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ABSTRACT

Seventy five maize genotypes were evaluated to study the genetic divergence under two
drought stress conditions i.e. moderate stress and severe stress along with well watered

conditions. The experiment was carried out at Maize Research Centre, Rajendranagar,
Hyderabad, during rabi 2011-12. The seventy five genotypes were grouped into nine
distinct clusters. The cluster VII, cluster VIII and cluster VII were the largest and lowest
genotypes were included in cluster II, cluster V and clusters V and 1X under normal,
moderate drought stress and severe drought stress conditions, respectively. The highest
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inter-cluster distance was observed between, cluster IV and VIII, V and VII and 11l and V

Article Info under normal, moderate drought stress and severe drought stress conditions, respectively.

Chlorophyll fluorescence and ear weight showed maximum contribution towards total
Accepted: divergence among different characters studied, in all the three water regimes. The cluster
xx May 2018 IV, cluster V and cluster 11l showed high mean values for plant height, ear length, ear
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weight, harvest index and grain yield under normal, moderate drought stress and severe
xx June 2018

drought stress conditions, respectively. The genotypes with wide genetic diversity can be

utilized in future breeding programme to evolve drought tolerant hybrids to mitigate the
adverse effects of climate change.

Introduction

In India Maize (Zea mays L.) has become an
important cereal crop after rice & wheat. It is
grown in an area of 8.80 million hectares with
production of 2256 million tonnes and
productivity of 2680 kg/ha (Centre for
Monitoring Indian Economy, 2016). In recent
years, the productivity of maize was not
increased significantly (2007-08: 2335 kg/ha
to 2015-16: 2562 kg/ha), even though 90% of

the cultivated area is under high yielding
single cross hybrids. The low grain yields can
be attributed to a number of constraints which
include biotic stress such as diseases, pests
and parasitic weeds and abiotic stresses such
as low soil fertility and drought. Among them,
drought stress or water deficit is an envitable
and recurring feature of World Agriculture. It
has been estimated that about one third of the
world’s potentially arable land suffers water
shortage and crop yields are often reduced by
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drought (Khan et al., 2004). The development
of crops with increased tolerance to abiotic
stresses especially drought and salinity is
much required throughout the world (Denby
and Gehring, 2005). Drought remains the most
important devastating factor in Maize and it
has different effects on the crop depending on
the growth stage at which it occurs (Umar et
al., 2015). Soil moisture deficit in maize may
cause drastic yield reduction, especially if it
occurs during the reproductive phase
(NeSmith and Ritchie, 1992; Basseti and
Westgate, 1993).

Banziger (2000) observed that the full sib
family selection was the most extensively used
at CIMMYT to improve maize populations for
drought and low-N tolerance. Precise selection
of elite genotypes is very important to breed
for any specific area (Ashofteh Beiragi et al.,
2010). Several studies on maize have shown
that inbred lines from diverse stocks were
more productive than crosses of inbred lines
from the same variety (Vasal, 1998). Saxena
et al., (1998) also reported that manifestation
of heterosis usually depends on the genetic
divergence of the two parental lines.
Multivariate analysis based on Mahalonobis
D? statistic is widely used for effective
discrimination of genotypes on the basis of
genetic diversity (Murthy and Arunachalam,
1966). Several studies were published on
classification of germplasm collections and
classification of maize inbreds with
comparision of cluster analysis algorithm. The
present study was undertaken to evaluate the
genetic diversity among the maize genotypes
specially for drought tolerance which can be
exploited in  future maize breeding
programmes.

Materials and Methods
A total of seventy five maize genotypes

obtained, of which 42 from Maize Research
Centre, Rajendranagar, Hyderabad and 33

from  Agricultural Research Station,
Karimnagar were included in the present
investigation. The experimental material was
evaluated under three conditions; one normal
(irrigated) and two drought stress conditions
viz.,, moderate drought stress conditions
(suspending the irrigation 20 days before
flowering and during grain filling stage) and
severe drought stress conditions (suspending
the irrigation 40 days after sowing). For each
condition, the experimental material was sown
in randomized block design with two
replications. Replication wise, each genotype
was sown in a row of 4 m length spaced 75 cm
apart with a 20 cm distance between plants
with in the row. All the recommended
agronomic practices and plant protection
measures were taken up in time to raise the
crop.

Data was recorded on seventeen morpho
physiological and yield attributing characters.
Observations were recorded on no.of leaves
per plant, plant height (cm), ear height (cm),
ear length (cm), ear girth (cm), no.of kernel
rows per ear, no.of kernels per row, 100 kernel
weight (g), ear weight (g), Harvest Index (%)
and grain yield per plant (g) on five randomly
selected plants for each entry in each
replication.

Data pertaining to days to 50% tasseling, days
to 50% silking and Anthesis-Silking Interval
and leaf firing score were recorded on plot
basis. The SPAD chlorophyll meter reading
and Chlorophyll flourometer readings for leaf
chlorophyll ~ content and  chlorophyll
fluorescence respectively were taken at 90
days after sowing on top third leaf of
randomly selected five plants. Mean values
were subjected to statistical analysis.

Genetic divergence was estimated as per
Mahalanobis D? statistic (1936) and clustering
of genotypes was done according to Tocher’s
method as described by Rao (1952).
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Results and Discussion

The analysis of variance revealed highly
significant differences among the genotypes
for all the studied characters under all three
conditions indicating the existence of genetic
variability among the experimental material in
all the tested water regimes. All the 75
genotypes were grouped into nine clusters
each in each condition (Table 1). Clustering
pattern of genotypes clearly indicated that
majority of the inbred lines showed
considerable genetic diversity by occupying
different clusters in each condition. A similar
study was carried out by Chen FaBo et al.,
(2007) who grouped 186 genotypes into ten
clusters. In normal condition, it was revealed
that cluster VII comprised of maximum
number (21) of genotypes followed by cluster
| and cluster VI with 12 and 9 genotypes,
respectively. The lowest (3) number of
genotypes were included in cluster Il
Whereas under moderate stress condition,
cluster VIII was the largest comprised of 18
genotypes followed by clusters I and IX with
14 genotypes. Single genotype was included
in the cluster V. The maximum number of
genotypes was observed in clusters | and VIII
with 15 genotypes followed by cluster VI with
12 genotypes and the lowest (3) was reported
in clusters VV and IX in case of severe stress
condition.

The average intra and inter cluster distance
values were worked out from divergence
analysis for each character (Table 2). The intra
cluster distances were lower than the inter
cluster distances indicating heterogeneous and
homogeneous nature between and within the
groups, respectively. The maximum intra
cluster distance was observed by cluster VIII
under both normal and severe stress conditions
and cluster VI in moderate stress condition.
Cluster V in moderate stress condition had
only a single genotype, hence minimum intra
cluster distance was observed.

The hybrids are expected to manifest
maximum heterosis by involving the parents
from most divergent clusters which generates
wide variability. This was supported by
appreciable amount of variation observed for

the cluster means under all the tested
conditions.
The highest inter cluster distance was

observed between clusters IV and VIII
(221.29) followed by clusters Il and VIII
(210.77) under normal conditions. Whereas,
the highest distance was obtained by clusters
V and VII (237.93) followed by clusters 1V
and VII (198.41) and clusters V and VI
(194.47) in case of moderate stress conditions,
while in case of severe stress conditions
highest distance was obtained by clusters 1lI
and V (164.29), followed by 11 and V (148.82)
and | and V (139.87). This suggests more
genetic variability in the genetic architecture
of the genotypes included in these clusters
under each situation. The genotypes belong to
the cluster separated by high statistical
distance could be utilized as parents in
hybridization programme for yield
improvement.

The results on the contribution of individual
characters towards the total divergence under
normal and drought stressed conditions are
presented in Table 3. Of the seventeen
characters studied, the percent contribution
towards total divergence was the highest for
chlorophyll fluorescence followed by ear
weight in all three water regimes.

Mean values of clusters for yield and its
contributing characters and physiological
parameters are presented in the Table 3. It
shows that the genotypes with high values of
plant height, ear length, ear weight, harvest
index and grain yield were included in cluster
IV, cluster V and cluster Il under normal,
moderate and severe stress conditions,
respectively.
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Table.1 Grouping of 75 maize genotypes into clusters under normal, moderate stress and severe stress conditions

No. of genotypes | Genotypes

Cluster
N

Cluster |
MS
SS

Cluster Il N
MS
SS
Cluster |11 N
MS
SS
Cluster IV N
MS
SS

Cluster V N
MS
SS
Cluster VI N
MS
SS

Cluster VII N
MS
SS

Cluster VIII N
MS

SS
Cluster IX N
MS

SS

12

14

P Nps D oloooww =

P
BE owr o»

N
[y

BMLDT-2, BMLDT-64, BMLDT-97, BMLDT-87, BMLDT-16, BMLDT-56, BMLDT-86, BMLDT-27, BMLDT-29, BMLDT-95, BMLDT-134
and BMLDT-38

BMLDT-1, BMLDT-87, BMLDT-5, BMLDT-11, BMLDT-56, BMLDT-2, BMLDT-24, BMLDT-13, BMLDT-88, BMLDT-129, BMLDT-135,
BMLDT-97, BMLDT-134, 1063

BMLDT-2, BMLDT-87, BMLDT-1, BMLDT-129, BMLDT-134, BMLDT-56, BMLDT-5, BMLDT-124, BMLDT-11, BMLDT-24, BMLDT-135,
BMLDT-97, BMLDT-4, BMLDT-14, 1063

BMLDT-132, BMLDT-133 and BMLDT-131

BMLDT-95, BMLDT-103, BMLDT-82

BMLDT-9, BMLDT-99, BMLDT-38, BMLDT-88, BMLDT-21, BMLDT-34, BMLDT-91 and BMLDT-86.

BMLDT-4, BMLDT-45, BMLDT-11, 1063, BMLDT-24, BMLDT-99, BMLDT-124, BMLDT-135

BMLDT-9, BMLDT-34, BMLDT-99, BMLDT-124, BMLDT-86

BMLDT-15, BMLDT-27, BMLDT-29 and BMLDT-45

BMLDT-5, BMLDT-21, BMLDT-15 and BMLDT-91

BMLDT-15, BMLDT-21, BMLDT-27, BMLDT-29, BMLDT-38, BMLDT-45, BMLDT-4

BMLDT-3, BMLDT-17, BMLDT-8, BMLDT-106, BMLDT-7, BMLDT-12, BMLDT-10, BMLDT-110, BMLDT-109, BMLDT-119 and BMLDT-
108

BMLDT-9, BMLDT-13, BMLDT-129, BMLDT-39 and BMLDT-78

BMLDT-91

BMLDT-101, BMLDT-102 and BMLDT-107

BMLDT-14, BMLDT-88, BMLDT-25, BMLDT-34, BMLDT-18, BMLDT-80, BMLDT-1, BMLDT-36, and BMLDT-37

BMLDT-3, BMLDT-8, BMLDT-108, BMLDT-109, BMLDT-119 BMLDT-10, BMLDT-3, BMLDT-12, BMLDT-17, BMLDT-101, BMLDT-106
BMLDT-16, BMLDT-40, BMLDT-13, BMLDT-25, BMLDT-78 BMLDT-32, BMLDT-112, BMLDT-80, BMLDT-118, BMLDT-37, BMLDT-74
and BMLDT-39.

BMLDT-20, BMLDT-103, BMLDT-110, BMLDT-114, BMLDT-57, BMLDT-23, BMLDT-118, BMLDT-32, BMLDT-58, BMLDT-100,
BMLDT-112, BMLDT-33, BMLDT-82, BMLDT-40, BMLDT-70, BMLDT-74, BMLDT-26,, BMLDT-6, BMLDT-73, BMLDT-113 and
BMLDT-53

BMLDT-102, BMLDT-107

BMLDT-20, BMLDT-23, BMLDT-18, BMLDT-26, BMLDT-36, BMLDT-57, BMLDT-132, BMLDT-53, BMLDT-73, BMLDT-58, BMLDT-70,
BMLDT-33, BMLDT-100, BMLDT-113, BMLDT-6,

BMLDT-3, BMLDT-12, BMLDT-108, BMLDT-101, BMLDT-106, BMLDT-102 AND BMLDT-107

BMLDT-6, BMLDT-18, BMLDT-132, BMLDT-133,BMLDT-131, BMLDT-32 BMLDT-53, BMLDT-100, BMLDT-113, BMLDT-78 BMLDT-
112, BMLDT-20,BMLDT-23, BMLDT-57, BMLDT-58, BMLDT-80, BMLDT-33 and BMLDT-110

BMLDT-64, BMLDT-114, BMLDT-131 and BMLDT-133

BMLDT-10, BMLDT-17, BMLDT-8, BMLDT-109, BMLDT-119 and BMLDT-3,

BMLDT-14, BMLDT-40, BMLDT-16, BMLDT-25, BMLDT-64, BMLDT-26, BMLDT-36, BMLDT-37, BMLDT-74, BMLDT-114, BMLDT-39,
BMLDT-118, BMLDT-70 and BMLDT-73

BMLDT-95, BMLDT-103 and BMLDT-82

Note: N-Normal; MS-Moderate stress; SS-Severe stress.
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Table.2 Average inter and intra cluster distances (D = \ D?) values under normal, moderate stress and severe stress conditions

Cluster | | Cluster Il | Cluster 111 | Cluster IV | Cluster VV | Cluster VI | Cluster VII | Cluster VIII | Cluster 1X

Cluster | N 56.08 77.13 78.39 89.05 87.28 74.00 99.41 198.12 124.29
MS 23.91 35.59 39.45 64.86 101.70 113.35 159.00 68.53 54.67

SS 30.85 45.13 69.42 105.17 139.87 58.28 70.92 62.55 43.21

Cluster 11 N 37.95 106.39 123.03 98.84 68.33 81.05 159.51 86.62
MS 20.48 59.88 85.93 125.45 82.16 126.83 42.30 39.48

SS 32.95 44.89 118.35 148.82 85.16 96.05 88.19 60.32

Cluster 111 N 60.03 106.39 74.13 82.03 98.50 210.77 139.59
MS 24.47 39.12 72.11 132.99 127.88 95.25 83.87

SS 24.74 137.70 164.29 114.68 123.85 111.90 85.51

Cluster IV N 45.14 111.28 121.46 152.18 221.29 156.31
MS 25.56 46.95 154.18 198.41 121.74 111.59

SS 32.97 48.72 82.42 65.19 80.38 73.54

Cluster V N 47.11 63.02 79.60 168.19 103.97
MS 0.00 194.47 237.93 161.81 150.13

SS 26.38 118.01 99.45 114.54 107.18

Cluster VI N 45.77 58.37 159.59 87.29
MS 31.70 54.62 62.82 85.41

SS 26.84 33.07 42.67 43.54

Cluster VII N 53.04 156.07 90.62
MS 26.60 103.57 127.63

SS 23.57 40.81 43.54

Cluster N 71.70 101.10
VIl MS 22.75 32.94
SS 35.21 47.42

Cluster IX N 54.76
MS 22.06

SS 27.52

Note: Figures in parenthesis indicate D values; Diagonal values indicate intra-cluster distance.
N-Normal; MS-Moderate stress; SS-Severe stress.
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Table.3 Cluster means for morpho physiological and yield contributing characters under normal, moderate stress and severe stress

conditions
Cluster No.of leaves/plant Days to 50% Days to 50% silking Plant height (cm)
tasseling
N MS SS N MS SS N MS SS N MS SS N MS SS

11.97 1112 10.04 7771 68.07 7103 8071 7296 7790 3.08 496 7.00 176.42 134.19 116.79
12.22 1044 957 8550 68.83 69.63 89.00 7733 7581 350 6.17 619 17472 124.44 119.95

1194 1110 10.96 83.19 66.30 68.88 86.25 72.00 7438 3.06 550 563 147.27 134.10 146.25
13.04 1255 9.88 7438 6593 7136 76.50 7021 7927 213 429 791 18933 157.79 103.02
11.43 1184 9.78 7790 64.00 7167 8110 7050 8417 320 650 1250 13215 159.17 101.67
11.82 10.94 9.40 7833 67.32 7200 8106 7327 8138 272 595 938 14775 118.12 97.55
11.10 10.17 9.49 80.17 6525 7117 8338 7575 8057 321 1050 940 132.64 111.58 99.34
11.19 10.65 9.33 77.00 6858 7200 79.79 7636 8113 279 7.83 913 12881 116.39 132.33
11.78 10.68 9.22 82.08 68.04 72.00 84.75 7511 80.00 267 7.0/ 800 146.94 112.02 110.16
11.83 11.05 9.74 79.58 66.92 71.08 8250 73.72 7940 293 653 835 15289 129.76 114.12

<

<

X

No. of times 0 0 0 32 1 2 0 2 6 0 2 0 796 68 211
appearing
firstin
ranking
% of 0.00 000 000 115 0.04 o007 000 0.07 022 000 007 0.00 2868 2.45 7.60
contribution
toward total
divergence

(Contd...)
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Ear height (cm) Ear length (cm) Ear girth (cm) No.of kernel rows/ear No.of kernels/row
N MS SS N MS SS N MS SS N MS SE N MS SS

65.64 51.73 43.47 13.00 1264 1082 1247 1115 971 1391 1237 1053 2310 2035 1596
63.06 48.06 4252 1415 13.00 1288 11.13 1046 1049 10.78 1150 1136 17.83 1587 20.32
52.61 4857 5825 1238 1410 13.09 1123 11.77 1181 1222 1208 12,68 19.33 2159 24.80
80.83 6538 38.85 16.67 14.61 10.12 13.69 1227 874 1408 1370 869 33.78 2879 10.04
4942 65.17 3483 14.03 1571 1052 1222 1170 861 1351 1320 887 2818 28.00 10.30
5435 46.70 34.13 1152 1151 874 1127 951 837 1232 1011 954 2094 1333 11.71
4321 3546 36.71 1115 1105 930 1048 911 762 1145 975 745 16.01 1279  8.90

38.81 4245 4362 1213 1025 10.13 1138 933 911 1139 1037 825 1798 13.89 9.28

60.70 43.30 42.06 1276 10.13 1189 1112 882 995 1194 1031 10.10 1848 14.04 1293
56.51 49.65 4160 13.09 1256 10.83 1167 1046 938 1240 1149 972 21.74 1874 13.80

No. of times 25 27 23 0 4 14 1 3 0 0 0 2 47 18 0
appearing
firstin
ranking

% of 090 097 083 000 014 050 0.04 0.11 0.00 0.00 0.00 0.07 1.69 0.65 0.00
contribution
toward total
divergence

(Contd...)
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- - - ---
N MS SS N MS SS N MS SS N MS SS N MS SS

2222 1780 16.33 8236  53.07 4764 50.19 40.15 36.71 069 064 061 058 393 5.03
29.70 13.69 16.98 51.18 4500 63.71 4152 3884 4139 062 058 061 083 4.00 4.38

21.39 2052 19.97 90.04 7527 8188 4742 4481 4322 071 064 061 088 350 4.00
2713 20.70 1231 13981 9539 23.84 5486 4812 3375 070 064 041 050 3.07 7.45
2193 1981 926 9036 12124 2584 4840 4785 2945 067 069 033 080 250 8.33
1995 1461 1034 60.23 26.60 1948 4958 3719 3114 066 043 057 083 591 746
20.06 1226 950 @ 41.17 19.65 1545 4412 3164 2888 064 035 053 102 6.00 8.20
21.77 1354 10.87 54.06 2340 20.16 4356 3407 2758 046 056 055 136 586 7.50
19.97 1206 1250 5426 21.20 36.97 46.04 345 3380 056 061 055 1.08 536 6.00
2268 16.11 1312 7372 5342 3722 4730 3969 3399 063 057 053 088 446 6.48

<

<

No. of times 13 498 650 1130 44 45 47 1271 1551 1223 1 0 0
appearing
firstin
ranking

% of 0.04
contribution
toward total

0.07 047 1795 2342 4072 159 162 169 4580 5589 4407 004 O 0

divergence

(Contd....)
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MS SS N MS SS

z

37.80 27.22 2180 6543 39.03 31.17

21.83 25.37 29.30 36.83 3280 48.65

ez 35.30 36.18 70.33 57.23 61.23

<

44.84 2032 13.84 11872 76.78 13.82

41.31 43.95 13.70 7289 99.48 12.56

<

31.15 16.97 1481 46.04 18.18 1261

<

23.76 13.98 1141 2943 1226  9.69

VI 32.65 15.63 11.76 4052 1497 11.94

27.38 14.97 2164 3823 1415 26.20

Mean 33.34 25.88 19.38 57.60 40.54 25.32

54 309 79 5 93 25

195 1114 285 0.18 3.35 0.90

Note: N- Normal; MS- moderate stress; SS- severe Stress; ASI-Anthesis Silking Interval; SCMR: Spad Chlorophyll Meter Reading
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The genotypes with early pollen shedding and
silk emergence and less ASI and least leaf
firing score were also included in these
clusters indicating that these genotypes were
believed to be drought tolerant. Per se
performance of these genotypes revealed that
these genotypes mature earlier before it
coincides with drought and high temperatures
during flowering and pollination. As the
maize production will be reduced when there
is increased ASI due to pollen insufficiency
during silk emergence (Hall et al., 1982), or
due to pollen dammage under hot dry
conditions (Schoper et al., 1986). Keeping in
view of this and the cluster pattern the
genotypes included in clusters 1V and VIII, V
and VII and Il and V with higher inter cluster
distance between them could be involved in
crossing programme which would give high
manifestation of heterosis with drought
tolerance.
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