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Abstract: Six maize genotypes (IBIZA-EN13) TZBR COMP 2-YC S , TZBR COMP 2-YC S  280, AMA TZBR1 1 1 1

YC F , TZEI 25, TZEI 22 and TZEI 161) were evaluated for their resistance to drought and diseases in an open1 1

field pot experiment conducted at the Research Farm of the Department of Botany, University of Ibadan, Nigeria.
The experiment was laid out in a complete randomized design (CRD) with four replications. The genotypes were
subjected to drought stress from 6  to 8  week after planting. Data on growth characters were recorded, whileth th

the drought and diseases / pest infestations were also scored. Data collected were statistically analyzed using
SAS 9.1 statistical package. The genotypes and period of drought experiment were positive and significantly
(p<0.001) correlated with the growth characters. Also, the genotypes recorded significant correlation with
diseasing severity, although no correlation exists between drought resistance and disease severity. The
proportion of spread of the genetic variability of the maize genotypes on growth characters ranged from 37.76%
to 9.09%, while the drought and disease assessment varied by 58% to 42% as determined according to Eigen
analysis. Maize genotype TZEI 161 showed the best drought tolerance but produced the least vegetative
growths. AMA TZBR YC F  conferred the highest resistance against diseases and pest infestations (2.29) but1 1

was not drought tolerant (3.58). However, the maize genotype TZBR COMP 2-YC1S1 280 moderately combined
the drought tolerant (2.75) and disease resistant (2.54) traits, it also showed the best vegetative performance.
Therefore, TZBR COMP 2-YC1S1 280 is the recommended genotype when drought tolerance and disease
resistance traits are desired. 

Key words: Correlation  Disease resistance  Drought  Genetic variability  Maize genotypes  Pest
infestation

INTRODUCTION been  reported  to  cause  an   estimated   reduction of

Maize (Zea mays L.) is a versatile crop grown across destruction of the stem bark of the food crops, a common
a wide range of agro-ecological zones [1]. It is one of the occurrence at the end of the dry season that leads to
most economically important cereals in the world, after alteration in the plant growth and most important
wheat and rice with regards to cultivation area, total increased yield loss [8]. 
production and consumption [2-4]. Maize is high yielding, Maize crop requires about 400 to 600 mm of water
easy to process, readily digested and cheaper than other during its lifecycle [9]. This is because plant distribution
cereals. In Nigeria, conventional maize is used directly for and yield in crop production are largely determined by
animal and human consumption [5,6]. water availability [10]. However, water resources have

However, it’s per hectare yield is still very low due to become insufficient due to climate change, population
a number of stress factors which includes a complex pest growth and competition from other water users [11].
and diseases that reduces the quantity and quality of Thereby, leading to environmental stresses such as
production [7]. Insect pests especially variegated drought, high temperature, salinity, air pollution, heavy
grasshopper (Z. variegatus (L) are voracious and metals, pesticides and soil pH which constitute major
destructive pest of food crops. Z. variegatus alone had limiting factors in crop production because they affect the

50% in maize yield through leaf defoliation and
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plant functions [12,13]. Whereas, drought is the most Planting: The perforated polythene bags were filled with
important abiotic stress factor that affects almost every 4kg sandy-loam soil and spaced out at 15cm apart. Three
aspect of plant growths, thereby limiting crop production viable seeds were then planted per pot in the
[8,14,15]. corresponding genotype treatments. Maintenance

The defence mechanisms in drought tolerant plants practices such as wetting, weeding and thinning to one
include; osmo regulation, antioxidant and hormonal stand per pot were carried out. 
systems. These enable plants survival and earlier
development of the reproductive stages [16]. The Assessments of Plants’ Response to Stress Condition
responses of maize genotypes to drought tolerance had Disease and Pest Infestation: Assessments of diseases
been reported to vary from different agro-management and pest infestation on the maize genotypes were carried
practices [17]. These variations are mainly due to out by scale ratings of 1 to 5. These were evaluated on the
differences in plant morphology, crowding stress plants parts based on their resistance/ susceptibility to
tolerance, intra specific competition for water, plant natural infection, insect/ pest infestation and other
growth rate, crop duration, sink capacity, vertical leaf area damages or wounds created on the plants parts that could
profile, nutrient uptake, utilization potential, relative further degenerate plants’ health. These were assessed
maturity and yield of different maize hybrids [15]. according to the modified scales of Kim [20] and

Insect infestation had been adequately controlled in CIMMYT [21].
maize farms by the application of ‘Knock off’ chemical
pesticides [18]. Although successful, but its effect on
non-target organisms, persistence in the environment and
high cost of purchase had generated an increasing
concern about this control measure. Therefore, the need
for an environmentally friendly alternative for pest and
drought control necessitated the investigation on the
resistance of different maize genotypes to environmental
stresses such as drought and pest infestation.

MATERIALS AND METHODS

Source of Planting Materials: Six genotypes of maize
((IBIZA-EN13) TZBR COMP 2-YC S , TZBR COMP 2-1 1

YC S , AMA TZBR YC F , TZEI 25, TZEI 22 and TZEI1 1 1 1

161) used in this study were obtained from the gene bank
of the International Institute of Tropical Agriculture
(IITA), Ibadan, Oyo state, Nigeria. 

Seed Sterilization: This was carried out according to the
method described by Anderegg and Guthrie [19]. Each
genotype of viable maize seeds were treated separately
with 5% Sodium hypochlorite solution for 3 min then
rinsed in two changes of sterile distilled water and air
dried in laminar flow for 2 h.

Experimental Design: This study was conducted at the
Department of Botany, University of Ibadan, Ibadan,
Nigeria between June and August, 2013. The experiment
arranged was laid out in a complete randomised design
(CRD) with four replications in pot experiment at the open
field of the Research Farm of Department of Botany,
University of Ibadan, Nigeria. 

Disease scale Infected/ infested plant parts (%)
1 < 40 Highly resistant
2 40 – 49 Resistant
3 50 – 70 Moderately susceptible 
4 75 – 90 Susceptible
5 100 Highly susceptible

Drought Experiment: Irrigation/ watering of the maize
genotypes were stopped at the 6  week after planting,th

thereby subjecting the plants to drought. Data on the
plants morphological growths were collected at 7days
intervals till 8  week after planting. Drought was scoredth

for by the wilting scale, according to the procedure of
Olawuyi et al. [22].

Scale Drought resistance
1 Excellent
2 Very good
3 Moderate/ Fairly good
4 Poor
5 Very poor

Data Collection and Analysis: Data were collected at 7
days intervals on each replicate on the plant height (cm),
number of leaves, stem height (cm), stem girth (cm ) and2

leaf area (cm ). The data gathered were subjected to2

analyses of variance (ANOVA) using SAS 9.1 [23]
statistical software, while the means were separated at
95% confidence interval by Duncan's multiple range test
[24].

RESULTS

The interaction of genotypes with duration of this
study produced highly significant (p<0.001) effect on the
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morphological growth of maize. This was also recorded in The  plant  height  was highly  significant  (p<0.001)
the interaction of these two parameters. The effect of the and  positively  correlated  with  stem  height  (r=0.84),
replicates constituted partial significance as plant height stem girth (r=0.75), number of leaves per plant (r=0.80),
(p<0.05) and leaf area (p<0.001) showed significant leaf  area  (r=0.82)  and  WAP (r=0.88), while genotypes
growth. Similar results were obtained for the interactions and replicates were negatively correlated and non
involving replicates except genotype x replicate which significant.  Similarly,  the  stem   height   was  also
produced significant (p<0.05) effects on growth. However, showed  highly  significance  and positive association
genotype x replicate x WAP was not significant (p>0.05) with  stem  girth  (r=0.71),  number  of leaves (0.66), leaf
to the growth of the plant (Table 1). area (0.74) and WAP (r=0.87), with genotypes and

The maize genotype TZBR COMP 2-YC1S1 280 replicates showing negative and non significance
significantly (p<0.05) increased the growth on the stem correlation. Moreso, the stem girth was highly significant
height (11.41), stem girth (11.41), number of leaves (5.94) and  positively   related  to  number  of  leaves  (r=0.74)
and leaf area (113.97). This was followed by AMA TZBR leaf area (r=0.73) and WAP (r=0.77), but was negatively
YC F which also showed significant (p<0.05) growth though significantly (p<0.05) correlated with the1 1

difference on the plant height (28.67), number of leaves genotypes (r= -0.23) while it was positive and not
(6.08) and leaf area (114.03). This was followed by TZBR significantly related with replicates 
COMP 2-YC S , while TZEI 22, TZEI 25 and TZEI However, the  number  of  leaves  showed  positive1 1

161(Table 2). and  highly   significant   (p<0.001)   relation   with  leaf
No significant (p<0.05) difference was recorded on area (r=0.17) and WAP (r=0.77) while it was negatively

the stem height and number of leaves across the related with genotypes (r= -0.13) and positive with
replicates. Slight variation in the level of significance was replicates (r = 0.10) but were not significantly correlated.
observed on the plant height, stem girth and leaf area Leaf area was positively and highly  significantly
(Table 3). The morphological growth in the maize (p<0.001) correlated with WAP (r= 0.77), no significant
genotypes significantly (p<0.05) increased with the period relationship occurred with genotype (r= -0.17) and
of observation (WAP). The most significant effects were replicates (r=0.10) which were negatively and positively
noticed for growth traits recorded at 6  WAP (Table 4). related respectively (Table 5). th

Table 1: Mean square effect of genotype, replicate and genotype x replicate interaction on morphological traits of maize plants

Source df Plant height Stem height Stem girth Number of leaves Leaf Area

Genotype 5 1065.14** 107.19** 5.59** 7.37** 43169.74**
Replicates 3 52.72* 1.19ns 0.90** 0.43ns 12668.05**
WAP 2 28077.02** 5553.19** 91.48** 327.54** 875075.19**
Genotype x Replicates 15 28.65* 7.49ns 0.34* 1.29* 6599.19**
Genotype x WAP 10 268.55** 35.79** 1.21** 2.80** 7243.58**
Replicates x WAP 6 16.13ns 1.60ns 0.42* 0.26ns 6936.38**
Genotype x Replicates x WAP 30 12.36ns 3.444ns 0.12ns 0.35ns 4470.51**
Error 357 5210.49 2234.3 68.65 257.66 379499.13
Corrected Total 428 70520.72 14492.26 306.65 1008.33 2737542.55

Highly significant (p<0.001) = **, Significant (p<0.05) = *, ns = not significant, WAP = Week after Planting.

Table 2: Effect of genotypes on the morphological characters of maize

Genotype Plant height (cm) Stem height (cm) Stem girth (cm) Number of leaves Leaf Area (cm )2

G1 23.88b 11.41a 2.80a 5.94a 113.97a
G2 28.67a 9.77b 2.58b 6.08a 114.03a
G3 18.29d 10.83a 2.38c 5.41bc 75.99c
G4 19.64c 7.99c 2.45bc 5.93a 69.30c
G5 19.77c 9.73b 1.96d 5.60b 54.89d
G6 23.74b 10.90a 2.38c 5.30c 96.32b

Each value is the mean of four replicates. Values with the same alphabet are not significantly (p<0.05) different from one another across the column according
to Duncan’s Multiple Range Test.
G1= (IBIZA-EN13) TZBR COMP 2-YC S G2= TZBR COMP 2-YC S  280, G3= AMA TZBR YC F G4 = TZEI 25, G5 = TZEI 22, G6 = TZEI 1611 1, 1 1 1 1,
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Table 3: Variation of replicates on the growth of maize genotypes

Replicates Plant height (cm) Stem height (cm) Stem girth (cm) Number of leaves Leaf Area (cm )2

1 22.60a 10.17a 2.31b 5.67a 78.93b
2 23.05a 10.02a 2.40ab 5.69a 82.29b
3 22.38ab 10.25a 2.47a 5.66a 85.59b
4 21.38b 10.05a 2.52a 5.80a 103.12a

Each value is the mean of four replicates. Values with the same alphabet are not significantly (p<0.05) different from one another across the column according
to Duncan’s Multiple Range Test.

Table 4: Effect of period of observation on growth of maize genotypes

WAP Plant height (cm) Stem height (cm) Stem girth (cm) Number of leaves Leaf Area (cm )2

2 9.74c 4.48c 1.59c 4.21c 24.18c
4 19.88b 9.07b 2.51b 5.69b 63.26b
6 37.44a 16.82a 3.18a 7.23a 175.19a

WAP = Week after Planting. Each value is the mean of four replicates. Values with the same alphabet are not significantly (p<0.05) different from one another
across the column according to Duncan’s Multiple Range Test.

Table 5: Correlation of genotype, replicate and WAP with the growth characters of maize

Correlation Plant height Stem height Stem girth Number of leaves Leaf Area Genotype Replicates WAP

Plant height
Stem height 0.84**
Stem girth 0.75** 0.71**
Number of leaves 0.80** 0.66* 0.74**
Leaf Area 0.82** 0.74** 0.73** 0.71**
Genotypes -0.10ns -0.05ns -0.23* -0.13ns -0.17ns
Replicates -0.04ns -0.00ns 0.09ns 0.03ns 0.10ns 0.00ns
WAP 0.88** 0.87** 0.77** 0.81** 0.77** 0.00ns 0.00ns

Highly significant (p<0.001) = **, Significant (p<0.05) = *, ns = not significant, WAP = Week after Planting. 

Table 6: Contribution of Principal Component Axis (PCA) to the variation of the morphological traits in maize genotypes

Traits Prin 1 Prin 2 Prin 3 Prin 4 Prin 5

Plant height 0.57 0.12 -0.42 0.17 -0.68
Stem height 0.30 0.69 0.22 0.51 0.34
Stem girth 0.40 -0.29 0.83 -0.04 -0.24
Number of leaves 0.36 -0.64 -0.24 0.44 0.45
Leaf Area 0.54 0.13 -0.14 -0.72 0.39
Eigen value 1.89 1.19 0.82 0.65 0.45
Proportion % 37.76 23.71 16.41 13.03 9.09

The principal component axis (PCA) obtained from The effect of maize genotype was highly significant
the morphological traits of maize genotypes, showed (P<0.001) on the drought resistance and disease severity,
variation in Eigen values and proportion as; 1.89 (37.76%), while significant effect was not shown by replicates on
1.19 (23.71%), 0.82 (16.41%), 0.65 (13.03%) and 0.45 the two characters. Similarly, the interactive effect of
(9.09%). The first PCA was highly related to the Genotype x Replicates did not produce significant
morphological traits. The second PCA were more related (p>0.05) effect (Table 7). 
to  plant  height,  stem  height  and  leaf  area  compared Maize genotype TZEI 161 was the best drought
to the third PCA which was related to stem height and resistant in this study. TZBR COMP 2-YC1S1 280 was
stem girth and fourth PCA; plant height, stem height and fairly drought resistant, while other genotypes showed
number of leaves. The fifth PCA however showed more less drought tolerant especially AMA TZBR YC F .
relation to stem height, number of leaves and leaf area However,  the  genotype  AMA  TZBR  YC F   which  was
(Table 6). not resistant to  drought  appeared  the  most  resistant  to

1 1

1 1
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Table 7: Mean square effect of genotype, replicate and genotype x replicate Table 11: Contribution of Principal Component Axis (PCA) to the

interaction on drought and disease severity of maize

Source df Drought resistance Disease severity

Genotype 5 3.48** 1.62**

Replicate 3 0.97ns 0.75ns

Genotype x Replicate 15 0.47ns 0.76ns

Error 120 58 58.5

Corrected Total 143 85.31 80.33

Highly significant (p<0.001) = **, Significant (p<0.05) = *, ns = not

significant, WAP = Week after Planting.

Table 8: Genotypic  effect  on  the  disease  severity  and drought resistance

of maize

Genotypes Drought resistance Disease severity

G1 2.75cd 2.54abc

G2 3.58a 2.29c

G3 3.17abc 2.50bc

G4 3.04bc 2.92ab

G5 2.54d 2.75ab

G6 3.33ab 2.96a

Each value is the mean of four replicates. Values with the same alphabet are

not significantly (p<0.05) different from one another across the column

according to Duncan’s Multiple Range Test.

G1= (IBIZA-EN13) TZBR COMP 2-YC S G2= TZBR COMP 2-YC1S11 1,

280, G3= AMA TZBR YC F G4 = TZEI 25, G5 = TZEI 22, G6 = TZEI1 1,

161

Table 9: Effect of replicates on drought and disease severity of maize

genotypes

Replicates Drought resistance Disease severity

1 3.25a 2.52a

2 2.92a 2.56a

3 3.17a 2.72a

4 2.94a 2.83a

Each value is the mean of four replicates. Values with the same alphabet are

not significantly (p<0.05) different from one another across the column

according to Duncan’s Multiple Range Test.

Table 10: Correlation matrix of drought, disease severity, genotype and

replicates on maize

Drought Disease

Correlation resistance severity Genotype Replicate

Drought resistance

Disease severity 0.138ns

Genotype -0.021ns 0.253*

Replicate -0.097ns 0.162ns 0.00ns

Highly significant (p<0.001) = **, Significant (p<0.05) = *, ns = not

significant, WAP = Week After Planting.

variation of drought and disease severity in maize genotypes

Traits Prin 1 Prin 2

Drought resistance 0.707 0.707

Disease severity 0.707 -0.707

Eigen value 1.17 0.83

Proportion (%) 58 42

diseases and pest infestation. This was followed by TZBR
COMP 2-YC1S1 280 (2.54) and TZEI 25 (2.50), while
significant difference (p>0.05) was not recorded on TZEI
22 (2.95) and TZEI 161 (2.75). TZBR COMP 2-YC S  was1 1

the most susceptible to diseases and infestation (Table 8).
There was no significant (p>0.05) effect among the
replicates on the drought resistant and disease severity of
maize genotypes (Table 9).

Positive but non significant (p>0.05) correlation
existed between drought resistant and disease severity of
maize genotypes. However, the genotypes were positive
and significantly correlated with disease severity, while
genotypes and replicates produced negative and non
significant correlation with drought resistance (Table 10).

The result of the principal component axis (PCA) of
maize genotypes in table 11 showed that the first PCA had
the Eigen value of 1.17 and accounted for 58% of the total
variation, while the second PCA accounted for 42% of the
total variation. The Eigen value of the first PCA was
higher than the second PCA. The first PCA was similar
and highly related to drought resistance and disease
severity, while the second PCA is highly related to
drought  resistance   compared  to  disease  severity
(Table 11). 

DISCUSSION

Global demand for maize had been estimated to
increase from 526 million tons to 784 million tons from
1993 to 2020, with most of the increased demand coming
from developing countries [25]. However, drought and
pest infestation are important abiotic and biotic stresses
that still constitutes limiting factors to the increased
production of maize as to sustain the rising global
demands [15,26,27]. Plant resistance has been identified as
a valuable tool in the development of traits that are
tolerant to stress conditions [16]. Hence, the resistance of
maize genotypes; TZBR COMP 2-YC S TZBR COMP 2-1 1,

YC S  280, AMA TZBR YC F TZEI 25, TZEI 22 and TZEI1 1 1 1,

161 to drought and diseases were investigated in this
study.
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Wilting and loss of turgor were observed on the could possibly as the result of the photosynthetic ability
plants subjected to drought stress, this was in accordance
with the report of Hsiao [28] that in water deficit
conditions plant water potential and turgor are reduced
enough to interfere with normal functions of the plants.
The data taken on the growth characters after 14 days of
drought experiment showed TZBR COMP 2-YC S  280 as1 1

the best performing genotype, followed by AMA TZBR
YC F , then TZBR COMP 2-YC S , while TZEI 161 had the1 1 1 1

least growth rate. Similar genetic differences on the
morphological characters of maize genotypes was
reported by Ihsan [29] and also supported by Welsh [30]
who considered the genetic variability as a key to crop
improvement. TZEI 161 was the most drought resistant in
this study, followed by TZBR COMP 2-YC1S1 280 while
TZBR COMP 2-YC S  and AMA TZBR YC F  which were1 1 1 1

rated fairly good / poorly drought tolerant appeared the
least. Drought tolerant genotypes distinguished
themselves from non tolerant ones by their higher
photosynthetic rates [31]. Whereas, the susceptibility of
some genotypes to drought was validated by Kramer [26]
who reported that about one-third of the world’s
potentially arable land suffers due to water shortage and
most of the crops production is often reduced by drought.

Although, most of the genotypes studied were
moderately resistant to diseases, however, AMA TZBR
YC F  which was the most susceptible to drought showed1 1

the most resistant to diseases and pest infestation in this
study. The symptoms such as necrosis, stunted growths,
vein clearing, wilting, leaf defoliation and stem
impairments were observed in this study, whereas, for
each defoliation that occur as a result of pest infestation,
the plants will re-direct their assimilates toward
regeneration of new leaves [32] thereby causing set back
in the growth process. The resistance of AMA TZBR
YC F could possibly reveal its potential as a resistant1 1

genotype to biotic stress which was considered as a
useful component of integrated pest management for
several insects that are economically damaging to maize
[27].

Relationship exists between the genotypes and
period of drought experiment as assessed on the plant
height, stem height, stem girth, number of leaves and leaf
area. This correlation thereby validates the report of Alam
[33] who associated the reduction in shoot elongation in
water stress plants with the vegetative period of growth
in maize. Moreso, the number of leaves produced were
directly correlated with growths of other characters,
similar results had been reported by Haq et al. [34]  reason

of the leaves which in turn enhances plant growths [31].
The positive interaction of genotype with disease severity
could be attributed to the positive response of the growth
and other morphological traits in maize as similarly
reported by Olawuyi et al. [35]. 

The proportion of spread of the genetic variability on
growth characters of the maize genotypes ranges from
37.76% to 9.09%, while the drought and disease
assessment varied by 58% to 42% as determined
according to Eigen analysis. This result could possibly
indicate the differences in the quality and tolerance of the
different maize genotypes used, as was found in line with
the result obtained by Grzesiak [33] who reported
considerable genotypic variability among various maize
genotypes for different traits.

Hence, genotype TZEI 161 was ranked best for
resistance to drought but had the least vegetative
growths, while AMA TZBR YC F  which best confers1 1

highest resistance to diseases and pest infestations (2.29)
is not drought tolerant (3.58). Therefore, the maize
genotype TZBR COMP 2-YC1S1 280 which produced the
best vegetative growths and moderately combines
drought (2.75) and disease resistant (2.54) traits is the
recommended genotype. 

REFERENCES

1. Akinbode, O.A., O.J. Olawuyi, A.C. Odebode and
S.A. Olakojo, 2010. Effect of some Botanicals and
Antagonistic Effect of Bioagents against Stalk and
Ear Rot Pathogen of Maize, Fusarium verticillioides.
In: Proc. 4 Annual conference of Mycological
Society of Nigeria (MYCOSON) held at Ambrose Alli
University Ekpoma, Nigeria, September 19th-22nd,
2010

2. CIMMYT.,     2004.    Seeds    of   Innovation:
CIMMYT Strategy for Helping to Reduce Poverty
and Hunger by 2020. Mexico, D.F.: CIMMYT.
www.cimmyt.org/english/docs/special_publ/splan/
contents.htm.

3. Olakojo,   S.A.   and  T.A.   Akinlosotu,   2004.
Comparative study of storage methods of maize
grains in South Western Nigeria. African Journal of
Biotechnology, 3(7): 362-365.

4. Olawuyi, O.J., A.C. Odebode, A. Alfar, S.A. Olakojo
and A.I. Adesoye, 2010. Performance of Maize
Genotypes and Arbuscular Mycorrhizal Fungi in
Samara District of South West Region of Doha-
Qatar. Nigerian J. Mycol., 3(1): 86-100. 



Am-Euras. J. Agric. & Environ. Sci., 13 (11): 1554-1561, 2013

1560

5. Olakojo, S.A. and J.O.S. Kogbe, 2003. Reaction of 17. Olaoye, G., 2009. Evaluation of New Generation
maize  to  infestation  with  the  witchweed  308
(Striga lutea).  Moor  Journal  of  Agric  Research,
4(2): 210-217.

6. Yusuf, M., 2010.  Genetic  Variability  and  Correlation
in Single Cross  Hybrids  of  Quality  Protein  Maize
(Zea mays  L.).  Afr.   J.   Food  Agric.  Nutrit.  Dev.,
10(2): 2166-2175.

7. Akande, S.R. and G.O. Lamidi, 2006. Performance of
Quality Protein Maize Varieties and Disease Reaction
in the Derived-Savanna Agro-Ecology of South-
West Nigeria, Afr. J. Biotech., 5(19): 1744-1748.

8. Aslam, M., I.A. Khan, M.D. Saleem and Z. Ali, 2006.
Assessment of water stress tolerance in different
maize accessions at germination and early growth
stage. Pakistan J. Bot., 38: 1571-1579.

9. Singh, C., 1991. Maize modern techniques of raising
field crops, pp: 88. Oxford and IBH Publishing Co.,
Pvt., Ltd., New Delhi.

10. Akinbile, C.O., 2010. Behavioural Pattern of Upland
Rice Agronomic Parameters to Variable Water
Supply in Nigeria. Journal of Plant Breeding and
Crop Science, 2(4): 73-80.

11. Farahani,   H.T.,   T.A.   Howell,  W.J.  Shuttleworth
and   W.C.   Bausch,  2007.  Evapotranspiration:
Progress in measurement and modeling in
agriculture, Special  Centennial   Collection,   Trans.
ASABE., 50(5): 1627-1638.

12. Hernandez,     J.A.,     M.A.     Ferrer,    A.   Jimenez,
A.R. Barceló and F. Sevilla, 2001. Antioxidant system
and O  /H O  production in the apoplast of Pisum2 2 2

sativum L. leaves: its relation with NaCl-induced
necrotic   lesions   in   minor  veins,  Plant  Physiol.,
127: 817-831.

13. Lawlor,     D.W.    and    G.   Cornic,   2002.
Photosynthetic carbon assimilation and associated
metabolism in relation to water deficits in higher
plants. Plant. Cell Environ., 25: 275-295.

14. Bruce, W.B., G.O. Edmeades and T.C. Barker, 2002.
Molecular and Physiological approaches to maize
improvement   for   drought  resistance.  J.  Exp  Bot.,
53: 13-25.

15. Golbashy,   M.,   M.   Ebrahimi,  S.K.  Khorasani  and
R. Choukan, 2010. Evaluation of drought tolerance of
some corn (Zea mays L.) hybrids in Iran. African J.
Agric. Res., 5: 2714-2719.

16. Ashraf, M., 2010. Inducing drought tolerance in
plants: Recent advances. Biotechnology Advances
28: 169-183.

Maize  Steak  Virus  (MSV)   Resistant  maize
Varieties for Adaptation to a Southern Guinea
Savanna Ecology of Nigeria. Afr. J. Biotechnol.,
8(19): 4906-4910.

18. Arcury, T.A. and S.A. Quandt, 2003. Pesticides at
Work and at Home: Exposure of Migrant Farmworks.
Lancet, 362: 2021-2031.

19. Anderegg,    J.    and    J.W.   Guthrie,   1981.
Seedborne Fusarium moniliforme and seedling
disease  in  hybrid   sweet   corn.   Phytopathology,
71: 1196-1198.

20. Kim,  S.K.,  1994  Genetics  of  maize  tolerance  of
Striga hermonthica. Crop Science, 34: 900-907.

21. CIMMYT., 1989. 1987-88 CIMMYT World Wheat
Facts and Trends. The Wheat Revolution Revisited
CIMMYT, Mexico, D.F.

22. Olawuyi, O.J., F.E. Babatunde and C.G. Njoku, 2011.
Yield, drought resistance, fruiting and flowering of
okra (Abelmoschus esculentus) as affected by
inorganic fertilizer (NPK). Proc. 2  Tech. workshopnd

of the Nigerian Organic Agric. Network (NOAN) 12-
16. Sept. 2011, pp: 13-18.

23. SAS  Institute  Inc.,  2003. SAS  9.1  for  Windows.
SAS Institute Inc. Cary, NC.

24. Duncan,  D.B.,  1955.  Multiple  Range  and  Multiple
F-Tests. Biometrics, 11: 1-42.

25. Rosegrant, M.W., N. Leach and R.V. Gerpacio, 1999.
Alternative future for world cereal and meat
consumption. Summer meeting of the Nutrition
Society. Guildford, UK. 29 June-2July 1998. Proc.
Nutr. Soc., 58: 1-16.

26. Kramer, P.J., 1980. Drought Stress and Origin of
Adaptation. In N.C. Turner and P.J. Kramer (ed.)
Adaptation of Plants to Water and High Temperature
Stress. John Wiley and Sons, New York, pp: 7-19.

27. Craig, A. Abel, Richard L. Wilson, Billy R. Wiseman,
William H. White and Frank M. Davis, 2000.
Conventional    resistance    of    experimental   maize
lines   to   corn  Earworm  (Lepidoptera: Noctuidae),
Fall Armyworm (Lepidoptera: Noctuidae),
Southwestern Corn Borer Lepidoptera: Crambidae)
and   Sugarcane   Borer   (Lepidoptera:   Crambidae).
J. Econ. Entomol., 93(3): 982-988. 

28. Hsiao, T.C., 1973. Plant responses to water stress.
Ann. Rev. Pl. Physiol., 24: 519-570. 

29. Ihsan, H., I.H. Khalil, H. Rehman and M. Iqbal, 2005.
Genotypic variability for morphological traits among
exotic maize hybrids. Sarhad Agric J., 21(4): 599-602.



Am-Euras. J. Agric. & Environ. Sci., 13 (11): 1554-1561, 2013

1561

30. Welsh, J., 1981. Fundamental of plant breeding and 34. Haq    Nawaz    Malik,    Saad    Imran    Malik,
genetics. John Wiley and sons, New york. Mozamil Hussain, Sajjad Ur Rehman Chughtai and

31. Skingh,   M.K.    and   S.   Tsunoda,   1978. Habib Iqbal Javed, 2005. Genetic correlation among
Photosynthetic and transpirational response of various quantitative characters in maize (Zea mays
cultivated and wild species of Triticum to soil L.) Hybrids. J. Agri. Soc. Sci., 3(1): 262-265.
moisture    and   air     humidity.    Photosynthetica, 35. Olawuyi Odunayo Joseph, Odebode Adegboyega
12: 412-418. Christopher and Olakojo Samuel Adelowo, 2013.

32. Welter,  S.C.,  1993.  Response  of  plant  to  insect. Genotype x Concentration x Mycorrhiza Interactions
Eco-physiological insights. In: international crop on Early Maturing Maize under Striga lutea in
science I. Based on the international crop science Nigeria. In Proc. Tropentag 2013, Conference on
congress Iowa, crop science society of America, Inc., International Research on Food Security, Natural
Wisnconsin U.S.A., pp: 773-778. Resource Management and Rural Development

33. Alam,     A.N.,     1985.     Evapo-transpiration    and organised by the University of Hohenheim,
yield   of   corn   as   related   to   irrigation   timing September 17-19, 2013 Stuttgart, Germany.
during   silking.   Dissertation    Abst.   International, 36. Grzesiak, S., 2001. Genotypic variation between maize
B-46(6): 1749B-1750B, Colorado State Univ; (Zea mays L.) single cross hybrids in response to
Foricollins, U.S.A. drought     stress.    Acta   Physiologiae   Plantarum.,

23: 443- 456.


