008, Jamal, 2010). 

It was also observed that interaction between sulfur 

and Obatanpa QPM variety left more residual N and S 

in the soil after harvest compared to the interaction 

between sulfur and EVDT99 - STR QPM variety. 

This result is an indication that EVDT99 - STR 

variety is more efficient in terms of nutrient uptake. 

Alhough the two varieties used for the study were not 

significantly different in terms of grain yield, they 

differed in some of the parameters measured. Uptake 

of N and S showed that EVDT99 - STR is more 

efficient in this regard. This observation tally with 

report by CIMMYT (2005) who reported success of 

Obatanpa which prompted a renewed interest in 

development and dissemination of QPM in sub-

Saharan Africa, supported by three complementary 

projects funded by the Nippon Foundation. 

 

CONCLUSION 

It can be concluded that interaction between nitrogen, 

variety and sulfur was found to be significant. 

Application of both nitrogen and sulfur was observed 

to be better than application of only one of the 

nutrients. This was due to their  

 

 

synergistic effect whereby the presence of one 

enhances the uptake of the other. It is therefore 

recommended that the two nutrients be applied for 

their better uptake which leads to better growth, 

development and yield.  
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