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ABSTRACT

Cotton (Gossypium hirsutum L.) is an important fibre crop in the world. The
productivity of cotton is affected by several factors, of which drought have
been identified as an important factor. Identifying drought-tolerant cotton
genotypes is important hence, this study was undertaken to evaluate the
performance of 12 cotton genotypes of cotton, viz: SAMCOT (8-13), CL-07,
LINE 17, LINE 18, LINE 30, MA-1 and MA-15 using slanting glass plate with
polyethylene glycol (PEG-6000) at 0, 10, and 20 g/L concentrations. The
treatments were arranged in a 3 x 12 factorial experiment in a completely
randomized design of three replicates. Sterilized seeds of the 12 cotton
genotypes were arranged on the top portion of a filter paper and were inserted
into a polyethene envelope containing prepared polyethylene glycol (PEG)
solution at respective varying concentrations. Data were collected after three
weeks of initiation for germination percentage, shoot length, shoot fresh
weight, seedling vigour index, root fresh weight and root length. Highly
significant (P<0.01) % reduced germination was observed for shoot length,
shoot fresh weight, seedling vigour, root length and root fresh weight as the
PEG concentration increases, in which 20g/L PEG recorded least values in all
the measured traits. Among the genotypes, LINE 30, SAMCOT 11 and
SAMCOT 8 recorded the highest values for most of the traits. Therefore, these
genotypes exhibit higher tolerance to PEG stimulated drought, hence
suggesting production and confirmation for their tolerance to drought under
field condition for adoption in mass production
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INTRODUCTION

Cotton (G. hirsutum L.) is a leading non-food agricultural and industrial fibre crop
grown in more than 80 countries (Dutt et al., 2004). About 39.05 million metric tonnes of
cotton are produced globally from 28.95 million hectares with an average productivity of
1.35 metric tonnes per hectare. India is the largest producer, with about 12.74 million metric
tonnes from 10.85 million hectares with an average productivity of 1.06 metric tonnes and
yield of about 0.98 metric tonnes per hectare on an area of 0.28 million hectares (FAOSTAT,
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2018). Nigeria is ranked 29" in the world. The average world yield is 765kg/Ha while the
Nigerian yield is 190kg/Ha on an area of 270 thousand hectares. The world average yield is
higher than that obtained in Nigeria and this gap may be due to several factors such as biotic
and abiotic stress like diseases, heat stress, drought stress, etc. (USDA, 2019). One of the
major abiotic stresses affecting plant productivity is water stress due to 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 the primary component of
actively growing plants ranging from 70-90% of plant fresh mass (Gardner and Gardner,
1983). 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
which affect the functions of plants (Megha and Mummigatti, 2017). Drought is regarded as
a critical factor in cotton growing parts of the world because it adversely influences the yield
of fibre and lint quality (Magbool, 2009). Drought stress significantly reduces seed cotton
production and productivity by affecting many agronomic traits like reduction in plant height,
above-ground fresh weight, size and number of bolls per plant, seed cotton yield etc. (Malik
et al., 2006). Drought stress minimizes nutrient uptake and distribution within the body of
plants, resulting in a reduction in growth and yield in cotton (Zhang et al., 2017). Drought
stress is an important threat among abiotic stresses, which has drastically affected normal
growth of cotton plant (Hafeez et al., 2019). Drought stress causes stomata closure, which
leads to decreased CO intake, affecting the rate of photosynthesis and consequently reduced
growth and yield (Chaves et al., 2009).

Polyethylene glycol (PEG) is a chemical commonly used for drought-stress related
studies in plants (Turkhan et al., 2005; Landjeva et al., 2008). Polyethylene glycols with
molecular masses of 6000 and above are non-penetrable and non-toxic osmotic substance
which can be used to lower the water potential of the culture medium and it has been used to
simulate drought stress in cultured plant tissues (Muhammad et al., 2010; Khodarahmpour,
2011). Cotton has successfully been screened for drought tolerance using slanting glass
technique (Babu et al., 2014; Megha et al., 2017), this method is simple, fast and easily
operated. The application of this technique in the screening for drought tolerance of Nigerian
cotton lines will aid in the rapid screening and identification of drought-tolerant genotypes.
Hence, this study was undertaken to evaluate 12 cotton genotypes for drought-tolerance using
slanting glass technique to identify drought-tolerant cotton genotype(s).

MATERIALS AND METHODS
Study Area
The experiment was carried out in the Biotechnology Laboratory of the Department
of Plant Science, Ahmadu Bello University Zaria located at Latitude 11°11°N and longitude
7°38’E in the northern Guinea savannah ecological zone of Nigeria.
Experimental Materials, Design and Procedures
The experimental materials used in the study comprised of 12 cotton genotypes

(SAMCOT 8, SAMCOT 9, SAMCOT 10 SAMCOT 11, SAMCOT 12, SAMCOT 13, CL-
07, LINE 17, LINE 18, LINE 30, MA-1 and MA-15) and three stress levels (0, 10g/L and
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20g/L PEG). These were arranged in a 3 x 12 factorial experiment made up of 36 treatment
combinations which were arranged in a completely randomized design and replicated three
times. Rectangular glass plates of 3 mm thickness measuring 24 x 20 cm were used in the
experiment. One glass plate was used per treatment. The glass plates were covered with fine
quality filter paper sheets from top to bottom. Six healthy delinted seeds from each of the 12
cotton genotypes were surface sterilized with 80% ethanol for 3 minutes, after which 25%
(v/v) Sodium hypochloride (commercial bleach) was added with 2 drops of tween20 for 20
minutes with occasional stirring under the laminar hood. The seeds were then rinsed thrice
with sterile distilled water. The seeds were further placed on a filter paper lined on a glass
plate arranged at 3 cm spacing. The seeds were then covered with a small strip of filter paper
and placed in a slanting position. Clips were used to hold the assemblage of the glass plates
to avoid displacement of seeds in the slanting position. Two millilitres (2 mL) PEG solution
was added onto the bridge of the filter paper to each of the glass plate to facilitate adherence
of seeds firmly to the filter paper. The glass plates were inserted into a polythene envelope
designed to fit the glass plates. Two hundred and fifty millilitres (250 mL) of varying
concentrations of PEG 6000 were added separately into the respective polythene envelope
containing the cotton seeds in the slanting glass plate. Seedlings were germinated under room
temperature for a period of 3 weeks. Fresh PEG solutions (50 mL) were added at regular
intervals of three days to maintain the level of solution (Babu et al., 2014).

Data Collection and Analysis

Data were collected on germination percentage (%), shoot length (cm), shoot fresh
weight (g), seedling vigour index, root length (cm) and root fresh weight (g). Germination
was recorded as percentage from three weeks of initiation by counting the seedlings that
emerged from PEG-6000 solutions. Shoot length was measured from the medium contact
point to the tip of the pant using a metre rule. Shoot fresh weight was measured by cutting
the shoot from the seedling and weighed using a weighing balance. Seedling vigour was
calculated by adding the values of root and shoot lengths and multiplied by germination
percentage (%). Seedling vigour index = (root length + shoot length) x germination (Babu et
al., 2014). Root lengths of seedlings were measured from the collar region to the tip of the
longest root by using a meter rule. Roots were separated from the seedlings and weighed by
using a weighing balance for root fresh weight. Data recorded were subjected to analysis of
variance (ANOVA) using factorial ANOVA procedure of SAS 9.0 (SAS Institute Inc. 2002).
Means were separated using Least Significant Difference (LSD).

RESULTS
Effect of PEG Concentration and Genotypes on Germination and Growth in Cotton

Highly significant differences (P<0.01) were observed among the PEG concentrations
for all the traits measured (Table 1). The highest (85%) germination percentage was observed
in the control, while the least (55%) was observed in medium supplemented with 20g/L PEG.
The control recorded the longest (9.69 cm) shoot length and highest (0.47g) shoot fresh
weight while, the shortest shoot length (6.11 cm) and least shoot fresh weight (0.30g) were
observed in the medium supplemented with 20g/L of PEG-6000. Similarly, the highest
(2373) seedling vigour index was observed in the control, while the least (821) seedling
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vigour index was observed in medium with 20g/L PEG. Furthermore, longest and highest
root length and root fresh weight (17.41cm and 0.09g) were recorded in the control while,
shortest and least root length and root fresh weight (8.50cm and 0.06g) were respectively
recorded in medium supplemented with 20g/L PEG.

Highly significant differences (P<0.01) were observed among the genotypes for all
the traits measured (Table 1), SAMCOT 11 recorded the highest germination percentage
(86%), followed by LINE 18, LINE 30, SAMCOT 9 and CL-07 with germination percentages
of 83%, 83%, 81% and 78%, respectively while SAMCOT 13 recorded the least (42%)
germination percentage (Table 1).

Table 1: Effect of PEG 6000 and Lines on shoot and root traits of cotton
Treatments GP (%) SHL SHFWT SVI RL (cm) RFWT (g)

(PEG) (cm) (9)
0 85.422 9.692 0.472 2373.44* 17.412 0.09?
10 68.06° 7.77° 0.38° 383.88°  11.94° 0.072
20 55.21°¢ 6.11¢ 0.30¢ 820.76°  8.50° 0.062
Mean 69.56 7.86 0.45 1526.03 12.62 0.08
SE+ 0.84 0.06 0.004 15.68 0.04 0.01
LSD 2.41 0.17 0.01 45.03 0.14 0.03
Genotypes

SAMCOT 8 72.22¢ 8.832 0.53% 1967.00° 16.14° 0.08bcd
SAMCOT 9 80.56%  7.42% 0.32 1661.00° 12.55f 0.152

SAMCOT 10 63.89° 8.42° 0.47¢ 1327.00F  11.55¢ 0.11%
SAMCOT 11 86.112 8.70% 0.46¢ 2153.00° 15.174 0.10%c
SAMCOT 12 72.22¢ 7.25° 0.44d° 1324.00" 10.62' 0.05b¢d

SAMCOT 13 41.67° 5.37f 0.36f 660.90°  10.22 0.03¢

CL-07 7778 7.709¢  0.33f 1758.000 14.63°  0.07b
LINES 17 62.50°  7.63¢ 0.41¢ 1187.00° 11.05"  0.06b
LINES 18 83.33%  7.73¢ 048 2078.00° 16.64°  0.08%
LINES 30 83.33  8.79 0.48° 2280.00° 17.13*  0.08%
MA-1 66.67¢  7.98° 0.52° 941.40"  5.63 0.04¢
MA-15 44441 850  0.56° 974.30"  10.077  0.07>
P X G ** ** ** ** ** NS
Mean 69.56  7.86 0.45 1526.03 1262  0.08
SE+ 1675 0120 0002 31366 0.091  0.022
LSD 4.81 0.35 0.02 90.05  0.29 0.06
CV (%) 5.9 3.8 6.5 5.0 1.9 72.1

Mean with the same letter (s) in the same column are not significantly different at P<0.05 level of
significance using LSD. ** Highly significant. GP= Germination percentage, SHL= Shoot length,
SHFWT= Shoot fresh weight, SVI= Seedling vigour index, RL=Root length, RFWT=Root fresh weight

The longest shoot length was observed in SAMCOT 8 followed by LINE 30,
SAMCOT 11, MA-15, SAMCOT 10, LINE 18, CL-07, LINE 17 and SAMCOT 9 with shoot
length of 8.83cm, 8.79cm, 8.70cm, 8.50cm, 8.42cm, 7.73cm, 7.70cm, 7.63cm and 7.42cm
respectively while, SAMCOT 13 (5.37cm) recorded the least. MA-15, SAMCOT 8, MA-1,
LINE 30 and LINE 18 recorded the highest shoot fresh weight of 0.56g, 0.53g, 0.52g 0.48g
and 0.48g respectively while, SAMCOT 9 recorded the least shoot fresh weight (0.32g).
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Among the 12 cotton genotypes, LINE 30, recorded highest seedling vigour index (2280)
followed by SAMCOT 11, LINE 18, SAMCOT 8, CL-07 and SAMCOT 9 with seedling
vigour index of 2153, 2078, 1967, 1758 and 1661 respectively while SAMCOT 13 recorded
the least seeding vigour index value (661). LINE 30 (17.13cm) recorded the longest root
length followed by LINE 18, SAMCOT 8, SAMCOT 11, CL-07, SAMCOT 9 and SAMCOT
11 with, 16.64cm, 16.14cm, 15.17cm, 14.63cm, 12.55¢cm and 11.55cm values respectively
while, MA-1 recorded the shortest (5.63cm) root length. SAMCOT 9 and SAMCOT 10 had
the highest (0.15g and 0.11g) values for root fresh weight while SAMCOT 13 recorded the
least root length (0.03g).

Interaction Effect of PEG Concentration and Cotton Genotypes

The interaction effects between PEG concentrations and genotypes were highly
significant (P<0.01) for all the measured traits (Table 1) The highest germination percentage
was recorded in the control treatment by SAMCOT 8 (100%) followed by the interaction of
the control with SAMCOT 11, LINE 18, LINE 30 and SAMCOT 9 (100%, 100%, 100% and
91.66% respectively) while SAMCOT 13 recorded the least (50%) (Fig 1a). In 20g/L of PEG,
SAMCOT 11, SAMCOT 9, SAMCOT 12, CL-07, LINE 18 and LINE have germination
percentage of 75, 67, 67, 67, 67 and 67 respectively), while MA-1 recorded the least (17%)
germination (Fig 1a).

SAMCOT 11 recorded the maximum shoot length followed by SAMCOT 8 and MA-
15 with 12.50cm, 11.65cm and 11.50cm values respectively while, SAMCOT 13 recorded
the minimum shoot length (6.50cm) in the control (Fig. 1b). At 20g/L of PEG, SAMCOT 10
recorded the maximum followed by LINE 18, LINE 17, SAMCOT 8 and SAMCOT 9 with
7.45¢cm, 7.23cm, 7.13cm, 6.83cm, and 6.48 values respectively, while SAMCOT 13 recorded
the minimum (3.40cm) shoot length.

MA1 and MA-15 recorded the maximum shoot fresh weight (0.73g and 0.72g), while
SAMCOT 13 recorded the minimum (0.36g) shoot fresh weight in the control (Fig. 1¢c) when
the medium was supplemented with 20g/L PEG, SAMCOT 8 and CL-07 recorded the
maximum and minimum (0.51g and 0.26g) shoot fresh weight, respectively.

In the control, SAMCOT 8 recorded maximum seeding vigour index followed by
SAMCOT 11 and LINE 30 with 3630, 3605 and 3525 respectively, while SAMCOT 13
recorded the minimum (981) (Fig. 1d). In 20g/L of PEG, LINE 18 recorded maximum
followed by CL-07, SAMCOT 11 and SAMCOT 12 with 1363, 1237, 954 and 943,
respectively while MA-15 recorded the minimum (193) seedling vigour index.

In the control treatment, SAMCOT 8 recorded longest root length followed by LINE
30 and SAMCOT 11 with 24.65cm, 24.60cm and 23.55cm respectively while, MA-1
recorded the shortest (6.83cm) root length (Fig. 1e) Meanwhile, LINE 18 recorded the longest
followed by CL-07 and SAMCOT 8 with 13.23cm, 13.10cm and 11,30cm respectively, while
MA-1 recorded the shortest (4.65cm) root length in 20g/L PEG.

SAMCOT 10 and SAMCOT 11 recorded the maximum (0.156g and 0.15g), while
SAMCOT 13 the minimum (0.04g) root fresh weight (Fig. 1f). In the case of 20g/L of PEG,
SAMCOT 9 and SAMCOT 13 recorded the maximum and minimum (0.29g and 0.02g),
respectively.
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Fig. 1: Effect of PEG concentration x Genotype interaction on: a) germination percentage of cotton
(%); b) seedling vigour index of cotton; c) shoot length of cotton (cm); d) shoot fresh weight
of cotton (g); e) root length of cotton (cm); and f) root fresh weight of cotton (g)
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DISCUSSION

Germination percentage decreases as the PEG concentration increases from 0 to
20g/L. In their findings, Megha et al. (2017) reported a decrease in seed germination
percentage as the PEG 6000 concentration increases from 0% to 20% in cotton using slanting
glass plate technique. Decreased germination might be due to increased osmotic stress which
results into water deficit that damaged cellular machinery. This also agrees with the findings
of Babu et al. (2014) who reported 25% to 27% PEG concentrations as the lethal water
potential for germination of cotton seeds. Results from the study also show that shoot length,
shoot fresh weight and seedling vigour index decreases with the increase in PEG
concentration from 0 to 20g/L. Similarly, Babu et al. (2014) and Megha et al. (2017)
observed shoot length, shoot fresh weight and seedling vigour index decreased with the
increase in PEG-6000 concentrations from 0% to 20%. Under moisture stress condition
plants exhibit increase in root length, root volume, root weight and lateral roots for water
absorption from deeper surfaces, which results in decreased decrease in shoot biomass
(Megha et al., 2017). This could be the reason for the reduction in shoot biomass with
increasing PEG concentration as observed in our study.

Among the cotton genotypes SAMCOT 8, SAMCOT 11, Line 30 and MA-15
recorded the highest values for most of the shoot traits as compared with values of the other
cotton genotypes, which may be attributed to their inherent differences. Genotypic variation
for shoot traits has also been reported in tomatoes, sunflower and cactus cultures from using
similar technique (Aazami et al., 2010; Turhan and Baser, 2004; Mengesha et al., 2016).
Megha et al. (2017) screened twenty-one cotton genotypes and reported that genotypes that
well under various PEG concentrations were considered to be tolerance to osmotic stress.
Zhang et al. (2007) also observed varietal difference while screening 13 cotton varieties with
PEG 6000 at different concentrations. The interaction effect was found to be significant for
most of the shoot traits with SAMCOT 8, SAMCOT 9, SAMCOT 11, SAMCOT 12, CL-07,
LINE 17 and LINE 18 recording the maximum values under 20g/L PEG.

Root length decreases with an increase in PEG concentration from 0 to 20g/L with the
control recording the highest value while medium with 20g/L of PEG recorded the least. This
is contrary to the work of Babu et al. (2014) who reported that root length was increased with
the increasing PEG-6000 concentrations up to 10% PEG-6000 and it declined thereafter. The
increased root length might be due to the partitioning of more photosynthates for root growth
rather than the shoots, for the absorption of more water from deeper surfaces under water
stress. The decreased shoot organs help in the reduction of transpiration which results in
water loss from the shoot surfaces (Babu et al., 2014). The observed differences among the
cotton genotypes could be attributed to genotypic differences. Water stress-sensitive
genotypes show more reduction in root growth, whereas drought stress tolerant genotypes
appeared to be relatively less stressed under moisture stress conditions in cotton (Hassan et
al., 2015). Significant PEG x Lines interaction effect was observed for root length with
SAMCOT 8, CL-07 and LINE 18 recording the longest root length, while SAMCOT 9
recorded higher root fresh weight under 20g/L. Iftikhar et al. (2019) observed that root traits
such as root length, fresh root weight, and dry root weight contribute more to drought
tolerance as compared to the shoot related traits.
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CONCLUSION

Based on the findings of this study, PEG at 20g/L affected all the traits indicating its
suitability for stimulating droughts conditions for screening cotton using slanting glass plate.
Among the genotypes evaluated, SAMCOT 8, SAMCOT 9, CL-07 and LINE 18 recorded
the maximum values for most of the traits under 20g/L PEG induced stress, suggesting these
genotypes to be drought tolerant compared to the other genotypes. However, findings from
the current study can be confirmed by field study evaluation for update.
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APPENDIX

APPENDIX 1: Effect of PEG concentration on Seedling Growth in Cotton I) Seedlings in
slanting glass plate Il a) Control b) Seedling on 10g/LPEG c) Seedling on
20g/L PEG
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