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Abstract
Green maize plays a significant role in the social and economic life of the peoples of the humid forest 
and derived savannah agro-ecologies of West and Central Africa. Appropriate strategies for its 
production would contribute significantly to sustainable agriculture. Fourteen tropical field maize 
genotypes, consisting of hybrids and open pollinated varieties (OPVs), were evaluated in field trials 

-1for green ear yield at two levels (30 and 60 kg ha ) of nitrogen fertilizer application during the main 
cropping seasons of 2012 and 2013. A factorial in a split plot design with three replications was used. 
Fertilizer levels were main plots and maize genotypes subplots. Highly significant genotype, N level 
and genotype × N level effects were observed for all traits considered. The range in yield of 

-1 -1marketable cobs at 30 kg N ha  and 60 kg N ha  were 98.4% and 108.6% of the respective means. The 
number and yield of ears, yield of cobs and number and yield of marketable cobs were significantly 

-1reduced at 30 kg N ha . The percentage reduction in yield of marketable cobs was 55.9%. Yield of 
-1marketable cobs and other measured green ear yield variables at 30 kg N ha  for OPVs were 

-1significantly higher than for the hybrids, while the differences were not signaficant at 60 kg N ha . 
Suwan-1 STR produced the highest number and yield of marketable cobs per hectare both at 60 kg N 

-1 -1ha  and across N levels. At 30 kg N ha , the top yielding genotypes were ACR97 TZL COMP1 C2 (2.82 
-1 -1 -1t ha ), TZE COMP3 C2 (2.71 t ha ) and 9044-27 STR (2.51 t ha ), while the best three genotypes at 60 

-1 -1 -1 -1kg N ha  were Suwan-1 (6.56 t ha ), AK96DMR-L-SR-W (5.91 t ha ) and 9144-4 (5.28 t ha ). Yield of 
-1 -1marketable cobs in this study at 30 and 60 kg N ha  was 46.5 and 49.1% of the yield of ears ha , 

respectively. Genetic variation for green ear yield was present among the maize genotypes studied 
and this was greatly influenced by the level of N fertiliser application.
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Introduction
Maize (Zea mays L) is a cereal crop 
adapted to the agro-ecological zones 
with mono-modal rainfall distribution 
and 120 – 180 days growing period 
(Carsky and Iwuafor, 1999). It is one of 
the major crops in West and Central 
Africa where it provides up to 70% of the 
daily calorie intake (Martin et al., 2000; 
FAO, 2007) and a source of income for 
small-holder farmers (Smith et al., 1997; 
Fakorede et al., 2003). In Nigeria, maize 
is a major important cereal cultivated in 
the rainforest and the derived savannah 
zones (Iken and Amusa, 2004). Nigeria's 
annual grain maize production in 2012 

was estimated at about 9.41 million tonnes 
from a land area of about 5.2 million 
hectares, with per hectare yield of 1.81 
tonnes (FAO, 2013). A substantial fraction 
of the maize grown in Nigeria with early 
rains, particularly in the humid high 
rainfall agro-ecological zones of the 
south, is harvested and sold fresh as 
green maize. Green maize is maize 
harvested about 20 to 22 days after 
silking, when the grains in the ears are 
milky, with a moisture content of 70 to 
80%. At this stage, the sugar content, 
succulence and tenderness of the kernel 
was highest (Osayintola et al., 1992). In 
this form, it is consumed in different 

forms, roasted, boiled or steamed fresh 
on the cob for consumption or used in the 
preparation of typical local dishes and 
delicacies. This diversity of use has 
enhanced the popularity of green maize.

According to FAO statistics (FAO, 
2013), average production of green 
maize in Nigeria in 2012 was 765,000 
tonnes from a land area of 200,000 
hectares. Most of this production comes 
from fadamas and the rainforest agroecology 
where the rainy season commences early 
and humidity too high for drying of 
grain. As other fresh staples are not 
readily available during this period, it is 
able to attract premium prices, leading to 
high profitability (Alimi and Alofe, 
1993; Silva et al., 2006).

Although green maize is a major 
component of the diet of the peoples of 
Nigeria and other countries of West and 
Central Africa, only few attempts had 
been made to evaluate available field 
maize cultivars for their green ear yield 
in Nigeria. For example, in a study in 
which twelve maize cultivars were 
evaluated under three levels of nitrogen 
fertiliser application at two locations in 
south-western Nigeria, Kim et al. (2007) 

-1 reported a mean yield of 5.51 t ha
-1marketable cobs at 60 kg N ha .

Elsewhere, Silva et al. (2005), working 
in Brazil, evaluated three field maize 
cultivars for green ear yield after cowpea 
incorporation. They reported a mean 
yield of marketable husked ear of 7.35 t 

-1ha . The N fertilizer recommendation for 
the forest and derived savannah agro-
ecologies of Nigeria for maize 

-1
production is 60 kg N ha  (Akintunde et 
al., 1993). Giving that green maize is 
harvested 34 to 43 days (depending on 
maturity) before physiological maturity, 
the possibility of a reduction in the 

quantity of applied fertiliser N would not 
only enhance farmer's income but also be 
beneficial to the environment. Several 
genotypes, hybrids and open pollinated 
varieties (OPVs), are available to farmers 
for the production of grain maize. These 
same cultivars, though not specifically 
developed for direct human consumption 
as green maize (Ogunbodede, 1999), are 
used for the production of fresh green 
maize. This study was therefore conducted 
to (i) assess the green ear yield potential 
of 14 tropical normal endosperm field 
maize genotypes and (ii) determine the 
effects of N fertiliser application on the 
green ear yield of the genotypes.

Materials and Methods.
Field experiments were conducted at the 
Teaching and Research Farm of the 
University of Ibadan, in Ibadan, Nigeria 
(7°26' N, 3°54' E), during the main 
cropping seasons of the 2012 and 2013. 
The field was manually cleared. Soil 
samples were collected and analysed for 
chemical and physical properties.
Selected chemical and physical properties 
of the field prior to land preparation in 
each cropping season, as well as precipitation 
and atmospheric temperature during the 
growing seasons at the location are 
presented in Table 1. Fourteen normal 
endosperm tropical field maize 
genotypes, comprising of eight single 
cross hybrids and six OPVs, developed 
by the International Institute of Tropical 
Agriculture (IITA), Ibadan, were used 
for the study. Treatments consisted of the 
factorial combination of the 14 maize 
genotypes and two fertiliser application 

-1
levels (30 and 60 kg N ha ) arranged in a 
split plot design with three replications.
Nitrogen levels were assigned to the 
main plots while the maize genotypes 
were assigned to the subplots. The 
subplot units consisted of 2-row plots 
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that were 5.0 m long spaced 0.75 m 
between rows and 0.25 m within rows. 
Planting was done on ridges. Two seeds 
were planted per hill and later thinned to 
one to give a plant population density of 
approximately 53,333 plants per hectare. 
The fertiliser treatments were hand 
applied in two equal split doses at two 
weeks after planting using NPK 15-15-
15 and five weeks after planting using 
urea. Plots were kept weed free with 
herbicide application complemented with 
hand weeding.

Harvesting for green ear yield was 
carried out 23 days after mid-silking. 
Data collected for green ear yield 
included: number of ears (fresh ears with 
husk), yield of ears, yield of cobs (husked 
fresh ears), number of marketable cobs 
(cobs with at least 250 filled kernels), 
and yield of marketable cobs. Data were 
subjected to analysis of variance using 
the proc. GLM procedures in SAS (SAS 
Institute Inc., 2003). Analyses were 
performed for each N level and later for 
the N levels combined. A mixed model 
was assumed for the experiment with 

Table 1: Selected chemical and physical properties of the soil prior to land
preparation and precipitation and temperature at the experimental site 

genotype and N level fixed and 
replication and its interaction with N 
level random. Since the effects of years 
and its interaction with genotype and N 
level were not significant, data was 
pooled for years to allow a better 
visualization of the effect of N. Means 
were separated using Least Significant 
Difference (LSD) at p = 0.05. 
Comparison between hybrids and OPVs 
was done using a one degree of freedom 
orthogonal contrast.

Results and Discussion
There were highly significant (p = 0.01) 
variation among the genotypes for the 
main effects (genotype, N level and 
genotype × N level interaction) for all the 
variables measured (Table 2). For each N 
level, significant variation was found 
among the genotypes for all the variables 
measured (Table 2). This indicates that 
the maize genotypes responded 
differently to N fertilizer, consistent with 
results reported earlier on grain yield for 
tropical maize (Agrama et al., 1999; 
Worku et al., 2007; Abe et al., 2013) 
which revealed significant genotype × N 
level interaction. It is however 
instructive to note that while green maize 
is harvested at the milk stage (Kling, 
1996), grain maize is harvested after 
physiological maturity. 
The range in yield of marketable cobs at 

-160 kg N ha  from the lowest value (1.89 t 
-1 -1ha ) to the highest value (6.56 t ha ) was 

108.6% of the yield of marketable cobs. 

-1Similarly, at 30 kg N ha , the range from 
-1the lowest value (0.93 t ha ) to the 

-1highest value (2.82 t ha ) was 98.4% of 
the yield of marketable cobs (Table 2).
Percentage decrease in yield of 
marketable cobs observed by reducing 
the level of fertilizer application from 60 

-1
to 30 kg N ha  ranged from 20.0% to 
82.3% among the genotypes. Across 
genotypes, the reduction observed was 
55.9% (Table 3). This is in agreement 
with the results reported by Kim et al. 
(2007) of a 52% reduction in yield of 
marketable ears due to N stress. Bänziger 
et al. (1999) and Abe et al. (2013) 
reported that low N accounts for more 
than 40% yield reduction in maize. The 
significantly higher genotypic yields of 

-1marketable cobs at 60 kg N ha  over 30 
-1kg N ha  is in line with previous reports 

(Worku et al., 2007; Abe et al., 2013) for 
grain yield and (Kim et al., 2007; Freire 
et al., 2010) for green ear yield in maize.

This is explained by the enhanced leaf 
area development and increase in the 
leaf's photosynthetic activity with 
nitrogen application (Sallah, et al., 1998) 
which is associated with an increase in 
number of ears per plant as the level of N 
increases (Kamprath et al., 1982). The 
significant reduction in number and yield 

-1of marketable cobs at 30 kg N ha  could 
also be as a result of the asynchrony in 
flowering observed in the genotypes. 
Carcovas and Otegui (2001) reported that  
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asynchrony of flowering can limit grain 
production per ear due to lack of pollen, 
loss of silk receptivity or early kernel 
abortion. N stress has also been shown to 
result in barrenness in maize. At both N 
levels, number of ears per plant was less 
than one, consistent with previous 
findings (Abe et al., 2013). The yield of 
marketable cobs obtained in this study 
represented 46.5 and 49.1% of the yield 
of ears, as well as 72.5 and 79.1% of the 

-1yield of cobs at 30 and 60 kg N ha  
respectively.

In this study, orthogonal comparison 
revealed significant differences between 
the hybrids and the OPVs for all green 

-1
ear yield traits at 30 kg N ha  with the 
OPVs being superior to hybrids (Table 

-1
2). At 60 kg N ha  however, differences 
between hybrids and OPVs were not 
significant. This finding which is 
suggestive of a better performance of 
OPVs under suboptimal N fertiliser 
application could be one of the reasons 
for the preference of OPVs over hybrids 
by smallholder farmers. Although maize 
hybrids are known to require high doses 
of fertiliser for optimum yields (Gardner 
et al., 1990; Killorn and Zourarakis, 

1992), fertilizer use by smallholder 
farmers in Africa is known to be very 

-1
low, an average of 8 kg ha  (Heisey et al., 
2007). The result of this study contradicts 
earlier report (Kim et al., 2007) of 
superior green ear yield of hybrids over 
OPVs even at suboptimal N levels. These 
contradictory results could be a 
consequence of differences in the N-use 
efficiency of the genotypes included in 
the two studies.

The genotype ACR91 SUWAN-1 SR C1 
had the highest yield of marketable cobs 

-1 -1of 6.56 t ha  at 60 kg N ha , while 
genotype 8338-1 had the lowest at the 
same level of fertiliser application. At 30 

-1
kg N ha , genotype ACR97 TZL 
COMP1-C1 recorded the highest yield 

-1
of marketable cobs of 2.82 t ha  while 
genotype 8425-8 STR had the least (0.93 

-1
t ha ). Only four genotypes (two open 
pollinated varieties and two hybrids) had 
yield of marketable cobs greater than 

-1 -1
5.00 t ha  at 60 kg N ha . On the other 
hand, three genotypes (one hybrid and 
two open pollinated varieties) which did 
not include the top yielding ones at 60 kg 

-1N ha  had yields of marketable cobs 
-1 -1greater than 2.50 t ha  at 30 kg N ha .

Table 3: Effects of nitrogen fertiliser on green ear yield and its components of
14 tropical field maize genotypes at two levels of nitrogen fertiliserapplication
across two years in Ibadan, southwest Nigeria
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This result suggests that the field maize 
genotypes included in this study differ in 
both their green ear yield potential and in 
their linear response to nitrogen fertiliser 
application.

References
Abe, A., Adetimirin, V.O., Menkir, A., 

Moose, S.P. and Olaniyan, A.B. 
2013. Performance of tropical 
maize hybrids under conditions 
of low and optimum levels of 
nitrogen fertilizer application – 
grain yield, biomass production 
and nitrogen accumulation. 
Maydica 58(2): 141 – 150

Agrama, H.A.S., Zacharia, A.G., Said, 
M., and Tuinstra, M. 1999. 
Identification of quantitative trait 
loci for nitrogen use efficiency in 
maize. Molecular Breeding 5: 
187 - 195.

Akintunde, A.Y., Obigbesan, G.O., and 
Kim, S.K. 1993. Nitrogen use 
efficiency and grain yield as 
i n f l u e n c e d  b y  n i t r o g e n  
fertilization and hybrid maize 
varieties in selected agro-
ecological zones of Nigeria. 
Maize improvement, production, 
and  utilization in Nigeria. 
M.A.B. Fakorede, C.O. Alofe, 
and S.K. Kim Eds. Maize 
Association of Nigeria. 119 – 
124.

Alimi, T. and Alofe, C.O. 1993. Profitability 
response of improved open-
pollinated maize varieties to 
nitrogen fertilizer levels. Pp 125 
– 129. In Maize improvement 
production and utilization in 
Nigeria. Fakorede M.A.B., C.O. 

Alofe and S.K. Kim (eds). Maize 
Association of Nigeria.

Bänziger, M., Lafitte, H.R., Edmeades, 
G.O., Betran, F.J., Beck, D.L. 
and Ellings A. 1999. Recent 
advances in breeding for 
tolerance to low N in tropical 
maize. Pp 21 – 24 In Badu-
Apraku, B., M.A.B. Fakorede, M 
Quedraogo and F.M. Quin (eds). 
Strategy for sustainable maize 
production in West and Central 
Africa.  Proceedings of a 
Regional Maize Workshop, 
IITA-Cotonou, Benin Republic, 
21 – 25 April 1997.
WECAMAN/IITA.

Carcovas, J., and Otegui, M.E. 2001. Ear 
temperature and pollination 
timing effects on maize kernel 
set. Crop Science 49: 1816 – 
1822.

Carsky, R.J. and Iwuafor, E.N.O. 1999. 
Contribution of soil fertility 
research and maintenance to 
improved maize production and 
productivity in sub-Saharan 
Africa. Strategies for sustainable 
maize production in West and 
Central Africa. B. Badu-Apraku, 
M.A.B. Fakorede, M. Ouedraogo 
and F.M. Quin (Eds.) Proceedings 
of a Regional maize Workshop, 
WECAMAN/IITA. 21 – 25 April, 
1997, IITA, Cotonou, Benin 
Republic pp 3 – 20.

Fakorede, M.A.B., Badu-Apraku, 
Kamara, A.Y., Menkir. A. And 
Ajala, S.O. 2003. Maize revolution 
in West and Central Africa. Maize 
revolution in West and Central 

Africa. B. Badu-Apraku, M.A.B. 
Fakorede, M. Qudraogo, R. J. 
Carsky and A. Menkir Ed. 
Proceedings of a Regional Maize 
Workshop, IITA – Cotonou, 
Benin Republic, 14 – 18 May, 
2001. pp. 3-15 WECAMAN/IITA. 

FAO, 2007. Http://www.FAOSTAT.org.

FAO, 2013. Food and Agriculture 
Organization of the United 
Nations statistical database, 
http://www.faostat.fao.org/site/5
67/DesktopDefault.asp?PageID
=567#ancor. (accessed on 26 
September, 2014).

Freire, F.M., Viana, M.C.M., Mascarenhas, 
M.H.T., Pedrosa, M.W., Coelho, 
A.M., Andrade, C.de L.T. de. 
2010. Economic yield and 
production components of green 
maize ears influenced by nitrogen 
fertilization. Revista Brasileira 
de Milho e Sorgo 9(3): 213 – 222.

Gardner, C.A.C., Bax, P.L., Bailey, D.J., 
Cavalieri, A.J., Clausen, C.R., 
Luce, G.R., Meece, J.M., 
Murphy, P.A., Piper, T.E., 
Segebart, R.L., Smith, O.S., 
Tiffany, C.W., Trimble, M.W. 
and Wilson, B.N. 1990. Response 
of corn hybrids to nitrogen 
fertilizer. Journal of Production 
Agriculture 3: 39 – 43.

Heisey, P.W., Norton, G.W., Evenson, R., 
and Pingali, P. 2007. Fertilizers 
and other farm chemicals. 
“Handbook of Agricultural 
Economics”, Vol. 3, pp. 2741-
2777.  Elsevier.

Iken, J.E. and Amusa, N.A. 2004. Maize 
research and production in 
Nigeria. African Journal of 
Biotechnology 3(6): 302 – 307.

Kamprath, E.O., Moll, R.H and 
Rodrigue, N. 1982. Effect of N 
fertilizer and recurrent selection 
on performance of hybrid 
population of corn. Agronomy 
Journal 74: 955 – 958.

Killorn, R. and Zourarakis, D. 1992. 
Nitrogen fertilizer management 
effects on corn grain yield and 
nitrogen uptake. Journal of 
Production Agriculture 5: 142 – 
148. 

Kim, S.K., Adetimirin, V.O., Yoon, S.T., 
Adepoju, M.A. and Gbadamosi, 
B .A.  2007 .  Green-maize  
potential of hybrid and open-
pollinated cultivars at varying 
levels of applied nitrogen: 
relationship with grain yield. 
Tropical Science 47(4): 149 -158

Kling, J.G. 1996. Morphology and 
growth of maize. IITA Research 
Guide 9 IITA Ibadan 29 p

Martin, R.V., Washington, R., and 
Downing, T.E. 2000. Seasonal 
maize forecasting for South 
Africa and Zimbabwe derived 
from an agroclimatological 
model. Journal of Applied 
Meteorology 39: 473-479.

Ogunbodede, 1999. Green maize 
production in Nigeria in the new 
millennium- Prospects and 
Problems. Genetics and food 
security in Nigeria in the twenty-

Ibadan Journal  of Agricultural Research Ibadan Journal  of Agricultural ResearchVolume 11 Number 1  Jan - June 2015Volume 11 Number 1  Jan - June 2015

UNIV
ERSIT

Y O
F IB

ADAN L
IB

RARY


	Page 106
	Page 107
	Page 108
	Page 109

