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Ninety seven maize (Zea mays) genotypes were evaluated for germination 
and early seedling characters under PEG6000 (8%) induced drought stress to 
identify drought tolerant genotypes. Descriptive statistics for percentage of seed 
germination and abnormal seedling, shoot length, root length, and shoot dry 
weight, root dry weight, seedling length, seedling dry weight, and vigor index 
revealed significant variation among the genotypes studied. The percentage of 
germination  and abnormal seedlings varied greatly among the genotypes. The 
first and second principal components (PC) of PCA results accounted for 73.15 
and 26.85% of the total variation of maize genotypes, respectively. The first PC 
variation consisted primarily of relative seedling shoot dry weight and relative 
seedling root dry weight. Cluster analysis grouped the genotypes into four 
clusters. Cluster III genotypes performed better in terms of relative shoot dry 
weight, relative root dry weight, and number of abnormal seedlings, indicating 
drought tolerance. Very poorly performance was shown by genotypes in cluster 
IV, whereas moderately performance was shown by genotypes in cluster II 
and I. The clusters differed significantly from one another, according to D2 and 
multivariate analysis. Thirty six genotypes viz. BD-814, BD-810, BD-812, BD-
821, BD-815, BD-10015, BD-10238, CML-552, BD-822, BD-826, CML-341, 
CML-555, CML-591, CML-523, CML-564, BD-817, BD-10018, BD-10240, 
CML-577, CML-342, CML-556, BD-837, CML-544, BD-827, BD-806, BD-
835, BD-840, BD-842, BD-10010, CML-562, BD-10239, BD-10016, CML-593, 
CML-568 and BD-10234  demonstrated relatively drought tolerance during the 
germination and early seedling stages might be used in future breeding program. 
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ARTICLE INFO ABSTRACT

Introduction
Occasionally, plants are subjected to shifting 
unfavorable biotic and/or abiotic circumstances, 
which might endanger their existence and prevent 
them from reaching their full potential (Suzuki et 
al., 2014). When available water does not keep 

up with the constant transpirational loss of water 
by plants, drought stress is imposed on the plants 
(Farooq et al., 2009). Drought is one of the major  
abiotic factors limiting crop productivity globally. 
Global climate change is predicted to result in 
losses in crop yield (Webber et al., 2018) because it 
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would exacerbate drought stress, which will lower 
the yield of highly valued crops and significantly 
affect the ecological fitness of crops planted. By 
developing crop varieties tolerance to drought using 
available germplasms, crop yield can be sustained 
for future generations (Osborn and Ferguson, 2019). 
Plant materials that will be valuable to both current 
and future generations of people are known as plant 
genetic resources (PGR). The PGRs have long been 
acknowledged as essential sources of genotypic 
diversity needed for the development of future crop 
varieties (Hammer, 1998). 

In terms of cereal crop production worldwide, 
maize (Zea mays L.) is rated third behind rice 
and wheat (Cooper et al., 2014). It is extensively 
cultivated across the globe in many agro-ecological 
conditions. Due to the growing worldwide human 
population, there is an increasing need for maize 
cultivation as a source of food, fodder, oil, and 
biofuel. On the other hand, the global yield loss of 
maize annually as a result of drought is estimated 
to be roughly 15% (Edmeades, 2018; Adewale 
et al., 2018). Between 2011 and 2020, maize 
production of Bangladesh increased significantly 
from 1,954 to 4,700,000 tons, increasing at an annual 
rate, peaking at 17.14% in 2019 and then falling to 
14.63% in 2020 (USDA, 2020). Khandoker et al. 
(2018) found that maize production was decreased 
by 22.4% in drought prone areas than normal 
environment and loss of yield (70%), loss of plant 
growth (55%) and problem in flowering stage (43%) 
were reported to be the major effects of drought in 
Bangladesh. Under climate change, major areas that 
produce maize would get warmer, dryer and more 
vulnerable to severe droughts. These changes could 
have alarming effects on maize production under 
hotter climate scenarios, while the exact effects will 
depend on the location and alter rainfall patterns 
(Edmeades, 2013). In this situation, cultivating 
drought-tolerant varieties of maize is necessary 
to counteract anticipated production declines and 
maintain productivity in susceptible areas (Tesfaye 
et al., 2018).

During the early crop establishment phase, maize 
seedlings are more sensitive to drought stress 
than during flowering and the longer anthesis-silk 
interval. Seedlings are particularly vulnerable to 
drought stress because they require less water than 
later vegetative and reproductive stages (Maiti 
et al., 1996; Cao and Wj, 2004). Depending on 
the inherent characteristics of the seed and the 

surrounding environmental parameters like moisture 
and temperature, maize seedlings emerge 4–9 days 
after germination. From the moment of emergence 
(VE) to the 5-leaf (V5) stage, the maize seedling 
stage begins (Bell, 2017). At this point, the plants 
are extremely vulnerable to environmental stressors 
like drought, and any severe stress at this point will 
cause the crop to fail completely (Fakorede, 2008; 
Bashir et al., 2016). Under stress situations, selection 
indices based on early seedling characteristics may 
enhance grain yield selection efficiency in addition 
to grain yield factors (Abdel-Ghani et al., 2015). 

Some researchers have employed measures of 
drought tolerance to identify potential genotypes 
that are tolerant to drought, based on characteristics 
of early seedlings under control conditions and 
drought stress (Avramova et al., 2016; Meeks et 
al., 2013; Liu et al., 2013; Akinwale et al., 2017). 
Furthermore, maize drought tolerance has recently 
been assessed using drought sensitivity indices, 
which are based on how seedling traits respond 
to stress compared to the control (Grzesiak et al., 
2012; Ahmed et al., 2019). Principal component 
analysis, biplot and clustering techniques are also 
being utilised more frequently to compare drought 
tolerance of maize (Arisandy et al., 2017; Hefny 
et al., 2017; Badr and Brüggmann, 2020). In 
seed germination studies, high molecular weight 
polyethylene glycol (PEG) solutions are commonly 
used to mimic osmotic stress effects in a Petri dish 
(in vitro) for plants, ensuring a consistent water 
potential throughout the experiment (Sidari et al., 
2008; Dodd and Donovan, 1999).The rationale of 
this study is to determine whether a core collection of 
maize germplasm from the Bangladesh Agricultural 
Research Institute, Bangladesh and the CIMMYT, 
Mexico is drought-tolerant. To find potential 
drought-tolerant accessions, we modified the use of 
variation in germination and seedling attributes and 
their correlations. These methods are practical and 
efficient. This method avoids the tedious and time-
consuming selection that must be done in the field to 
identify prospective high grain yielding genotypes 
(Adewale et al., 2018; Abdel-Ghani et al., 2013). 
In order to identify genotype groups tolerant to 
drought stress, the main objective of the present 
study was to examine the effects of osmotic stress 
generated by PEG6000 on early seedling features 
and germination characteristics of maize.
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Materials and Methods 

The study was performed in the month of 
November, 2020 in Seed Science Laboratory 
of Bangabandhu sheikh Mujibur Rahman 
Agricultural University, Gazipur, Bangladesh, 
following completely randomized design 
(CRD). Seeds of 97 maize (Zea mays) genotypes 

were collected from CIMMYT and Plant Genetic 
Resource Centre, Bangladesh Agricultural Research 
Institute (BARI) listed in Table 1. Seeds of every 
accession were split into two groups of fifty, one for 
use as a control and the other for treating drought 
stress by subjecting them to 8% concentrations of 
PEG6000. 

Table 1. List of genotypes and their sources which are used in the experiment

SL. 
No.

Name of 
genotype

Source SL. 
No.

Name of 
genotype

Source SL. 
No.

Name of 
genotype

Source

1 BD-798 BARI 34 BD-834 CIMMYT 67 CML-577 BARI
2 BD-799 BARI 35 BD-835 CIMMYT 68 CML-562 CIMMYT
3 BD-800 BARI 36 BD-836 CIMMYT 69 CML-563 CIMMYT
4 BD-801 BARI 37 BD-837 CIMMYT 70 CML-564 CIMMYT
5 BD-802 BARI 38 BD-838 CIMMYT 71 CML-579 CIMMYT
6 BD-803 BARI 39 BD-839 CIMMYT 72 CML-580 CIMMYT
7 BD-804 BARI 40 BD-840 CIMMYT 73 CML-588 CIMMYT
8 BD-805 BARI 41 BD-841 CIMMYT 74 CML-339 CIMMYT
9 BD-806 BARI 42 BD-842 CIMMYT 75 CML-340 CIMMYT
10 BD-807 BARI 43 BD-843 CIMMYT 76 CML-341 CIMMYT
11 BD-808 BARI 44 BD-844 CIMMYT 77 CML-342 CIMMYT
12 BD-810 BARI 45 BD-845 CIMMYT 78 CML-543 CIMMYT
13 BD-811 BARI 46 BD-846 CIMMYT 79 CML-544 CIMMYT
14 BD-812 BARI 47 BD-847 CIMMYT 80 CML-440 CIMMYT
15 BD-813 BARI 48 BD-848 CIMMYT 81 CML-444 CIMMYT
16 BD-814 BARI 49 BD-10005 CIMMYT 82 CML-589 CIMMYT
17 BD-815 BARI 50 BD-10006 CIMMYT 83 CML-590 CIMMYT
18 BD-817 BARI 51 BD-10010 CIMMYT 84 CML-591 CIMMYT
19 BD-819 BARI 52 BD-10015 CIMMYT 85 CML-592 CIMMYT
20 BD-820 BARI 53 BD-10016 CIMMYT 86 CML-593 CIMMYT
21 BD-821 BARI 54 BD-10018 CIMMYT 87 CML-600 CIMMYT
22 BD-822 BARI 55 BD-10233 CIMMYT 88 CML-601 CIMMYT
23 BD-823 BARI 56 BD-10234 CIMMYT 89 CML-549 CIMMYT
24 BD-824 BARI 57 BD-10235 CIMMYT 90 CML-587 CIMMYT
25 BD-825 BARI 58 BD-10236 CIMMYT 91 CML-522 CIMMYT
26 BD-826 BARI 59 BD-10237 CIMMYT 92 CML-523 CIMMYT
27 BD-827 BARI 60 BD-10238 CIMMYT 93 CML-550 CIMMYT
28 BD-828 BARI 61 BD-10239 CIMMYT 94 CML-552 CIMMYT
29 BD-829 BARI 62 BD-10240 CIMMYT 95 CML-555 CIMMYT
30 BD-830 BARI 63 BD-10241 CIMMYT 96 CML-556 CIMMYT
31 BD-831 BARI 64 BD-10242 CIMMYT 97 CML-568 CIMMYT
32 BD-832 CIMMYT 65 CML-570 CIMMYT
33 BD-833 CIMMYT 66 CML-576 CIMMYT

BARI-Bangladesh Agricultural Research Institute, Gazipur, Bangladesh, CIMMYT, Mexico
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The International Seed Testing Association (ISTA, 
2017) protocol was followed in the germination of 
the control and drought treatment seeds. The seeds 
for each treatment were separated into three sets 
of sixteen to seventeen seeds each of which was 
considered as three replications, and each set of 
seeds were allowed to germinate on filter paper in 
Petri dishes in a germinator maintained at 25°C, 75% 
humidity, and total darkness that had been moistened 
with either 8% PEG6000 or distilled water.

After nine days of seed sowing, the 8% PEG treatment 
and the control showed germination. Seeds with 
radicles measuring at least 3 mm were considered to 
have germinated. A number of abnormal seedlings 
(AS), which did not develop into healthy seedlings 
and included a small number of albinos, were noted 
for every set of seeds.  Five seedlings on the tenth day 
were chosen for each replicate of the 8% PEG6000 
treatment and the control group. The parameters 
measured were: the number of abnormal seedlings, the 
length of the shoots and roots, the shoot and root dry 
weight, the length and dry weight of the seedlings, and 
the vigor index. Rather than using absolute values, 
relative values   of seed and seedling traits were used 
to make comparisons more meaningful in terms of 
identifying drought stress tolerance genotypes or 
groups of genotypes. Relative performance for each 
variable was calculated as the variable measured in 
PEG6000-induced drought-treated seeds divided by 
the variable measured under controlled conditions. 

Data on nine relative seed and seedling traits 
for each of the 97 genotypes were subjected to 
multivariate analysis using principal component 
analysis and discriminant functional analysis. To 
select genotypes with diverse characters associated 
with different quantitative traits, a multivariate 
analysis was performed with the SPSS program, 
version 16 according to the procedure described 
by Rojas et al. (2000). Deviations of orthogonal 
variables using principal component analysis (PCA) 
and genotyping into homogeneous groups using 
the non-hierarchical K-means technique of cluster 
analysis were performed.

Results and Discussion 

Variability in quantitative characters

The nine plant characteristics of the 97 maize 
genotypes subjected to PEG6000 induced drought 
stress at the germination and early seedling shown in 
Table 2, revealed that there were wide ranges of 

variations among those characters, but variations 
narrowed down in drought-treated plants. Seed 
germination rate varied from 68.00 to 96.00% with 
a mean of 84.97% in control condition, and 0.00 
and 92% with a mean of 58.24% in drought-treated 
seeds. The reduction of germination percentage due 
to water deficit stress was almost 27%. Drought 
generally reduced the germination capacity of 
seeds. In comparison to the control conditions, the 
current study’s results demonstrated that osmotic 
stress had a negative impact on seed germination 
performances. According to Yang et al. (2018), a 
high seed nutritional imbalance, harmful ions, and 
a decreased soluble osmotic potential were linked to 
the decrease in germination when using PEG. It was 
observed that the control treatment had the highest 
germination percentage, indicating that germination 
was proceeding well due to the water content. The 
study discovered that the responses of various 
genotypes to osmotic stress varied. Stress conditions 
cause seeds to lose some of their capacity to absorb 
and utilize water, which makes their tolerance 
mechanisms less effective in promoting healthy 
growth (Islam et al., 2018).

The relative performance of the genotypes showed 
a wide range of variations in all the seedling 
characters assessed (Table 2). PEG6000 induced 
drought stress increased the abnormal seedling 
in the tested genotypes. In drought condition 
abnormal seedling was 41.46%, but only 
15.04% under control. Our result was supported 
by Tarawneh et al. (2019), who observed the 
percentage of abnormal seedlings increased 
due to the delayed appearance of radicles and 
plumules in wheat seeds when exposed to PEG 
and the reduced growth of seedlings under this 
treatment. It is widely accepted that the first 
effect of the moisture shortage brought on by 
drought is lower germination, which hinders 
early crop establishment and causes poor plant 
stand during the early seedling phase (Abdel-
Ghani et al., 2015). Water scarcity has an important 
effect on the shoot and root length of maize plants. 
The interaction between genotype and environment 
determines the phenotypic response of any trait. 
Minimum seedling shoot length was 1.30 cm 
and maximum was 25.73 cm with an average of 
9.66 cm in controlled conditions but in drought 
conditions seedling shoot length was observed 
0.0-21.02 cm with an averageof 4.85 cm. The 
root length was 1.76-34.20 cm with an average 
of 14.34 cm but in drought conditions seedling 
root length was 0.00-21.77 cm with an average 
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of 6.93 cm. Several studies (Ahmad et al., 2013; 
Faisal et al., 2017)  examined the reduction in 
shoot length under drought conditions as well; their 
conclusions agreed with those of the present study. 
Past research has indicated that root length may be a 
significant characteristic for drought stress tolerance 
(Leishman and Westoby, 1994). However, other 
genotypes were categorized as drought-susceptible 
because of their poor performance. The genotypes 
that displayed the maximum mean values of root 
length in comparison to other tested genotypes 
were identified as drought-tolerant. Selection 
for maximum root length was suggested to be a 
good indicator of future improvements in drought 
tolerance in wheat breeding (Dhanda  et al., 2004). 

Average shoot dry weight was 0.04 mg per seedling 
in controlled conditions but in drought conditions 
it was 0.02 mg. In controlled conditions average 
root dry weight per seedling was 0.02 mg but in 
drought conditions it was 0.01 mg. Minimum 
seedling length was 3.06 cm and it was maximum 
57.62 cm with an average 24.0 cm in controlled  
condition but in drought conditions average 
seedling length was 11.77 cm. In controlled 

 et al., 2018). Reduced germination, cell division, 
and elongation are the results of severe osmotic 
pressures causing a water deficit, which first 
reduces the capacity of seeds to absorb water, 
activates hydrolytic enzymes, and interupt the 
nutrients to the embryo (Fahad et al., 2017).

Principal component analysis

By using principal component analysis (PCA), 
the genotypic variance in the level of drought 
tolerance in 97 maize genotypes was explicated 
succinctly and clearly. The contribution of each 
principal component (PC) to the overall variance 
is estimated using the Eigen values corresponding 
to each PC. While the coefficients of the latent 
vector linked to a certain PC show how much 
each original value contributed to the PC. The 
first PC (PC 1) accounted for about 73.15% of 
the total seedling contributed greatly for this 
variation (Table 3 & 4). Therefore, the seed and 
seedling traits that separate genotypes along with 
the PC 2 is number of abnormal seedling.rincipal 
component (PC) analysis is a multivariate 
statistical analysis, which is used to examine and  

Table 2. Range and mean for quantitative characteristics of 97 maize genotypes subjected to drought stress

Variables Control1 Drought2

Range Mean3 Range Mean3

Germination (%) 68.00-96.00 84.97±5.93 0.00-92.00 58.24±23.80
Abnormal seedling (%) 4.00-32.00 15.04±5.93 8.00-100.00 41.46±23.80
Shoot length (cm plant-1) 1.30-25.73 9.66±7.13 0.00-21.02 4.85±3.18
Root length (cm plant-1) 1.76-34.20 14.34±9.52 0.00-21.77 6.93±3.88
Shoot dry weight (mg plant-1) 0.00-0.10 0.04±-.02 0.00-0.14 0.02±0.02
Root dry weight(mg plant-1) 0.00-0.07 0.02±0.02 0.00-0.03 0.01±0.01
Seedling length (cm plant-1) 3.06-57.62 24.00±15.60 0.00-30.04 11.77±6.14
Seedling dry weight (mg plant-1) 0.00-0.14 0.06±0.03 0.00-0.14 0.03±0.02
Vigor index 0.00-12.56 5.53±2.64 0.00-5.23 2.11±1.16
1Germination at controlled condition, 2 Germination at drought conditions (8% PEG 6000), 3Mean±standard deviation

conditions average seedling dry weight was 0.06 
mg per plant and it was 0.03 mg under drought 
conditions. In controlled conditions average 
leading to a considerable reduction in shoot and 
root length, fresh and dry weights. All of the 
aforementioned parameters decreased when the 
PEG6000-induced drought was imposed in this 
study (Table 2). Many researchers agreed that 
decrease in seed germination and seedling growth 

under water stress is a common response (Kosar

deconstruct big and complicated data sets. Plant 
scientists have employed principal component 
analysis to ascertain grouping and diversity in wheat 
seedling traits (Wang  et al., 2001; Sisodia and Rai, 
2017). El-Deeb and Mohamed (1999) showed that 
this approach reduces the number of associated 
variables from a bigger one to smaller ones.
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Table 3. Initial Eigen values and per cent of variation in nine plant characters of 97 maize genotypes 
subjected to drought

Function Eigenvalue % of variance Cumulative % Canonical correlation
1 8.66a 73.15 73.15 0.910
2 3.15a 26.85 100 0.869

First 2 canonical discriminant functions were used in the analysis variation and the associated traits explained by this component were shoot dry 
weight and root dry weight. In contrast germination had the negative impact. Seedling traits that separate genotypes along the PC 1 axis is seedling 
shoot dry weight. The PC 2 accounted for about 26.85% of the total variation of the genotypes and abnormal

Table 4. Latent vectors associated with the first two principal components

Relative plant characters Principal components
1 2

Germination -0.00130 -0.01822
Abnormal seedling 0.00069 -0.00510
Shoot length 0.02631 0.01764
Root length 0.02487 0.00751
Shoot dry weight 0.04552 0.01323
Root dry weight 0.03009 0.01608
Seedling length 0. 01903 0.419040
Seedling dry weight 0.02974 -0.00612
Vigor index 0.00499 0.00229

Cluster analysis

The 97 genotypes were grouped into four clusters 
based on variation using K-means non-hierarchical 
cluster analysis (Table 5). cluster III had the most 
genotypes (36), followed by cluster II (25), I 
(22), and IV (14). Cluster III had the best relative 
performance in terms of germination%, shoot length, 
root length, shoot dry weight, root dry weight, 
seedling length, seedling dry weight, and vigor 
index, but the worst in terms of abnormal seedling 
percent. All of these characteristics were lowest 
in Cluster IV, but abnormal seedling was highest. 
In clusters I and II, the mean values of the study 
characters were moderate. The clustering pattern 

of 97 maize genotypes revealed that genotypes in 
cluster III performed better in all parameters tested. 
Cluster IV performed the worst out of the four 
clusters. Cluster I performed significantly worse 
than cluster II. Table 6 shows the members of each 
cluster’s group. According to earlier research by 
Iqbal et al. (2018), the cluster analysis divided the 
genotypes of rice into various clusters, guaranteeing 
that there was high to moderate variability among 
the genotypes. Four clusters were proposed in this 
study, with thirty six genotypes included in cluster 
III. This 36 genotypes combination exhibited the 
highest values for nearly all germination and early 
seedling characteristics (Table 5 & 6).

Table 5. Comparison profile of the four groups of maize genotypes classified by K-means clustering 
(Cluster figures are means of relative values for the genotypes in each cluster)

Relative plant characters
Cluster

I II III IV
Germination 66.1 68.7 74.6 43.0
Abnormal seedling 316.9 272.3 212.0 1250.0
Shoot length 57.2 77.1 81.4 44.1
Root length 54.6 65.7 78.4 29.4
Shoot dry weight 53.8 60.8 68.4 47.3
Root dry weight 59.4 60.0 66.1 38.2
Seedling length 111.8 142.8 160.1 73.5
Seedling dry weight 113.2 120.8 134.5 85.5
Vigor index 29.6 39.8 82.7 16.8
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Table 6. Group members of 97 maize genotypes classified into 4 groups by K-means clustering
Cluster Name of genotypes / Accession Member

I
BD-831, BD-808, BD-843, CML-592, BD-824, CML-601, CML-576, CML-440, CML-579, 
BD-10006, CML-590, BD-798, BD-830, BD-839, BD-844, BD-803, CML-600, BD-804, 
BD-802, BD-10005, BD-825.

22

II
CML-588, BD-829, BD-10237, CML-589, CML-340, CML-587, BD-813, BD-820, CML-
339, BD-845, BD-799, BD-805, BD-823, BD-832, BD-834, CML-549, BD-10236, CML-
570, CML-563, CML-543, BD-10235, BD-819, BD-828, BD-10233, BD-10242, CML-550.

25

III

BD-814, BD-810, BD-812, BD-821, BD-811, BD-815, BD-10015, BD-10238, CML-552, 
BD-822, BD-826, CML-341, CML-555, CML-591, CML-523, CML-564, BD-817, BD-
10018,  BD-10240, CML-577, CML-342, CML-556, BD-837, CML-544, BD-827, BD-806, 
BD-835, BD-840, BD-842, BD-10010, CML-562, BD-10239, BD-10016, CML-593, CML-
568, BD-10234. 

36

IV
BD-800, BD-838, BD-841, BD-801, BD-10241, CML-522, BD-833, BD-836, BD-846, BD-
847, BD-848, BD-807, CML-580, CML-563, CML-444.

14

Discriminant function analysis

The step-wise discriminant function analysis (DFA) 
was used to identify the set of discriminatory 
functions that contributed to the classification of 97 
maize genotypes into four distinct clusters (Table 
6). DFA is especially helpful in defining genotype 
groups as prior classification criteria. Furthermore, 
it generates a graphical output that shows the 
existence of groups (Singh et al., 1991). According 
to the chi-square test, discriminant functions 1 and 
2 were significant at a probability level of 0.00 
(Table 7). Seedling dry weight and seedling length 
were two seedling characteristics that distinguished 
groups along the first canonical variable (Table 8). It 

was assumed that seedling dry weight was the most 
important factor in explaining the greatest variation 
by stepwise DFA. In function 2, the percentage of 
abnormal seedlings was the most important factor in 
explaining the maximum variance. The discriminant 
function technique helps the researcher with indirect 
selection for higher potential genotypes by requiring 
the establishment of selection criteria based on 
a multiplicity of crop parameters. Within plant 
breeding, a linear combination of yield-related traits 
is referred to as the selection index. These results are 
consistent with Muhammad et al. (2014), who found 
that cane productivity and stalk crop are significant 
characteristics to take into account when trying to 
increase sugar yield.

Table 7. Chi-square test of 3 discriminatory functions contributed in grouping of 97 maize genotypes 
into 4 clusters

Test of Function(s) Walk’s Lambda Chi-square df Sig.
1 through 3 0.042 425.90 27 0.000

Table 8. Correlation matrix between discriminating variables and standardized canonical discriminant 
function of 97 maize genotypes as classification criteria

Variables evaluated
Canonical discriminant function

1 2
Relative abnormal seedling 0.062 0.516*
Relative shoot length 0.263 0.172
Relative root length 0.241 0.151
Relative shoot dry weight 0.596* 0.023
Relative root dry weight 0.337* 0.008
Relative seedling length 0.124 0.019
Relative seedling dry weight 0.147 0.012
Relative vigor index 0.192 0.229
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Mahlonobis distance

The Mahoronobis distance (D2) between groups 
(clusters) computed by DFA showed that the four 
clusters were statistically different from each other 
with a probability of 0.01 (Table 9). Clusters IV and 
III were the most divergent with a distance matrix 
of 17.76 units. Cluster III grouped genotypes that 
performed well for most characters. In contrast, 
genotypes grouped into cluster IV performed very 
poorly. The most similar clusters were II and III 
(9.51 units) and Clusters I and II (11.23 units). A 
similar D2 analysis has been used by several authors 
to identify distances between clusters (Bansal et 
al., 1999; Hedge and Patil, 2000; Jha et al., 1999; 
Mass and Hoffman, 1977; Pradhan and Roy, 1990; 
Mannan et al., 2010; Mannan and Mamun, 2018). 

genotypes of maize according to their level of 
tolerance and evaluate how well they tolerated the 
drought. In conclusion, screening for tolerant or 
sensitive maize germplasm quickly and affordably 
can be accomplished by utilising germination and 
early seedling traits. 
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Table 9. Pairwise Mahalanobis distance (D2) between 4 clusters of 97 maize genotypes

Cluster 1 2 3 4
1 - - - -
2 11.23* - - -
3 13.35* 9.51* - -
4 12.55* 13.13* 17.76* -

* Distance differing from zero at a 95 % confidence interval.

Conclusions 
Evaluation of germination and seedling root, 
shoot, and other characteristics was carried out in 
an osmotic stress simulation created by PEG6000 
treatments, which served as a strong foundation 
for the drought tolerance of certain genotypes. 
The application of PEG6000 treatment resulted 
in a notable percentage of abnormal  seedlings by 
dramatically reducing germination and delaying the 
early growth of seedlings. The study discriminated 
36 genotypes viz. BD-814, BD-810, BD-812, BD-
821, BD-815, BD-10015, BD-10238, CML-552, 
BD-822, BD-826, CML-341, CML-555, CML-
591, CML-523, CML-564, BD-817, BD-10018, 
BD-10240, CML-577, CML-342, CML-556, BD-
837, CML-544, BD-827, BD-806, BD-835, BD-
840, BD-842, BD-10010, CML-562, BD-10239, 
BD-10016, CML-593, CML-568 and BD-10234 
as drought tolerant, 14 genotypes were susceptible 
and rest 47 genotypes were moderaely drought 
tolerant among the genotypes studied.  Therefore, 
the study made it possible to classify the tested
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