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ABSTRACT

A pot culture experiment was conducted to understand physiological changes of sesame plants under waterlogging and to study
therole of somefoliar and seed treatments on stress mitigation. Waterlogging was imposed at 20 days after sowing fora period
of 72 hr. Urea, Potassium nitrate, 1- naphthal eneacetic acid, calcium nitrate, tricyclazole and salicylic acid were given as foliar
treatments whereas Pseudomonas fluorescens was applied both asfoliar spray and seed priming agent. Treatments were applied
2 days before waterlogging. Waterlogging affected the plant survival due to hampered root and shoot growth. The scavenging
of free radical s was affected with higher lipid peroxidation and lower enzymatic activity. Ameliorants, especially KNO,, salicylic
acid and Psuedomonas fluorescens, were found to alleviate the inhibitory effect of stress in terms of highersurvival per cent,
root and shoot growth and photosynthetic parameters. Plants applied with these treatments were found to be producing lower
melondialdehide and higher catalase enzymeactivity and chlorophyll content thanuntreatedwaterlogged plants. Field
evaluationrevealed 23 per cent reductioninyield per plant with 72 hr of waterlogging. Application of Pseudomonas fluorescens,
KNO, and salicylic acid recorded 16.52, 13.73 and 7.93 per cent improvement in yield per plant compared to untreated

waterlogged plants respectively.
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Changing climatic conditions imposes multiple
stresses to plants. Among them waterlogging affects
normal plant growth and survival. Excessive rain fall
creates a hypoxic condition in the root zone of plants
which further advances to anoxia as time progresses.
This causes photoxidative damageto leavesby increased
generation of reactive oxygen species (ROS) (Yordanova
etal., 2004) which leadstoleaf chlorosisand senescence.
In susceptible plants which are unable to withstand low
oxygen conditions in root zone, drastic yield loss will
occur. Sesame is an ancient oilseed crop known for its
high quality unsaturated fatty acids. It is a drought
tolerant plant but susceptible to excessive moisture in
soil. Excess moisture stress depending on duration and
crop stage can affect growth and yield. It has been
reported that yield loss in sesame due to waterlogging
may vary between 15% and 80% based on the soil type
and duration of stress (Athul, 2016).

Under water logged conditions, ROS scavenging is
carried out by anumber of well-characterized enzymes,
primarily superoxide dismutase, ascorbate peroxidase
and catalase (Irfan et al., 2010). It has been identified
that highlevels of these scavenging enzymesare critical
for the survival of many crop plants such as sesame
(Wei et al., 2013), rice (Ushimaro et al., 1992) and
mungbean (Ahmed et al., 2002). The malondialdehyde
(MDA) produced as a byproduct of lipid peroxidation
by ROS has been suggested as a genera indicator for
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water logging tolerance (Wu et al., 2003). The MDA
content in the susceptible sesame variety ezhi-2 was
reported to increase with waterlogging whereas it was
unaffected in the tolerant variety ZZM2541 (Wei et al.,
2013).

Since unpredictable excessive rainfall cannot be
prevented, adopting mitigation strategies for imparting
tolerance with ameliorants can be a better strategy for
reducing the impact of water logging stress on crops.
According to Steffens et al. (2005), nutrient deficiency
isthemajor reason for poor plant growth in waterlogged
soil. Canola plants under waterlogging reported a
decreasein nitrogen (N), phosphorus (P), potassium (K)
and calcium (Ca) uptake (Boem et al., 1996).
Habibzadeh et al. (2013) reported that foliar spray of
calcium nitrate, potassium nitrate, ureaand tricyclazole
before waterlogging was found to improve growth and
reduce growth inhibition due to waterlogging in canola.
He also observed an enhancement in root characters
(vigour, length, volume and dry weight), activities of
antioxidant enzymes and decreased MDA productionin
leaves. Pang et al. (2006) suggested that resistance to
waterlogging in plants is imparted by avoiding loss of
K* during hypoxiaor anoxia. Salicylic acid isaphenolic
compound involved in growth, developmental regulation
of plant responses to biotic and abiotic stress factors,
moreover it isasignaling molecule during stress (Khan
et al., 2013). Foliar application of salicylic acid is



reported to enhance chlorophyll and protein contents,
shoot length and number of fruitsin waterlogged tomato
plants(Singhetal., 2017). Inwaterlogged barley plants,
foliar application of 1- Naphthalene acetic acid (NAA)
enhanced production of adventitious root formation
(Pang et al., 2007).Pseudomonas fluorescens is well
known for its ability to increase nutrient availability by
solubilizing phosphatase and production of chelating
substances like siderophores and also enhance activity
of antioxidant enzymes enabling the plants to survive
and maintain their growth under stress condition
(Elekhtyar, 2015). The present study envisages to
investigatethe ameliorative efficiency of different
treatments on sesame plants subjected to waterlogged
conditions.

MATERIALSAND METHODS
Pot culture study

Seeds of Sesamumindicumvar. Thilak obtained from
Onattukara Regional Agriculture Research Station,
Kayamkulam, Keralawas grown in mud potsin 2019 at
Collegeof Horticulture, Vellanikkara. Waterlogging was
imposed at 20 DAS (days after sowing) for 72 hrs. The
ameliorative treatments were given two days before the
imposition of waterlogging.T,- Urea (1500 mg L),
T,- Potassium nitrate (KNO,) (5000 mg L™), T.- 1-
Naphthalene acetic acid (NAA) (5 pg in 200uL),
T,- Calcium nitrate (Ca (NO,),)(4100 mg L),
T,- Pseudomonas fluorescens, T,- Tricyclazole (50 mg
L), T,-Salicylic acid (100ppm), T, _Control 1 (Water-
logged control or WC), T,- Control 2
(no waterlogging and no ameliorants or NC). For the
treatments, T, T,, T, T, T, T,- Foliar spray at 2 days
beforewater logging. T, —Seed priming of Pseudomonas
fluorescens talc formulation (10 g LY) at the time of
sowing followed by foliar spray of culture broth (30 m
L L) at 2 daysbefore waterlogging. Leaf sampleswere
collected on the fourth day i.e., 3 days after imposing
waterl ogging and following observationswere recorded.

MDA content was measured following the method
of DeVos et al. (1991), while catalase enzyme activity
was measured by the method of Maehly(1954).Total
chlorophyll was estimated by the DM SO method
suggested by Hiscox and | srael stam (1979). Total soluble
protein content and nitrate reductase enzyme activity in
theleaf was estimated by the method suggested by L owry
et al. (1951) and Hageman and Flesher (1960)
respectively. Photosynthetic rate, transpiration rate and
stomatal conductance were measured at the end of
waterlogging period using infrared gas analyzer (Model
L1-6400 of Licor Inc. Lincoln, Nebraska, USA). Survival
per cent was measured at the end of waterlogging asthe
ratio of seedlings survived to the total number of
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seedlings.Morphological observations such as plant
height, shoot dry weight, root dry weight and root number
were taken.

Field evaluation

Three best performing ameliorants from the pot
culture study were evaluated in farmer’supland field in
Alappuzhadistrict in 2019. Thevariety used was Thilak.
The experiment was laid out in Randomized Block
Design with 5 treatments and 4replication. The
treatments selected were asfollows.T,: Potassum nitrate
(KNO,) (5000 mg L*), T,: Pseudomonas fluorescens
(10gL™), T, : salicylicacid (100 ppm), T, : waterlogged
control (WC), T, : No waterlogging and no ameliorants
(NC).Treatment application wassimilar to the pot culture
experiment. Waterlogging was imposed in the field for
72 hrsat 20DAS. Morphological observationsandyield
parameters such as number of branches per plant, number
of capsule per plant, number of seeds per capsule, and
seed yield per plant were calculated after harvest. The
datawas analyzed using WASP 2.0 devel oped by ICAR,
GOA. Results of pot culture study were analyzed in
completely randomized design and field data in
randomized block design.

RESULTSAND DISCUSSION
Effect of waterlogging on sesame

Investigations revea that waterlogging affected
normal physiological and biochemical processes of
sesame plants. Increased production of ROSin response
to waterlogging is evidenced by the enhanced MDA
production in waterlogged plants (control 1in Table 1).
Enhanced MDA content indicate lipid peroxidation and
reduction of membrane integrity. Das and Choudhury
(2014) have opined that a balance between ROS
production and ROS scavenging activity decidesthefate
of cell under waterlogging. In control 1 high MDA
content and low catal ase activity implies an unbalanced
system of ROS production and scavenging (Table 1).
Under waterlogged condition nitrate availability is a
major problem which is evident in the reduced nitrate
reductase enzyme activity (Table 1) of sesame plants
under waterlogged condition (control 1). Waterlogging
resulted in decreasein transpiration rate of sesameplants
(Table 2). Thisreduction is attributed by the hampered
root permeability under low oxygen level leading to
stomatal closure (Table 2). Reduced chlorophyll content
(Tablel), stomatal closure (Table 2) and oxidative stress
(Table 1) resulted in declinein photosynthetic rate under
waterlogging (Table 2). Increased oxidative stress,
reduced availability of nitrate and altered photosynthetic
process affected the survival of sesame plants (Table 3).
The lower survival of plants during waterlogging was



Mitigation of waterlogging stress in sesame

Table 1: Effect of treatments on biochemical parameters of sesame under waterlogging in pot study

Treatments Catalase enzyme MDA Total Nitrate Soluble
activity (1 moles of content chlorophyll reductase protein
H,0, utilized (imol. g} content enzyme activity content
glmin?l) (mgg? (1 moles of NO,” (mgg?
formed g1
fresh weight hr-1
T,: Urea 48.564 6.02¢ 0.71% 283.33" 14.370¢
T,: KNO, 64.08P 5.22d 0.81%¢ 206.66° 18.12P
T4 NAA 55.83¢ 6.70° 0.71% 100.001 14.870¢
T, Ca(NOy), 59.08¢ 6.220¢ 0.91° 200.00% 18.37°
Ty : P. fluorescens 70.442 4.48° 0.90° 210.00° 27.252
T Tricyclazole 50.33¢ 6.30%¢ 0.55¢ 195.00¢ 14.500¢
T, Salicylic acid 70.762 5.28¢ 0.78¢ 203.33d 19.00°
Tg: Control 1 (WC)  19.35° 773 0.39° 180.00° 17.50°
Ty: Control 2 (NC) 22.74° 3.63f 1.192 393.332 11.87°
SEm () 6.76 0.16 0.05 37.04 8.96
LSD (0.05) 4.46 0.69 0.16 10.44 5.14

Note: T,- (1500 mg L%, T,- 5000 mg L1, T4- 5 pg in 200pL, T,- 4100 mg L%, Te- Pseudomonas talc formulation (10 g L2

for seed priming and culture broth for foliar spray (30 mL L),

Te- 50 mg L2, T5-100ppm. Means with the same superscript

do not differ significantly at 5% level of probability using Duncan’s Multiple Range Test (DMRT)

Table 2: Effect of treatments on photosynthetic parameter s of sesame under waterlogging in pot study

Treatments Photosynthetic rate Somatal conductance Transpiration rate
(1 mole CO, ms?) (umol m2s?) (umol H,0 m?s?)

T,: Urea 6.75¢ 0.134° 3.427

T, KNO, 8.78" 0.229° 5.207°

T, NAA 2.07 0.136° 2.880¢

T, Ca(NO,), 143" 0.083¢ 2.253"

T, : P. fluorescens 7.15¢ 0.15%¢ 4.697¢

T, Tricyclazole 179 0.143° 3.463°

T,: Sdlicylic acid 6.55° 0.209" 5.530°

T, Control 1 (WC) 112 0.047¢ 1.333

T, Control 2 (NC) 9.742 7.4872 14.800°

SEm (z) 0.002 0.001 0.001

LSD (0.05) 0.07 0.04 0.01

also contributed by the poor root parameters (Table 3).
Ability of plant roots to take up and transport mineral
nutrientswas significantly impaired under waterlogging
stress (Malik et al. 2001), making nutrient delivery to
the shoot inefficient. Thisresulted in poor shoot growth
as evident from the lower shoot height and shoot dry
weight (Table 3) of waterlogged (control 1) plants.

Mitigation of waterlogging stressin sesame
Mitigation trestments should inhibit the physiological

and biochemical alterationsresulted from water logging.

Hence, same parameters were estimated for the plants
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treated with mitigation treatments or ameliorants. All the
ameliorants were able to decrease the MDA production
(Table 1) while enhancing catalase enzyme activity
(Table 1) and chlorophyll content (Table 1). All the
treatments except NAA enhanced the nitrate reductase
activity where the application of urea as foliar spray
resulted in highest improvement (Table 1). Only the
application of P. fluorescens improved the soluble
protein content (Table 1) compared to waterlogged
control (control 1). All the treatments improved
photosynthesis, especially P. fluorescens, KNO,, sdicylic
acid and urearesulted in highest photosynthetic rate and



Seepriya and Girija

Table 3: Effect of treatments on mor phological parameters of sesame under waterlogging in pot study

Treatments Survival Plant Shoot dry Root dry Root Root number
per cent height weight weight length per plant
(%) (cm) ©) (9) (cm)

T,: Urea 51.66% 13.57v 0.253¢ 0.034¢ 5.00vcd 41.66°
T,: KNO, 55,75 17.67° 0.354° 0.042¢¢ 6.50° 50.66%
T, NAA 48.66% 10.67« 0.157¢ 0.040° 3.30¢ 31.33°
T,: CaNO,), 49,75% 14.33* 0.307¢ 0.023 4,70°% 39.66°
T, : P. fluorescens 59.66° 15.33 0.345> 0.045* 6.00 50.30%
T, Tricyclazole 52.50% 13.50p 0.250¢ 0.045* 4,20~ 55.00%
T.: Salicylic acid 57.66° 16.00° 0.363° 0.044» 6.30° 55.00%
T, Control 1 (WC) 45.38° 9.13¢ 0.240¢ 0.015¢ 4.00¢ 41.33°
T, Control 2 (NC) 100.00? 25.83* 0.560% 0.027¢ 9.502 37.33>
SEm (1) 7.82 6.82 0.001 0.001 1.28 13.37
L SD (0.05) 4.80 4.48 0.05 0.003 1.94 6.27

Table 4: Effect of treatments on morphological parameters of sesamein field experiment

Treatments Survival per cent Plant heightat Shoot dry Root dry weight
(%) harvest (cm) weight at harvest at harvest
(9) (9)
T,: KNO, 90.80° 122,507 25.76° 3.34°
T, P. fluorescens 84.74¢ 125.17° 26.00° 4.13°
T, Sdlicylic acid 81.42¢ 119.50¢ 24.00° 3.50°
T, Control 1 (WC) 68.66° 111.33¢ 19.33¢ 2.46¢
T.: Control 2 (NC) 100.00? 137.33° 30.23° 4.66°
SEm (z) 0.99 1.80 0.63 0.05
L SD (0.05) 3.28 5.3 1.49 0.41

stomatal conductance (Table 2). The reduction of
biochemical and photosynthetic alterations during
waterlogging with five trestments such as P. fluorescens,
sdicylic acid, KNO,, tricyclazole and urea resulted in
improving the survival under waterlogging (Table 3). P.
fluorescens, salicylic acid, KNO, and Ca(NO,),
improved shoot dry weight and height (Table 3). Root
dry weight was improved by all treatments (Table 3).
Adventitious root production enhanced by application
of salicylic acid, tricyclazole, P. fluorescens and KNO,
resulted in increased root number (Table 3). Salicylic
acid, P. fluorescens and KNO, also improved the root
length (Table 3).

Application of NAA recorded the lowest shoot
characters which was even lower than waterlogged
control or WC (Table 3). Moreover, the leaves showed
symptoms of scorching. However, it improved the root
dry weight (Table 3). It also improved the antioxidant
system in waterlogged plant, which was evident from
lower MDA production (Table 1). Enhancement in
photosynthesis (Table 2) resulted from increased
chlorophyll content (Table 1) and increased root growth
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(Table 3). Survival rate was lower in NAA treatment
(Table 3).

Ca(NO,), application reduced lipid peroxidation and
improved catalase activity (Table 1). The increased
photosynthesis (Table 2) with Ca(NO,), application was
aresult of enhanced nitrate reductase activity, chlorophyl|
content (Table 1) and root dry weight (Table 3) which
also promoted shoot growth (Table 3). Application of
urea resulted in increased nitrate reductase activity
(Table 1). Thisalso contributed to increased chlorophyll
content (Table 1) and photosynthetic parameters
(Table 2) and higher plant survival (Table 3). Tricyclazole
was efficient in improving the root growth parameters
such as dry weight and number (Table 3). It also
enhanced the antioxidant system (Table 1) and
photosynthetic parameters (Table 2) and improved plant
survival (Table 3). Alleviation of waterlogging stress by
the application of nitrogen compounds (Ca(NO,),, Urea,
KNO,) and tricyclazole in canola was reported by
Habibzadeh et al. (2013). Salicylic acid and KNO, was
effective in mitigating the stress induced alterations of
photosynthesis (Table 2), antioxidant system (Table 1)
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Table 5: Effect of treatmentson yield and yield attributes of sesamein field experiment

Treatments No. branches No. capsules No. seeds Yield Yield

plant? plant? capsule? plant? (g) (t ha?)
T,: KNO, 5.00° 66.00 54.00% 5.30° 0.795°
T,: Psuedomonas fluorescens 5.33° 67.66° 56.66® 5.43° 0.815°
T, Salicylic acid 5.00° 64.00° 53.33° 5.03° 0.755¢
T,: Control 1 (WC) 4.00° 58.66¢ 50.00¢ 4.66¢ 0.70¢
T,: Control 2 (NC) 6.672 77.332 59.00% 6.06° 0.91°
SEm (%) 0.117 2.883 2.617 0.006 0.008
L SD (0.05) 0.643 3.197 3.046 0.150 0.022

and shoot and root growth (Table 3). Pseudomonas
fluorescens application resulted in enhancement of all
parameters studied including the photosynthetic,
biochemical and morphological observations.

Evaluation of mitigation treatmentsin field

From the pot culture study it was evident that
application of P. fluorescens, KNO, and salicylic acid
before flooding imparted better tolerance to the plants
whenthey experiencewaterlogged condition during early
vegetative stage i.e., 20 DAS as compared other
treatments.

Plant survival in field condition also differed
significantly with respect to the treatments (Table 4).
Among the ameliorants higher survival percent was
observed in KNO, followed by P. fluorescens and
sdlicylic acid. Under waterlogging, plant height at harvest
wassignificantly reduced (Table4). Highest plant height
was recorded in control 2 plot. Among ameliorants, P.
fluorescens and KNO, recorded highest plant height.
Shoot and root dry weight (Table 4) aso significantly
improved by these treatments.

Amelioration treatments resulted inimprovement of
physiological (Table 2) and biochemical parameters
(Table 1) which resulted in better growth and enhanced
yield (Table 5) compared to the untreated waterlogged
plants (control 1). Application of P. fluorescens, KNO,
and salicylic acid before waterlogging stressresulted in
enhanced production of branches, capsules per plant and
seeds per capsules (Table 5) compared to the untreated
control (control 1). Control 1recorded 4.66 g yield per
plant which resulted in 23 per cent yield reduction
compared to control 2. Sarkar et al. (2016) reported
51.67% and 58.24% yield declinein two sesamevarieties
viz., BARI Til 2 and BARI Til 3 under 36 hrs of
continuous waterlogging. The reduction in yield was
minimized by the application of P. fluorescens, KNO,
and salicylic acid which recorded 16.52, 13.73 and 7.93
per cent improvement in yield compared to control 1
respectively. An improvement of 7.85to 17.14 per cent
inyield per hectare under waterlogging was obtained by
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the use of these ameliorants in sesame variety Thilak
(Table 5).

Theresult presented here reveal sthat awaterlogging
stress of 72hr at vegetative growth stage had a marked
inhibitory effect on vegetative and reproductive growth
of sesame.The ameliorants have an influence on the
antioxidant system of waterlogged sesame plant. Foliar
application of KNO, and foliar application and seed
priming of P. fluorescens have the highest ameliorative
potential to reduce the growth inhibitory effect of
waterlogging thereby promoting theyield enhancement.

REFERENCES

Ahmed, S., Nawata, E., Hosokawa, M., Domae, Y. and
Sakuratani, T. 2002. Alterations in photosynthesis
and some antioxidant enzymatic activities of
mungbean subjected to waterlogging. Plant
i, 163: 117-123.

Athul, V. 2016. Evaluation of sesame genotypes for
tolerance to waterlogging. M. Sc. (Ag.) Thesis,
KeralaAgricultural University, Thrissur, pp. 50-75.

Boem, F.H.G, Lavado, R.S. and Porcelli, C.A. 1996.
Note on the effects of winter and spring
waterlogging on growth, chemical compositionand
yield of rapeseed. Field Crop Res., 47: 175-179.

Das, K. and Choudhury, R. 2014. Reactive oxygen
species(ROS) and response of antioxidantsasROS-
scavengers during environmental stress in plants.
Front. Environ. Sci.,2:53-66.

De Vos, CH.R., Schat, H., De Waal, M.A.M., Voaijs,
R. and Ernst, W.H.O. 1991. Increased resistance to
copper-induced damage of the root cell
plasmalemmain copper tolerant Slene cucubalus.
Physiol. Plant., 82: 523-528.

Elekhtyar, N. M. 2015. Efficiency of Pseudomonas
fluorescens as Plant Growth-Promoting
Rhizobacteria (PGPR) for the enhancement of
seedling vigor, nitrogen uptake, yield and its
attributes of rice (Oryza sativa L.).Int. J. ci. Res.
Agric. <i.,2:57-67.



Habibzadeh, F., Sorooshzadeh, A., Pirdashti, H. and
Seyed, A. M. M. 2013.Alleviation of waterlogging
damage by foliar application of nitrogen compounds
and tricyclazole in canola.Aust. J. Crop i, 7(3):
401-406.

Hageman, R.H. and Flesher, D. 1960. Nitrate reductase
activity in corn seedlings as affected by light and
nitrate content of nutrient media. Plant Physiol.,
35:700-708.

Hiscox, J. D. and Israelstam, G F. 1979.A method for
theextraction of chlorophyll from | eaf ti ssuewithout
maceration. Can. J. Bot.,57: 1332-34.

Irfan, M., Hayat, S., Hayat, Q., Afroz, S. and Ahmad, A.
2010. Physiological and biochemical changes in
plants under waterlogging. Protoplasma, 241: 3-
17.

Khan, M.1.R., Igbal, N., Masood, A., Per, T.S. and Khan,
N.A.2013. Sdlicylic acid alleviates adverse effects
of heat stress on photosynthesisthrough changesin
proline production and ethylene formation. Plant
Sgnal. Behav., 8(11):article e26374. https.//doi.org/
10.4161/psh.26374

Lowry, O. H.,Rosebrough, N. J., Farr, A. L. and Randall,
R. J. 1951.Protein Measurement with the Folin
Phenol Reagent. J. Biol. Chem.,193: 265-275.

Maehly, A.C. 1954.The assay of catalase and
peroxidases.In. Methods of Biochemical Analysis
(Ed. Glick, D.)Inter-science publishers, Inc., New
York, pp. 357-424.

Malik, A., Colmer, T. D, Lambers, H. andSchortemeyer,
M. 2001.Changes in physiological and
morphological traits of roots and shoots of wheat
inresponseto different depths of waterlogging.Aust.
J. Plant Physiol.,28:1121-1131.

Pang, J., Ross, J., Zhou, M., Mendham, N. and Shabala,
S. 2007. Amelioration of detrimental effects of
waterlogging by foliar nutrient sprays in barley.
Funct. Plant Biol., 34: 221-27.

J. Crop and Weed, 16(2)

Seepriya and Girija

Pang, J.Y., Newman, I., Mendham, N., Zhou, M. and
Shabala, S. 2006.Microelectrode ion and O, fluxes
measurements reveal differential sensitivity of
barley root tissues to hypoxia. Plant Cell
Environ.,29: 1107-1121.

Sarkar, P. K., Khatun, A. and Singha, A. 2016.Effect of
duration of water-logging on crop stand and yield
of sesame.Int. J. Innov. Appl. Sud. 14(1):1-6

Singh, S. K., Singh, A. K. and Dwivedi, P. 2017.
Modulating effect of salicylic acid ontomato plants
in response to waterlogging stress. Int. J. Agric.
Environ. Biotechnol.,10(1):31-37.

Steffens, D., Hutsch, B.W., Eschholz, T., Losak, T. and
Schubert, S. 2005. Waterlogging may inhibit plant
growth primarily by nutrient deficiency rather than
nutrient toxicity. Plant Soil Environ., 51: 545-552.

Ushimaro, T., Shibasaka, M. and Tsuji, H. 1992.
Development of O, detoxification system during
adaptation to air of submerged rice seedlings, Plant
Cell Physial.,33: 1065-1071.

Wei, W., Li, D., Wang, L., Ding, X., Zhang, Y., Yuan, G.
and Zhang, X. 2013. Morpho-anatomical and
physiological responsesto waterlogging of sesame
(Sesamumindicum L.). Plant <ci., 208: 102-111.

WU, F. B., Zhang, G. P. and Dominy, P. 2003. Four barley
genotypes respond differently to cadmium: lipid
peroxidation and activities of antioxidant capacity.
Environ. Exp. Bot., 50: 67-78.

Yordanova, R. Y., Christov, K. N. and Popova, L. P.
2004.Antioxidative enzymes in barley plants
subjected to soil flooding. Environ. Exp. Bot., 51:

93-101.



