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Abstract

A Lab experiments were conducted during 2016 at Agriculture Research Station, Crop physiology division, Hebballi farm, UAS, Dharwad,
to screen twenty one cotton genotypes under water stress condition for seed germination and seedling growth. Study consisted of 19
Gossypium hirsutum genotypes with three checks (LRA-5166 (National check), RAH-100 (Zonal check) and Sahana (Regional check)). Seed
germination and seedling growth study was conducted under different osmotic potentials using PEG- 6000 (0.0 MPa), -0.140 MPa and -0.39
MPa and pot study with different moisture levels (100, 50 and 25% field capacity). Results indicated that as the PEG concentration and stress
level increases, the root length, root weight, lateral root number, proline content increased and chlorophyll content decreased. Whereas,
shoot biomass decreased resulting in increase in root to shoot ratio. The varieties viz., Sahana, BS-37, LRA-5166, CCH-12-3, GBHV- 177, BS-
39, GBHV-182, ARBH-1352, which showed higher seedling indices like seedling vigor index, shoot vigor index, and root vigor index under
higher osmotic potential and moisture stress condition and can be considered as drought tolerant varieties based on seed germination
and seedling growth studies and the genotypes viz., RAH-100, RAH-806, GSHV-169, AHK-09-05, NDLH-1943, NDLH-1938 were considerd
as a less tolerant genotypes due to decrease in the germination %, seedling indices, root to shoot ratio, morphological characters, proline

content, chlorophyll content of cotton plants under different PEG concentration and field capacity.
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1. Introduction

Cotton (Gossypium spp.) “the silver fiber” is an important
commercial crop of India, playing a significant role in Indian
farming and industrial economy of country, by providing
65—70% of raw material for the textile industry of our country.
Cotton is cultivated in 70 countries of the World with the
total coverage of 33.1 mha, production of 116.6 mbales and a
productivity of 76.6 kg lint ha. India being the traditional home
for cotton and cotton textiles, the cultivated area occupying
about 11.8 mha producing 35.2 mbales with the productivity
of 504 kg lint ha. In Karnataka, it is grown in an area of 0.61
mha with a production of 0.2 m bales and productivity of 556
kg lint ha (Anonymous, 2016). Though, India has the largest
area under cotton, it ranks third in production due to low
productivity. The major reasons for low yield in India are biotic,
abiotic, and technological problems. One of the major abiotic
stresses affecting plant productivity is water stress resulting
through drought which limits crop growth and productivity
(Anjum et al., 2011). Water availability and quality affect the
growth and physiological processes of all plants as water is
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the primary component of actively growing plants ranging
from 70-90% of plant fresh mass (Babu, 2015). Due to its
predominant role in plant nutrient transport, chemical and
enzymatic reactions, cell expansion and transpiration, water
stresses result in anatomical and morphological alterations
as well as changes in physiological and biochemical processes
affecting functions of the plants. Plant water deficits depend
both on the supply of water to the soil and the evaporative
demand of the atmosphere. In general, plant water stress
is defined as the condition where a plant’s water potential
and turgor are decreased enough to inhibit normal plant
function. The effect of water stress depends on the severity
and duration of the stress, the growth stage at which stressis
imposed and the genotype of the plant (Akram, 2011).

The PEG-6000 was first time used as an inducer and identifier
to screen and select drought resistant tobacco cell lines.
Chinese researchers used to do cotton drought evaluation and
identification by repeated drought induction method. Water
stress induced by PEG, leads to decrease in the germination
index and the morphological development of organs from
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young cotton plants and also reported that water absorption,
retention and biomass gain were affected by water stress
(Babu et al., 2014).

Evaluation of the germination capacity of seeds, seedling
vigour, morpho-physiological and biochemical traits under
different field capacities in pot is one of the most common
methods used for selection and breeding of the drought
tolerant resources. Hence, the experiment was carried out
to evaluate hirsutum cotton varieties under drought stress,
using PEG-6000 and pot experiments with varying moisture
stress to screen the varieties.

2. Materials and Methods

The laboratory and pot culture experiments were carried
out during 2016 in Division of Crop Physiology, Agriculture
Research Station, Dharwad, Karnataka, India with 19 cotton
varieties viz., TSH-04/115, GBHV-182, GBHV-177, PH-1060,
CCH-12-3, GSHV-169, TCH-1777,SCS-1213, SCS- 1062, AKH-09-
5,NDLH-1943, CNH- 1110, ARBH-1352, NDLH-1938, RAH- 806,
BS-37, BS-39, and GJHV- 516 and three checks viz., LRA-5166
(National check), RAH-100 (Zonal check) and Sahana (Local
chek) to assess their performance for drought tolerance.

2.1. Seed germination and seedling vigour under osmotic
stress using PEG-6000

Poly ethylene glycol-6000 (PEG-6000) solutions of different
osmotic potentials of 0.0 MPa, -0.140 MPa and -0.39 MPa
were used to conduct the experiment .The concentrations of
PEG-6000 required to obtain these values, were determined,
by using the equation given by Michel and Merrill (1973) and
Babu et al.,(2014).

Ws=-(1.18x10?)C-(1.18x10)C +(2.67x10)CT+(8.39x107) C,T

Where, Ws=osmotic potential (bar), C and C,=concentration
(g I PEG-6000 in water) and T=temperature (°C).

The delinted seeds were initially disinfected with 0.1% HgCl,
for 5 minutes. Six seeds were kept on top portion of the filter
paper/glass plate at 5 cm spacing. The seeds were covered
with a small strip of filter paper. Suitable holding material
was used to avoid the fall of seeds in slanting position.
Initially little quantity of respective prepared PEG solution
was added on to the small strip of filter paper which helps in
adsorption of seeds in to filter paper firmly. Glass plate was
inserted in polythene cover. The plate along with the poly
bags were transferred on the supporting wooden block in
slanting position. 250 ml of corresponding concentrations
(0%, 10% and 20%) of PEG-6000 osmotic solutions were
added separately into the respective polythene bag. The PEG
solution moved upward and reached to the seeds by capillary
movement through filter paper. Seedlings were allowed to
grow under room temperature. Fresh PEG solutions were
added in regular intervals of three days to maintain the level
of solution. Each treatment replicated twice to fit into design
for statistical analysis.

The germination percentage, root length and shoot length
o
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parameters were recorded on 12" days of imposing the
treatments.

Germination (%) —Number of seeds germinated were counted
and expressed in percentage.

Seedling vigour - Shoot and root vigour indices were calculated
by multiplying shoot length/ root length/ seedling length)
with germination percentage as described by Yu et al. (1999).
Shoot vigour index=Shoot lengthxgermination %

Root length index=root lengthxgermination %

Seedling vigour index=(root length+shoot length)xgermination
%

The data collected from the experiment was subjected to
statistical analysis as described by Gomez and Gomez (1984)
and analysed variance by two factorial CRD (Completely
Randomized Design).

2.2. Pot experiment

Pot experiment with 21 cotton genotypes and three water
stress levels viz., control (100% field capacity), moderate stress
(50% field capacity) and severe stress (25% field capacity),
imposed after 21 days of sowing and maintained up to 45 days.
The plants were extracted on 45" day from pots for recording
morphological observation viz., Shoot length (cm), root length
(cm), number of secondary roots, shoot dry weight (g plant?),
leaf dry weight (g plant?), total dry matter and distribution (g
plant), root to shoot ratio were recorded as per the standard
procedure. The leaf proline content was estimated by the
method of Bates et al., (1973) and Chlorophyll content by
using dimethyl sulfoxide (DMSOQ) as given by Shoaf and Loum
(1976).

3. Results and Discussion

3.1. Experiment-I (PEG-6000)
3.1.1. Germination percentage (%)

Significant differences were observed for germination
percentage between genotype, stress levels and interaction
effects (Table 1) All the genotypes showed reduction in
germination percentage with increase in stress levels.
However genotypes showed significant variation in rate
of reduction over control. Among the PEG concentrations,
control recorded significantly higher germination % (87.6),
which was significantly differed with 10% (76.4) and 20 %
(19.0). Whereas the genotypes, Sahana recorded highest
(86.7) germination percentage followed by BS-37(83.3), LRA-
5166(80.0), GBHV-177(80.0), CCH-12-3(73.3) and BS-39 (73.3).
The genotypes such as, RAH-806 recorded less germination
% (20.0) followed by TSH-04/115(29.0), CNH-1110(39.0),
NDLH-1943(43.3), NDLH-1938(50.0) and RAH-100(53.3).
The genotype Sahana, BS-37, LRA-5166, ARBH-1357, BS-
39 and CCH-12-3 are germinated well under all the PEG
concentrations, hence these genotypes may be considered
as an osmotic stress tolerant. Decreased seed germination is
due toreduction in imbibitions of water by seeds which leads
to a series of metabolic changes, including general reduction
in hydrolysis and utilization of the seed reserve. Increase
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osmotic stress limit results mobilization of reserves in several
species and damages cellular machinery. Higher concentration
of PEG is the lethal water potential for germination of cotton
seeds; hence the germination was ceased (Babu et al., 2014
and Sidari et al., 2008).

3.1.2. Indices

Various indices worked out using seed germination per cent
and seedling growth are presented in Table 1. The seedling
vigour index increased from control to 10%, but it decreased
with the increase in PEG-6000 concentration of 20%. The PEG
concentrations, genotypes and their interactions differed
significantly with respect to seedling vigor index. 10% PEG
concentration were recorded significantly (2311.8) higher
seedling vigor index than control and 20% (1535.3 and 39.25,
respectively). The genotype, Sahana was recorded significantly
higher (2422.0) seedling vigor index which was followed by
BS-37, LRA-5166, GBHV-177, CCH-12-3 and BS-39 (2205.7,
2107.3, 2036.7, 1824.4 and 1790.8, respectively). Whereas,
the genotype RAH-806 (87.0) recorded significantly less
seedling vigor index followed by TSH-04/115, CNH-1110,
NDLH-1943, NDLH-1938, RAH-100, (227.6,499.9, 601.5,718.9
and 832.8, respectively). Similarly Zhang et al. (2007) studied
13 cotton samples with PEG-6000 stress for 12 hours. After
12 hours osmotic treatment, the survival rates showed that
drought tolerance by considering the seedling vigour index.

Among the PEG concentration, significantly higher shoot
vigor index was recorded in control (638.7) than 10% and
20% (299.9 and 3.31, respectively). The genotype, Sahana
was recorded (601.3) significantly higher seedling vigor index
which was followed by BS-37, LRA-5166, GBHV-177, CCH-12-3
and BS-39 (544.2,505.7,477.0, 445.3 and 422.8 respectively).
Whereas, the genotype RAH-806 (34.0) recorded significantly
less seedling vigor index followed by TSH-04/115, CNH-1110,
NDLH-1943, NDLH-1938, RAH-100, (59.2, 105.0, 155.3, 187.0
and 216.3, respectively).

Among the PEG concentration, 10% were recorded significantly
higher root vigor index (2011.8) than control and 20% (896.5
and 36.0, respectively). The genotype, Sahana was recorded
(1820.7) significantly higher root vigor index which was
followed by BS-37, LRA-5166, GBHV-177, CCH-12-3 and BS-
39(1660.7,1601.7,1559.7,1379.0 and 1368.0, respectively).
Whereas, the genotype RAH-806 (53.0) recorded significantly
less root vigor index followed by TSH-04/115, CNH-1110,
NDLH-1943, NDLH-1938 and RAH-100, (168.5, 395.0, 446.2,
531.9 and 616.4, respectively).

At 12 day under different PEG concentrations, the shoot
length (Table 2a) was recorded significantly highest in control
(7.03 cm) followed by 10% (3.31 cm) and less shoot length was
recorded in 20% (0.07 cm). The genotype Sahana recorded
significantly higher shoot length (6.10 cm) which was followed
by BS-37, LRA-5166, GBHV-177, CCH-12-3, BS-39 and ARBH-
1352 (5.48, 5.11, 4.80, 4.65, 4.38 and 4.00 cm, respectively).
Whereas, the genotype RAH-806 (0.57 cm) and TSH-04/115
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(0.88 cm) followed by CNH-1110, NDLH-1943, NDLH-1938,
GSHV-169 and RAH-100 were recorded (1.57, 2.02, 2.45, 2.50
and 2.77 cm, respectively) significantly lower shoot length.

The root length differed significantly with respect to genotypes
at 12*" day presented in Table 2a. Genotypes, Sahana, BS-37,
LRA-5166, GBHV-177, CCH-12-3, BS-39, ARBH-1352 and PH-
1060 recorded significantly higher root length (18.69, 17.11,
16.49, 16.03, 15.28, 15.15, 13.73 and 13.31 cm, respectively)
than genotypes RAH-806, TSH-04/115, CNH-1110, NDLH-1943,
NDLH-1938, RAH-100 and AKH-09-5 where significantly lowest
root length (5.34, 5.72, 7.10, 7.40, 7.93, 8.40 and 9.45 cm,
respectively) were recorded. The root to shoot ratio was also
differed significantly with respect to different concentrations
of PEG-6000, genotypes and their interactions. Among the
PEG-6000 concentrations root to shoot ratio was found
maximum in 10% (6.37) which was followed by 20% and
control (1.33 and 2.05, respectively) among the genotypes
NDLH-1943and BS-37 recorded (8.58 and 7.36, respectively)
significantly higher root to shoot ratio followed by, GBHV-
177,LRA-5166 and Sahana (7.26, 5.12 and 4.14, respectively).

3.2. Pot experiment

Shoot length of the cotton varieties under different field
capacities and their mean values were calculated and
presented in Table 2b. Plant height could be considered
an easy parameter to evaluate and compare different
crop varieties for drought tolerance. Shoot length differed
significantly with respect to moisture levels, genotypes
and their interactions. Among the moisture levels, control
recorded significantly higher shoot length (25.26 cm) which
was followed by 50% and 25% of water supply (20.18 and
16.79 cm, respectively). There was a significant reduction in
shoot length of all the varieties under drought stress. Among
the genotypes BS-37 recorded (24.68 cm) which were on par
with LRA-5166 and Sahana (24.26 and 23.86 cm, respectively)
and which were followed by GBHV-177, CCH-12-3 and BS-
39 (22.52, 22.13 and 21.83 cm, respectively). The genotype
RAH-806 recorded significantly lower shoot length (17.64 cm)
was on par with the TSH-04/115 and GSHV-169 (17.77 and
17.64 cm, respectively) which was followed by CNH-1110 and
RAH-100 (18.32 and 19.60 cm, respectively). This might be
due to under moisture stress condition the plant increases
the root length, root volume, root weight and lateral roots to
absorb water form deeper surfaces, this caused decrease in
shoot biomass. The decreased shoot length and leaves helps
in reducing transpiration water loss from shoot surfaces.
Shoots elongation significantly decreased by concentration
of 2-8 MPa whereas no hypocotyl elongation was observed
at concentration of 10 and 12 MPa and shoot elongation
completely inhibited, it was in conformity with result observed
by Tonin et al. (2000).

The water regimes, genotypes and their interactions differed
significantly with respect to root length presented in Table 2b.
In general water stress results in thinning of the roots, because
of reduced the air space between cells of xylem vessels and
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Table 2a: Effect of moisture stress on shoot length, root length and root and root to shoot ratio of Hirsutum cotton genotypes

at 12t day in PEG-6000

Treatments Shoot length (cm) Root length (cm) Root to shoot ratio

C, C, C, Mean C, C, C, Mean C, C, C, Mean
TSH-04/115 2.65 0.00 0.00 0.88 3.45 13.71 0.00 5.72 1.30 0.00 0.00 0.43
GBHV-182 7.35 435 0.00 3.90 945 2678 085 1236 1.29 6.16 0.00 2.48
GBHV-177 8.75 5.50 0.15 4.80 13.25 3268 2.15 16.03 151 594 1433 7.26
PH-1060 7.45 4.45 0.00 3.97 10.25 2854 115 1331 138 6.41 0.00 2.60
CCH-12-3 8.65 520 0.10 4.65 13.15 30.69 2.00 1528 1.52 590 0.00 2.47
GSHV-169 6.00 1.50 0.00 2.50 8.60 2637 0.00 11.66 0.00 0.00 0.00 0.00
TCH-1777 7.20 3.60 0.00 3.60 9.05 21.71 0.28 1035 1.26 6.03 0.00 2.43
SCS-1213 7.20 3.95 0.00 3.72 9.15 24.06 050 11.24 127 6.09 0.00 2.45
SCS-1062 7.15 3.15 0.00 3.43 9.00 21.16 035 10.17 1.26 6.72 0.00 2.66
AKH-09-5 6.85 2.65 0.00 3.17 8.65 19.69 0.00 9.5 1.26 7.43 0.00 2.90
NDLH-1943 5.45 0.60 0.00 2.02 7.60 1461 0.00 7.40 1.39 2435 0.00 8.58
CNH-1110 4.70 0.00 0.00 1.57 7.05 14.25 0.00 7.10 1.50 0.00 0.00 0.50
ARBH-1352 7.50 4,50 0.00 4.00 11.10 2883 1.25 13.73 148 6.41 0.00 2.63
NDLH-1938 6.00 1.35 0.00 2.45 8.45 15.33 0.00 7.93 1.41 11.36 0.00 4.25
RAH-806 1.70 0.00 0.00 0.57 2.65 13.38 0.00 5.34 1.56 0.00 0.00 0.52
BS-37 10.25 6.00 0.20 5.48 1395 3437 3.00 17.11 136 573 1500 7.36
BS-39 8.50 4.65 0.00 4.38 13.05 3045 195 1515 154 6.55 0.00 2.69
GJHV-516 7.25 4.00 0.00 3.75 9.25 2637 065 1209 128 6.59 0.00 2.62
Sahana 10.90 6.75  0.65 6.13 17.20 3523 365 1869 158 522 562 4.14
LRA-5166(NC) 9.25 5.80 0.29 5.11 13.50 3361 235 1649 146 579 8.10 5.12
RAH-100 (LC) 6.80 1.50 0.00 2.77 8.60 16.59 0.00 8.40 1.26 11.06 0.00 4.11
Mean 7.03 3.31 0.07 9.83 2421 0.96 133 637 2.05

C G CxG C G CxG C G CxG
SEmz 0.023 0.009 0.040 0.039 0.015 0.067 0.027 0.010 0.048
CD (p=0.05) 0.086 0.033 0.150 0.146  0.055 0.253 0.103 0.039 0.179

C,: 0.0 MPa (0 bar); C,: - 0.140 MPa (-1 bar); C,: -0.39 MPa (-3.9 bar)

increases the tap root length. Among the water regimes, 100%
field capacity recorded significantly higher root length (20.57
cm), which was followed by (18.01 cm) 50% field capacity
and the lower root length was observed under 25% field
capacity (16.57 cm). Among the genotypes BS-37 recorded
(24.57 cm) higher root length which was followed by LRA-
5166, Sahana, GBHV-177, CCH-12-3 and BS-39 (23.65, 22.68,
21.27, 20.87 and 20.16 cm, respectively) and the genotype
RAH-806 recorded significantly lower root length (13.95 cm)
was on par with the TSH-04/115, GSHV-169, CNH-1110 and
RAH-100 (14.39, 13.07, 15.09 and 16.75 cm). This was due
to the root traits play a major role in water stress tolerance
under terminal water stress environments. In terms of root
architecture, both more prolific root systems extracting more
of the water in upper soil layers and longer root systems
extracting soil moisture from deeper soil layers are important

w
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for maintaining yield under terminal water stress. Maruti
and Katageri, (2015) reported that the genotypes such as IC
359963 (2.25), RDT 17 (5.1%) and CPD 446 (4.1%) recorded
significantly thinner roots than Sahana (4.9%) in both normal
and water stress condition, also significantly increases their
primary root length.

Data on number of secondary roots is presented in the Table
2b were differed significantly with respect to moisture levels,
genotypes and their interactions. The genotypes Sahana
recorded significantly higher secondary roots (44.17) which
were followed by BS-37, LRA-5166, GBHV-177 and CCH-12-3
(41.33, 41.08, 37.83 and 36.83, respectively). The genotype
RAH-806 recorded significantly lower secondary root (16.00)
was followed by TSH-04/115, RAH-100 and GSHV-169 (19.00,
20.33 and 23.83, respectively). Among the different water
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regimes 50% field capacity recorded significantly higher
number of secondary roots (36.86), which was followed
by control (29.81) where as 25% field capacity recorded
significantly (25.19) lower number of secondary roots. It was
observed from the experiment that slight increase in stress
condition increases secondary root numbers but severs stress
condition decrease secondary root number and similar results
are reported by Maruti and Katageri (2015).

Moisture levels, genotypes and their interactions differed
significantly with respect to root to shoot ratio (Table 2b).
The genotypes BS-37 recorded significantly higher (1.023)
root to shoot ratio which was on par with LRA-5166, Sahana,
GBHV-177, CCH-12-3 and BS-39(0.997, 0.966, 0.960, 0.960
and 0.938, respectively). The genotype GSHV-169 recorded
significantly lower root to shoot ratio (0.746) was on par with
the RAH-806 and TSH- 04/115 (0.797 and 0.815, respectively)

and followed by CNH-1110, NDLH-1938 and RAH-100 (0.836,
0.853 and 0.862, respectively). Among the moisture levels
25% field capacity recorded significantly higher root to shoot
ratio (0.980), which was followed by 50% field capacity (0.887)
where as 100% field capacity (0.811) recorded significantly
lower root to shoot ratio. Mc Michael and Quisenberry (1991)
in cotton and Ogbonnaya et al. (2003) in cowpea reported that
the water stress tolerant genotypes had higher root to shoot
ratio than susceptible ones.

The results obtained on total dry matter accumulation and
its distribution on leaf, stem and root dry weight during the
growth as influenced by different field capacities, genotypes
and their interactions are presented in Table 3. With respect
to stem dry weight, different water regimes, genotypes and
their interactions differed significantly. Among the field
capacities, 100% recorded significantly higher stem dry weight

Table 3: Effect of moisture stress on stem dry weight, root dry weight and rot to shoot ratio of Hirsutum cotton genotypes

grown in pot condition at 45 DAS

Treatments Stem dry weight (g plant?) Root dry weight (g plant?) Root to shoot ratio (dry weight basis)

F, F, F, Mean F, F, F, Mean F, F, F, Mean
TSH-04/115 0.69 0.60 047 059 0.295 0.267 0.223 0.262 0.43 045 0.48 0.45
GBHV-182 1.04 0.86 0.71 0.87 0.546 0.482 0.463 0.497 0.53 056 0.65 0.58
GBHV-177 1.09 0.80 073 0.87 0579 0.499 0.481 0.520 053 062 0.66 0.60
PH-1060 1.03 0.86 0.69 086 0.566 0.499 0.467 0.511 0.55 0.58 0.68 0.60
CCH-12-3 1.10 0.82 0.72 088 0.591 0.517 0.478 0.528 0.54 0.63 0.67 0.61
GSHV-169 0.56 049 038 048 0.246 0.227 0.185 0.219 0.44 046 0.49 0.46
TCH-1777 0.94 0.75 069 0.79 0.464 0.389 0.406 0420 049 052 0.59 0.53
SCS-1213 0.96 0.84 072 0.84 0478 0.440 0.427 0449 050 053 0.60 0.54
SCS-1062 0.92 0.76 0.67 0.78 0.434 0.367 0.378 0.393 0.47 049 0.57 0.51
AKH-09-5 0.92 0.75 064 077 0.429 0.363 0.357 0.383 047 048 0.56 0.50
NDLH-1943 0.88 0.68 055 070 0.395 0.318 0.293 0.335 045 047 0.54 0.49
CNH-1110 0.76 0.62 046 062 0.332 0.282 0.240 0.285 043 046 0.52 0.47
ARBH-1352 1.05 0.86 070 0.87 0569 0.506 0.471 0.516 054 059 0.67 0.60
NDLH-1938 0.93 0.72 059 075 0.410 0.331 0.305 0.349 044 046 0.52 0.47
RAH-806 0.60 0.53 041 051 0254 0.234 0.196 0.228 042 044 048 0.45
BS-37 1.25 0.85 0.72 094 0.680 0.599 0.506 0.595 0.54 0.70 0.70 0.65
BS-39 1.07 0.85 070 0.87 0.580 0.512 0.463 0.518 0.54 0.61 0.66 0.60
GJHV-516 0.97 0.83 0.70 0.83 0.516 0.467 0.454 0.479 0.53 056 0.65 0.58
Sahana 1.13 0.88 0.72 091 0.626 0.574 0.492 0.564 0.55 0.65 0.69 0.63
LRA-5166(NC)  1.19 0.86 072 092 0642 0.581 0.494 0.573 054 067 0.69 0.63
RAH-100 (LC) 0.91 0.74 065 0.77 0.410 0.341 0.341 0.364 045 046 0.53 0.48
Mean 0.95 0.76  0.63 0.478 0.419 0.387 0.494 0.542 0.599

F G FxG F G FxG F G FxG
SEm+ 0.45 0.17 0.78 0.008 0.003 0.014 0.010 0.004 0.017
CD (p=0.05) 1.70 0.64 294 0.030 0.012 0.053 0.037 0.014 0.065

F: Field capacity; G: Genotypes; F,: 100 % Field capacity; F,: 50% Field capacity; F.: 25% Field capacity
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(0.950 g) which was followed by 50% and 25% of water supply
(0.760 and 0.630 g respectively). Among the genotypes BS-
37 recorded (0.940 g) which was on par with LRA-5166 and
Sahana (0.924 and 0.910 g, respectively) and which was
followed by CCH-12-3, GBHV-177, BS-39 and GBHV-182 (0.880,
0.875, 0.873 and 0.868 g respectively). The genotype GSHV-
169 recorded significantly lower stem dry weight (0.477 g)
which was followed by RAH-806 and TSH-04/115 (0.514 and
0.586 g, respectively).

Root dry weight reflects the amount of photosynthates
diverted towards the roots. It is more important than fresh
weight to identify the water stress tolerance, because the
fresh root weight involves varying amount of water hold in
the root biomass. According to Rezaeieh and Eivazi (2012),
root dry weight was the best indicator and easiest typical
trait to determine the water stress tolerance of maize. Pace
et al. (1999); Dewi (2009) reported, that the water stress
tolerant cultivars are maintained higher root dry weight and
also record the higher number of secondary roots and tap
root length in water stress condition. The result with respect
to root dry weight is presented in Table 3. Where root dry
weight differed significantly with respect to water regimes,
genotypes and their interactions. The 100% field capacity
recorded significantly higher root dry weight (0.478 g), which
was followed by 50% field capacity (0.419 g) and the lower
root dry weight was observed under 25% field capacity (0.387
g). Among the genotypes BS-37 recorded (0.595 g) higher root
dry weight which was followed by LRA-5166, Sahana, GBHV-
177, CCH-12-3 and BS-39 (0.573, 0.564, 0.520, 0.528 and
0.518 g, respectively) and the genotype GSHV-169 recorded
significantly lower shoot length (0.219 cm) was on par with
RAH-806 (0.228 cm) which was followed by TSH-04/115, CNH-
1110 and RAH-100 (0.262, 0.285 and 0.364 cm, respectively).
Increase in root dry weight may be due to higher primary
root length, higher secondary root number and thicker roots
and higher primary root length under water stress condition.
It indicates that such genotypes have greater flexibility to
adjust with the changing moisture level during crop growth
stage but higher decreased root dry weight under drought
condition as compared to the normal condition was due to
decreasing primary root length, secondary root number and
higher thinning of roots (Maruti and Katageri, 2015).

Significant differences were observed for root to shoot ratio
between genotype, water regimes and interaction effects
(Table 3). The genotypes BS-37 recorded significantly higher
(0.65) root to shoot ratio which was on par with LRA-5166 and
Sahana (0.63 and 0.63, respectively) and followed by GBHV-
177, CCH-12-3 and BS-39 (0.60, 0.61 and 0.58, respectively).
Whereas, the genotype RAH-806 recorded significantly lower
root to shoot ratio (0.45) which was on par with the TSH-
04/115 and GSHV-169 (0.45 and 0.46, respectively) followed
by CNH-1110 and RAH-100 (0.47 and 0.48, respectively).
Among the different water regimes 25% field capacity
recorded significantly higher root to shoot ratio (0.60), which

2. © 2017 PP House

was followed by 50% field capacity (0.54) where as 100% field
capacity (0.49) recorded significantly lower root to shoot ratio.

The results obtained on leaf dry weight and total dry weight
differed significantly with respect to water regimes, genotypes
and their interaction are presented in Table 4. Present
investigation revealed that the reduction in stem dry weight,
leaf dry weight and total biomass as increased in the stress
levels from 100 to 25% field capacity. The 100% field capacity
recorded higher leaf dry weight and total dry weight (1.037
and 1.989 g, respectively) followed by 50% field capacity
(0.829 and 1.589 g, respectively). Significantly lower leaf dry
weight and total dry weight (0.700 and 1.334 g, respectively)
was recorded under 25% field capacity. The genotypes BS-37
recorded significantly higher leaf dry weight and total dry
weight (1.077 and 2.017 g, respectively) which was on par
with LRA-5166 (1.024 and 1.948 g, respectively) and Sahana
(1.011 and 1.921 g, respectively) and followed by GBHV-177
(0.962 and 1.836 g, respectively), CCH-12-3 (0.965 and 1.528g,
respectively) and BS-39 (0.952 and 1.825 g, respectively). The
genotype RAH-806 recorded significantly lower leaf dry weight
and total dry weight (0.595 and 1.109 g, respectively) was
followed by TSH- 04/115 (0.651 and 1.237 g, respectively),
GSHV-169 (0.544 and 1.021 g ), CNH-1110(0.670and 1.286 g,
respectively) and RAH-100 (0.846 and 1.613 g, respectively).
This study showed that the rapid decrease in plant biomass
from 100% to 25% field capacity i.e., both in stress condition
and among the genotypes, is mainly because of reduction in
photosynthetic activity and other metabolic reaction because
of drought condition (Rezaeieh and Eivazi, 2012). That mean
changes occured due to stress condition was adoptive
mechanism which uses most of its energy to accumulation
of osmoregulants, activation of most of oxidative enzymes
and also accumulation and translocation of assimilates to
stem and root.

Significant differences were observed for proline and total
chlorophyll content between genotype, water regimes and
interaction effects (Table 4). Proline is a major osmoregulent,
it is produced in larger amount under stress as compared to
the normal conditions (Unyayar et al., 2004). Drought stress
condition increases the proline content in the leaves. The
proline was found higher in 25% field capacity (71.80 mg g™ fr.
Wst.) was followed by 50% field capacity (63.61 mg g™ fr. Wt.)
and lower proline content (46.61 mg g fr. Wt.) was observed
under 100% field capacity. Among the genotypes CCH-12-3
(70.46 mg g* fr. Wt.) and LRA-5166 recorded (69.93 mg g*
fr. Wt.) significantly maximum proline content which was on
par with the Sahana and (68.37 mg g fr. Wt.) and followed
by GBHV-182, GBHV-177, BS-37 and BS-39. Whereas lower
proline content was recorded by GSHV-169 (49.29 mg g™ fr.
Wt.) followed by RAH-806, TSH-04/115 and RAH-100 (51.51,
54.24 and 56.96 mg g fr. Wt., respectively). By measuring the
chlorophyll content of a plant tissue, a reliable estimate of
photosynthetic rate in green tissue of plants can be estimated.
The genotype CCH-12-3 and Sahana recorded significantly
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higher total chlorophyll content (4.296 and 4.146 mg g* fr.
Wt.) which was followed by BS-39 and LRA-5166 (3.914 and
3.745 mg g fr. Wt., respectively) and lower total chlorophyll
content was observed in RAH-100 (2.064 mg g* fr. Wt.)
followed by TSH-04/115 and NDLH-1943 (2.350 and 2.353
mg g fr. Wt. ?, respectively).

4. Conclusion

The germination percentage, shoot length, root length, root
to shoot ratio, proline content, total chlorophyll content
and seedling indices were recorded. All these observations
summarized that, genotypes viz., Sahana, BS-37, LRA-5166,
CCH-12-3 GBHV- 177, BS-39, GBHV-182, ARBH-1352 were
found to be drought tolerant at higher osmotic potential of
-0.39 MPa and -0.14 MPa and at lower field capacities of 25
and 50%.

5. References

Ackerson, R.C., Humbert, R.R., 1981. Osmo-regulation
in cotton in response to water stress alteration in
photosynthesis, leaf conductance, translocation and
ultra structure. Plant Physiology 67, 484-488.

Ahmad, J., Bano, M., 1992. The effect of sodium chloride on
physiology of cotyledons and mobilization of reserved
food in Cicer arietinum. Pakistan Journal of Botany 24,
40-48.

Akram, M., 2011. Growth and yield components of
wheat under water stress of different growth stages.
Bangladesh Journal Agrilculture Research 36(3),
455-468.

Anonymous, 2016. Quarterly bulletin of statistics 2016, FAQ,
Rome, Italy, 12-30.

Ahmad, A.S,, Xie, X.Y.,, Wang, L.C., Md. Saleem, F., Lei, CM.W.,
2011. Morphological, physiological and biochemical
responses of plants to drought stress. African Journal
of Agricultural Research 6(9), 2026-2032.

Babu, A.G., Patil, B.C., Pawar, K.N., 2014. Evaluation of cotton
genotypes for drought tolerance using PEG-6000 water
stress by slanting glass plate technique. The Bioscan
9(2), 1419-1424.

Bates, L.S., Waldren, R.P., Teare, |.D., 1973. Rapid determination
of free proline in water stress studies. Plant and Soil 39,
205-208.

Dewi, E.S., 2009. Root morphology of water stress resistance
in cotton (Gossypium hirsutum L.). Texas A&M University
in partial fulfillment of the requirements for the degree
of master of science. Available electronically from http :

P
(

2. © 2017 PP House

//hdl .handle .net /1969 .1 /ETD -TAMU -2009 -12 -7373.

Gomez, A.K., Gomez, A.A., 1984, Statistical Procedures for
Agricultural Research. 2™ Edition, A Wiley Inheritance
Publication, New York, 187-241.

Maruti, L., Katageri, I.S., 2015. Genetic influence of root traits
of cotton (Gossypium hirsutum L.) on moisture stress
tolerance. Karnataka Journal of Agricultural Sciences.,
28(4), 454-456.

McMichael, B.L., Quisenberry, J.E., 1991. Genetic variation
for root-shoot relationship among cotton germplasm.
Environmental and Experimental Botany 31, 461-470.

Michel, E.B., Merrill, R.K., 1973. The Osmotic Potential of
Polyethylene Glycol 60001. Plant Physiology 51, 914-
916.

Ogbonnaya, C.l., Sarr, B., Brou, C., Diouf, O., Diop, N.N.,
Roy, M.H., 2003. Selection of cowpea genotypes in
hydroponic, pots and field for water stress tolerance.
Crop Science 43, 1114-1120.

Pace, P.F., Cralle, H.T., El-Halawany, S.H.M., Cothren, J.T.,
Senseman, S.A., 1999. Drought induced changes in
shoot and root growth of young cotton plants. Journal
of cotton science 3(4), 183-187.

Rezaeieh, K.A. Eivazi, A., 2012. Evaluation of morphological
characteristics in five Persian maize (Zea mays L.)
genotypes under water stress stress. Revista Cientifica
UDO Agricola 1, 241-244.

Shoaf., Loum., 1976. An examination of zinc uptake patterns
by cultivars of sorghum and maize: differences amongst
hybrids and their parents. Journal of Plant Nutrition 8,
1199-1210.

Sidari, M., Santonoceto, C., Anastasi, U., Preiti, G., Muscolo,
A., 2008. Variations in four genotypes of lentil under
NaCl-salinity stress. American Journal of Agricultural
and Biological Science 3, 410-416.

Tonin, G.A,, Carvalho, N.M., Kronka, S.N., Ferraudo, A.S., 2000.
Culture systems, velvet bean and mineral fertilization
influence on maize seeds physiological quality. Revista
Brasileira de Sementes 22, 276-279.

Unyayar, S., Yuksel, K., Elif, U., 2004. Proline and ABA levels
in two sunflower genotypes subjected to water stress.
Bulgarian Journal of Plant Physiology 30(3-4), 34-47.

Yu, X.G., Sun, J.S., Xiao, J.F., 1999. A study on drought indices
and lower limit of suitable soil moisture of cotton. Acta
Gossypii Sinica 11(1), 35-38.

Zhang, X.Y., Liu, C.L.,, Wang, J.J,, Li, F.G., YE, W.W., 2007.
Drought tolerance evaluation of cotton with PEG water
stress method. Journal of Cotton Science 19(3), 205-209.

308



