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ABSTRACT
 Field experiments were conducted in 2008 and 2009 in the Guinea Savanna ecology of Nigeria 
to investigate the effects of nitrogen fertilizer and micronutrients on the grain yield of two qual-
ity maize and two normal maize varieties. The treatments were four rates of inorganic fertilizer N 
(0, 50, 100, 150 kg Nha-1) and two rates of cocktail micronutrient mixtures. These were tested in 
a Randomized Complete Block Design with three replications and the treatments were factorially 
combined. The results from the study revealed that the quality protein maize varieties (SUSUMA 
and SAMMAZ 14) attained maximum performance at 100 kg Nha-1 relative to 150 kg Nha-1 by the 
normal varieties (SAMMAZ 12 and SAMMAZ 11) which means the QPM were more N efficient 
and superior to normal maize in yield by 21.43 %. SUSUMA and SAMMAZ 14 responded to the 
micronutrients added which suggested that the soil was slightly deficient in micronutrients as yield 
levels of maize were increased consistently by margins of 18-26% with the application of micro-
nutrient cocktail. SAMMAZ 14 and SUSUMA (QPM) varieties were recommended because they 
were more economical in the use of nitrogen fertilizer. 

INTRODUCTION

Maize is progressively assuming the position 
as the major crop of the sub-humid and semi- 
arid savanna with respect to economic pros-
pects for the farmers. In fact, it is replacing the 
traditional cereals such as millet and sorghum 
(Onwueme and Sinha, 1991). It is a staple food 
crop in the ecological zone. All types of maize 
require heavy fertilizer application for optimum 
yield (Singh, 1987; Awotundun, 2005). Mineral 
fertilizer at a rate of 100 - 150 kg N, 40-50 P2O5 

and 80-100 kg K2O ha-1 has been recommended 
for maize in the savanna zone (Onyinbe et al., 
2006).  Despite the widespread use across the 
country however, it is devoid of some major 

amino acids, such as lysine and tryptophan (Obi, 
1982; Okai et al., 2005; Vassal, 2006). The de-
velopment of QPM varieties improved the nutri-
tional properties of maize and has given hope to 
many as a source of affordable protein for good 
health. 

The soils of the savanna are under continu-
ous cultivation and are poorly managed with the 
use of heavy implements which increase soil 
compaction and erosion that leads to rapid de-
cline in organic matter, leaching of basic cations 
and high rates of acidification (Jones and Wild, 
1975; Vanlauwe and Saginga, 2004; Ogunwole, 
2008). Therefore, there is the need for the use of 
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mineral fertilizers on such soil to produce crop 
and maintain the soil fertility.

Micronutrients are essential and play an ac-
tive role in gene expression, biosynthesis of pro-
tein, nucleic acids, plant metabolism processes 
starting from cell wall development to respira-
tion, photosynthesis, chlorophyll formation, en-
zyme activity, nitrogen fixation and reduction 
(Bishnu et al., 2010). Micronutrients are becom-
ing increasingly important to world agriculture 
as crop removal of these essential element in-
creases (Adhikary et al., 2010). Increasing at-
tention is being given to micronutrient deficien-
cies because increasing crop yield have led to 
increased uptake of micronutrients and most 
chemical fertilizers do not include the  micro-
nutrients.This study is to investigate the effect 
of nitrogen fertilizer and micronutrients on grain 
yield of maize.

MATERIALS AND METHODS

Description of study area: The experiment 
was carried out during the 2008 and 2009 crop-
ping seasons at Samaru, Zaria. Samaru is lo-
cated in Zaria in the Northern Guinea Savanna 
ecological Zone of Nigeria. Samaru is located at 
latitude 110 11’ N, longtitude 70 38’ E at 686 m 
above sea level in the Northern Guinea Savanna 
zone of Nigeria with annual rainfall average of 
about 1060 mm (Owonubi et al.,1991).The soil 
is classified as Alfisol in the USDA Soil classifi-
cation system. 

Experimental design

The experiment was laid out in a Randomized 
Complete Block Design with three replications 
and treatments were factorially combined. The 
site was divided into three blocks each, consist-
ing 32 plots, giving a total of 96 plots and each 
plot measuring 12 m2.There were 4 ridges in a 

plot, 3m long at 0.75 m x 0.25 m spacing on a 
row. The maize planted were two quality protein 
maize (QPM) – Sammaz 14 and Susuma and 
two normal maize varieties – Sammaz 12 and 
Sammaz 11. Three maize seeds were sown in 
drills and thinned to one per stand.Weeding was 
done in each year with the use of hand and hoe.

Nitrogen was applied in 2 split doses at 2WAP 
and 4WAP at the rate of (0, 50, 100, 150 kgha-1) 
as Urea (46 %). Basal application of phosphorus 
and potassium were applied at 60 kg P2O5 ha-1 
as single super phosphate (SSP), and 60 kg K2O 
ha-1 potash (MOP), (60 %) respectively. The mi-
cronutrients- Fe, Zn, B, Mo, and Cu were ap-
plied at zero and cocktail mixtures. The P, K and 
micronutrients were all applied 2 weeks after 
planting immediately after thinning to one plant 
per stand.

Field observations were made in each plot. 
The response of maize varieties to the various 
treatments was evaluated and maize grain yield-
was determined at harvest. 

Data Analysis

The statistical analysis was performed us-
ing Genstat Statistical Package for the analysis 
of variance (ANOVA). Treatment means were 
compared by using Least Significant Difference 
at 5 % probability.

RESULTS AND DISCUSSION

The table below shows properties of the soil 
used for the experiment

The soil is sandy –loam in texture and very 
low in N and available P.  Micronutrient con-
tents indicated low to moderate. It is expected 
that the maize varieties would benefit from the 
added fertilizers.

The response of maize grain to applications 
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of varying rates of nitrogen fertilizers over the 
two years is given in Table 2. 

Combining the yield for the two years showed 
the quality protein maize varieties, SAMMAZ 
14 and SUSUMA (QPM) recorded a yield of 
2552.94 kg ha-1 and 2665.65 kg ha-1 at 100 kg N 
ha-1 while the normal maize variety SAMMAZ 
12 and 11 had the combined yield of 1933.31 
kg ha-1 and 2349.79 kgha-1 at the highest rate of 
nitrogen application (150 kg N ha-1). The QPM 
(SAMMAZ 14 and SUSUMA) were more supe-
rior to normal maize SAMMAZ (12 and 11) by 
21.43 %. The response of the maize to nitrogen 
fertilizer is known to be related to the level of 
OM, total nitrogen content of the soil and the va-
riety of the maize used (Singh and Singh, 1979). 
Similar results were obtained by (Ajayi et al., 
1998 and Mani and Dadari, 2005). The contrast 

analysis revealed a highly significant difference 
(P< 0.05) in performance between the QPM and 
the normal varieties.	

The response of maize grain to applications 
of varying rates of nitrogen fertilizer as influ-
enced by mixtures of micronutrients over the 
two years is presented in Table 3.

Maize yield were observed to respond to ap-
plications of nitrogen fertilizer and micronutri-
ent additions. The combined yield showed that 
SAMMAZ 14 (QPM) and SUSUMA responded 
to micronutrients addition with a corresponding 
yield of 3156.9 kgha-1 and 2581.6 kgha-1 at the 
highest rate of nitrogen.

  SAMMAZ 12 and SAMMAZ 11 (normal 
maize) though responded to nitrogen fertiliza-
tion but responded poorly to micronutrient ad-
ditions. SAMMAZ 12 had a combined yield 
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of 2179.1 kg ha-1 with no micronutrients while 
SAMMAZ 11 showed the combined yield was 
2329.7 kgha-1 with added micronutrients. This 
indicated that the addition of micronutrients 
might have helped the varieties to yield better. 
When the analysis was compared, the quality 
protein maize showed a highly significant dif-
ference (P< 0.05) from the normal maize at add-
ed micronutrients and the comparison between 

the QPM varieties was also significant (P< 0.05) 
with added micronutrients.

The result shows that the addition of micro-
nutrients might have helped the varieties to yield 
better. Bishnu et al. (2010) recorded the highest 
grain yield with the crop which was supplied 
with all the micronutrients (B, Zn, S, Mn and 
Mo) applied in combination with NPK fertiliz-
ers at 120: 60:60 kgha-1. The result also showed 
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that both the QPM and the conventional maize 
when subjected to the same environmental fac-
tors can utilize micronutrients differently for 
yield increase. The maize varieties responded 
differently to nitrogen fertilizer with micronu-
trient mixtures.The added micronutrients en-
hanced the yield performance of quality pro-

tein maize (SAMMAZ 14 and SUSUMA). The 
normal maize SAMMAZ 12 and SAMMAZ 11 
were not enhanced by the added micronutrients 
although SAMMAZ 11 yield was better at the 
addition of micronutrients but the yield was not 
significantly different from SAMMAZ 12. This 
shows the synergetic role of micronutrients in 

M+ = with added micronutrient    M- = with no added micronutrient NS = Not significant at
(P< 0.05) ** = Significant at(P< 0.05) QPMA = SAMMAZ 14 VarietyQPMB = SUSUMA Variety
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improving plant growth and other biochemical 
and physiological activities. Bishnu et al. (2010) 
in their findings recorded the highest grain yield 
with the crop which was supplied with all the 
micronutrients (B, Zn, S, Mn and Mo) applied in 
combination with NPK fertilizers at 120: 60:60 
kg/ha. Kanwal et al. (2010) found that zinc ap-
plication to soil had a positive significant effect 
on grain yield and Rogo et al. (2001) reported an 
increase in grain yield of maize to zinc applica-
tion. The result also showed that both the QPM 
and the conventional maize when subjected to 
the same environmental factors can utilize mi-
cronutrients differently for yield increase. 

CONCLUSION

The quality protein maize varieties (SAM-
MAZ 14 and SUSUMA) attained maximum 
performance at 100 kg Nha-1 relative to 150 
kg Nha-1 for normal maize (SAMMAZ 12 and 
SAMMAZ 11) and so were more N efficient and 
superior to normal maize in yield by 21.43 %. 

SUSUMA and SAMMAZ 14 responded to 
the micronutrients added which suggested that 
the soil was slightly deficient in micronutrients 
as yield levels of maize were increased consist-
ently by margins of 18-26 % with the applica-
tion of micronutrient cocktail. 

REFERENCES

Adhikary, B. H., Shrestha, J. and Baral, B. R. 
(2010). Effects of micronutrients on growth 
and productivity of maize in acidic soil. In-
ternational Research Journal of Applied and 
Basic Sciences.Vol 1(1):8-15.

Ajayi O. J. J., Uyovbisere E. O. and  Zarafi, A. 
B. (1998). Climatic, Edaphic and Biological  
factors millet yield in Nigeria. In: Emechebe, 
E, M. M. C. Ikwelle, O. Ajayi, M. Aminu –
Kano and A. B. Anaso (Eds) Pearl millet in 

Nigerian Agriculture: Production, Process-
ing and Research priorities Proceedings of 
Pre-season National Coordination and Plan-
ning Meeting of the Nationally Coordination 
programme on Pearl Millet. Lake Chad Re-
searh Institute, Maiduguri, Nigeria.Pp: 9-36 

Awotundun, J. S. (2005). Comparative Effects 
of organic and inorganic fertilizer on the 
yield of pop-corn. In: Proceedings of the 
29th Annual Conference of the Soil Science 
Society of Nigeria. December, 6th- 10th, 
2004. University of Agriculture Abeokuta, 
Nigeria:175-179

Bishnu, H. A. Jiban, S. and Bandhu, R. B. 
(2010). Effects of micronutrients on growth 
and productivity of maize in acidic soil. In-
ternational Research Journal of Applied and 
Basic Sciences.Vol 1 (1) 8-15.

Jones, M. J. and Wild, A. (1975). Soils of West 
African Savannah Tech. Comm No. 55 Com-
monwealth Bureau of soils Harpenden.Pp 246.

Kanwal, S.A., Rahmatullah, M. R. and Ahmad, 
R (2010). Zinc partitioning in maize grain 
after soil fertilization with zinc sulfate. Inter-
national Journal of Agricultural Biology 12: 
299-302. 

Mani, H and Dandari, S.A. (2005). Performance 
of quality protein maize (QPM) under differ-
ent NPK fertilizer rate, irrigation interval and 
planning dates in Sudan Savannah. A paper 
presented development in the Northern States 
of Nigeria on 29th June – 1st July 2005 at the 
Institute for Development Research ABU, 
Zaria.

Obi, J.U. (1982). Application of the 2, 4, 6 – 
Trinitrobenzene1-Silfonic acid (TNBS) 
method for determination of available lysine 
in maize seed. Agricultural and Biological 
Chem. 46: 1520.

Effect of nitrogen and micronutrients on yield of maize	



271

Ogunwole, J.O. (2008).Soil aggregate charac-
teristics and organic carbon concentration 
after 45 annual applications of manure and 
organic fertilizer. Bio.Agric and Horticulture 
Vol. 25 : 223- 233. 

Okai, D. B., Osei, S.A., Haag, W. L. and Dzah, 
B.D. (2005).The role of Quality Protein 
Maize (QPM) in pig nutrition and produc-
tion. Paper presented at the Sasakawa Glob-
al 2000 training workshop on QPM, Devel-
opment and seed delivery system, Kumasi, 
Ghana 4th – 5th August 2005.

Onwueme, I. C. and Sinha, T. D. (1991). Field 
crop production in tropical Africa. Technical 
Center for Agriculture and Rural Coopera-
tion pp. 159-175.

Onyinbe, J. E., Kamara, A.Y. and Omoigui, L. 
O. (2006). Guide to soybean production in 
Borno, Nigeria: Promoting Sustainable Ag-
riculture in Borno State (PROSAB). Ibadan, 
Nigeria. Pp 1-13. 

Owonubi, J.J., Abdulmumin, S., Malgwi, W.B. 
and Mua’zu, S. (1991).  Review of soil water 
balance studies of the Sudano-Sahelian zone 
of Niger. In: Soil water balance in the Suda-
no –Sahelian zone  Proceedings of Niamey 
workshop. Feb.1991. M.V.K. Siva Kumar, J. 
S. Wallace C. Renord and C. Grivoux 329-
388. JAHS Publ. No. 199. 

Rogo, T. J., Sahranat, K. L., Wahi, S.P. and 
Panthasaradhi, G (2001).Widespread defi-
ciencies of S, B and Zn in Indian semi arid 
tropical soils on farm crop. Journal of Plant 
Nutrition 30:1569-1583.

Vanlauwe, B. and Saginga, N. (2004). The Mul-
tiple roles of organic resources in implement-
ing integrated soil fertility management strat-
egies. In: Modelling nutrient management in 
tropical cropping system. Delve, R. J. and 
Probert, M. E. (eds). ACIAR Proceedings 
114:12-24. 

Vassal, S.K. (2006): The quality protein maize 
story.  Food and nutritional Bulletin, 21 (4): 
45-50.

Olowookere, B.T. et al., Nigerian Journal of Soil Science, 26, 2016


