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Abstract

The response of 15 cotton (Gossypium hirsutum L.) genotypes to salt stress was studied in
terms of their biomass production and reduction ratios under salt stress. The cotton varieties were
grown at different salt concentrations (0, 125 and 250 mM NacCl) in completely randomized split-
plot design with 10 replications. Plant height, stem diameter, shoot fresh and dry weight, leaf area,
and total dry weight were determined to compare their relative performance at salinity. Significant
variations occurred among 15 cotton genotypes for all investigated traits with increasing salt level
in growing medium. The cotton genotypes with good vegetative growth without salt stress had also
good vegetative growth under salt stress. Based on biomass production and reduction ratios of
cotton genotypes in salt stress conditions, it is concluded that Delta Opal, Golden West, and
Deltapine 50 are salt sensitive Sahin-2000, Nazilli M 503 and TAM94L-25 are salt tolerant, while
rest of the cotton genotypes are considered as moderately salt tolerant.

Introduction

Excessive salt (NaCl), accumulation in soils causes a serious reduction in the yield of
a wide variety of crops. Over 800 million hectares of land throughout the world are salt-
affected either by salinity (397 million ha) or the associated condition of sodicity (434
million ha). Of the current 230 million ha of irrigated land, 45 million ha are salt-affected
(20%) (Anon., 2005). In Turkey, irrigated agricultural areas are threatened by salt
accumulation in soils due to the poor irrigation management. Cultivated crop pattern has
been changed with the irrigation under the Southeastern Anatolia Project (GAP). It is
estimated that in the GAP, having 40-50 % cotton production area of Turkey, soil salinity
is the most important problem due to the heavy irrigation or poor water management and
high evaporation. Salinity problem in the GAP reduced the cotton yield up to 29.6 %
(Cullu, 2003). Since salinity limits the agriculture production (up to 40%) all over the
world (Serrano & Gaxiola, 1994), salt tolerant cultivars need to be improved to utilize
saline soils and to meet the demands of the world’s increasing population (Holmberg &
Bulow, 1998). A number of researches have been reported with regard to the effects and
response mechanisms of salinity on plants (Hasegawa et al., 2000; Pessarakli, 2001;
Munns & James, 2003; Cha-Um & Kirdmanee, 2009; Noreen et al., 2009).

Cotton is considered to be moderately tolerant to salinity, ranked second behind barley
(Soltanpour & Follett, 1995). However, variation in salt-tolerance has been observed among
different cotton cultivars (Gosset et al., 1994; Khan et al., 1995; Leidi & Saiz, 1997). Under
saline condition absolute or relative growth or yield is usually the ultimate goal (Shannon,
1984). Biomass production at high salinity (up to 250 mM NaCl) has been proposed as a
selection criterion for salt tolerant (Kingsbury & Epstein, 1984; Martin et al., 1994; Jafri &
Ahmad, 1994). In the study reported herein, 15 commercially cultivated cotton genotypes
were evaluated for salt-tolerance during early seedling growth.
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Materials and Methods

Seeds of 15 cotton genotypes viz., Nazilli-84, Carmen, Sahin-2000, Ozbek-142,
Nazilli M-503, BA-119, Cukurova-1518, Sure Grow 125, Stonville-453, Delta Opal,
Golden West (Teks), Ersan-92, Maras-92, Deltapine 50 and TAM94L-25 were planted in
a walking-greenhouse on July 11, 2006. Four seeds were planted in pots (26 cm ht x 11
cm diam; volume: 1.5 1) filled with a 3/1 mixture of sand:perlite. After emergence, plants
were thinned to one plant per pot. The experimental design was completely randomized
split-plot design, with salinity as main plots and cultivars as subplots. Ten pots were
established for each genotype. The conditions in greenhouse were 31/21 °C and 55/61%
relative humidity (day/night). The plants were watered per day with 300 mL half strength
Hoagland solution (Hoagland & Arnon, 1950) containing no NaCl until the plants
reached the beginning first true-leaf stage. Subsequently, 14 days after planting, seedlings
were subjected to the salt stress gradually by adding 50 mM NaCl at 24 h intervals until
the final concentrations of 125 and 250 mM NaCl were reached. Fully expanded 3™ main
stem leaves were excised from each plant and each leaf was immediately weighted to
determine leaf fresh weight 45 days after planting. Leaf area was measured by using
scanner with Flaeche packing programme (Kraft, 1995). Ten leaves were dried for 24
hours at 72°C and dry weight was recorded. The plants were harvested 47 days after
planting (DAP) on 25-26 August 2005. Plants were taken from pots and washed free of
sand: perlite mixture. Plant height was measured by ruler and stem diameter was
measured above the first real leaf by using caliper ruler with 0.001 mm sensitivity. Plants
were cut into root and shoot, and shoot fresh weight measured. Shoot and roots were
dried for 48 hours at 90 °C and dry weight recorded. Genotypes were evaluated for plant
height (PH), stem diameter (SD), shoot fresh weight (SFW), shoot dry weight (SDW),
leaf area (LA), and total dry weight (TDW). Percentage of reduction due to the salinity
stress in relation to the non-saline (NS) condition was also determined for different traits.
Data were analyzed by a completely randomized split-plot design using the GLM
procedure of SAS program (Anon., 1999).

Results and Discussions

Variation among 15 upland cotton genotypes and interaction between salt treatments
and genotype was significant for plant height (PH), stem diameter (SD), shoot fresh
weight (SFW), shoot dry weight (SDW), leaf area (LA), and total dry weight (TDW)
(Table 1).

Table 1. Mean square values of 15 upland cotton genotypes when grown under salt stress.

Source Mean squares

df. ] PH" | sb [ sbw | Sfw | LA | TDW
Salt 2 118017 54777  107.87 11517 19527 9527
Error I 27 66.66 0.361 1.099 26.40 215.7 1.651
Genotype 14 140" 1.0577  9.095™ 8612 4940  9.516"
Salt x Genotype 28 11377 02337 19047 1.8047 21377 1.754°
Error 378  3.789 0.118 0.357 7.096 60.3 0.555

* and ** indicate significance at p=0.05 and 0.01 level, respectively.
+: Plant height (PH), stem diameter (SD), shoot fresh weight (SFW), shoot dry weight (SDW),
leaf area (LA), total dry weight (TDW).
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Genotypic variation exists among 15 cotton varieties for all investigated characters
under control and salt treatments (Table 2). The mean values of investigated traits were
significantly affected by genotype and increasing salinity levels. In the control pots, the
genotypes had plant height in the range of 38.15-29.55 ¢cm with Ozbek-142 having the
maximum while Stoneville 453 having the minimum values (Table 2). At 125 mM NaCl
salinity level, pH ranged between 28.25 (Sahin-2000) and 20.05 cm (Stonville-453). With
increasing salt level to 250 mM NaCl, Deltapine 50 was in the last rank (12.70 cm), while
Ozbek-142 (18.40 cm), Nazilli M-503 (18.25 cm), Nazilli 84 (17.35 cm) and Sahin-2000
(16.10 cm) were in the first statistical group in terms of pH. The highest reduction in pH
was found in Delta Opal (35%) and Golden West (34%), and lowest reduction was
observed for Sahin-2000 (19%) followed by Nazilli-84 (24%) and Nazilli M-503 (23%)
at 125 mM NaCl salinity level. With increasing salt level from 0 to 250, decrease in of
pH was over 50%, and differences among cotton genotypes are not significant.

Significant differences were observed in SD among cotton genotypes with or without salt
treatments (Table 2). Under non-stressed conditions, stem diameter of the genotypes varied
from 4.30 mm (Ozbek-142) to 3.42 mm (BA-119). At 125 mM NaCl level, Nazilli M-503 had
the highest stem diameter value (3.84 mm), while BA-119 exhibited the lowest stem diameter
value (3.05 mm). Salih & Halim (1985) reported that stem diameter is one of the most
important and sensitive parameters in cotton. When the cotton genotypes were grown in 125
mM NaCl level, the highest reduction in SD was in Carmen (18%), and the lowest in
TAMO94L-25 (2.7%). However, at 250 mM NaCl, Sahin-2000 had the highest reduction ratio
(39%) in SD, while the lowest SD reduction (23%) was observed for BA-119.

Mean shoot fresh and dry weight (stem Faculty of Agriculture + leaves) values of
genotypes were significantly affected by salinity stress. A decrease in shoot fresh weight and
dry weight of 15 cotton cultivars was observed with increase in salt concentration of the
growth medium (Table 2). Ozbek-142 and Nazilli 84 had the highest SFW (17.99 g) and
SDW (3.76 g) values under control condition, respectively. However, Nazilli M-503 produced
maximum SFW (14.37 g) and SDW (3.06 g), and Delta Opal had minimum value of SFW
(7.06 g) and SDW (1.46 g) at 125 mM NaCl salt level. When the cotton genotypes were
grown in 125 mM NaCl salt level, the highest reduction in SFW (41%) and SDW (35%) was
in Delta Opal and Golden West (39% for SFW and 34% for SDW), while Nazilli M 503,
TAMO94L-25 and Sahin-2000 had lowest reduction ratio values for both SFW and SDW. No
differences were observed for SFW and SDW production values or reduction ratios among
cotton genotypes grown in 250 mM NaCl. The expected reduction in SFW and SDW could
result from shrinkage of cell contents, unbalanced nutrition, ion imbalance and hyperosmotic
stress in plants; and oxidative damage to enzymatic proteins and membrane integrity (Kent &
Lauchli, 1985; Zhu, 2001; Xiong & Zhu, 2002).

Leaf area per plant of all cotton genotypes progressively decreased with the increase
in salinity level from 0 to 125 and 250 mM NaCl (Table 2). The initial growth response
of plants to salinity is generally seen as slow leaf growth (Munns & Termaat, 1986).
Significant differences were observed in LA among genotypes under control and with
increasing salinity to 125 mM NaCl. However, no significant differences were found
among cotton genotypes for LA at 250 mM NaCl salt level. Leaf area per plant ranged
between 59.9 cm’ (Carmen) and 45.2 cm® (Delta Opal) under non-stressed %rowing
condition. At 125 mM NacCl level, Sahin-2000 groduced maximum LA (43.4 cm”) while
Delta Opal had the smallest leaf area (22.72 cm”). Genotypic variation also exists among
cotton cultivars in terms of reduction ratio in LA under salt stressed condition. The
largest reduction in LA was in Delta Opal (47%) and DPL 50 (44%). The lowest
reduction in LA was observed for Sahin-2000 (16%), Nazilli-84 (21%) and Nazilli M-
503 (23%) under 125 mM NaCl treatment.
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Table 2. Means of different growth parameters of 15 upland cotton genotypes
grown under non-stress and salt stress conditions.

PH (cm) SD (mm)

125mM 250mM 125mM 250mM
Genotypes Control NaCl NaCl Control NaCl NaCl
Nazilli-84 3435abc’  26.10 abcd  17.35 abc 4.17 ab 3.73 ab 290 a
Carmen 33.80 be 22.40 de 12.95 ef 4.15 ab 3.38 abc 2.75a
Sahin-2000 35.65 abc 28.25a 16.10 a-d 3.98 abc 3.49 abc 241 a
Ozbek-142 38.15a 27.80 a 1840 a 430a 3.50 abc 2.76 a
Nazilli M-503 36.75 ab 27.75 ab 18.25 ab 4.22 ab 3.84a 291 a
S. Grow 125 34.35 abc 23.15cd 14.55 c-f 3.82 a-d 3.22 be 2.55a
Cukurova-1518 32.65cd 23.60 bed 15.25 a-f 3.77 a-d 3.37 abc 2.68 a
Stonville-453 29.55¢ 20.05¢ 13.15f 3.81 a-d 3.52 abc 2.61 a
Delta Opal 33.15 bed 21.30 de 14.95 b-f 3.55¢cd 3.11c 2.66 a
Golden West 32.60 cde 21.25 de 15.40 a-f 3.92 a-d 3.26 abc 272 a
Ersan-92 32.75 cd 23.30 cd 15.80 a-e 3.66 bed 3.26 be 277 a
Maras-92 32.65 cd 23.30 cd 15.85 a-e 3.74 a-d 3.46 abc 246 a
BA-119 30.25 de 21.45 de 14.95 b-f 342d 3.05¢ 2.56a
Deltapine 50 30.08 de 20.75 de 12.70 f 3.72 a-d 3.09¢ 2.38a
TAMO94L.-25 30.40 ¢ 22.70 cde 15.65 a-f 343d 3.55 abc 2.62a

SFW (g) | SDW (g)
Nazilli-84 17.71 ab’ 12.66 ab 6.20 a 376 a 2.81 ab 1.36 a
Carmen 15.09 a-d 9.15 bed 4.02a 2.97 abc 1.86 b-e 0.85a
Sahin-2000 12.69 cd 11.38 abc 458a 2.52¢ 2.46 a-d 093 a
Ozbek-142 17.99 a 11.79 ab 6.28 a 3.65 ab 2.61 abc 129 a
Nazilli M-503 15.95 abc 1437 a 6.41 a 3.15 abc 3.06a 144 a
S. Grow 125 13.21 a-d 8.50 bed 431a 240 ¢ 1.70 cde 0.89 a
Cukurova-1518 13.24 a-d 10.52 a-d 447 a 2.34 ¢ 2.17 a-¢ 1.01a
Stonville-453 13.19 bed 10.41 a-d 484 a 242 ¢ 2.10 a-¢ 1.0l a
Delta Opal 12.54 cd 7.06d 4.89 a 241 ¢ l46e 1.06 a
Golden West 14.56 a-d 8.42 bed 455a 2.77 abc 1.72 cde 0.92a
Ersan-92 13.82 a-d 9.29 bed 5.19a 2.61 be 2.11 a-e 1.14a
Maras-92 14.13 a-d 9.72 a-d 493 a 2.86 abc 2.04 a-e 097 a
BA-119 11.28 d 8.53 bed 482a 232¢ 1.82 b-e 1.06 a
Deltapine 50 12.33 cd 7.32cd 40l a 246¢ 1.57 de 0.89a
TAM94L-25 11.32d 10.15 a-d 492 a 2.39¢ 2.39 a-¢ 1.10 a

LA (cm? | TDW (g)
Nazilli-84 54.83 ab' 41.01 ab 21.12a 481 a 3.64 ab 191 a
Carmen 5991 a 37.28 abc 14.00 a 3.72 abc 2.35b-e 1.16 a
Sahin-2000 53.17 ab 4340 a 17.69 a 322¢ 3.03 a-d 1.29a
Ozbek-142 51.34 ab 38.47 abc 19.78 a 4.53 ab 3.30 abc 1.71 a
Nazilli M-503 54.50 ab 40.51 abc 2225a 3.96 abc 374 a 1.94 a
S. Grow 125 50.22 ab 33.82 a-d 17.39a 291 ¢ 2.06 cde 120 a
Cukurova-1518 50.29 ab 37.02 abc 17.79 a 2.88 ¢ 2.71 a-e 1.38a
Stonville-453 53.13 ab 38.02 abc 19.02 a 3.04¢c 2.70 a-e 1.36 a
Delta Opal 4520b 22.72d 18.07 a 3.01c 1.88 ¢ 142 a
Golden West 54.99 ab 30.27 a-d 18.18 a 3.50 abc 2.22 cde 1.32a
Ersan-92 56.55 ab 30.83 a-d 20.01 a 3.38 bc 2.75 a-e 1.58 a
Maras-92 49.98 ab 30.04 bed 17.36 a 3.68 abc 2.65 a-e 1.30a
BA-119 47.94 ab 28.28 ¢d 16.57 a 3.15¢ 2.29 b-e 1.46 a
Deltapine 50 53.02 ab 28.32 cd 22.74 a 3.28 be 1.99 de 1.19a
TAMO94L-25 46.03 b 30.65 a-d 16.09 a 3.34 bc 3.13 a-¢ 1.52 a

FValues within columns followed by the same letter are not different according to Duncan’s multiple range test p<0.05.
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Table 3. Correlation coefficients of shoot dry weight and total dry weight in salt-stressed
with all investigated traits under non-stressed conditions.
Non-stressed (control)

PH" | sb | sbw | Sfw | LA | TDW

125 SDW 0.40° 0.20 0.26 0.25 0.15 0.22
mM NaCl <0.01° 0.01 <0.01 <0.01 0.08 <0.01
TDW 0.37 0.20 0.25 0.26 0.15 0.24

<0.01 0.01 <0.01 <0.01 0.07 <0.01

250 SDW 0.21 0.16 0.25 0.27 0.16 0.27
mM NaCl 0.01 <0.01 <0.01 <0.01 0.05 <0.01
0.17 0.12 0.22 0.24 0.12 0.25

bW 0.03 0.15 <0.01 <0.01 0.01 <0.01

+: Plant height (PH), stem diameter (SD), shoot fresh weight (SFW), shoot dry weight (SDW), leaf area
(LA), total dry weight (TDW).

1 Pearson correlation coefficient

§ Probability of a larger r value

The most general effect of salinity on plant is a reduction in growth (total biomass
production) and growth rate. Total (shoot + root) dry weight decreased progressively as
the salinity level increased from 0 to 125 and 250 mM NacCl salinity levels (Table 2).

Significant variations were observed among 15 cotton genotypes for TDW at control
and 125 mM NacCl salt level but no differences were observed for TDW among cotton
genotypes when grown in 250 mM NacCl salt level (Table 2). The highest TDW values
were observed from Nazilli 84 (4.81 g) and Nazilli M-503 (3.74 g) under control and 125
mM NaCl salt level, respectively. Delta Opal produced the lowest TDW at non-stressed
(3.01g) as well as at 125 mM NaCl salt level (1.88 g). As the concentration of NaCl
increased from 0 to 125 mM NaCl levels, the highest and the lowest reduction ratio in
TDW occurred in DPL 50 (35%) and Nazilli M-503 (0.1%) relative to control,
respectively.

Salinity tolerance is usually assayed in terms of absolute or relative growth (Mass &
Hoffman, 1977; Shannon, 1984). Thus, correlation coefficients of SDW and TDW under
salt stress with all investigated traits under non-stressed condition were determined
(Table 3). Shoot dry weight and total dry weight at 125 mM NaCl salt level were
positively and significantly correlated with PH, SFW, SDW, and TDW values at non-
stressed condition. Similarly SDW and TDW at 250 mM NaCl salt level were positively
and significantly correlated with SFW, SDW, and TDW in non-stressed condition. The
positive correlation between biomass production under non-saline irrigation and under
the two levels of salinity was supported by the findings of Foolad (1996). Thus cotton
genotypes with good vegetative growth without salt stress had also good vegetative
growth under salt stress.

Conclusion

Under saline condition absolute or relative growth or yield is usually the ultimate
goal (Shannon, 1984). Ashraf & Ahmad (2000) reported that salt-tolerant cotton varieties
(G. hirsutum L.) had higher shoot biomass production than salt-sensitive varieties at the
vegetative stage. Based on the data of present studies were evaluated together, it is
concluded that genotypes Delta Opal, Golden West, and DPL 50 are salt sensitive, and
Sahin-2000, Nazilli M 503, and TAM94L-25 are salt tolerant, while rest of the cotton
genotypes are considered a moderately salt tolerant.



510 HUSEYIN BASAL

References

Anonymous. 1999. SAS user’s guide: Statistics. 8" ed. SAS Inst., Cary, NC.

Anonymous. 2005. Global Network on Integrated Soil Management for Sustainable Use of Salt-
affected Soils. Rome, Italy: FAO Land and Plant Nutrition Management Service. Available
online at http://www.fao.org/ag/agl/agll/spush.

Ashraf, M. and S. Ahmad. 2000. Influence of sodium chloride on ion accumulation, yield
components, and fiber characteristics in salt-tolerant and salt-sensitive lines of cotton
(Gossypium hirsutum L.). Field Crops Res., 66: 115-127.

Cha-um, S. and C. Kirdmanee. 2009. Effect of salt stress on proline accumulation, photosynthetic
ability and growth characters in two maize cultivars. Plants. Pak. J. Bot., 41(1): 87-98.

Cullu, M.A. 2003. Estimation of the effect of soil salinity on crop yield using remote sensing and
geographic information system. Turk. J. Agr. Forest., 27: 23-28.

Foolad, M.R. 1996. Genetic analysis of salt tolerance during vegetative growth in tomato,
Lycopersicon esculentum Mill. Plant Breed., 115: 245-250.

Gossett, D.R., E.P. Millhollon and M.C. Lucas. 1994. Antioxidant response to NaCl stress in salt-
tolerant and salt-sensitive cultivars of cotton. Crop Sci., 34: 706-714.

Hasegawa, P.M., R.A. Bressan, J-K, Zhu and H.J. Bohnert. 2000. Molecular biology of salinity
stress responses in higher plants. Annu. Rev. Plant Physio.l Plant Mol. Biol., 51: 463-499.
Hoagland, D.R. and D.I. Arnon. 1950. The water culture method for growing plants without soil.

Circular 347, College of agriculture, University of California, 1950.

Holmberg, N. and L. Bulow. 1998. Improving stress tolerance in plants by gene transfer. Trends
Plant Sci., 3: 61-66.

Jafri, A.Z. and R. Ahmad. 1994. Plant growth and ionic distribution in cotton (Gossypium hirsutum
L.) under saline environment. Pak. J. Bot., 26: 105-114.

Kent, L.A. and A. Lauchli. 1985. Germination and seedling growth of cotton: Salinity-Calcium
interactions. Plant Cell Environ., 8: 115-159.

Khan, A.N., R.H. Qureshi, N. Ahmad and A. Rashid. 1995. Response of cotton cultivars to salinity
in various growth development stages. Sarhad J. Agric., 11: 729-731.

Kingsburg, R.W. and E. Epstein. 1984. Selection for salt resistant spring wheat. Crop Sci., 4: 310-
315.

Kraft, A. 1995. Flachenberechnung einer SW-Grafik Flaeche packing programme.

Leidi, E.O. and J.F. Saiz. 1997. Is salinity tolerance related to Na accumulation in Upland cotton
(Gossypium hirsutum L.) seedlings? Plant Soil, 190: 67-75.

Maas, E.V. and G.J. Hoffman. 1977. Crop salt tolerance-current assessment. J. Irrig. Drain. Eng.,
103: 115-134.

Martin P.K., M.J. Ambrose and R.M.D. Koebner. 1994. A wheat germplasm survey uncovers salt
tolerance in genotypes not exposed to salt stress in the course of their selection. Aspects Appl.
Biol., 39: 215-222.

Munns R. and A. Termaat. 1986. Whole-plant responses to salinity. Aust. J. Plant Physiol., 25:
143-160.

Munns, R. and R.A. James. 2003. Screening methods for salinity tolerance: a case study with
tetraploid wheat. Plant Soil., 253: 201-218.

Noreen, S., M. Ashraf, M. Hussain and A. Jamil. 2009. Exogenous application of salicylic acid
enhances antioxidative capacity in salt stressed sunflower (Helianthus annuus L.) Plants. Pak.
J. Bot., 41(1): 473-479.

Pessarakli, M. 2001. Physiological responses of Cotton (Gossypium hirsutum L.) to salt stress. In:
Handbook of plant and Crop Physiology. (Ed.): M. Pessarakli. Marcel Dekker, New York, pp.
681-696.

Salih, H.M. and R.K. Halim. 1985. Effects of levels of two dominant salt types in Iraq on some
components of cotton (Gossypium hirsutum L.) yield. J. Agri. Water Resour. Res., 4: 1-14.
Serrano, R. and R. Gaxiol. 1994. Microbial models and salt tolerance in plants. Crit. Rev. Plant

Sci., 13: 121-138.




RESPONSE OF COTTON GENOTYPES TO SALT STRESS 511

Shannon, M.C. 1984. Breeding, selection, and the genetics of salt tolerance. In: Salinity tolerance
in plants. (Eds.): R.C. Staples and G.H. Toeniessen. Jhon Wiley & Sons, New York. pp. 231-
254.

Soltanpour, P.N. and R.H. Follett. 1995. Crop tolerance to soil salinity. Colorado State University
Cooperative Extension Fact Sheet No. 0.505.

Xiong, L. and J-K. Zhu. 2002. Molecular and genetic aspects of plant responses to osmotic stress.
Plant Cell Environ., 25: 131-139.

Zhu, J.K. 2001. Plant salt tolerance. Trends Plant Sci., 6(2): 66-71.

(Received for publication 12 November 2007)



