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ABSTRACT
An experiment was conducted with four pigeonpea [Cajanus cajan (L.) Millsp.] genotypes ICPH 2431, PARAS
(relatively tolerant) and SGBS 6, UPAS 120 (relatively sensitive) for physiological and biochemical changes under
waterlogged and saline conditions. Waterlogging, salinity and the combination of waterlogging and salinity had
adverse effect on membranes as was evident from increased electrolyte leakage, lipid peroxidation levels and
decrease in plant biomass and yield and it’s component. The adverse effects were more on the sensitive genotypes
SGBS 6 and UPAS 120 as compared to the relatively tolerant genotypes ICPH 2431 and PARAS. The effect of
waterlogging + salinity was significantly greater than that of waterlogging and salinity alone. It was concluded
that waterlogging and waterlogging + salinity treatments resulted in increase in membrane injury, lipid peroxidation
and decrease in plant biomass and yield.. However, salinity treatment had less adverse effects. The order of
performance of genotypes was ICPH 2431>PARAS>UPAS120> SGBS 6.

*Corresponding
author
(Rawyler et al., 2002), resulting in more than 40 times increase
in solute leakage from 4d waterlogged pea plants (Jackson et
al., 1982).

INTRODUCTION
Pigeonpea [Cajanus cajan (L.) Millsp.] is the sixth most
important grain legume of tropics and subtropics. Because of
its multiple uses, it plays an important role in subsistence
agriculture. It is an important pulse crop that performs well in
poor soils and regions where moisture availability is unreliable
or inadequate (Kimani, 2001). In India, pigeonpea is mainly
grown in the regions lying between 140N and 290N latitudes
with mean annual rainfall ranging between 600 and 1500
mm. Waterlogging is a perennial production problem in these
areas which are characterized with alluvial or deep vertisols.
Soil waterlogging has long been identified as a major abiotic
stress and the constraints it imposes on roots have marked
effect on plant growth and development. Under waterlogged
condition the productivity of sugarcane also found lower
than normal condition in various studies (Kumar et al.,
2015).Waterlogged plants are affected by various stresses, such
as limitations to gas, mineral nutrient deficiencies and
microelement toxicities (Setter and Waters, 2003; Setter et al.,
2009).Excess water in the root environment may be injurious
or even lethal because it blocks the transfer of oxygen and
other gases between the soil, the roots of the plant and the
atmosphere. Due to waterlogging, the solute leakage increased
(Johnson et al., 1989), so electrical conductivity is also
increased (Givelberg et al., 1984; Lott et al., 1991). Membrane
disintegration is one of the consequences of oxygen deprivation

Salinity is one of the most significant abiotic factors limiting
crop productivity (Munns, 1993; Gama et al., 2007). At present
about 20% of the world’s cultivated land and approximately
half of all irrigated land is affected by salinity (Zhu, 2001).
Abiotic stresses such as drought and high salinity adversely
affect the growth and productivity of crop plants. High
concentrations of salt resulting from natural processes or
disarrangement in irrigated agriculture result in inhibition of
plant growth and yield (Demiral and Turkan, 2006). Under
saline environments, the plant lipid metabolism is interrupted
as a result of oxidative damage to membrane lipids by reactive
oxygen species and lipid peroxidation (Misra and Gupta,
2006). Salinity proved to have a significant impact on dry and
fresh weight, root volume and stem diameter. Pak et al. (2009)
found that salt stress caused a decrease in growth and a dry
matter accumulation in Brassica napus leaves.
Much of the world’s saline land is also subjected to
waterlogging (saturation of the soil) because of the presence
of shallow water-tables or decreased infiltration of surface water
due to sodicity (Ghassemi et al., 1995; Qureshi and BarrettLennard, 1998). It is widely recognized that waterlogging and
salinity interact to increase Na+ and/or Cl– concentrations in
shoots, which can have adverse effects on plant growth and
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homogenate was centrifuged at 8000 rpm for 15 min. The
supernatant was then directly used for the assay.

survival (Barrett-Lennard and Shabala, 2013, Zeng et al., 2013).
The combination of waterlogging, and salinity is much more
deleterious than the individual stress and cause greater
damage to plants, so having a major impact on agricultural
production (Barrett-Lennard, 2003). So present study was
conducted to study the effects of waterlogging, salinity and
their combination on membrane injury, lipid peroxidation
and yield of pigeonpea genotypes.

Procedure
One ml of the supernatant was taken in a test tube and
precipitated by 4 ml of 20 % TCA containing TBA. The mixture
was heated in a water bath shaker at 95ºC for 30 min and
quickly cooled in an ice-bath. After centrifugation at 8000
rpm for 10 min the absorbance of the reaction mixture was
read at 532 nm and the value for non- specific absorption at
600 nm was subtracted. The concentration of MDA was
calculated using its extinction coefficient of 155 mM-1cm-1.

MATERIALS AND METHODS
The present study was carried out to understand the tolerance
mechanism of waterlogging and salinity stress in pigeonpea
[Cajanus cajan (L.) Millsp.] genotypes. Four genotypes PARAS,
ICPH 2431 (Relatively tolerant) and SGBS 6, UPAS 120
(Relatively sensitive) were raised in polythene bags filled with
half kg soil + FYM manure mixture (3 soil: 1manure w/w),
NPK (@20:40:20 kg per ha). Twenty one days after sowing the
polythene bags were placed in cemented tanks (length 160
cm, breadth 125 cm and depth 65 cm). T2 and T3 tanks were
filled with water and NaCl solution, respectively. The water
and solution levels were maintained for eight days. After eight
days the water and solution was drained out of the tanks. In
T4 treatment, the plants were treated with 60mM NaCl solutions
twenty one days after sowing. Eight days after the removal of
treatment, following physiological observations were recorded:

Total plant biomass
Three random plants from each genotype were collected from
the pots, washed and its root, stem, leaves were separated and
wrapped in a paper bag and was kept at room temperature for
one day. Then these samples were dried in an oven at 70ºC
till a constant weight was obtained.
Yield and yield components
Seed yield per plant (g)
At the time of harvesting the seeds of each plant were collected
separately and weighed. The seeds weight was expressed in
grams per plant.
Test weight (g)
Hundred seeds were counted from each genotype and the
weight was recorded in grams. This weight was recorded as
test weight.

Electrolyte leakage or Membrane injury (MI)
Membrane injury was analysed according to the method of
Zhang et al. (2006).
Procedure

RESULTS AND DISCUSSION

After waterlogging and salinity treatment, leaf samples were
collected from control as well as treated plants. From these
plants, 100 mg of leaf tissue was taken separately in 20 ml test
tubes containing 10 ml of de-ionized water. These samples
were incubated for 24 hrs at 4ºC. The conductance of decanted
liquid containing refluxed electrolytes was determined at 25ºC
with a conductivity meter and designated as ECa (Before
boiling). Then the samples were subjected to heating at 100ºC
in a water bath for 10 minutes. After cooling, the electrical
conductivity of the solutions was measured and designated as
ECb (After boiling). The electrolyte leakage was expressed by
the following formula.

Electrolyte leakage

Electrolyte leakage (%) =

ECa
ECb

Waterlogging and salinity treatments were reported to have
adverse effect on membrane integrity which resulted in
electrolyte leakage. With comparison to control plants the
increase in electrolyte leakage was 22 to 32% during
waterlogging. Kumutha et al. (2009) reported in pigeonpea
genotypes that membrane stability index (MSI) in the roots
and leaves decreased under waterlogging with greater decline
in Pusa 207 (sensitive), while ICP 301 (tolerant) managed to
maintain higher MSI even after 6 days of waterlogging. Similar
results are obtained in the present investigation as the tolerant
genotypes ICPH 2431 and PARAS maintained lower
membrane injury as compared to sensitive genotypes. Similar
results were obtained in green gram by Kumutha et al. (2008a).

x 100

In salinity treated plants maximum increase in electrolyte
leakage was observed in UPAS 120 (23%) genotype and
minimum increase was observed in ICPH 2431 (15%). Bayat
et al. (2012) reported that in Calendula plants electrolyte
leakage was intensively increased by salt treatment. Supporting
evidence was shown when SA reduced electrolyte leakage in
salt stressed tomato (Stevens et al., 2006) and maize (Turan
and Aydin, 2005) leaves.

Lipid peroxidation
The level of lipid peroxidation was measured in terms of
malondialdehyde (MDA) present in leaf tissues. MDA is a
product of lipid peroxidation and was measured by
thiobarbituric acid (TBA) reaction with minor modifications of
the method of Heath and Packer (1968).
Reagents

The combined waterlogging and salinity (30mM NaCl)
treatments had a more adverse effect on membrane stability.
A 30 to 43% increase in electrolyte leakage was observed
with combined waterlogging + salinity (30mM NaCl)
treatments. Maximum increase in electrolyte leakage was
observed in UPAS 120 (43%) genotype and minimum increase

0.1% Trichloroacetic acid (TCA)
20 % TCA containing 0.5 % thiobarbituric acid (TBA)
Extraction
Three hundred mg of fresh third leaves were homogenized
separately with 5 mL of 0.1 % TCA (w/v) solution. The
796
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Table 1: Effect of different treatments on electrolyte leakage (%) of pigeonpea genotypes.
Genotypes

Electrolyte leakage (%)
Control
WL

WL+30mM NaCl

60mM NaCl

Mean

ICPH 2431
PARAS
UPAS 120
SGBS 6
Mean
C.D. at 5% level of significance

16.1
38.0
17.4
40.2
18.6
52.0
18.2
50.1
17.6
45.1
Genotypes
Treatments
Genotypes x Treatments

46.2
50.2
61.6
59.9
54.5
=
=
=

31.4
32.2
41.2
39.7
36.1
2.25
2.25
4.50

32.9
35.0
43.3
42.0

Table 2: Effect of different treatments on MDA content (µ mol gm -1) of pigeonpea genotypes.
Genotypes

MDA Content (µ mol gm-1)
Control
WL

WL+30mM NaCl

60mM NaCl

Mean

ICPH 2431
PARAS
UPAS 120
SGBS 6
Mean
C.D. at 5% level of significance

6.0
7.6
6.1
7.9
5.8
8.7
5.6
8.5
5.9
8.2
Genotypes
Treatments
Genotypes x Treatments

8.1
8.6
9.5
9.3
8.9
=
=
=

6.8
7.1
8.1
7.9
7.5
0.28
0.28
0.56

7.1
7.4
8.0
7.8

Table 3: Effect of different treatments on biomass per plant (gm) of pigeonpea genotypes
Genotypes
ICPH 2431
PARAS
UPAS 120
SGBS 6
Mean
C.D. at 5% level of significance

Biomass per plant (gm)
Control

WL

WL+30mM NaCl

60mM NaCl

Mean

12.1
10.7
10.0
9.6
10.6
Genotypes
Treatments
Genotypes x Treatments

9.4
8.6
7.2
6.9
8.0
=
=
=

6.7
5.9
5.4
4.5
0.19
0.19
0.38

11.9
10.5
8.9
8.8
10.0

10.0
8.9
7.9
6.3

was observed in ICPH 2431 [30% (Table 1)]. Glynn et al.
(1998) also reported the increase in electrolyte leakage in
trees grown in waterlogged and salt amended solutions.

was observed with 60mM NaCl treatments. The maximum
damage was observed in the relatively sensitive genotype SGBS
6. Weisany et al. (2012) reported that in leaf and root (soybean),
lipid peroxidation was significantly influenced by salt stress.
In pumpkin, MDA accumulation in salt sensitive genotypes
was higher than tolerant genotypes (Sevengor et al., 2011).

Lipid peroxidation level
Lipid peroxidation was measured in term of malondialdehyde
(MDA) content. The MDA content increased with waterlogging
and salinity treatments (Table 2). Higher the MDA content
was, higher the oxidation degree of plant cell membranes
resulting in greater damage to membranes (Cheruth et al.,
2009). In the present investigation, ICPH 2431(28.3%) showed
minimum increase among the four genotypes and SGBS
6(51.5%) showed maximum increase in MDA content.
Increase in MDA content with flooding treatment has been
reported by Yan et al. (1996) in Zea mays. Arbona et al. (2008)
reported that waterlogging also leads to an oxidative stress
through an increase in ROS, such as 1O2, H2O2, OH•, which
adversely affect the membrane by increasing the lipid
peroxidation levels. Higher accumulation of H2O2 (Jaiswal et
al., 2014) and lipid peroxidation under anaerobic condition
has been reported by several researchers (Hossain et al., 2009;
Kumutha et al., 2009; Sairam et al., 2011). Salinity treatments
aggravate the membrane lipid peroxidation in plants. In the
present experiment, a 14.5 to 41.6% increase in MDA content

The combined waterlogging and salinity treatment more
severely affected lipid peroxidation levels. A 36.0 to 67.0%
increase in MDA content was observed where, relatively
tolerant genotype ICPH 2431 showed minimum increase
among the four genotypes and relatively sensitive genotype
SGBS 6 showed maximum increase in MDA content. Turkan
et al. (2013) measured lipid peroxidation level by thiobarbutiric
acid reactive substances (TBARS). The salt sensitive
P.media showed increased TBARS content with all stress
treatments and salt tolerant genotype P. maritima showed a
less adverse effect on salinity, waterlogging and combined
waterlogging and salinity treatments.
Total plant biomass
Total plant biomass decreased with various treatments (Table
3). The decline in total plant biomass was 19.3 to 28.7% with
waterlogging, 1.8 to 10.7% with salinity (60mM NaCl) and
44.8 to 45.8% with waterlogging plus salinity (30mM NaCl)
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Table 4: Changes in seed yield per plant (g) in pigeonpea genotypes affected by various treatments.
Genotypes

Seed yield per plant (gm)
Control

ICPH 2431
PARAS
UPAS 120
SGBS 6
Mean
C.D. at 5% level of significance

5.88
5.55
5.42
5.28
5.53
Genotypes
Treatments
Genotypes x Treatments

WL

WL+30mM NaCl

60mM NaCl

Mean

4.24
3.43
2.20
1.98
2.96

2.87
2.35
1.80
1.76
=
=
=

4.77
4.74
3.78
3.50
4.20
0.26
0.26
0.52

4.44
4.02
3.30
2.69

Table 5: Changes in test seeds weight (g) in pigeonpea genotypes affected by various treatments.
Genotypes
ICPH 2431
PARAS
UPAS 120
SGBS 6
Mean
C.D. at 5% level of significance

100 seeds test weight (gm)
Control
WL

WL+30mM NaCl

60mM NaCl

Mean

8.3
8.2
7.9
7.5
8.0
Genotypes
Treatments
Genotypes x Treatments

6.8
6.2
5.1
4.5
0.19
0.19
0.38

7.7
7.4
7.0
6.6
7.2

7.5
7.0
6.5
5.0

7.3
6.3
6.2
5.8
6.4
=
=
=

treatments. Maximum decline in plant biomass was observed
in SGBS 6 (28.7%), minimum decline in PARAS (19.3%) with
waterlogging treatments. Root O2 deficiency under waterlogged
conditions restricts aerobic respiration and reduced the plant
biomass (Bailey-Serres and Voesenek, 2008). Kumutha et al.
(2009) also reported in pigeonpea genotypes that total dry
matter decreased with different durations of waterlogging, and
greater reduction over control was recorded in Pusa 207
(sensitive) than ICP 301 (tolerant). Smethurst and Shabala
(2003) reported significant reduction in fresh and dry weight
for both shoots and roots after 16 days of waterlogging stress
in lucerne (Medicago sativa) cultivars.

The present investigation showed that the seed yield per plant
and seed test weight decreased with waterlogging and salinity
treatments (Table 4 and 5). The decline in seed yield per plant
was 27.9 to 62.5% and seed test weight was 12.2 to 23.3%
with waterlogging treatment. Maximum decline was observed
in SGBS 6 and minimum decline was observed in ICPH 2431.
Shabala (2011) reported that waterlogging adversely affects
about 10% of the global area and reduces crop yields by as
much as 80%. Waterlogging reduces plant height and delays
flowering in surviving plants, resulting in reduction in the
number of pods, seeds/pod and seed yield in pigeonpea
(Choudhary et al., 2011).

Salinity leads to a decrease in growth and many plants can’t
tolerate high levels of salt. It also limits plant growth by
increasing osmotic pressure, disrupting the balance between
nutrients and causing toxicity of some elements (Xiao-fang et
al., 2000; Yong et al., 2005). In the present observation salinity
(60mM NaCl) treatments decreased the plant biomass,
maximum decline was observed in UPAS 120 (10.7%) and
minimum decline was observed in ICPH 2431 (1.8%). Munns
(2002) also observed decreased in plant biomass with salt
stress.

Salinity (60mM NaCl) treatments had a less adverse effect on
seed yield. A 14.6 to 33.7% decline in seed yield per plant
and 7.2 to 12.4% decline in seed test weight was observed
with salinity treatment. Maximum decline in yield per plant
was observed in SGBS 6 (33.7%) and minimum decline was
observed in PARAS (14.6%) while the decline in test weight
was maximum in SGBS 6 (12.4%) and minimum in ICPH 2431
(7.2%). Ghassemi et al. (2009) observed that salinity stress
reduced number of pods and grains per plant, grain weight
and grain yield in soybean. Katerji et al. (1992) indicated that
salinity stress decreased grain yield of mung-bean by about
28% and the main factor in yield reduction was difference in
grain weight. Reduction in crop yield as a result of salt stress
has also been reported for sunflower (Khatoon et al., 2000),
cotton and wheat (Cullu, 2003), canola (Bybordi, 2010), broad
bean (Katerji et al., 1992), chickpea (Sohrabi, 2008), rice
(Mahmood et al., 2009) and soybean (Ghassemi et al., 2009).

The combined treatment of waterlogging and salinity was
found more deleterious with a maximum decline in UPAS
120 (45.4%) and minimum decline in ICPH 2431 (44.8%) &
PARAS (44.8%). No plant was survived in SGBS 6 with
combined treatment. These results are in confirmation with
the results of Hollington (1998) which reported that saline
hypoxia reduces growth, grain and straw yields in wheat, but
NaCl or hypoxia alone had smaller effects. Zeng et al. (2013)
reported that two weeks of combined salinity and waterlogging
treatment significantly decreased plant biomass in two barley
genotypes, CM72 and NasoNijo.

The combined effect of waterlogging and salinity treatment on
seed yield was more severe. Hollington (1998) has concluded
that saline hypoxia reduces growth, grain and straw yields in
wheat, but NaCl or hypoxia alone had smaller effects. Similar
results were obtained in the present investigation. A 51.2 to

Yield and yield attributes
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growth and proline accumulation and retards senescence in two rice
cultivars under NaCl stress. Env. Exp. Bot. 56: 72-79.

66.8% decline in yield per plant and 18.1 to 34.8% decline in
seed test weight were observed with waterlogging + salinity
(30mM NaCl) treatments. Maximum decline was observed in
UPAS 120 and minimum decline was observed in ICPH 2431.

Gama, P.B.S., Inagana, S., Tanaka, K. and Nakazawa, R. 2007.
Physiological response of common bean (Phaseolus Vulg. L.) seedlings
to salinity stress.Afr. J. Biotech. 2: 79-88.

A significant effect on seed test weight was observed under
different treatments. The seed test weight decreased from 12.2
to 23.3% with waterlogging, 7.2 to 12.4% with salinity (60mM
NaCl) and 18.1 to 34.8% with waterlogging + salinity (30mM
NaCl) treatments as compared to their respective control.
Maximum decline with waterlogging was reported in SGBS 6
(23.3%) and minimum decline was reported in ICPH 2431
(12.2%). Salinity treatments resulted in a comparatively lower
decline in seed test weight as compared to other treatments.
Maximum decline in SGBS 6 (12.4%) and minimum decline
in ICPH 2431 (7.2%) was observed. Waterlogging and salinity
treatments in combination were more deleterious. No plant
was survived in SGBS 6 in combined treatment. Maximum
decline was observed in UPAS 120 (34.8%) and minimum
decline was observed in ICPH 2431 (18.1%).

Ghassemi, F., Jakeman, A. J. and Nix, H.A. 1995. Salinisation of land
and water resources: Human causes, extent, management and case
studies. University of New South Wales Press, Sydney. pp 526.
Ghassemi-Golezani, K., Taifeh-Noori, M., Oustan, S.H. and
Moghaddam, M. 2009. Response of soybean cultivars to salinity
stress.J. Food, Agri. Environ. 7: 401-404.
Givelberg, A., Horowitz, M. and Poljakoff-Mayber, A. 1984. Solute
leakage from Solanumnigrum L. seeds exposed to high temperatures
during imbibition. J. Exp. Bot. 35: 1754-1763.
Glynn, C. P., Martin, P. B. and Geoffrey, R. D. 1998. The influence
of sodium chloride and waterlogging stresses on Alnuscordata. J. of
Arboriculture. 24(1): 19-27.
Heath, R. L. and Packer, L. 1968. Photoperoxidation in isolated
chloroplasts. I. Kinetics and stoichiometry of fatty acid
peroxidation. Arch. Biochem. Biophys. 125: 189-198.

The tolerance of the genotypes ICPH 2431& PARAS could be
due to well developed aerenchyma, higher total soluble sugar
and reducing sugar content, lesser membrane injury, higher
chlorophyll content as compared to sensitive genotypes. These
genotypes can be further used by plant breeders to generate
higher yielding varieties under waterlogging and salinity
stresses.

Hollington, P. A. 1998. Technological break throughinscreening
breading wheat varieties for salt tolerance. In: Salinity Management in
Agriculture. Gupta, S.K.; Sharma, S.K. and Tayagi, N.K. (eds.).
National. Conf. CSSRI, Karnal.
Hossain, Z., Lopez-Climent, M. F., Arbona, V., Perez-Clemente, R.
M. and Gomez-Cadenas, A. 2009. Modulation of the antioxidant
system in citrus under waterlogging and subsequent drainage.J. Plant
Physiol. 166: 1391-1404.
Jackson, M. B., Herman, B. and Goodenogh, A. 1982.An examination
of the importance of ethanol in causing injury to flooded plants. Pl.
Cell Environ. 5: 163-172.

REFERENCES
Arbona, V., Hossain, Z., Lopez-Climent, M. F., Perez-Clemente, R.
M. and Gomez-Cadenas, A. 2008. Antioxidant enzymatic activity is
linked to waterlogging stress tolerance in citrus. Physiol. Plant. 132:
452-466.

Jaiswal, A., pandurangam, V. and Sharma, S. K. 2014. Effect of salicylic
acid in soybean (Glycine max L. Meril) under salinity stress.The
Bioscan. 9(2): 671-676.
Johnson, J., Cobb, B. G. and Drew, M. C. 1989. Hypoxic induction
of anoxia tolerance in root tips of Zea mays. Pl. Physiol. 91: 837841.

Bailey- Serres, J. and Voesenek, L. A. C. J. 2008. Flooding stress:
acclimations and genetic diversity. Ann. Rev. Plant Biol. 59: 313339.

Katerji, N., Van Hoorn, J. W., Hamdy, A., Bouzid, N.,
El-SayedMahrous, M. S. and Mastrorilii, M. 1992. Effect of salinity on
water stress, growth and yield of broad beans.Agric. Water Manage.
21: 107-117.

Barrett-Lennard, E. G. 2003. The interaction between waterlogging
and salinity in higher plants: causes, consequences and implications.
Plant Soil. 253: 35-54.
Barrett-Lennard, E. G. and Shabala, S. N. 2013. The waterlogging/
salinity interaction in higher plants revisited - focusing on the hypoxiainduced disturbance to K+ homeostasis. Func. Plant Bio. 40(9): 872882.

Khatoon, A., Qureshi, M. S. and Hossain, K. 2000. Effect of salinity
on some yield parameters of sunflower (Helianthus annuus L.).Inter.
J. Agri. Biol. 2: 382-384.
Kimani, P. M. 2001. Pigeonpea breeding: objectives, experiences and
strategies for eastern Africa, in Silim. S.N.; Mergeai. G. and Kimani
P.M. (eds) 2001. Status and potential of pigeonpea in eastern and
southern Africa: proceedings of a regional workshop, 12-15 Sep 2000,
Nairobi, Kenya. B-5030 Gembloux, Belgium:embloux Agricultural
University; and Patancheru 502324, Andhra Pradesh, India:
International Crops Research Institute for the Semi-Arid Tropics. pp
232.

Bayat, H., Alirezaie, M. and Neamati, H. 2012. Impact of exogenous
salicylic acid on growth and ornamental characteristics of calendula
(Calendula officinalis L.) under salinity stress. J. Stress Physiol. Biochem.
8: 285-267.
Bybordi, A. 2010. Effects of salinity on yield and component characters
in canola (Brassica napus L.)Cultivars.Not. Sci. Biol. 2: 81-83.
Cheruth, A. J., Ksouri, R., Ragupathi, G., Paramasivam, M., Jallali,
I., Hameed, J. A., Zhao, C. X., Shao, H. B. and Rajaram, P. 2009.
Antioxidant defense responses: physiological plasticity in higher plants
under abiotic constraints. Acta. Physiol Plant. 31: 427-436.

Kumar, N., Singh, H., Kumari, R. and Singh, V. P. 2015. Comparative
analysis of yield and quality in sugarcane
genotypes under
waterlogged and normal condition. Bioscan. 10(1): 323-327.

Choudhary, A. K., Sultana, R., Pratap, A., Nadarajan, N. and Jha,
U.D. 2011. Breeding for abiotic stresses in Pigeonpea. J. Food Leg.
24(3): 165-174.

Kumutha, D., Ezhilmathi, K., Sairam, R. K., Srivastava, G. C.,
Deshmukh, P. S. and Meena, R. C. 2009. Waterlogging induced
oxidative stress and antioxidant activity in pigeonpea genotypes.
BiologiaPlantarum. 53(1): 75-84.

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

Kumutha, D., Sairam, R. K. and Meena, R. C. 2008a. Role of root
carbohydrate reserves and their mobilization in imparting waterlogging
tolerance in green gram [Vigna radiata (L.) Wilczek] genotypes. Ind. J.

Demiral, T. and Turkan, I. 2006. Exogenous glycine betaine affects

799

MANOHAR LAL et al.,

Plant Physiol. 33: 735-744.

tolerance in plants: the role of membrane transporters and implications
for crop breeding for waterlogging tolerance. New Phytol. 190: 289298.

Lott, J. N. A., Cavdek, V. and Carson, J. 1991. Leakage of K, Mg, Cl,
Ca and Mn from imbibing seeds, grains and isolated seed parts. Seed
Sci. Res. 1: 229-233.

Smethurst, C. F. and Shabala, S. 2003. Screening methods for
waterlogging tolerance in lucerne: comparative analysis of waterlogging
effects on chlorophyll fluorescence, photosynthesis, biomass and
chlorophyll content. Funct. Plant Bio. 30(3): 335-343.

Mahmood, A., Latif, T. and Khan, M. A. 2009. Effect of salinity on
growth, yield and yield components in basmati rice germplasm. Pak.
J. Bot. 41: 3035-3045.

Sohrabi, Y., Heidari, G. H. and Esmailpoor, B. 2008. Effect of salinity
on growth and yield of Desi and Kabuli chickpea cultivars. Pak. J.
Biologic. Sci. 11: 664-667.

Misra, N. and Gupta, A. K. 2006. Effect of salinity and different
nitrogen sources on 12the activity of antioxidant enzymes and indole
alkaloid content in Catharanthusroseus seedlings. J. Plant Physiol.
163: 11-18.

Stevens, J., Senaratna, T. and Sivasithamparam, K. 2006. Salicylic
acid induces salinity tolerance in tomato (Lycopersiconesculentumcv.
‘Roma’): associated changes in gas exchange, water relations and
membrane stabilisation. Plant Growth Regul. 49: 77-83.

Munns, R. 1993. Physiological processes limiting plant growth insaline
soils: some dogmas and hypotheses. Plant Cell Environ. 16: 15-24.
Munns, R. 2002. Comparative physiology of salt and water stress.
Plant Cell Environ. 25: 239-250.

Turan, M. and Aydin, A. 2005. Effects of different salt sources on
growth, inorganic ions and proline accumulation in corn (Zea
Mays L). Eur. J. Hortic. Sci. 70: 149-155.

Pak, A. V., Nabipour, M. and Meskarbashee, M. 2009. Effect of salt
stress on chlorophyll content, fluorescence, Na+ and K+ ions content
in rape plants (Brassica napus L.). Asian J. Agri. Res. 3: 28-37.

Turkan, I., Demiral, T. and Sekmen, A. H. 2013. The regulation of
antioxidant enzymes in two Plantago species differing in salinity
tolerance under combination of waterlogging and salinity. Funct.
Plant Bio. 40(5): 484-493.

Qureshi, R. H. and Barrett-Lennard, E. G. 1998. Saline agriculture
for irrigated land in pakistan: a handbook. monograph No. 50,
Australian Centre for International Agricultural Research, Canberra.
p. 142.

Weisany, W., Sohrabi, Y., Heidari, G., Siosemardeh, A. and GhassemiGolezani, K. 2012. Changes in antioxidant enzymes activity and plant
performance by salinity stress and zinc application in soybean (Glycine
max L.). Plant Omics J. 5(2): 60-67.

Rawyler, A., Arpagaus, S. and Braendle, R. 2002. Impact of oxygen
stress and energy availability on membrane stability of plant
cells. Ann. Bot. 90: 499-507.
Sairam, R. K., Kumutha, D., Chinnusamy, V. and Meena, R. C.
2009. Waterlogging-induced increase in sugar mobilization,
fermentation, and related gene expression in the roots of mung bean
(Vignaradiata). J. Plant Physiol. 166: 602-616.

Xiao-fang, S., Qing-song, Z. and You-liang, L. 2000. Salinity injury to
germination and growth of cotton (Gossypiumhirsutum L.) at
emergence and seedling stages. J. Plant Res. and Environ. 9: 22-25.
Yan, B., Dai, Q., Liu, X., Huang, S. and Wang, Z. 1996. Flooding
induced membrane damage, lipid oxidation and activated oxygen
generation in corn leaves. Plant and Soil. 179: 261-268.

Setter, T. L. and Waters, I. 2003. Review of prospects for germplasm
improvement for waterlogging tolerance in wheat, barley and oats.
Plant Soil. 253: 1-34.

Yong, Y., Nora Fung-Yee, T., Chang-Yi, L. and Yuk-Shan, W. 2005.
Effects of salinity on germination, seedling growth and physiology of
three salt secreting mangrove species. Aquatic Bot. 83: 193-205.

Setter, T. L., Waters, I., Sharma, S. K., Singh, K. N., Kulshreshtha,
N., Yaduvanshi, N. P. S., Ram, P. C., Singh, B. N., Rane, J., McDonald,
G., Khabaz-Saberi, H., Biddulph, T. B., Wilson, R., Barclay, I.,
McLean, R. and Cakir, M. 2009. Review of wheat improvement for
waterlogging tolerance in Australia and India: the importance of
anaerobiosis and element toxicities associated with different soils.
Ann. Bot. 103: 221-235.

Zeng, F., Shabala, L., Zhou, M., Zhang, G. and Shabala, S. 2013.
Barley responses to combined waterlogging and salinity stress:
separating effects of oxygen deprivation and elemental toxicity. Front.
Plant Sci. 4: 1-13.

Sevengor, S., Yasar, F., Kusvuran, S. and Ellialtioglu, S. 2011. The
effect of salt stress on growth, chlorophyll content, lipid peroxidation
and antioxidative enzymes of pumpkin seedling. Afr. J. Agril. Res.
6(21): 4920-4924.

Zhang, Y. Y., Wang, L. L., Lui, Y. L., Zhang, Q., Wei, Q. P. and Zhang
W. L. 2006. Nitric oxide enhances salt tolerance in maize seedling
through increasing activities of proton-pump and Na+/H+antiport in
the tonoplast. Planta. 224: 545-555.

Shabala, S. 2011. Physiological and cellular aspects of phytotoxicity

Zhu, J. K. 2001. Plants salt tolerance. Trends Plant Sci. 6: 66-72.

800

