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higher activity of antioxidant enzymes catalase
and peroxidase (Gossett et al., 1991).

ln the present study the salinity tolerance
mechanism of G. hirustum and diploid cottons
G. arboreum and G. herbaceum were
compared under increasing salinity stress
conditions.

MATERIALS AND METHODS

A pot culture experiment was conducted
in the greenhouse at Central lnstitute for
Cotton Research, Nagpur. Popular cultivated
varieties ot G. hirsutum (LRA 5166 & LRK
516), G. arboreum (G 27 & AKA 8401) and
G. herbaceum (Jayadhar & DB-3-12) were
grown in earthen pots (capacityl6 kg dry soil).
One day before the sowing, the pots were
saturated with 0,5, 10, 15 & 20 dS m1 NaCl
solutions. Upon germination, plants were
irrigated with saline water every alternate day.
All the pots received equal quantity of water.
After 20 days of germination, a single plant
was reiained in each pot. At flowering stage
pnotosynthesis, leaf area, leaf waier potential
and the enzyme activity were measured.

The P, of the youngest fully expanded leaf
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(3'd leaf from top) was measured with a
Portable Photosynthesis System (model
CIHAS-I, PP systems, UK). Measurements
were taken twice under conditions of full
sunlight, between 1200 and 1500 pmole m2
s'1. Same leaf was excised and used for the
measurement of leaf water potential with
Scholander Pressure Chamber apparatus.
Leaf area was measured with a leaf area
meter (LICOR-3000). Proline, catalase and
peroxidase contents were determined in the
topmost fully opened third leaf of control and
15 dS m'I salinity treated plants (Sadasivam

, & Manickam, 1996). Catalase activity was
measured by following the consumption of
HrO, at 24O nm. The rate of Guaiacol
oxidation was measured spectrophoto-
metrically at 436 nm to assay the peroxidase
activity.

At harvest, the plants were uprooted and
the roots were washed in deionised water to
remove the soil. Plant parts were separated
into root, shoot, leaf and fruiting parts and
their dry weights were recorded after drying
the sample at 75oC tor 72 h. Potassium and
sodium concentrations of root, stem, leaf and

Table 1. Seed cotton yield of varieties belonging lo G. hirsutum, G.arboreum and G. herbaceunt
grown in soilwith increasing concentrations of NaCl.

Species Varieties Salinity Ievel (dS m'l)

20 Mean1510

G. hirsutum

G. arboreum

G. herbaceum

LRA 51 66
LRK 51 6
G27
AKA B4O1

JAYADHAR
DB-3-12
Mean
CD at 5%
Var
Sal
VXS

13.125
'13.45

10.58
10.35
10.29
10.59
11.40

NS
1.29
3,17

12,47
14.33
8.98
9.72
9.17
8.97
10.61

7.52
7.62
7.48
8.67
7.58
7.21
7.68

5.675
6.45
7.85
7.20
7.36
8.16
7.11

2,M
3.51
4.72
3.66
5.64
5.85
4.30

8.25
9.07
7.92
7.92
8.00
8.15
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fruiting parts of G. hirsutum and G. arboreum
were analyzed using flame photometer.

Analysis of variance (ANOVA) was
performed by MSTAT statistical package and
treatment means compared using the least
significant difference (LSD) test at 5% level.

RESULTS

From Table 1 it is clear that G. hirsutum
varieties had higher yield as compared to G.
arboreum and G. herbaceum varieties at 0
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Fig.1. Per cent decline in seed cotton yield over
control (a), plant dry weight (b) and leaf area
per plant (c) of three cotton species grown in
soil with increasing concentration of NaCl.
Each value is mean of varieties (LSD values
at p< 0.05).
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Fig. 2. Photosynthesis (a) and leaf water potential (b)
at different salinity levels and proline content,
catalase and peroxidase activity of control
and 15 dS m'1 salinity treated plants of G.
hirsutum, G. arboreum and G. herbaceum.
Each value is mean of varieties (LSD values
at p< 0.05).

dS m'1. Yield did not change significantly at 5
dS m'1. However, at 10 dS m'1 and beyond,
yield reduced significantly in all the varieties
irrespective of the species. Hirsutum was
more sensitive than arboreum and
herbaceum. At 20 dS m'1, yield of all these
three declined by 78,60 and 45o/o,

respectively (Fig. 1a). Similartrend was seen
for biomass production and leaf area
expansion of all the species (Fig. 1b, c). At
20 dS m'1, plant dry weight (Fig. 1b) and leaf
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Fig. 3. K and Na per cent and l(Na ratio of root (a), leaf (b), stem (c) and fruiting parts (d) ol G. hirsutum and
G. arboreum grown in soils with increasing concentrations of NaCl. Each value is mean of varieties
(LSD values at p< 0.05).
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area (Fig. .1c) decreased by 43,20 and '19%

and 55 22 and 1B% in hirsutum, arboreum
and herbaceu,m, respectively.

Both under saline and non-saline
conditions, G. hirsutum had significantly higher
P* as compared lo G. arboreum and G.
herbaceum, it being Iowest in G. herbaceum.
Salinity at '10 dS m'1 and above, significantly
reduced P* in allthe species except arboreum
in which significant decline was seen at 15
dS m'l and above (Fig. 2). At 20 dS ffi.,, P*
declined by 35% in hirsutum as against 40
and 70'/" in arboreum and herbaceum,
respectively. Similar to Pr, the leaf water
potential was the highest in G. hirsutum and
lowest in G. herbaceum both under saline and
non saljne conditions (Fig. 2).

Contrary to P* and leaf water potential,
leaf proline content was low in the control and
salt treated hirsutum as compared to
arboreum and herbaceum. Under salinity,

proline accumulation was the highest in G.
hirsutum (62%) followed by G. arboreum (29%

)and G. herbaceum (30% ) (Fig. 2). Simrlarly,
the antioxidant enzymes catalase and
peroxidase activity increased under salinity
(Fig. 2). At 15 dS m'l, catalase and peroxidase
activity was almost doubled in hirsutum,while
the increase was only marginal in arboreum
and herbaceum.

ln Fig. 3, K and Na concentrations of
different plant parts are presented. Amongst
the different plant pafis, fruiting pafis had high
K content followed by leaf, stem and roots.
As the salinity level increased, the K* content
of root (Fig. 3a), stem (Fig. 3c) and leaf (Fig.

3b) decreased significantly, but in the fruiting
parts it remained at par with the control plants
(Fig. 3d). On the contrary, Na.content of root,
stem and leaf increased significantly with
increasing levels of salinity except fruiting
parts, where it was similar to control plants.
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Na content was highest in leaves followed
by root, stem and fruiting parl. Hirsutum
accumulated significanily higher Na* in
differentplant parls as comparedlo arboreum.
As a consequence, the l(Na ratio was low in
G. hirsutum, while G. arboreum had
significantly higher ratio in control and at all
salinity levels. ln both the species this ratio
fell sharply under salinity in all the plant parls
except the fruiting parls.

DISCUSSION
Salinity treatment decreased the growth

and yield of cotton at and above 10 dS m-1,
whereas at 5 dS m-1 growth was at par with
the control plants, which is in confirmity with
the earlier findings (Mass & Hoffman, 1g7T).
Amongst the cultivated species of cotton, G.
hirsutum was the most sensitive to salinity as
indicated by the sharp decline rn seed cotton
yield and biomass compared lo G. arboreum
and G. herbaceum. Earlier workers too
observed similar response of cotton species
to salinity (Hebbara et al., '1996; Hebbar et
al., 2005),

Amongst the notable changes observed
with salinity, G. hirsutum accumulated Na,
while G. arboreum excluded it. The Na
accumulation in G. hirsutum was at the cost
of K content of different plant pads. To certain
extent, Na can substitute K to maintain the
osmotic potential (Hebbar et al., 2000).
However, at higher concentrations it caused
cell injury (Munns, 1993). Nonetheless, G.
hirsutum could counter the osmotic effect of
Na through the accumulation of proline, which
enabled it to have relatively higher leaf water
potential and Pn than the other two species
under salinity. Furlher, G. hirsutum also had
higher antioxidant enzyme activity under
salinity whose increased production has been
implicated in the protection of photosynthetic
machinery (Gossett et al., jggj). Though,
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plants had devised a mechanism to protect
the Pn, but accumutated Na had a deleterious
effect on leaf area expansion. Leaf area
expansion is known to be more sensitive to
salinity than photosynthesis (Munns 1993),
which affected the biomass production to a
great extent (Brugnoli & Bjorkman, 1992) in
G. hirsutum.

On the other hand G. arboreum excluded
Na to a great extent, which is an important
mechanism for tolerance under salinity
(Janardan et al., 1976). The small amount of
accumulated Na reduced the osmotic
potential and thus the photosynthesis, but it
was not detrimental to leaf area expansion.
The sustenance of larger leaf area enabled
G. arboreum and G. herbaceum to produce
relatively higher biomass and yield under
salinity.

Thus, from the study it is clear that
cultivated species of cotton showed differential
response to salinity. G. hirsutum accumulated
more of Na, while G. arboreum excluded it.
Though, Na injury on Pn could be salvaged
through the accumulation of proline and
antioxidant enzymes, however it significanfly
reduced the leaf .area expansion of G.
hirsutum. The sustenance of larger leaf area,
on the other hand enabled G. arboreum and
G. herbaceum to produce relatively higher
biomass and yield under salinity.

REFERENCES

Binzel, M.L., Hess, F.D., Bressan, R.A. and
Hasegawa, P.M. lntercellular compartme-
ntation of ions in salt adapted tobacco
cells. Planf Physiol.,lgBB, 96, 607-614.

Brugnoli, E: and Bjorkman, O. Growth of
cotton under continuous salinity stress-
influence on allocation pattern, stomatal
and non-stomatal components of
photosynthesis and dissipation of excess



I
light energy. ptanta, 1g92, 1 87, AgS-g47.

Fowler, J.L. Salinity and fruiting. ln CottonPhys-iology, (ed.) J.R.ilauney &J.R.Stewart. The Cotton Foundation,
Memphis, TN., .lg86, pp. 1OZ_111.

Gossett, D.R., Lucas, C.M., Millhollon, E.p.,
Caldwell, W.D. and Munday, S. Lozyme
variation among salt toleiant and salt
sensitive varieties of cotton. ln: Bettwide
Cotton prod. Res. Conf., Las Vegas, NV.
9-10 Jan. .1991. 

Nafl. Cotton CouicitAm.,
!{emphis, TN, D J Herber, tSOt, pp. SSO_trqov9v.

Hasegawa, p.M., Bressan, R.A., Zhu, J.K.and
Bohnert, H.J. plant cellular anO motecutar
responses to high salinity. Annu. Rev.
Ptant physiot. Mol. Biot., iOOO, sf , +OS_
469.

Hebbar, K.8., Venugopalan, M.V. and Bao,
M.R.K. Effect of salinity on conon growth
an.d .development: Sodium c"annot
substitute for potassium in cotton . J. of
Plant Biot., 2OOO, 27, 271-276.

r--..1-t-t^f-r=LL,di, n.1,, CokUipUre, p.p., Singh, V.V.,
Gotmare, V., perumal, N.K. anO 5ingh, e.
Species and genotypic response oi"otton
(Gossypium) to satinity. indian J.- Agri.
Sci., 2005,75, 441_44.

Hebbara, M., patil, S.G., Manjunatha, M.V.
and Gupta, R.K. perforrnun.e of cottongenotypes under different salinity and
watertable conditions. lndian,l. Agii. Sci.,
1996, 66, 446-454.

Janardan, K.V., Murlhy, A.S., Giriraja, K. andPanchaksharaiah, S. Salt toterance ot
cotton and potential use of saline water
for^irrigation. Curr. Scr., 1gZO, +S,'Sg+_
.rJb.

GEOBIOS

Liu, G.e., Liu, L.M. and Liu, J.D.
Establishment of salinity tolerance ofcotton germplasm resources. Crop
Genet. Resources, 1gg3, BA, 21-22
(Chinese).

Mass, E.V.and Hoffman, G.J. Crop salt
tolerance- current assessment. J.
lrrigation and Drainage Div., ASCD,1g7Z,
103,115_134.

Munns, H. physiological processes limiting
plant growth in saline soils; some dogmas
and hypothesis. p/anf Cett and Environ.,
1993, 1 6, 15_24.

Munns, H. Comparative physiology of salt and
water stress. plant Celt aid Environ.,
2002, 25,239_250.

Pardossi, A.F., Malorgio, D., Oriolo, R., Gicci,
G., Serra- G. and Tognoni, F. Water
relations and osmotiJ adjustment in
Apium graveolens during long term NaCl
stress and subsequent reliet. physiot.
Plant., 1998, 102, 369_376.

Sadasivam, S. and iVanikam, A. tsiochemicat
Methods. New Age lnternational
Publishers, New Delhi, 1996.

Stewart, J.Mc.D. potential for crop impro_
vement with exotic germplasm and
research engineering .ln: Chattenging the
Future: proc. World Cotton ne"se"arcn
Conf. I. Brisbane Australia, (eOs.), C.e.
Constable, and N. W. Forrester, tggS, pp.
345-346.

Yoshiba Y.T., Kiyosue, K., Nakashima, K.y.,
Shinozaki, y.and Shino zaki, K. Hegulation
of levels of proline as an o.rJtytu inplants under water stress. ptan't Ceil
Physiot., .1997, 38, 109S_1102.


