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A field experiment was conducted with twelve hybrid germplasm lines of CYMMIT along
with three hybrid checks replicated thrice. Those germplasm lines were evaluated under
moisture deficit stress for drought tolerance during the Rabi season 2015. The stress was
imposed during the reproductive phase of development and the readings were recorded
three times at 55 DAS, 60 DAS, 90 DAS. The parameters recorded were Leaf: Stem ratio,
Root length, Root volume, Root: Shoot ratio, Root dry weight, Stem dry weight and leaf
dry weights of the plant along with total drymatter, and grain yield. The results obtained
from the experiment indicated that the moisture deficit stress during the reproductive
growth phase resulted in a drastic decline in the yield by 2 to 3 times than the usual. Root
characteristics play an important role in the drought mitigation strategies of maize plants
the root length and the root volume results show that a significant increase in root volume
in germplasm line Z638-2 from 250ml to 309ml resulted in a higher yield of 79.1 g per
plant. The root length also show a similar trend of increase in Z638-2 from 27.50cm to
35.53cm. Root dry weight was observed maximum in Z637-2 which was one of the best
yielder.

Introduction
Drought is an abiotic stress which gained a
phenomenal importance across the world with
its serious effects on the crop productivity.
Maize is the third most important cereal crop
in the world and is also a drought sensitive
crop. Maize germplasms also have numerous
features which enable some accessions to cope
with drought stress in better ways (Aslam et
al., 2015). Every millimetre of water is
responsible for production of 10–16 kg grains
and single maize plant consumes 250 litres of

water at maturity (Du Plessis 2003). Being a
moisture sensitive crop maize crop is being
affected at each and every stage of
development. The reproductive growth stage
is comparatively more sensitive to drought
stress in maize at which it requires 8–9 mm
water per day for a single plant. Thirty days
are most crucial regarding water requirement
which includes fifteen days before and fifteen
days after pollination.
Moisture deficit stress is a serious problem
hindering the growth and development of
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maize. Drought stress increases the leaf to
stem ratio which is indication of high level of
growth retardation in stems than leaves
(Hajibabaee et al., 2012). Drought stress
reduces the light interception due to the
reduced leaf area caused by leaf rolling and
also reduced leaf growth which consequently
reduce the biomass production. The reduced
stomatal activity due to the high temperatures
and also plants mechanism to reduce the
transpiration rate also reduce the biomass
production.

Materials and Methods

Roots play a crucial role in plant growth and
development and are of critical importance for
plant because of their capability to detect or
sense the of drought stress primarily. Root
length, root volume, root density and number
of roots are the characteristic structural traits
which are disturbed under drought stress and
resultantly whole arial plant parts are
disturbed (Aslam et al., 2015).

Root length

Spatial water uptake and temporal water
uptake are functional traits of roots. Root
system of maize comprised of axillary and
lateral roots. Axillary roots are further
comprised of primary, seminal, nodal or
crown roots (Cahn et al., 1989). Primary and
seminal roots are collectively known as
embryonic roots. Seminal roots are permanent
and have functional role in growth and
development of plant (Navara et al., 1994).
Under mild drought stress roots of maize plant
becomes elongated to explore the deeper and
distant soil foils for more water uptake
whereas, under severe drought stress root
length is reduced. Root density, volume and
number of roots are reduced under mild and
severe drought stress (Nejad et al., 2010). To
develop drought-tolerant maize, selection can
be performed directly under drought stress,
indirectly under well-watered conditions, or
simultaneously under both optimal and
drought stress conditions (Byrne et al., 1995).

A filed experiment was laid out with twelve
hybrid germplasm lines of CYMMIT along
with three hybrid checks replicated thrice were
evaluated for the moisture stress tolerance
during the Rabi’ 2015. The moisture stress
was imposed by not irrigating the field for a
period of one month from a period of 15 days
before flowering to the grain filling stage
which is one of the most critical stages for
water stress in maize plants.

The plants are uprooted from the field and
brought to the lab as such by tagging and the
roots were cleaned under running tap water.
Precautions were taken that the roots are not
damaged by inundating the plant taken to
facilitate easy uprooting. Then the length of
the root was measured with the help of a scale
obtained in cm.
Root volume
Due to size factor measurement of maize roots
is not possible with the help of a 250 or 500
ml measuring cylinder. So that a glass beaker
was taken which was filled with water up to
the brim and then the root was completely
immersed in the beaker allowing the water to
over flow and then the root was removed from
the beaker.
The water over flown was measured by filling
the glass beaker up to brim with the help of a
measuring cylinder. The root volume reading
was recorded in cm3.
Leaf to stem ratio
The total dry weight of the stem and leaves
was calculated and the ratio between the total
leaf dry weight and the total stem dry weight
was worked out.
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Root to shoot ratio
After recording the root volume those are
sundried and later oven dried to record the
total dry weight of the roots and the ratio
between the total root to shoot dry weight was
worked out.
Yield per plant
The yield per plant is calculated by averaging
the yield of five plants.
Stover yield per plant
The total dry matter of the above ground part
of five plants is averaged and the Stover yield
per plant was worked out.
Statistical Analysis
The data collected from the experiment on
various aspects of growth, yield and yield
attributing characters of maize were arranged
in appropriate tables according to the
treatment and were subjected to statistical
analysis in Randomized Block Design with the
help of the statistical analysis tool (cropstat
7.2).
Results and Discussion
Leaf dry weight was recorded highest in
Z695-1 (89.17) followed by Z630-3 and Z6381. The percentage change of leaf dry weight
with the tolerant check is 67%, 53% and 44%
respectively. There is a percentage increase of
14%, 21%, and 31% from 65 DAS to 90 DAS.
A significant difference was observed among
the germplasm lines in leaf dry weight. The
reduced water potential in the leaves reduce
the cell elongation and that consequently
reduce the dry weight of the leaves. The leaf
dry weight is directly related to the leaf area
which indicates the higher leaf area at higher
leaf weight. The germplasm with second

higher leaf weight was the lowest yielder as
the increased leaf area increase the water loss
through surface which reduce the yield these
findings are in accordance with Belaygue et
al., 1996. The reduced leaf area is a survival
strategy for the plan under drought conditions.
Stem dry weight was recorded highest in
Z695-1 (110.59g) followed by Z638-1
(103.96g) and Z637-1 (101.06g). The
percentage change of Stem dry weight with
the tolerant check 900M Gold in these
germplasm lines is -15.84%, -20.89% and 23.09%respectively and a percentage increase
of 79.68%, 8.34% and 74.87% from 45 DAS
to 90 DAS was observed. There is a
significant variation among the germplasm
stem dry weight. The stem dry weight was
observed to be increased significantly from 55
DAS to 65 DAS and a considerably less
growth was observed at the critical stress
period and the similar increase in shoot dry
weight has been reported by Beiragi et al.,
2011.
Root length and root volume of up-rooted
plants of each germplasm line were recorded
at two different times 65 DAS and 90 DAS
and were presented in table 4 The maximum
root volume was observed in Z695-2
(382.52cm3) followed by Z630-2 and Z637-1
which was showing a percentage change of
7.20%, 5.45% and -1.00%over the tolerant
check 900M Gold.
There is a significant reduction in the root
volume of four germplasm lines from 65 DAS
to 90 DAS which show lower yields compared
to the other germplasm lines. Root volume
was observed to be increased from 65 DAS to
90 DAS. The highest root volume was
recorded in the germplasm line Z695-2
(383cm3) followed by Z630-2 (376cm3) and
Z637-1 (353cm3). The drought tolerant
germplasm lines are having more increase in
root volume (Souza et al., 2016). The
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germplasm lines which show much increase in
the root volume were observed to be higher in
yield Z638-2 from 250ml to 309ml yielded
79.1 g/plant.
Root length was observed to be maximum in
Z638-2 (35.53cm) followed by Z638-1 and
Z637-1 line. The root length recorded at 65
DAS showed an increase of 29.19%, 39.97%
and 4.11% respectively and the length
recorded at 90DAS showed an increase of
12.91%, 9.00% and 6.71% with the tolerant
check. A significant difference was observed
in all the germplasm lines.Root size and
development is a crucial parameter in most
selection program for drought resistance. Data
indicated that increase in water stress caused a
significant decrease in root length. Maximum
root length (33 cm) recorded in Z630-4
followed by Z637-1 (32 cm) and Z630-3 (30

cm) whereas minimum root length (20 cm)
recorded in Z638-3. This results indicated
adjustments in the root system which allows
the plant to enter a static mode till the
environment becomes favorable again (Fraser
et al., 1990).
Root dry weight was recorded highest in
Z637-2 (105.00) followed by Z630-2 and
Z630-4. The percentage change of Root dry
weight with the tolerant check is 23.53%,
11.76% and 5.88% respectively. There is a
percentage increase of 88.58, 81.04 and
116.24 from 45 DAS to 90 DAS. There is a
significant variation among the germplasm
Root dry weight. But the root and the leaf dry
matter was also observed to be decreased with
the stress and similar reductions in dry matter
accumulation with the increase in the water
stress has been reported by Cakir 2004.

Fig.1 Effect of moisture deficit stress on Leaf to stem ratio in maize hybrid germplasm lines
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Fig.2 Effect of moisture deficit stress on Root to stem ratio in maize hybrid germplasm lines

A

C

B

D

E

Plate Description
The above given plates are the root images at 65 DAS Plate (A) The check hybrid PIO 3396
(B) Check hybrid 900 M Gold (C) Tolerant germplasm line Z695-3 (D) Tolerant Germplasm
line Z637-2 (E) Susceptible germplasm line Z638-2.
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Table.1 Effect of moisture deficit stress on Leaf dry weight (g/plant) in maize
Hybrid germplasm lines
Parameter
Treatment
Z630-1
Z630-2
Z630-3
Z630-4
Z637-1
Z637-2
Z695-1
Z695-2
Z695-3
Z638-1
Z638-2
Z638-3
NK6240
900M Gold
PIO3396
SE(m)±
CD(0.05)
CV (%)

55 DAS
37.67
51.67
67.67
38.33
45.83
58.17
78.17
58.33
56.67
58.83
62.5
43.67
51.67
53.33
52.83
1.16
2.87
3.69

Leaf dry weight (g)
65 DAS
39.67
64.17
74.67
48.33
53.33
56.67
83.67
63.33
66.67
67.83
68
42.67
52.17
53.33
52.83
1.16
2.87
3.39

90 DAS
41.67
76.67
81.67
58.33
60.83
55.17
89.17
68.33
76.67
76.83
73.5
41.67
52.67
53.33
52.83
1.16
2.87
3.14

Table.2 Effect of moisture deficit stress on Stem dry weight (g/plant) in maize hybrid
germplasm lines
Parameter
Treatment
Z630-1
Z630-2
Z630-3
Z630-4
Z637-1
Z637-2
Z695-1
Z695-2
Z695-3
Z638-1
Z638-2
Z638-3
NK6240
900M Gold
PIO3396
SE(m)±
CD(0.05)
CV (%)

55 DAS
67.80
88.65
61.45
58.82
57.79
60.51
61.55
81.76
103.59
95.95
111.53
88.44
44.22
74.92
75.63
5.65
14.01
12.97

Stem dry weight (g)
65 DAS
75.57
90.55
71.37
77.27
79.42
75.39
86.07
83.38
101.17
99.95
100.77
83.55
58.73
103.16
83.24
4.79
11.87
9.80
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90 DAS
83.34
92.46
81.29
95.73
101.06
90.28
110.59
85.01
98.75
103.96
90.00
78.65
73.23
131.40
90.85
7.55
18.71
13.94
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Table.3 Effect of moisture deficit stress on Root dry weight (g/plant) in maize
Hybrid germplasm lines
Parameter
Treatment
Z630-1
Z630-2
Z630-3
Z630-4
Z637-1
Z637-2
Z695-1
Z695-2
Z695-3
Z638-1
Z638-2
Z638-3
NK6240
900M Gold
PIO3396
SE(m)±
CD(0.05)
CV (%)

Root dry weight (g)
55 DAS
65 DAS
44.00
64.50
52.48
73.74
62.50
64.25
41.62
65.81
31.30
47.82
55.68
80.34
37.00
45.00
30.25
50.13
35.00
60.00
60.45
75.22
37.00
33.75
23.61
21.80
16.25
50.63
29.25
52.13
17.50
46.25
3.66
7.27
9.08
18.01
16.59
22.71

90 DAS
85.00
95.00
66.00
90.00
64.33
105.00
53.00
70.00
85.00
90.00
30.50
20.00
85.00
75.00
75.00
15.00
37.19
35.80

Table.4 Effect of moisture deficit stress on Root length (cm) and Root volume (cm3) in maize
hybrid germplasm lines
Parameter
Treatment
Z630-1
Z630-2
Z630-3
Z630-4
Z637-1
Z637-2
Z695-1
Z695-2
Z695-3
Z638-1
Z638-2
Z638-3
NK6240
900M Gold
PIO3396
SE(m)±
CD(0.05)
CV (%)

Root length(cm)
65 DAS
90 DAS
24.50
26.06
22.20
26.00
30.00
22.23
33.00
24.03
32.25
33.58
20.25
29.48
29.00
23.94
29.25
29.67
23.25
26.38
24.50
34.29
27.50
35.53
21.25
23.69
25.15
31.46
22.75
28.13
27.50
29.20
1.04
0.94
2.57
2.32
6.86
5.74
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Root volume(cm3)
65 DAS
90 DAS
24.50
26.06
22.20
26.00
30.00
22.23
33.00
24.03
32.25
33.58
20.25
29.48
29.00
23.94
29.25
29.67
23.25
26.38
24.50
34.29
27.50
35.53
21.25
23.69
25.15
31.46
22.75
28.13
27.50
29.20
1.04
0.94
2.57
2.32
6.86
5.74
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Table.5 Effect of moisture deficit stress on Grain yield (g/plant) and Stover yield (g/plant) in
maize hybrid germplasm lines
Treatment
Z630-1
Z630-2
Z630-3
Z630-4
Z637-1
Z637-2
Z695-1
Z695-2
Z695-3
Z638-1
Z638-2
Z638-3
NK6240
900M Gold
PIO3396
SE(m)±
CD(0.05)
CV (%)

Grain yield (g/plant)
73.6
62.7
57.0
58.2
71.8
73.9
67.3
68.2
80.3
71.2
79.1
67.3
67.0
70.6
76.4
10.2
21.6
16.59

The results obtained from the figure 1 show a
regular pattern of increase in leaf: shoot ratio
in some lines and decreasing trend in other
line from 55 DAS to 90 DAS. Leaf to shoot
ratio of the germplasm lines indicated that the
terminal steep increase in leaf to shoot ratio in
Z630-2 resulted in decreased yield in other
germplasm lines where there is a considerable
decrease in leaf dry weight given sustainable
yields. In the other germplasm lines where the
increase in leaf shoot ratio the yield also
increased due to the much more accumulation
of photosynthates etc.
The figure 2 depicted that the water stress
significantly affected the root: shoot ratio.
The root: shoot ratio was observed to be
increased from 55 DAS to 90 DAS in all the
germplasm lines. The highest root: shoot ratio
was recorded in Z637-2 (0.48; 55DAS, 0.62;
65 DAS and 0.7390 DAS) followed by Z6301 (0.65) and Z630-4 (0.59). Root: soot ratio is

Stover yield (g/plant)
102.1
128.2
150.6
110.0
107.9
127.9
141.5
174.2
108.2
138.5
110.3
112.1
108.5
120.6
129.7
24.27
28.01
22.71

observed to be more at 90 DAS. On an
average the plants with higher root: shoot
ratio were observed to show higher yields.
Root: shoot ratio of plants increases under
drought stress because roots are less sensitive
than shoots to growth inhibition by low water
potentials (Wu and Cosgrove, 2000). The
water stress imposition in maize hybrid
germplasm lines reduced yield by 2 to 3 times
than the normal conditions. There is a
significant decrease in the leaf shoot and root
dry matter due to the moisture deficit stress.
There is less reduction in the stover yield as
the moisture stress is induced during the
reproductive growth phase. In case of the
moisture stress tolerant germplasm lines when
compared to a susceptible one the Stover
yield, and grain yield per plant was observed
to be more as reported by Khan et al., (2013),
Abdelmula et al., 2007, Monneveux et al.,
2008, Hussain et al., 2009, Akbar et al.,
2009).
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From the obtained results of the experiment it
is known that Root: shoot ratio, Root volume,
Root length, Root dry weight can be used for
the selection and characterization of the
drought tolerant genotypes. The root
architecture and spread studies are also very
important and accurate studies for the
characterization
of
drought
resistant
genotypes.
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