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Abstract

This experiment was set up to understand genetic diversity in maize hybrids under heat stress condition. 30
morphological traits of 28 hybrids were studied in a randomized complete block design with three replications in
2010 at two planting dates, 6™ July (to coincide heat stress with the pollination and grain filling periods) and 27"
July (normal) in Shoushtar City in the southern part of Iran. The results showed that the traits of grain filling
period, plant growth period, rows per ear and grains per ear in the both conditions had positive and significant
correlation with grain yield. Under heat stress condition however, the highest coefficient of phenotypic variation
was obtained for grain yield, grains per ear, grains per row and ASI, and in normal condition for grain abortion
percentage and ASI. Cluster analysis by Ward s minimum variance, clustered hybrids in to three groups for both
conditions. Hybrids K18xK166B and K18xK47/2-2-1-21-2-1-1-1 in the second cluster from the heat stress
condition and hybrids K18xK166B, K166AxK3640/5, K166AxK47/2-2-1-21-2-1-1-1 and K166AxK19 in
second cluster from the normal condition were found to be the most suitable because they had higher values for
grain yield and other desirable traits and lower grain abortion percentage, ASI and grain protein percentage.
Therefore, in accordance with the cluster analysis these aforementioned hybrids would be the most suitable for
cultivation under the studied conditions.
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1. Introduction

Maize (Zea mays L.), is a cereal with a remarkable potential for production, it is the third most important grain
crop after wheat and rice and it accounts for 4.8% of the total cropped land area and 3.5% of the value of
agricultural output (Ahmad et al., 2011).

Temperature is one of the most important environmental parameters affecting maize crops. The heat tolerance of
plants is a complex trait, most probably controlled by multiple genes (Zhang et al., 2005), so the primary aim of
cereal breeding must be to develop stress tolerant cultivars (Tester and Bacic, 2005). Temperature stress can
reduce maize quality and yield; and any further rise in temperature reduces its pollen viability and silk
receptivity, resulting in poor seed set and reduced grain yield (Johnson, 2000; Aldrich et al., 1986; Samuel ef al.,
1986).

In the southern part of Iran, especially in Khuzestan, high temperature stress is one of the most important abiotic
stresses affecting the maize growing area. The climate of Khuzestan is generally hot and occasionally humid.
Summertime temperatures routinely exceed 50 degrees Celsius (record striking temperatures of over 60 degrees
air temperature also occur with up to 90 degrees surface temperature) Khuzestan province is known to master the
hottest temperatures on record for a populated city anywhere in the world. The abundance of water and fertility
of soil have transformed this region into a rich and well-endowed land. Increasing heat tolerance of hybrids is the
main focus for maize breeders, and to achieve this, it is necessary to test combinations under both normal and
heat stress conditions.

Information obtained from correlation coefficients for these characters could be useful indicators of the more
important considerations (Sadek et al., 2006). Saed Moshchi ez al. (2010) reported that under drought stress rows

Published by Canadian Center of Science and Education 31



www.ccsenet.org/jas Journal of Agricultural Science Vol. 4, No. 5;2012

per ear had the most positive correlation and grains per row had the least correlation with grain yield. Thsan et al.
(2005) also reported significant genetic differences for morphological traits for maize genotypes.

The strategies used in maize breeding programs (Zea mays L.) are frequently characterized by a decrease of
genetic diversity in the pool of germplasms hence an increase in genetic evenness in cereal production (Lee,
1998). This might cause important problems, in particular an increased sensitivity to new diseases and/or
decreased tolerance to high temperature or drought (Du-vick, 1989). The assessment of genetic diversity within
and among populations has been the concern of several researchers in the past decade. Such assessments are
especially important to plant genetic resource management programs (Bretting and Widrlechner, 1995).

Cluster analysis is a convenient method for organizing data sets so that information can be retrieved more
efficiently and be easily understood without the need for complicated mathematical techniques. Data can
nominally be summarized by a small number of groups of objects in a dendrogram generated by cluster analysis.
Many tools are now available to study relationships among cultivars, including various types of molecular
markers; however, morphological characterization is the first step in the description and classification of
germplasm (Smith and Smith, 1989). Ruiz de Galarreta and Alvarez (2001) in a study of one hundred landraces
of maize from Northern Spain on the basis of twenty-two morphological traits, and seventeen ecological
variables associated with the collection site, the study reported that seven different groups were obtained from
the cluster analysis using plant and cycle traits. Seven populations with promising breeding values were detected.
Golbashy et al. (2010) used cluster analysis as a method of classification based on stress tolerance and
susceptibility indices on grain yield in both normal and stress conditions. The hybrids were classified in to three
groups with low, intra- and high extra-group similarities. Khodarahmpour and Choukan (2011) studied fifteen
inbred lines and reported that under heat stress condition the highest coefficient of phenotypic variation was
obtained for ASI, grains per ear, grains per row and grain yield and in normal condition for grain abortion
percentage and ASI. The lines were clustered in to three groups in both conditions. Lines K166A and K166B in
the third cluster from heat stress condition; and lines K19, K3651/2, K166B and K47/2-2-1-3-3-1-1-1 in the third
cluster from normal condition were found to be the most suitable because they had higher values for yield and
other desirable traits, therefore, good potential for use in hybridization programs.

The objectives of this study were: (1) to characterize and choose the plant traits that best explain genetic
variation; and (2) to group twenty eight maize hybrids according to thirty morphological traits under normal and
heat stress conditions.

2. Materials and Methods
2.1 Study Site and Experiment Details

The study was conducted at Shoushtar City located in Khuzestan province, Iran (32°2" N and 48°50" E, 150m asl)
during 2010. The experiment evaluated 28 hybrids (Table 2) from a combination of eight selected inbred lines
(Table 1). The hybrids were planted in two separate experiments on two planting dates; 6™ July (to coincide with
heat stress at during pollination and grain filling periods), and 27" July for normal planting. The soil type at this
location was clay loam, pH= 7.6 with EC= 0.5 mmhos/cm. The experiment used a randomized complete block
design with three replications and was performed in Shoushtar City in southern Iran. The plot (hybrid) was made
of three rows of 9 m length with the distance between rows and hills of 75 and 20 cm, respectively. Sowing was
performed by two seeds per hill and thinning 18 days after planting reduced the stand at one plant per hill. The
seedlings were irrigated every five days, fertilizers were applied prior to sowing at a rate of 120 kg N ha™ and
140 kg P ha™', and an additional side dressing of 120 kg N ha™' was applied at the six-leaf stage. Minimum and
maximum air temperatures at the time of pollination were 30°C and 46°C under heat stress condition (planting
date 6™ July) and 25°C and 38°C under normal condition (planting date 27" July) (Table 3).

2.2 Data Collection and Analysis

Data on plant traits were recorded for five plants per hybrid in per plot (randomly selected). Traits included ASI
(Anthesis Silking Interval), grain filling period, plant growth period, grains per row, rows per ear, grains per ear,
ear diameter, cob diameter, grain depth, grain diameter, grain width, grain abortion percentage, ear height, plant
height, ear-up leaves (The leaves located above the internode at which the main ear as drown), ear-down leaves
(The leaves located down the internode at which the main ear as drown), total leaves, branch number, tassel
length, tassel up, peduncle-In, peduncle-out, peduncle length (a stalk supporting an inflorescence, which is the
part of the shoot of seed plants where flowers are formed), 1000-grain weight and hektolitr weight. Data for
grain yield, grain dry matter weight, grain moisture percentage and grain protein percentage (Galicia et al., 2008)
were also collected.
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Analysis of variance, phenotypic correlation, descriptive statistics and cluster analysis (Ward’s minimum
variance method) used the SPSS var. 16 software. All of the investigated traits were subjected to hierarchical
cluster analysis.

3. Results and Discussion

Significant differences were observed among the hybrids in both conditions for all the studied traits (Data not
shown) except grain width, grain dry matter weight and grain filling rate in normal condition that indicated the
variation among hybrids for the studied traits. Thsan et al. (2005) also reported significant genetic differences for
morphological traits between maize genotypes.

3.1 Phenoyypic Correlation

Results of correlation coefficients in heat stress condition (Table 4) showed that grain yield with grain filling
period, plant growth period, ear height, plant height, ear-down leaves, total leaves, peduncle-out, rows per ear,
grains per row, grains per ear, ear diameter, grain depth, grain dry matter weight and 1000-grain weight all had
significant and positive correlation, with grain filling rate, grain abortion percentage and grain protein percentage
had significant and negative correlation and for the other traits there was no correlation.

But, in normal condition (Table 4) grain yield with grain filling period, plant growth period, rows per ear and
grains per ear all had significant and positive correlation, with ASI significant and negative correlation and with
other traits there was no correlation. Khodarahmpour and Choukan (2011) in a study of fifteen inbred lines under
heat stress and normal conditions reported that grain yield with rows per ear, grains per row, grains per ear, grain
depth, grain dry matter weight, 1000-grain weight, ear-down leaves, total leaves, branch number, ear diameter
and grain diameter had significant and positive correlation; that grain protein percentage had significant and
negative correlation, and with other traits there was no correlation. But, in normal condition grain yield with
grain filling period, grains per ear, total leaves, grain width, grains per row, grain depth and ear-down leaves had
significant and positive correlation, with ASI and grain protein percentage had significant and negative
correlation; and with other traits there was no correlation. Fowler (2003) and Lemon (2007) reported that grain
protein percentage is negatively correlated with grain yield in stress condition. Saed Moshchi et al. (2010)
reported that under the drought stress condition rows per ear had the most positive correlation and grains per row
had the least correlation with grain yield.

3.2 Coefficient of Phenotypic Variation

Arithmetic means, standard deviation and coefficient of phenotypic variation of traits are shown in Table 4.
Under heat stress condition, the highest coefficient of phenotypic variation was obtained for grain yield (79%),
grains per ear (74%), grains per row (68%). But, the lowest coefficient of phenotypic variation was obtained for
hektolitr weight (5%), total leaves (5.5%) and plant growth period (6%).

Under the normal condition the highest coefficient of phenotypic variation was obtained for grain abortion
percentage (71%) and ASI (50%). But, the lowest coefficient of phenotypic variation was obtained for plant
growth period (4%), hektolitr weight (6%), ear-up leaves (6%), total leaves (6%) and rows per ear (6%) (Table
3). Khodarahmpour and Choukan (2011) in a study on fifteen inbred lines showed that under heat stress
condition, the highest coefficient of phenotypic variation was obtained for ASI, grains per ear, grains per row
and grain yield and in normal condition for grain abortion percentage and ASI. Abayi et al. (2004) reported
significant genetic variation in important agronomic traits. The results of Jotshi et al. (1988), Alvarez and Lasa
(1994), Lu et al. (1994) and Zhang ef al. (1995) demonstrated the importance of quantifying genetic variability
among maize cultivars grown in an area before initiation of a breeding program.

3.3 Classification of Hybrids via Cluster Analysis

Cluster analysis was done using the data for thirty morphological traits under both conditions. Results of the
cluster analysis (Ward’s minimum variance method) showed clustered hybrids with cut dendrogram in interval 5
to three groups in the both conditions (Figures 1 and 2). In the heat stress condition, the first cluster included 20
of the hybrids and for the traits of grain protein percentage, grain moisture percentage, grain abortion percentage,
plant height, ear height, branch number and peduncle-in results were higher than the total mean and were lower
than the total mean for the other traits and/or had no difference from the total mean (Table 5). The second cluster
included two hybrids for all desirable traits; grain yield, grain filling period, grain filling rate, plant growth
period, grain dry matter weight, 1000-grain weight, hektolitr weight, grains per row, rows per ear, grains per ear,
ear diameter, grain depth, grain diameter, plant height, ear height, ear-up leaves, ear-down leaves, tassel length,
tassel up, peduncle-out and peduncle length results were higher than the total mean and were lower than the total
mean for the other traits and/or had no difference from the total mean (Table 5). The third cluster included six
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hybrids for all traits except ASI, grain filling rate, grain protein percentage, grain abortion percentage, ear-up
leaves, ear-down leaves, total leaves, tassel length, tassel up and peduncle length results were higher than the
total mean (Table 5).

In the normal condition, the first cluster included twenty one hybrids for traits of grain yield, ASI, hektolitr
weight, grains per row, grains per ear, peduncle-in and peduncle length, results were higher than total mean and
lower than the total mean for other traits and/or had no difference from the total mean (Table 6). The second
cluster included four hybrids for all traits; ASI, grain protein percentage, hektolitr weight, grains per row, grain
width, grain abortion percentage, ear height, ear-up leaves, total leaves and peduncle-in it results were lower than
the total mean and for other traits it was the higher than the total mean and/or had no difference from the total
mean (Table 6). The third cluster included three hybrids for traits of grain filling rate, grain dry matter weight,
grain moisture percentage, grains per ear, grain abortion percentage, plant height, ear height, tassel length and
tassel up, it results were higher than that of total mean and lower than the total mean for other traits and/or had
no difference from the total mean (Table 6).

With attention to the research findings of Jones et al. (1985) and Johnson (2000) which demonstrated that an
increase of temperature caused an increase in grain abortion percentage; and the report of Lauer (2006), also
showing that heat stress prevented the synchronization between pollen fall and silk appearance and resulted in
increased grain abortion, it is hybrids of the second cluster are recommended for cultivation because they had
higher values for yield ASI and grain protein percentage and other desirable traits and lower grain abortion
percentages. Also, the hybrids of the second cluster had good results under the normal condition.

Ruiz de Galarreta and Alvarez (2001) in a study of one hundred landraces of maize from Northern Spain on the
basis of twenty-two morphological traits, and seventeen ecological variables associated with the collection site,
the study reported that seven different groups were obtained from the cluster analysis using plant and cycle traits.
Seven populations with promising breeding values were detected. Golbashy et al. (2010) used cluster analysis as
a method of classification based on stress tolerance and susceptibility indices on grain yield in both normal and
stress conditions. The hybrids were classified in to three groups with low, intra- and high extra-group similarities.
Khodarahmpour and Choukan (2011) studied fifteen inbred lines and reported that under heat stress condition
the highest coefficient of phenotypic variation was obtained for ASI, grains per ear, grains per row and grain
yield and in normal condition for grain abortion percentage and ASI. The lines were clustered in to three groups
in both conditions. Lines K166A and K166B in the third cluster from heat stress condition; and lines K19,
K3651/2, K166B and K47/2-2-1-3-3-1-1-1 in the third cluster from normal condition were found to be the most
suitable because they had higher values for yield and other desirable traits, therefore, good potential for use in
hybridization programs.

4. Conclusion

Results from hybrids grown under heat stress condition showed that grain yield with grain filling period, plant
growth period, ear height, plant height, ear-down leaves, total leaves, peduncle-out, rows per ear, grains per row,
grains per ear, ear diameter, grain depth, grain dry matter weight and 1000-grain weight all had significant and
positive correlation with grain filling rate, grain abortion percentage and grain protein percentage had significant
and negative correlation and that with the other traits there was no correlation. But, in normal condition grain
yield with grain filling period, plant growth period, rows per ear and grains per ear all had significant and
positive correlation, with ASI and significant and negative correlation, but with the other traits there was no
correlation. Therefore the traits of grain filling period, plant growth period, rows per ear and grains per ear in
both conditions had positive and significant correlation with grain yield.

Under the heat stress condition, the highest coefficient of phenotypic variation was obtained for grain yield,
grains per ear, grains per row and ASI. But, the lowest coefficient of phenotypic variation was obtained for
hektolitr weight, total leaves and plant growth period. Therefore in this case, it can be said that these traits, in
terms of being genetic resources in this study, had low range for use in selection projects. Also, under heat stress
condition there was high diversity in the traits of grains per ear and grains per row and with attention to the high
correlation that these traits had with grain yield, these traits can be used as important factors in indexes for the
selection of hybrids in heat stress condition. Under normal condition the highest coefficient of phenotypic
variation was obtained for grain abortion percentage and ASI. But, the lowest coefficient of phenotypic variation
was obtained for hektolitr weight, ear-up leaves, total leaves, rows per ear and plant growth period. With
attention to high correlation and negative ASI with grain yield, the minimum of ASI was the most important
index in the selection of hybrids with high grain yield in normal condition.
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Cluster analysis by Ward's minimum variance, clustered hybrids in to three groups in both conditions. Hybrids
K18xK166B and K18xK47/2-2-1-21-2-1-1-1 in the second cluster in the heat stress condition and hybrids
K18xK166B, K166AxK3640/5, K166AxK47/2-2-1-21-2-1-1-1 and K166AxK19 in the second cluster in the
normal condition were the most suitable because they had higher values for grain yield and other desirable traits
and lower grain abortion percentages, ASI and grain protein percentage indications that show that hybrids of
these clusters are suitable for cultivation under the studied conditions. In both conditions the joint hybrids
K18xK166B and K18xK47/2-2-1-21-2-1-1-1, are recommended for cultivation in heat stress and normal
conditions.
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Table 1. Some characteristics studied inbred lines

Inbred lines

Pedigree sources/origin

Lancaster Sure Crop (LSC)

MO17 CI. 187-2 x C103

K18 Derived from MO17 changes in Iran
K19 Derived from MO17 changes in Iran
K19/1 Derived from K19 changes in Iran
Reid Yellow Dent (RYD)

B73 BSSS C5(lowa Stiff Stalk Synthetic)
AG79 A B73 back-cross derived line

[(A662 x B73)(3)]

Extracted from late synthetic (Created in Iran)
K3651/1
K3640/5
K3651/2

SYN-Late(Iran)
SYN-Late(Iran)
SYN-Late(Iran)

Lines extracted from CIMMYT originated materials in Iran
K166A

K3544/1

K166B

Lines extracted from Unknown materials in Iran
K74/1

K47/2-2-21-2-1-1-1

K47/2-2-1-3-3-1-1-1
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Table 2. Types of hybrids produced by crosses of inbred lines
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Number Hybrid Number | Hybrid
1 K18xK3651/1 15 A679xK166B
2 K18xA679 16 A679xK3640/5
3 K18xK166A 17 A679xK47/2-2-1-21-2-1-1-1
4 K18xK166B 18 A679xK19
5 K18xK3640/5 19 K166A*xK166B
6 K18xK47/2-2-1-21-2-1-1-1 20 K166A*K3640/5
7 K18xK19 21 K166AxK47/2-2-1-21-2-1-1-1
8 K3651/1xA679 22 K166AxK19
9 K3651/1xK166A 23 K166BxK3640/5
10 K3651/1xK166B 24 K166BxK47/2-2-1-21-2-1-1-1
11 K3651/1xK3640/5 25 K166BxK19
12 K3651/1xK47/2-2-1-21-2-1-1-1 26 K3640/5xK47/2-2-1-21-2-1-1-1
13 K3651/1xK19 27 K3640/5xK19
14 A679xK166A 28 K47/2-2-1-21-2-1-1-1xK19
Table 3. Average minimum and maximum temperature of research farm in heat stress and normal conditions in
2010
Temperature (°C)

Months Minimum Maximum

July 31°C 46° C

August 32°C 46° C

September 30°C 46° C

October 25°C 38°C

November 17°C 27°C

Table 4. Descriptive statistics and coefficient of phenotypic variation and correlation of the traits with grain yield
in maize hybrids under heat stress and normal conditions

Traits Mean Standard Phenotypic cv(%) Correlation
deviation

Normal | Stress | Normal | Stress | Normal | Stress Normal Stress
Grain yield (Kgha™) 3135 953 837.9 754.5 27 79 - -
ASI (day) 2.2 3 1.1 1.3 50 43 -0.42* 0.14ns
Grain filling period (day) 71 65 54 7.3 8 11 0.43* 0.49%*
Grain filling rate (mgday™") 4.1 4.1 0.55 0.56 13 14 0.097ns -0.65**
Plant growth period (day) 126.3 124 5 7.1 4 6 0.73** 0.54*
Grain protein percentage 7.9 12.7 1.1 14 14 11 -0.14ns -0.65%*
Grain dry matter weight (mg) 293.8 267.6 38.8 34.6 13 13 0.32ns 0.87*
1000 grain weight (gr) 334 3244 59.8 58.8 18 18 0.33ns 0.56**
Hektolitr weight (grl™") 701.4 730.4 41.4 33.5 6 5 -0.08ns 0.25ns
Grain moisture percentage 24.7 15.3 1.8 2 7 13 0.07ns -0.13ns
Grain per row 30 7.3 6.6 5 22 68 0.07ns 0.74**
Rows per ear 14 10 0.79 2.5 6 25 0.53** 0.68**
Grain per ear 431 90 95 66.5 22 74 0.40* 0.80**
Ear diameter (cm) 4.1 3.1 0.34 0.3 8 10 0.19ns 0.67**
Ear wood diameter (cm) 24 2.2 0.2 0.21 8 10 0.24ns 0.18ns
Grain depth (cm) 0.9 0.45 0.15 0.12 17 27 0.097ns 0.81**
Grain width (cm) 0.44 0.59 0.07 0.07 16 11 0.18ns 0.13ns
Grain diameter (cm) 0.68 0.69 0.06 0.07 9 10 0.1ns 0.42%*
Grain abortion percentage 3.5 34.6 2.5 15.6 71 45 -0.15ns -0.42*
Plant height (cm) 150.8 130.9 12 26.9 8 21 -0.17ns 0.53**
Ear height (cm) 66.9 56 7.6 15 11 27 -0.096ns 0.46*
Ear-up leaves 5.6 6 0.33 0.49 6 8 0.24ns 0.26ns
Ear-down leaves 6 6 0.52 0.69 9 11.5 0.05ns 0.40*
Total leaves 12 12 0.7 0.66 6 5.5 0.09ns 0.58**
Tassel length (cm) 36 36.2 4 2.7 11 7.5 -0.17ns 0.05ns
Tassel up (cm) 26 26 3.2 2.1 12 8 -0.16ns 0.12ns
Branch number 12.7 13.6 2.1 2 16.5 15 0.14ns 0.07ns
Peduncle-In (cm) 7.7 6.5 1.9 0.84 25 13 0.26ns 0.20ns
Peduncle-out (cm) 7.4 6.6 1.1 1.4 15 21 -0.02ns 0.38*
Peduncle length (cm) 15 13 2.6 2.1 17 16 0.17ns 0.31ns
ns, * and **:nonsignificant, significant at 5% and 1% probability level, respectively.
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Table 5. Means and deviation precentag from total mean for maize difference traits of groups in cluster analysis

in heat stress condition

Cluster 1 Cluster 2 Cluster 3 Total
Traits 1,2,3,5,7,8,9,11,12,13,14,15 4,6 10,19,22,23,2425 | mean
16,17,18,20,21,26,27,28
Grain yield (Kgha™) 581.35,-39 3032.5,+218.3 1497.2,+57.2 952.7
ASI (day) 2.9,0 2.85,-1.7 2.7,-6.3 2.9
Grain filling period (day) 64,-1.4 65.5,+0.8 70.8,+9 65
Grain filling rate (mgday™) 4,-2.4 4.7,+14.6 3.9,-5.4 4.1
Plant growth period (day) 122.6,-1.3 125.5,+1 129.3,+4.1 124.2
Grain protein percentage 13.1,+3.2 10.69,-15.8 12.12,-4.6 12.7
Grain dry matter weight (mg) 259,-3.2 305,+14 283.5,+5.9 267.6
1000 grain weight (gr) 310,-4.4 340.5,+5 366.8,+13 3244
Hektolitr weight (grl™) 724.85,-0.76 740,+1.3 745.5,+2.1 730.4
Grain moisture percentage 15.4,+0.43 14.5,-5.2 15.5,+1.4 15.3
Grain per row 5.5,-249 18.5,+152.7 9.7,+32 7.3
Rows per ear 8.8,-10.1 12.5,+27.7 12.2,+24.3 9.8
Grain per ear 67.3,-25.5 248,+174.6 117,+29.5 90.3
Ear diameter (cm) 3,-3.2 3.5,+13.5 3.3,+7.14 3.08
Ear wood diameter (cm) 2.14,-1.3 2.16,-0.69 2.26,+4.2 2.17
Grain depth (cm) 04,-11 0.68,+51 0.52,+14.8 0.45
Grain width (cm) 0.58,-1.7 0.55,-6.8 0.62,+4.2 0.59
Grain diameter (cm) 0.67,-2.6 0.76,+10 0.7,+1.9 0.69
Grain abortion percentage 35.6,+3 27.4,-20.7 28.8,-16.7 34.6
Plant height (cm) 134,+2.4 148.3,+13.3 134.7,42.9 130.9
Ear height (cm) 56.3,+0.53 66.25,+18.3 58.9,+5.1 56
Ear-up leaves 5.8,-3.3 6.2,+4.2 5.8,-2.8 6
Ear-down leaves 6.3,-2.6 6.7,12.6 6.5,0 6.5
Total leaves 12,0 12,0 12,0 12
Tassel length (cm) 36.2,0 38,+5 35.4,-2.2 36.2
Tassel up (cm) 26,0 28,+7.7 25.7,-1.1 26
Branch number 13.7,+0.92 12.5,-8 13.7,+0.92 13.6
Peduncle-In (cm) 6.6,+1.5 6.3,-3 6.7,+3 6.5
Peduncle-out (cm) 6.5,-1.5 7.15+8.3 6.7+1.5 6.6
Peduncle length (cm) 13,0 14,+7.7 12.8,-1.5 13
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Table 6. Means and deviation precentages from total mean for different maize traits of groups in the cluster

analysis in normal condition

Cluster 1 Cluster 2 Cluster 3 Total
Traits 1,2,3,5,6,8,9,10,11,12,13, 14, | 4,20,21,22 7,15,18 mean
16,17,19,23,24,25,26,27,28
Grain yield (Kgha™) 3160.7,+0.8 4332,+38.2 | 1362.7,-56.5 31354
ASI (day) 23432 2.1,-4.5 1.6,-27.3 2.2
Grain filling period (day) 71,0 74.8+5.3 63.7,-10.3 71
Grain filling rate (mgday™) 4.1,0 4.4,+79 4.7,+13.8 4.1
Plant growth period (day) 126,0 128,+1.6 122,-2.6 126
Grain protein percentage 7.9,0 7.8,-1.3 7.9,0 7.9
Grain dry matter weight (mg) 287.4,-2.2 326.5,+11.1 | 295.3,4+0.52 293.8
1000 grain weight (gr) 331.8,-0.66 370.5,+10.9 302,-9.6 334
Hektolitr weight (grl™) 708.6,+1.1 672,-4.2 689.7,-1.6 701
Grain moisture percentage 24.4,-0.16 26.4,+6.9 25.1,+1.6 24.7
Grain per row 30,+0.81 29,-3 29,-3 299
Rows per ear 14.2,0 14.2,0 14.2,0 14.2
Grain per ear 434.9,+0.89 433.3,+0.53 | 409.75,-4.9 431
Ear diameter (cm) 4.1,0 43,+4.4 4.1,0 4.1
Ear wood diameter (cm) 2.3,-3.3 24,0 24,0 2.4
Grain depth (cm) 09,-1.1 0.95,+4.4 0.89,-1.8 091
Grain width (cm) 0.44,0 0.43,-2.3 0.4,-8.3 0.44
Grain diameter (cm) 0.67,-1.1 0.75,+10.3 0.68,0 0.68
Grain abortion percentage 33,-53 2.9,-16.6 4.7+35.14 3.5
Plant height (cm) 149.9,-0.59 152.5+1.1 154,4+2.1 150.8
Ear height (cm) 66.9,0 64.7,-3.3 70,+4.5 66.9
Ear-up leaves 57,-5.3 5.6,-6.25 5.4,-10.6 6
Ear-down leaves 6,0 6,0 6,0 6,0
Total leaves 11.8,-1.8 11.5,-4.2 11.5,-4.2 12
Tassel length (cm) 354,-1.7 36,0 39.5,49.6 36
Tassel up (cm) 25.6,-1.4 26.2,+0.7 29.+11.4 26
Branch number 12.7,-2.2 13.3,+1.9 11.8,-9 13
Peduncle-In (cm) 7.9,+3.1 7.6,-1.9 6.6,-14.7 7.7
Peduncle-out (cm) 7.4,0 7.6,+2.7 7.2,-2.7 7.4
Peduncle length (cm) 15.3,+2.2 15.15,+1 13.8,-8.2 15
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Figure 2. Cluster analysis of maize hybrids under normal condition
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