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ABSTRACT

Out of several varieties tested, nine different ath@riticum aestivum L.)
varieties — Mohan Wonder (MW), Kedar (KD), Gay€@Y), Gandhari (GN),
Kaweri (KW), PBW 343, UP 2752, Sonalika (SO), Lowariety (LV) were
selected for our study. Out of these MW, KD, GY, GKW were
commercially relevant lines and PBW 343, UP 2758 &© were research
varieties and LV was obtained from a local marKéte viability of the seeds
was tested under laboratory conditions in petrigslaand also in earthen pots
which was 100% for all the varieties selected. Beeds were allowed to
germinate in the petri plates for one week and themsferred to earthen pots

under proper condition of water, light and soil diions.

Drought stress was induced by withholding water sahpling was done on
the 3% 6" and 9" day. For the control set watering was done retukand
sampling was done on the Oday of withholding waltera separate treatment
salt stress was imposed on one month old plantamsferring the plants to a
medium of water containing 50, 100 and 200mM oft saparately and
sampling was done on the Oday' day and % day of salt stress in that
medium. In the control set (OmM) no such treatnudrgalt was given. Various
morphological, physiological and biochemical partare were taken to test
the response of these varieties to drought andssakts and their metabolism
during the stress condition.

Plants exhibited varying levels of morphologicahoges however, none of the
nine varieties showed sever wilting symptoms molgdioally even after %7
day of drought but during the"aday LV, MW, GY and SO showed sever
wilting and yellowing symptoms in the leaf. In KBW, GN, UP 2752 and
PBW 343 comparatively the wilting and yellowing gytom in the leaf was
lesser. Plants under salt stress did not showngiklymptoms on the first day
of salt stress for all concentration however, oe @f day wiltihng and
yellowing of leaf was significantly higher in casé LV, MW, GY and SO.

Physiological parameters such as tolerance indé/CRCMS and lipid



peroxidation showed a significant difference amaing varieties as well as

between the duration and severity of both typereks.

A significantly low tolerance index was observedcemse of the leaf of LV,
MW, GY and SO which in case of KD, GN, KW, UP 27&2 PBW 343 was
higher during the ® day of drought and also during the salt conceintmanf
200mM on the % day. The tolerance index of all the nine varieties higher
during the salt stress than during drought. CM$& leaf of GN, KD, KW,
UP 2752 and PBW 343 was higher during drought aftdssress and in case
of LV, MW, GY and SO however, with respect to theamtrols it was lower
and decreased with the increase in the duration camtentration of salt
respectively. CMS was lowest when the plants welgested to 9days of
drought and salt stress of 200mM for 3days. Lipatogidation in the leaf
tissue increased in the stressed plants in caak thie varieties with the onset
of drought and salt treatments. The increase iripie peroxidation with the
increase in the duration of drought and during stess of different
concentration was comparatively lower in case of, KW, UP 2752 and
PBW 343 than LV, GY, MW and SO where higher lipiergxidation in the
leaf tissue was observed with increase in the ouratf withholding water and
also with increasing concentration of salt. Thehkgg MDA content, a
measure of lipid peroxidation in the leaf was olwedrwhen the nine varieties
were subjected to higher degree or concentraticstress. Decrease in RWC,
CMS and lower tolerance index during drought arohiéa stress in our study
could be correlated with higher degree of lipidgxation and therefore it
served as an important physiological parameterest the tolerance level

among the tested nine varieties of wheat.

Following drought stress and salinity stress theuamlation of compatible
solutes or osmolytes in the cells of the stresdadtpvas seen which was
significantly higher in the plants under stressdibons than the control set.
Content of both leaf and root proline increasedhi@ wheat varieties under
both types of stress. In general the accumulatfdnee proline was higher in
the leaves than their accumulation in the rootallimine tested varieties. The
increase in the accumulation of proline followinguight and salt stress in the
leaf and root tissues of GN, KD, KW, UP 2752 andWPB343 was



significantly higher than the accumulation of pneliin the leaf and root tissues
of LV, GY, MW and SO in our study. In the lattelhetincrease in the proline
content in both leaf and root was comparativelydothan the former varieties
and in case of LV, lowest accumulation of prolin@aswobserved and the

highest value for proline was obtained in case Nf G

Determination of profile of free amino acids by HPbf GN and LV revealed
that the amount of free proline along with othepartant free amino acid
increased with the increase in the duration of ghbuThe accumulation of
free amino acids was higher in case of GN than ASpartic acid, glutamic
acid, serine, threonine, proline, hydroxyl prolitgosine, valine, methionine,
leucine, cysteine, isoleucine, DL—phenyl alanind &sine were found to be
most significant during drought in both GN and L\tiwthe peak height and
area being comparatively greater in case of GN thanvhere it was smaller
and some peaks were absent during prolonged pefiddought. Along with

these, other amino acids were identified such asalAnine, arginine and

alanine.

Other compatible solutes, i.e., soluble sugarsuaied sugar and starch
accumulation following drought and salt treatmersisowed significant
differences in between the treatments and betwden Marieties. The
accumulation of total soluble sugars in both leafl aoot of all the nine
varieties during both drought and salt stress skosvgnificant increase with
the increase in the severity of stress treatmermtase of GN, KW, KD, UP
2752 and PBW 343 which in case of LV, MW, GY and @&£greased after an
initial increase. The accumulation of total solublgars in both leaf and root
was highest in GN than all the tested varieties thedeast accumulation was
observed in LV with respect to their control selheTcontent of total soluble
carbohydrates in the leaf was found to be highan tthe roots in all cases
including the control plants. Similarly the accuatidn of reducing sugars in
both leaf and root of all the tested nine varietieur study during stress
treatments showed significant increase with theeimse in the severity of
stress treatments. The content of reducing sugdhenleaf and root in all
varieties continued to increase during stress rtreats with the increase in
case of GN, KW, KD, UP 2752 and PBW 343 being mhigiher that of the



increase in its content LV, MW, GY and SO decreasféel an initial increase.
Reducing sugars in both leaf and root was highestN than all the tested
varieties and the least accumulation was obsemved/iwith respect to their
control set and the leaf reducing sugars was mumie than that in the roots in
both control and stressed plants. Accumulatiorot#i tsoluble starch increased
significantly in the leaf and roots of all the nimarieties with a slight decrease
with the increase in the severity of both droughtl a&alt treatments. This
decrease was higher in the leaf than the rootsllicases. GN and KD
accumulated more starch in their tissues tharhalbther varieties in both leaf

and root and the lowest accumulation was observedse of LV.

An increase in the accumulation of total phenols waident in all the nine
varieties with the induction of drought stressMiV, GY, LV, PBW 343 and
UP 2752 the accumulation of total phenol decreaseihg longer duration of
drought. In case of GN, KD and KW the content d@galtgphenol was found to
be the higher and the highest value obtained ireieof GN during drought
stress. However, the accumulation of total phendhe tested nine varieties
during salt stress increased in GN, KD, KW and UB2only and in other
varieties total phenol content was higher onlycatdr concentration of salt
treatment. GN leaf showed the highest content @l tohenols and in LV
lowest content of phenol accumulation was observ€dtho phenol
accumulation increased in all the nine varietiewhe induction of drought
and salt stress in general. KD, GN and KW leaf stubwhe highest ortho
phenol accumulation during drought and the lowestumulation of total
phenol content was observed in LV and SO. Duriigsigess the content of
ortho phenol increased in all cases except LV. 6&f khowed the highest
content of ortho phenols and in LV lowest conterit atho phenol

accumulation was observed in our study.

Analysis of total phenol revealed that during bdtbught and salt stress, the
accumulation of ferulic acid was most significant GN and LV and the
change in the accumulation of ferulic acid was fbiwo be significant with
increase in the days of drought and the conceatrati salt. Along with ferulic
acid other phenols which were identified were sdibcacid, chlorogenic acid,

caffeic acid which was also found to play a sigmifit change during stress.
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Accumulation of these phenols in case of GN wasifggntly higher than that
of LV during drought and salt stress. Phenolic sadidm the total phenols
were extracted and the types of phenolic acidseptesluring the stress
treatment in wheat were studied. Ferulic acid veesntified as the most
important phenolic compound present in GN and LVirdy stress and the
change in the accumulation of ferulic acid as oleiin the HPLC data was
found to be significant. Along with ferulic acidanillic acid, cinnamic acid,
chlorogenic acid and salicylic acid were the otpkeenolic acid identified in
HPLC which were also very significant during drotighd salt treatments and

the accumulation of these phenolic acids was high&N than in LV.

The accumulation of total soluble proteins in teafland roots in the case of
all the tested wheat varieties showed a generaédse with the increase in the
days of withholding water and the increase in thecentration of salt. In case
of LV, GY, MW, SO and PBW 343 the decrease in tloeuaulation of
protein in the leaf was higher than the decreagbearother varieties while in
roots there was a slight increase in the protemesd in MW, GY, GN, LV
and SO. During salt stress, the content of solytgein in roots slightly
increased however, it decreased with higher conaon of salt and increase
in the days of salt stress. At least a total ofu&l32 new bands were observed
in SDS PAGE of soluble proteins during drought aatinity. 6 and 12 new
bands respectively were observed during drought satichity. Seedlings of
wheat subjected to drought and salt stress showed@ession of new protein
bands in the SDS PAGE analysis of protein in tte# la some cases and
suppression of certain existing bands at diffedemaition of withholding water
and at increasing concentration of salt. More numbfenew bands was
observed in case of GN, KD, KW, UP 2752 and PBW @d@48ng the SDS
PAGE analysis of leaf proteins during both drougyd salinity stress which in

case of other four varieties was comparativelydegsnumber.

The total soluble protein profile in the leaf ofawarieties of wheat (GN and
LV) during drought stress was determined in Fasbtgn liquid

chromatography (FPLC) where it was observed thantimber, height and the
area of peak showed a significant difference dutimg increasing days of

water stress with respect to control plant.
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Photosynthetic pigments in the leaf of the plantglar stress showed a
significant change with respect to the control arChlorophyll content as
well as the ratio of chlorophyll a/b altered duritigpught and salt treatments.
Chlorophyll content decreased in almost all vaeetwith the induction of
drought and salt treatments. However in case oétias such as GN and KD,
an initial increase was observed. The lowest clployth content was observed
in case of LV with prolonged periods of drought amdtrease in the
concentration and days of salt stress when comptredtheir respective
control. The decrease in the content of chlorophgl$ higher in LV, MW, GY
and SO than the decrease in case of GN, KD, KW2U82 and PBW 343.
Significantly, the data obtained in our study foe tratio of chlorophyll a and
chlorophyll b suggested that the trend obtainedhia ratio of these two
pigments could better explain response of planthdoght and salt stress with
increasing days of water stress and increasingectration of salt stress. The
ratio of chlorophyll a/b increased initially in allarieties and decline with
increase in the severity of stress. However, in BY, SO and MW, the
decrease in the ratio of chlorophyll a/b was gretlitan the decrease in case of
other five varieties in our study. The decreasthératio was attributed to the
fact that the content of chlorophyll a decreasephiBcantly in the varieties

during stress.

Results indicate that both drought and salt stiresisced oxidative damage in
wheat varieties could be overcome by enhanced itesivof antioxidative
enzymes. The activity of all the antioxidative emegs seemed to be correlated
with the each other during the stress responséefptant. APOX activity
increased significantly in all nine varieties howedecreased with prolonged
water stress in all cases. Similarly during saksd the activity enhanced with
increase in the concentration of salt however desae on increasing days of
salt stress in all the tested varieties. Increaséhe activity of APOX was
significantly much more pronounced in case of MWY,, &V and SO. Thus,
the enhancement in the activity of APOX suggestegossible underlying
mechanism during drought and salt stress in caiees€ varieties.

With prolonged period of drought stress and wittréase in the concentration

of salt the activity of GR increased significantty all varieties but in MW,
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GY, LV and SO it decreased with increase in theesgvof stress however, in
case of KD, GN, KW, UP 2752 and PBW 343 the agtivibcreased
significantly.

It was noted that the activity of POX enhanced tyeaith increase in the
period of water stress in case of GN, KD, KW, UPR27and PBW 343
whereas in LV, GY, MW and SO, the activity of POXctined. Activity of
POX showed a continuous enhancement with increasi@ei concentration of
salt in all varieties; however in case of MW, LMD &nd GY the activity of
peroxidase with prolonged stress showed a significkecline in the later
period of stress and higher concentration of §altase of peroxidase isozyme
analysis in NATIVE PAGE, new bands of peroxidasezygne were recorded
in the stressed leaves with respect to controbsemf almost all the varieties
with highest number of new peroxizymes recordedase of varieties like GN
KW, KD followed by PBW 343 and UP 2752 and the saraed was observed
during salt stress. The activity of peroxidase #ra&l occurrence of bands in
NATIVE — PAGE for peroxidase isozyme were correlate

A general decrease was seen in the activity of @Aiing both drought and
salt stress in case of MW, GY, LV and SO whereagdse of KW, GN,
UP2752, PBW 343 and KD an initial enhancement veensThe activity of
CAT following salinity stress showed a continuedlde in case of MW, GY,
LV and SO with the increase in the concentratiod duaration of salt stress.
However in case of KW, KD, GN, UP 2752 and PBW 84&e was an initial
enhancement in the activity of CAT followed by deelin its activity with
increasing concentration of salt. In the catalaszyme analysis in NATIVE
PAGE during drought and salinity stress, significdifferences was noticed
among the varieties as well as during the differdays of drought and
different concentration of salt. The occurrencecatalase isozyme was more
expressed in case of NATIVE PAGE of leaf in GN, KW during drought
and in KD and KW in case of salinity stress. Inecag MW, GY isozyme for
catalase was expressed during the higher condentrat salt and prolonged

period of water stress.
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SOD activities decreased at all periods of drougid concentration of salt
stress in case of MW, GY and whereas in KD, GN, KW, 2752, PBW 343
and SO activities of these enzymes increased ligitizefore showing a
continued decline. With prolonged stress the agtiduring both drought and
salt stress in case of MW, GY, LV and SO showedoatioued decrease
whereas in case of KW, GN, UP2752, PBW 343 and KD iwitial
enhancement was seen. SOD is the first enzyme whi@xpressed in the
antioxidant mechanism and it increased initialljthie more tolerant varieties
and was also involved in contribution to the iditeeccumulation of HO..
Although HO, accumulation increased during water and salt strafier a
period of prolonged drought and with the increaséhe concentration of salt
in the medium there was a decrease #®Hevels in varieties like KW, GN,
KD, PBW 343 and UP 2752 indicating greater antiaridactivity whereas the
accumulation of KO, continued to increase in LV, SO, GY and MW with the
increase in the duration of withholding water froine plants and increase in
the concentration of salt and days of salt stresghest HO, accumulation
was observed in case of LV and lowest was obsemverthse of GN with
increase in the severity of stress. In the micrpeacstudy the leaf of SO, LV,
GY and MW showed more darkly stained DAB sitesha tissues than in the
leaves from the other five varieties with respedteir control during both the
drought and salt stress. DAB polymerization sites Wagely localized at the
tip of the leaf, region surrounding the middle ldlm@nd also the stomata of
the leaf in the varieties under stress when contbtréhe leaf of the control
set. The transverse section of the leaf at theedasite showed that the DAB

binding sites were localized mostly in the perigtheegion of the cell.

Non enzymatic antioxidants such as carotenoidsyrbate anc—tocopherol
showed an enhanced accumulation after the induaifodrought and salt
stress. Accumulation of carotenoids in the leadesing drought showed an
initial enhancement in all the varieties followey & decrease after 3 days in
varieties MW, GY, LV and SO and after 6 days in KW, GN, UP 2752 and
PBW 343. Carotenoid content showed an increasts smccumulation with the
increase in the concentration and duration of fadtss in all the varieties but

with prolonged days of salt stress and increasimgcentration of salt the
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accumulation declined at in case of MW, GY, LV aB@® and at higher
concentration of salt in case of KD, GN, KW, UP 27&nd PBW 343. The
accumulation of ascorbate in the leaf was enhantedl nine varieties even
after 9 days of drought stress and increased ghegibds of salt stress and
enhanced with increasing concentration of saltllitha varieties. The highest
accumulation of ascorbate was noted in case of KdM, KD, UP 2752 and
PBW 343. Accumulation ad—tocopherol in the leaves of the drought stressed
plant in general increased but decreased afted&ydn case of GY, after 6th
day in KW, LV, PBW 343 and SO and after 9th dayMiV, GY and KD
however, in case of UP 2752 and GN it increasethduhe 9th day of water
stressa—tocopherol content in the salt stressed leaf as@é with the increase
in the days and concentration of salt stress Ihitiaut declined at higher
concentration and duration of salt stress in cdsdW, GY, LV and SO and

in the other five varieties it declined at highalt €oncentration.

Total antioxidant activity increased in case of &, UP 2752 and PBW 343
even after nine days of drought with a slight alitdecline in MW during
drought and in KW, MW, GY, LV and SO it decline @blonged periods of
drought. The total antioxidant activity declinedhégher concentration of salt
in LV, MW, SO and GY however it continued to incseain the other five

varieties.

lonic imbalance with respect to the content of Nmd K content was
observed during drought and salt stress. ¢¢mtent in case of both water and
salt stress increased significantly with the omdettress treatments. Following
water and salt stress treatments the content 6filNease of roots was much
higher than that of leaf in all varieties. In MWYGLV and SO the increase in
the Nd content was more than the increase in the othgeties following
stress and the content of Nim the roots were higher. The increase in the
content of Nawas much more in the roots than the leaf and Yauieties i.e.
MW, GY, LV and SO showed the highest content of Maboth the leaf and
roots with increasing concentration and duratiosaif stress. Kcontent was
higher in the leaf than the roots during the str&Sscontent in both leaf and
root increased significantly during the initial gleaof water stress but later

with prolonged stress, the content of K both leaf and root declined; the
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decline in case of MW, GY, LV and SO was much mbian compared to the
other five varieties where the decrease in theerdnof K was lesser. The
decline in K content of the leaf and root during salinity stre@scase of MW,
GY, LV and SO was much more pronounced than thetes GN, KD, KW,
UP 2752 and PBW 343.

The effect of ABA, SA and proline pre—treatmentsamnelioration of drought
in GN and LV showed a better response of the glamlrought treatments in
both the varieties after ABA, SA and proline preatment especially in the
case of LV which was considered as the most subteptariety or in other
words the least tolerant variety in our study. Téféect of proline pre—
treatment in GN and LV showed better results thaan fire—treatment with
ABA followed by pre—treatment with SA. Pre—treatrizenf seedlings of GN
and LV with solutions of ABA, SA and proline forwsberd by drought stress for
3, 6 and 9 days revealed that all three chemicalddcprovide protection
against oxidative stress due to water stress isethvarieties with respect to
enhanced enzyme activities like CAT, POX, APOX, Sai GR, decreased
accumulation of phenols and of non—-enzymatic aidants like carotenoids
and ascorbate suggesting enhanced antioxidativehanetns in the two
varieties during drought stress. Pre—treatmentghbge chemicals could also
enhance the physiological parameters such as RW(S @nd was able to
decrease the peroxidation of membranes in thealedflesser accumulation of
H.O, was observed in both GN and LV which was respdaddy maintaining
a better morphological and physiological propeftyhe plants under drought.
Both GN and LV seedlings when pre—treated with tswhs of ABA, SA and
proline before the induction of drought showed éesssccumulation of soluble
proteins and the content of compatible solutes likeline, total soluble
carbohydrates, reducing sugars showed a decredse seedlings of both the
varieties in both leaf and roots.
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CHAPTER 1
INTRODUCTION

The two major environmental factors that reduntpproductivity
are drought and salinity, and these stresses saugar reactions in plants due
to water stress; moreover, these environmental erascaffect plants more
than is commonly thought Serrano (1999). For examgisease and insect
loss typically decrease crop yields by less tham percent, but severe
environmental problems can be responsible for upsikty—five percent
reduction in yield. In India, water deficit strdsnits crop production in about
67% of the net sown area, while 7mha of agricultarel suffers from soil
salinity. An estimated 30 to 60% reduction in peiEncrop yields is often
attributed to abiotic stresses of which water stispredominant. Productivity
of crop plants is strongly influenced by environtatrcues like drought, high

temperature and salinity.

Diverse environmental stresses like salinity,ugit and temperature
are major limiting factors in plant productivity dambiotic stress; particularly
salinity and drought are major stresses that cawep losses worldwide
(Bartels and Sunkar, 2005; Vinocur and Altman, 2005ustaining
productivity under water limited conditions and is@virrigation water are the
two most important aspects that need to be addtegssenediately in
agriculture is to feed the burgeoning populationhef country. Rain fed agro—
ecosystem has a distinct place in Indian Agriceltwccupying 67% of the
cultivated area, contributing 44% of the food gsaamd supporting 40% of the
human and 65% of the livestock population (Venkaeki, 2005).
Environmental degradation, mainly soil pollution danits erosion,
desertification, declining biodiversity and overugk agrochemicals causes

biotic and abiotic stress in plants (Shao and @B05).

In India, water deficit stress limits crop protan in about 67% of
the net sown area, while 7mha of agriculture lanffess from soil salinity.
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Nagarajaet al (2010) reports the impact of drought on agricétand the
challenges being faced by the farmers of Southalndihe percentage of
drought affected land areas more than doubled fiieen1970s to the early
2000s in the world (Isendahl and Schmidt, 2006)e @mrd of the world’'s
agricultural land is damaged, and approximately &%.5 Bha of cultivated
land is affected by salt (Tabatabaei, 2006). Dhbdignits plant growth and
field crops production more than any other envirental stresses (Zhu, 2000;
Tas and Tas, 2007). Water deficit and salt streaseglobal issues to ensure
survival of agricultural crops and sustainable fqmdduction (Jaleeét al.
2007, 2008). According to Chavesal., (2009) plants are often subjected to
periods of soil and atmospheric water deficits miyitheir life cycle as well as,
in many areas of the globe, to high soil salinigl dhe understanding of how
plants respond to drought, salt and co—occurrirgssés can play a major role
in stabilizing crop performance under drought aalihe conditions and in the

protection of natural vegetation.

Among those stresses that limit plant growth atevelopment,
drought is a major factor and is closely relatedath stress (Songj al., 2008).
Water stress is the most influential factor affegtcrop yield particularly in
irrigated agriculture in arid and semi arid regiofisis necessary to get
maximum vyield in agriculture by using available ®matin order to get
maximum profit form per unit area because existaygicultural land and
irrigation water are rapidly diminishing due to ihpndustrialization and urban
development (Khalilet al., 2010). According to them, optimizing irrigation
management due to water scarcity together with cgp@te crops for
cultivation is highly in demand; the cost of irrigmn pumping and inadequate
irrigation scheme capacity as well as limited waseurces is among the
reasons that force many countries to reduce iragaapplications. Global
climatic change and growing pressure on naturauregs due to population
explosion may further exacerbate the incidence diote stresses.
Investigating the physiological and biochemical idjes that occur during
water stress may help in understanding the effegtater stress. This would
further help in identifying the genotypes/accessibdolerant to water stress.

Rahdari and Hoseini (2012) in their review haventdeed drought stress as an



important problem especially in countries wherepcagriculture is essentially
rain—fed and is a dangerous problem for humanity fan nature that global
warming causes that is a major a biotic constrimiting crop production

worldwide.

Salt stress on the other hand is also one ofhjer threats to crop
productivity worldwide including India, since abd@-27% of world irrigated
land is affected by salinity stress (Ghassatral., 1995). It is estimated that
increased salinization of aerable land will havevadgéating global effects,
resulting in 30% land loss within next 25 yearsd aip to 50% by the year
2050 (Wanget al., 2003).There are global constraints on fresh wateplies,
and this has led to a surge of interest in reusiater (Shannon and Grieve,
1999). According to Munnst al. (2006) increased salt tolerance of crops is
needed to sustain food production in many regionthé world and suggests
that in irrigated agriculture, improved salt toleca of crops can lessen the
leaching requirement, and so lessen the costs ofigation scheme, both in
the need to import fresh water and to dispose bhesavater (Pitman and
Lauchli, 2002). Similarly, for the purpose of croproduction, yield
improvement, developing of drought tolerant vaestiis the best option
(Siddique et al., 2000). The problem of soil salinity is furthercieasing
because of the use of poor quality water for itigga and poor drainage.
Therefore, it poses serious problem to food secumitdeveloping countries
like India due to high rate of population growthdastagnation or declining of
crop productivity in high productivity areas (Abdie al., 2000). Soil
salinization is one of the major factors of soigd®ation. Salinity inhibition
of plant growth is the result of osmotic and ioaftects and the different plant
species have developed different mechanisms to eufe these effects
(Munns, 2002).The knowledge acquired regardinggifeevth and survival of
plants under natural conditions could be used &®lafor screening of plant
species for afforestation of saline lands. In waamd dry areas salt
concentration increases in the upper soil layertdugigh water losses which
exceed precipitation (Ebeet al., 2002). In arid and semiarid regions of the
world, limited rainfall, high evap-transpiration,igh temperature and

inadequate water management each contribute teases in soil salinity



(Meloni et al., 2003). Therefore, plant response to salinityrie of the most
widely researched subjects in plant physiology.réhs a need to breed salt—
tolerant genotypes to sustain crop—productivity awhieve future food—
security (Chinnusamsgt al., 2005). Munnsget al. (2006) has reviewed that the
salt—tolerant crops have a much lower leachingiregqent than salt—sensitive
crops so in dry—land agriculture, improved saletahce can increase yield on
saline soils and in the areas where the rainfd@ivisand the salt remains in the
subsoil, increased salt tolerance will allow plambs extract more water.
According to him study of salt tolerance may hagegreatest impact on crops
growing on soils with natural salinity as, when #tle other agronomic
constraints have been overcome (e.g. disease amststand nutrient
deficiency), subsoil salinity remains a major liatibn to agriculture in all

semi—arid regions.

The percentage of drought affected land arease rttwan doubled
from the 1970s to the early 2000s in the worldr{tsehl and Schmidt, 2006).
According to Singlet al. (2009) 6.73 million ha of land is affected by séi
and alkalinity problem in India, 25 % of ground esmused for irrigation is
either saline or brackish 11.7 million ha is liketybe affected by salinity and
alkalinity in India by 2025, At global level, 810ilion ha is affected by
sodicity (434 million ha) and salinity (376 millioha). About 20% of the
cultivated land worldwide is adversely affected ugh salt concentration,
which inhibits plant growth and vyield. Therefore yplological and
biochemical approaches have a great importancedardo understand the
complex responses of plants to water deficiency dedelop rapidly new
varieties (Maralianet al., 2010). According to Shannon and Grieve (1999)
among several strategies devised to overcome thielgon of salinity stress,
the selection of crop species or cultivars withnsigd tolerance traits has been
considered an economical and efficient strategy laente suggests that the
challenges for using salty water profitably willpgand on greater knowledge of
salt tolerance. Bayuelo—Jimenetzal., Misra and Dwivedi (2004) have tried to
identify the physiological and biochemical diffecess between salt tolerant
and sensitive plants in a n effort to develop raggteening methods for salt

tolerance and suggests that salt tolerance ahiliyends on genetic and



biochemical characteristics of the species andcserfit genetic variability in

relation to salinity exist in many agricultural pgo

Wheat is one of the most important cultivateceaés of the world but
almost 32% of wheat cultivars face up to varioysesyof drought stress during
the growth season in developing countries (Moetial., 1991). Water stress
during grain development causes large yield lossesreals including wheat.
This reduction is mainly accounted for by a redurtin starch accumulation,
since in general over 65% of cereal dry weight asoanted for by starch
(Duffus, 1992). Wheat is grown both as spring amtev crop. Winter crop is
more extensively grown than spring. Much of theuipjon plants under
abiotic stress is linked to oxidative damage at ¢k#ular level (Smirnoff
1993). Wheat is a major staple food crop for mbentone third of the world
population and is the main staple food of Asia (&hiet al., 2001). It
originated in South Western Asia and has been amagyicultural commodity
since pre historic times. The wheat crop is maguitivated under rain fed
conditions where precipitation is less than 900 mmnmually. Global water
crisis seriously influences crop productivity, pautarly in most of the Asian
countries where irrigated agriculture accounts%0% of total diverted fresh
water (Huaget al., 2002). Wheat is essential nourishment for moaa th/3 of
the world population and crop yield will be consml@y influenced in the
perspective of global climate change and limitatddrwater resources in the
environment (Chaves and Oliveira, 2004). The latkadequate moisture
leading to water stress is common occurrence mfexd areas, brought about

by infrequent rains and poor irrigation (Wasi@l., 2005).

Various approaches have been taken to study fteet ef drought
and salinity stress on wheat varieties. The mam @fi their study has been to
study the effect on the plant system and developraenew improved crop
and to select the more tolerant variety or cultvbwheat. In different parts of
India, productivity is affected by drought stresmditions and the selection of
drought—resistant varieties becomes essential. ct8®le of wheat
genotypes/cultivars with better adaptation to wateess should increase the
productivity in rainfed areas (Rajaram, 2001). Foodecurity that has

increased in recent times owing to competing clafarsland, water, labor,



energy, and capital, has created more pressuragmye production per unit
of land (Godfrayet al. 2011; Varshnewt al. 2011). Jaret al. (2013) states that
world’s population is increasing at an alarmingerand around 70% of the
total population lives in the rural areas of depailg countries, where poverty,
food insecurity and nutritional deficiency are nragwoblems encountered in
day-to—day life and low productivity in agricultugeconsidered to be a major
cause of poverty, food insecurity, and poor nunifiespecially in countries
where agriculture is the driving force for broaseamic growth and poverty
alleviation. They further conclude that the abildf plants to tolerate stress
conditions is crucial for agricultural productiorokidwide as they negatively
influences the survival, biomass production, acdatran, and grain yield of

most crops. Under such circumstances, increasiagitdd of crop plants in

normal soils and in less productive lands includsaginized soils appears as
absolute requirement for feeding the world (éiaal., 2013).

Abiotic stressors induce some changes in plactsrang at different
levels, from molecular to organismal ones, andcéfig plant productivity
Maevskaya and Nikolaeva (2013). Drought and sgliare two of the most
important natural stressors. Contemporary modelsliofate change predict
that, in the next decade, the drought frequendgnsity, and duration will
increase. Similarly various data shows that theotabistressor salinity,
challenges the plants in varied ways and the neerbinbat the deleterious
effects and select the plants suitable to growalms soils will be one of the
most challenging task in the immediate future. Ygothi and Blumwald
(2005) states that agricultural productivity is ealy affected by soil salinity
because salt levels that are harmful to plant diadfect large terrestrial areas
of the world. It is quite obvious that the studytbe mechanisms of plant
adaptation and tolerance to drought, as well asglsessment of the ability of
plants to recover from water deficit is an impottéask of modern research
Chavest al. (2009).

The impact of water and salinity stress in the sddgllowing
germination, that challenges seedling survivaglmost certainly one of the
major limitations for the establishment of spedesmany habitats. It was
evident from the work of various researchers’ tihat most affected stage is

the seedling stage of the plant during any kindstoéss, abiotic stress in
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particular, in which water stress and salt stressoé significant importance.
Further work in seedling stage, i.e., fifteen t@ emonth old plant is expected
to give significant results.

As suggested by Mandhané al., 2010, the selection of variety
among the existing crop which shows stress tolerame better yield is one
of the most economical and efficient strategy teroeme the need to grow
crops which are more tolerant to various stressdba test as well as in the
field condition. With physiological parameters suels cell membrane
stability, differences in the tolerance for compdisiresses such as salinity
and water deficiency can be detected. Various werkéso have suggested
cell membrane stability as a good parameter totiessusceptibility of plant
to water stress and salinity stress as well as eéemtyre and other abiotic
stresses. Investigating the physiological and ®adbal changes that occur
during water stress may help in understanding tfeeteof water stress. This
would further help in identifying the genotypes/@ssions tolerant to water
stress. Physiological mechanisms that underligstrair salt and drought
tolerance by the plant system could be used tdifglamew genetic sources
of salt and drought tolerance.

Drought and salt stress are emerging as the nhadfenging abiotic
stresses which require a detailed study from varempects. Considering the
importance of osmotic stress i.e., drought and ®adtss, it is worthwhile to
study how different varieties of wheat plants, whis one of the most
important cereal crop after maize and rice, respmnthese stresses, their
mechanisms of action and also any biochemical maffike tolerance may be
identified in the different varieties of wheat undeeatment. The study and
the identification of plants parameters associdtedirought and salinity
stress in the current scenario, which can be usedauick and reliable index
to differentiate between tolerant and susceptiait will enable screening of
the various available varieties. It will be a beciaf tool or index for the
plant breeders as well as the farmers to seleciribgt tolerant variety or
cultivar for their purpose. With the increase ie #wver growing population,
the increased demand of food, decrease in theaiiolg water to the crop,
increase in the salt content of the soil, redu@edfall, urbanization leading

to less land usage for agriculture, the searchafdretter crop with more
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tolerant traits to stresses, higher vyield, lessetew use efficiency is
obligatory.

The present investigation was undertaken to ifjente tolerant
genotypes that may sustain during drought as welsalinity stress as a
strategy adopted by various scientists to overcsatiaity and drought stress.
The present study investigates the effect of drosgiess and salt stress on
morphological, physiological and biochemical aspetftnine wheat varieties
which differ in their relative tolerance to bothethstresses and also
amelioration study was done by the use of some ia¢snprior to the stress
treatment. The results obtained will lead to advetinderstanding of plants’
responses under stress conditions and can beus wraprograms conducted to
breed water and salt tolerant crop varieties amdehattributes can also be
introduced in species of interest through genetigireeering and molecular

breeding programmes.

Objectives of the study:—

1. To screen wheat genotypes for their relative toleeao various degree of
osmotic stress.

2. To study the biochemical parameters associated witer and salinity
stresses in terms of changes in the cellular doestis of leaf and roots
including protein, carbohydrates, phenol, pralerg] chlorophyll.

3. Determination of activities of antioxidative enzysndike -catalase,
peroxidase, ascorbate peroxidase, glutathione taskicand superoxide
dismutase and accumulation of small antioxidantse liascorbate,
carotenoids and tocopherol.

4. To determine total antioxidant activities followistress.

5. Analysis of isozymes and proteins to develop markétolerance.

6. To determine whether osmotic stress can be amtdmbriay compounds
such as ABA and the mechanisms thereof.

7. Determination of membrane damage following osmsttiess.

8. Determination of Na & K content in tissues and $ollowing application
of salts.



CHAPTER 2
LITERATURE REVIEW

Plants encounter many unfavourable environmeartaditions while
growing in their natural environment that interrapeir normal growth and
productivity among which drought, high/low temperat and saline soils are
the most common type of abiotic stresses that pgawaounter (Jamet al.,
2013). Wuet al. (2007) suggested that agricultural sustainableldgwment is
the most important part of global sustainable dgwelent since unlike
animals, higher plants, are sessile and cannopedoam the surroundings and
therefore adapt themselves to the changing envieotenby a series of
molecular responses aimed to cope with these ciggte The physiological
basis for these molecular responses is the integraif many transduced
events into a comprehensive network of signalliathyways (Wet al., 2007).

Researchers like Hirayama and Shinozaki (201@p retudied the
plant abiotic stress responses in the post—genoaeast, present and future
and others like Hubbare al (2010) have tried to understand the early signal
transduction mechanisms in terms of newly discayemmponents and newly
emerging questions with regards to genes and deeelopment which may be
very useful in terms of understanding at molecidael. According to Kamal
et al. (2010) water is the most wide-ranging difficulty@ng abiotic stresses
for production of wheat in the world environmentahey suggests that the
main strategy is to obtain plants with higher perfance under water stress
conditions by identifying and modifying the moleauimechanisms that take
place when the water availability becomes limitiAgcording to Patadet al.
(2011) salinity and drought are important environtaéfactors that limit crop
productivity mainly due to alterations in wateratgbns, ionic, and metabolic
perturbations; generation of reactive oxygen spe@®©S); and tissue damage

where plant growth arrest is the first symptom obse in plants exposed to



salt stress and can be considered as a mechan@msg&rve carbohydrates for
sustained metabolism, prolonged energy supply,fantdetter recovery after
stress relief (Bartels and Sunkar 2005). Paghde (2011) suggests that shoot
growth is more affected than root growth, and camdtion of root growth
under stress is an adaptive mechanism that fdesitaater uptake from deeper
soil layers and the emergence of new leaves isesl@md the older leaves
show early senescence. The need to study the effecater stress at various
stages of growth is one of the important critena the assessment of water
stress study on the plant. Munns (2002) have stegdsat the early responses
to water and salt stress have been considered yridstitical. Chavest al.
(2009) have reported that drought and salinity ehearphysiological water
deficit that attains, more or less intensely, ddnp organs; however, under
prolonged salt stress plants respond in additiodetoydration to hyper—ionic
and hyper—osmotic stress. Larcher (2003) has reghathat environmental
stress can disrupt cellular structures and impay ghysiological functions
(Larcher, 2003). Similarly, Krasensky and Jonakl@Q0suggests that abiotic
stresses like drought and salinity stress imposesamotic stress that can lead
to turgor loss which may result in the disorganaatof membranes,
denaturation and loss of activity of proteins anodpiction of excess levels of
reactive oxygen species (ROS) leading to oxidatdamage. As a
consequence, inhibition of photosynthesis metabayisfunction takes place
and the damage of cellular structures contributegitowth perturbances,
reduced fertility, and premature senescence ansl ldading to reduced
performance of the plant in every aspect. Leatigassater deficit per se can be
triggered not only by low soil water content busaaby high vapour pressure
deficit of the atmosphere. In the current scenapart from the need to study
the effect of salt stress and drought stress inpthat system, it should be
challenged to a varied combination of stress tected more tolerant variety
and also amelioration of the plant system with aasi combination of
chemicals need to be studied.

The combined study on the assessment of two oe than two kind
of abiotic or biotic stresses on the same plantesysmay have some of the

answers to the mechanism of the plant which reguoltsaried degree of
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tolerance level of the plant to the given stresantRgrowth and productivity is
adversely affected by nature’s wrath in the formvafious biotic and abiotic
stress factors (Jaleet al., 2009). Jaleedt al. (2009) defined the stress to have
various meanings, the physiological definition aagdpropriate term as
responses in different situations. According torthile flexibility of normal
metabolism allows the response initiation to theiremmental changes, which
fluctuate regularly and are predictable over dahd seasonal cycles; thus
every deviation of a factor from its optimum doest necessarily result in
stress. They considered defines stress as beingnatraint or highly
unpredictable fluctuations imposed on regular n@talpatterns cause injury,
disease or aberrant physiology.

Efforts to improve crop performance under envmnental stresses
have not been that fruitful because the fundamem@thanisms of stress
tolerance in plants remain to be completely underst(Yamaguchi and
Blumwald, 2005). Furthermore, the biological salus have been more
difficult to develop because a pre-requisite fa development of salt tolerant
crops is the identification of key genetic deteramts of stress tolerance. In
their study Yamaguchi and Blumwald (2005) suggdistd the existence of
salt—tolerant plants (halophytes) and differenaessalt tolerance between
genotypes within salt—sensitive plant species (@ygtes) indicates that there
is a genetic basis to salt response and currentlybasic genetic approaches
are being used to improve stress tolerance thaidas: (i) exploitation of
natural genetic variations, either through dire@lestion in stressful
environments or through the mapping of quantitatiaé loci (QTLs — regions
of a genome that are associated with the variatioa quantitative trait of
interest) (Foolad, 2004; Flowers, 2004; Lindsay,040and subsequent
marker—assisted selection, and (ii) generatiomasfsgenic plants to introduce
novel genes or to alter expression levels of thistieg genes to affect the
degree of salt stress tolerance.

Recent researchers such as &aal. (2013) have a more molecular
and genomic approach to study abiotic stress imtpland suggest that
molecular and genomic analyses have facilitatece ghacovery and enabled

genetic engineering using several functional orulagry genes that are
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known to be involved in stress response and preémyitolerance, to activate
specific or broad pathways related to abiotic stréslerance in plants.
According to their views, through the use of trarsg technology, goals such
as production of plants with desired traits thatreveinattainable with
traditional selection programs are achieved andehawiewed the recent
advancement in understanding the role of variotesstresponsive genes and
their critical importance for explaining the cortroechanism of abiotic stress
tolerance and engineering stress tolerant cropedbas the expression of
specific stress related genes. Similar views arpressed by Bajaj and
Mohanty (2005) in their study where they suggelséd knowing the fact that
developing crops better adapted to abiotic stressesnportant for crop
production, transgenic technology employing genetigineering have opened
up new opportunities to improve tolerance to abistresses by incorporating
genes involved in stress protection from any sourte agriculturally
important plants. According to Wet al. (2007) the molecular information
from higher plant cells, tissues, and organs shbaléfficiently popularized to
levels of individuals, community, and ecosystem,olwhcan play a greater
role, and which is also one of the greatest chg#isrfor plant systems biology
during the 21st century.

In a study by Munnst al. (2006) it was reported that various
approaches have been taken to improve the saltatmle of wheat by
introducing genes for salt tolerance into adaptdtivars, including screens of
large international collections, detailed fieldatsi of selected cultivars,
conventional breeding methods, and unconventiomakses with wheat
relatives where the main aim has been to explaiiatran in salt tolerance
within wheat and its progenitors or close relatit@produce new wheat with
more tolerance than modern wheat cultivars. Otbsearches like Hameet
al. (2013) have concluded that there is no report @oricg drought induced
cell death evident by DNA laddering and parallearfpes in antioxidants in
wheat and have studied drought stress induced aaroged cell death (PCD)
where they have analyzed the differences in cektldeinduction and
antioxidant response in drought tolerant and seesgenotypes of wheat.

According to Wuet al. (2007) a systematically deeper and comprehensive
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understanding of the physiological mechanisms gpsmunder drought stresses
is not enough to manipulate the physiological ratpry mechanism and take
full advantage of this potential for productivityda suggests that this study
forms the bridge between the molecular machinerydmfught and anti—
drought agriculture; besides, the performance efgénetic potential of crops
is expressed by physiological realization in treddfi(Shacet al., 2005, 2006,
2007).

2.1. Morphological and Physiological responses ofignts to drought and
salinity

Drought stress is a very important limiting factéd the initial phase
of plant growth and establishment which affectdhbelbngation and expansion
growth (Jaleekt al., 2009; Anjumet al., 2003; Bhatt & Srinivasa Rao, 2005;
Kusakaet al., 2005; Shaat al., 2008) and also in terms of decrease in stem
length (Spechét al., 2001; Heuer & Nadler, 1995), reduction in plaeight
(Wu et al., 2008; Sankaet al., 2007 & 08; Manivannast al., 2007; Zhanggt
al., 2004; Petropoulost al., 2008). Water stress greatly suppresses cell
expansion and cell growth due to the low turgoispuee. Osmotic regulation
can enable the maintenance of cell turgor for sahor to assist plant growth
under severe drought conditions in pearl milleta&& al., 2008). Salinity
stress affects the growth, dry matter accumulationic imbalance, nutrient
and phytohormonal status as well as several plogital processes in plants
(Kashemet al., 2000; Fukudat al., 2004). According to the works of Saleh
(2013) on leaf relative water content (RWC) dursadf stress he also suggests
that RWC in leaf is an alternative measure of plaater status, reflecting the
metabolic activity in plant tissues (Asfaw 2011,08di et al. 2012, Hossaiet
al. 2006, Winet al. 2011). The extent of salt-induced effects on nedatvater
content has been used as one of the vital watatioel parameters for
assessing degree of salt tolerance in plants (A2f@id, Ghogdet al. 2012,
Hossainet al. 2006, and Wiret al. 2011). The osmotic adjustment in both
roots and leaves contribute to the maintenanceatémuptake and cell turgor,
allowing physiological processes, such as stomgpahing, photosynthesis,

and cell expansion (Serraj and Sinclair, 2002) sunghests that production of
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ramified root system under drought is importanélbove ground dry mass and
the plant species or varieties of a species shosatgdifferences in the
production of roots. The importance of root systamscquiring water has
long been recognized (Jalezlal., 2009). In their review Jaleet al. (2009)
have given emphasis that a prolific root system oamfer the advantage to
support accelerated plant growth during the eandp growth stage and extract
water from shallow soil layers that is otherwisailyalost by evaporation in
legumes (Johansest al., 1992). Similar studies have been made by various
authors on the development of root system whicheames the water uptake
and maintain requisite osmotic pressure throughdrigroline levels (Djibril
et al., 2005), increased root growth due to water st(@ssir et al., 2002),
decrease in dry weight of root under mild and sevevater stress
(Wullschlegeret al., 2005), an increase in root to shoot ratio undeught
conditions related to ABA content of roots and sko(Sharp & LeNoble,
2002; Manivannaret al., 2007; Sackset al., 1997). Under water limited
conditions higher plant fresh and dry weights &= desirable characters in a
plant. A common adverse effect of water stressrop plants is the reduction
in fresh and dry biomass production (Faraal., 2009). Plant productivity
under drought stress is strongly related to thecgmses of dry matter
partitioning and temporal biomass distribution (Kag al., 2004). Similar
studies have been made on the diminished biomass$odwater stress (Tahir
& Mehid, 2001; Mohammadiast al., 2005), reduced biomass was seen in
water stressed (Specht al., 2001; Wuet al., 2008; Webbert al., 2006;
Lafitte et al., 2007). According to Jaleet al. (2009) it has been established
that drought stress is a very important limitingtéa at the initial phase of
plant growth and establishment and suggests thatplamts, a better
understanding of the morpho—anatomical and phygicdd basis of changes in
water stress resistance could be used to selextate new varieties of crops
to obtain a better productivity under water stremsditions. Similar views are
expressed by Nanet al. (2001), Martinezet al. (2007) in their study.
Understanding plant responses to drought is oftgreportance and also a
fundamental part for making the crops stress tatgfReddyet al., 2004; Zhao
et al., 2008).
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Katerji et al. (1994) illustrated the salinity effect on wateress and
early seedling growth by determining leaf water ential, stomatal
conductance, leaf area, and dry matter producfitrey suggested that the
classical explanation of water stress in plantsvgrg in a saline environment
is the reduced availability of soil water due te d@smotic potential and the
reduction in root growth may provide a supplemgnexplanation. They also
suggested that it is possible that the reductiomi development and a delay
in the exploration of soil at greater depth caess water and fewer nutrients
to be available for the plant. The overall effeftsalinity on plants is the
eventual shrinkage of leaf size, which leads tdlde&the leaf, and finally the
plant. Salinity may also cause reduced ATP andavtjraegulators in plants
(Allen et al., 1994). The salt causes a slower rate or shorteatidan of
expansion of cells and this compromises the sizbefeaves (Volkmaet al.,
1998). Volkmaret al. (1998), Hasegawet al. (2000), suggested that the cause
of growth reduction under salinity stress includei¢ imbalances, changes in
nutrient and phytohormonal status, physiologicabcpsses, biochemical
reaction, or a combination of such factors acconguhiy a reduction in
photosynthesis (Sultarghal., 1999).

Glennet al. (1999) suggests that at higher concentrationsitsal
causes both hyper ionic and hyper osmotic strdestefand the consequences
of which can be extensive reduction in growth. S$alveorkers showed that
salt stress also manifests as an oxidative stbsch contribute to its
deleterious effects (Gueta—Dahetnal., 1997; Hernandegt al., 2001; Rios—
Gonzalezet al., 2002) on plants directly by oxidation of proteifipids and
cellular components or indirectly by the formatioh secondary reactive
compounds in the aqueous media. The toxic effe€tsali can occur at
relatively low concentrations, depending on the nplapecies, so the
homeostasis of sodium is important for the toleeant organisms to salt
stress. The stress caused by ion concentratibtmssathe water gradient to
decrease, making it more difficult for water andriants to move through the
root membrane (Volkmaat al., 1998). In turn, the water uptake slows, and as
the osmotic effect spreads from the root membrartbd internal membranes,

the ion concentration inside the plant alters tlate balances (Volkmaat al.,
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1998). Once high concentrations of salt have rehthe inside of the plant,
tissue and organs development is altered. Droagtitsalinity are connected
because in many regions, raising plants requiregation. The irrigation
water contains calcium, magnesium, and sodium &8emt al., 1999); they
suggest that as the water evaporates and trangpleism and magnesium
transpire, leaving sodium dominant in the soil.e Tiptake of ground water by
plant roots can increase the salinity of groundewat the soil around the roots
due to the exclusion of salt (Niknam and McCombQ@®O0 These variable
conditions make research difficult, and this is poomded by the fact that
each species has its own level of salt tolerance.

As suggested by Serrano (1999) the responseanfslo salt stress is
based on the transcriptional action of many def@meteins, and research has
not discovered the basis for them all. Accordinghe study made by him,
osmotic stress and ion toxicity are the probleramsting from salt stress, and
the resulting decrease in chemical activity caussls to lose turgor. Cell
growth depends on turgor to stretch the cell wallg] lack of turgor implies
danger for cell survival. The plant’s defense agihis salinity attack requires
osmotic adjustment, and, to a certain degree, this be done through
synthesis of intracellular solutes (Serrabal., 1999). In addition to their role
in cell water relations, organic solute accumulatimay also help towards the
maintenance of ionic homeostasis and of the C/No,raemoval of free
radicals, and stabilization of macromolecules arghioelles, such as proteins,
protein complexes and membranes (Bohnert and SI@90, Brayet al.,
2000). Maggicet al. (2001) pointed out that at low salt concentrationslds
are mildly affected or not at all but as the coriions increase, the yields
moved towards zero. In fields, the salt levelsctibate seasonally and
spatially, and variation will occur due to the cinestances influencing each
particular plant. This variability makes researdfiallt. Together, it will be a
complicated process to match plants with theirroatigrowing conditions.

The effect of the drought on given plant speciepends on variety,
intensity and duration of the stress as well asthmn developmental stage
(Simova-Stoilova, 2008). According to them, it wateresting to observe the

antioxidative protection of the same varieties undt®ught at early seedling
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stage in order to evaluate the usefulness of dxelairess parameters as an
additional screening criterion for detecting wateess tolerance or sensitivity
in plants. In addition to the toxicity caused byspsalinity and osmotic stress
cause an imbalance of nutrients in plants (Cavagetaal., 2006; Songet al.,
2006). Simova—Stoilova (2008) studied the oxidasitress and the response of
the protective systems to soil drought and subseqee-watering in an early
growth stage of wheat varieties differing in théeld drought resistance.
Ayala—Astorga and Alcaraz—Meléndez (2010) pointaetitbat salinity creates
the specific problem of ion toxicity, because ahhogncentration of sodium is

bad for the cells.

2.2. Biochemical responses of plants to osmotic efs

Among several methods used to characterise mitgrlant water
status, RWC is an integrative indicator (Parsond Howe, 1984) and was
used successfully to identify drought resistanticalts (Matinet al., 1989).
Sinclair and Ludlow (1985) proposed that leaf ie@twvater content (RWC)
was a better indicator of water status than wabéergial. Singhet al., (1990)
observed significant differences in water potendialong wheat genotypes
under drought stress. It is suggested that decrefaselative water content
close stomata and blocking of stomata will reducet@synthesis rate (Cornic,
2000). Decrease in relative water content in stegdants was observed in
groundnut (Goplakrishna, 2001). Relative water eonht(RWC) is easier to
measure, but not valid when osmotic adjustment rscfiafitte, 2002). RWC,
although a convenient and widely used method cfsasisg plant water status,
is not useful for salt—treated plants, at leastwitih the conventional method
of detaching leaves and rehydrating on distilledewar his is because in most
plants, osmotic adaptation has occurred,; i.e. th&es content of cells is higher
in saline than non—saline conditions, due largelyhe accumulation of Na
CI7, and also to organic solutes. The increased sotuteent of the cells in the
salt-treated plants causes more water to be tgkenam in the control leaves,
resulting in an apparent low RWC in the salt tresitras reported by Munns
(2006). Leaf water potential is considered to beekable parameter for

quantifying plant water stress response (Gholegdi., 2011). The study by
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Sharada and Naik (2011) showed decrease in the BRiWd€r severe drought
stress in both the groundnut genotypes.

The degree of lipid peroxidation induced by RQSuanulation is
assessed by determining the MDA content in the. IBfasurement of the
concentration of thiobarbituric acid reactive sabses (TBARS) such as
malondialdehyde (MDA) is routinely used as an inadXipid peroxidation
under stress conditions (Lokhandeal. 2011). Lipid peroxidation requires
active Q uptake and involves the production of superoxatboal (Q"). It has
been demonstrated that salt treatment increaskek dgroxidation or induce
oxidative stress in plant tissues (Mittal and Dyb&991; Hernandeet al.,
1994). This leakiness of membranes is caused hynaantrolled increase in
free radicals, which cause lipid peroxidation (Smff, 1993). The changes in
lipid peroxidation were significant but not drasiticB. maritima, like in salt—
tolerant cotton (Gossett, 1994) and unlike salertoit wild tomato (Shalata
and Tal, 1998). However, Bat al. (2003) in their study concluded that the
proportional and rational contributions of lipidrpridation and antioxidative
enzyme activities differ in salt tolerant plantsertide, constitutive and/or
induced activity of SOD and other antioxidants sasiPOX, APOX, CAT and
GR is essential. Chent al. (2000) suggested that generation of reactive
oxygen species (ROS) lead to lipid peroxidationll @@mbranes are one of
the first targets of many plant stresses and geserally accepted that the
maintenance of their integrity and stability uneeater deficit conditions is a
major component of drought tolerance in plants j(B& al., 2002).
Development of oxidative stress is a result of timbalance between the
formation of reactive oxygen species (ROS) andrttetoxification (Mittler
2002). Damage to fatty acid could produce smallrbgarbon fragments
including malondialdehyde (MDA) (Alschet al., 2002), a measure of lipid
peroxidaion.

Lipid peroxidation has been found to be assodiared correlated to
the activity of several antioxidative enzymes sashCAT, APX, SOD, GPX,
POX; tolerance to oxidative stress and change enctintent of MDA during
various kinds of stresses have been studied by raathors. Esfandiaet al
(2011) have determined that the increase in theardration of MDA in
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higher salt levels due to the low activity of SOBdaGR or CAT was not a
critical factor for the damage of oxidative stredgorkers like Pandegt al.
(2010) have also reported increased levels of MDAtent inAvena during
drought stress and thus lipid peroxidation deteatiom of a plant or a cultivar
serves as important criteria for the stress studiptants.

The genetic variation in CMS has been quantifigdconductivity
meter in different crop plants including wheat (&&aanet al., 1990). Bajjiet
al. (2002) in their work on the use of the electroly¢@akage method for
assessing cell membrane stability as a water stosgance test in durum
wheat suggested that the extent of the cell memebideimage not only
correlated well with the growth responses of whaatdlings belonging to
various cultivars to withholding water but also hvithe recognised field
performances of these cultivars. According to tlsidy, varying the stress
conditions influenced both the percent and thetldeeof electrolyte leakage
during rehydration and electrolyte leakage exhibige characteristic pattern
reflecting the condition of cellular membranes &epand hardening). The
extent of the cell membrane damage not only caeelavell with the growth
responses of wheat seedlings belonging to varialisvars to withholding
water but also with the recognised field performeancf these cultivars Bagt
al. (2002). Enhanced water retention and cell membsdakility in tolerant
wheat genotypes have also been observed in otheiest(Gupta and Gupta,
2005). It has been reported by Helal and Abdel-A208) that membranes
are subjected to damage rapidly with increasing ewattress. It was
hypothesized that modulation of the activitiestefste enzymes at early growth
stage may be important in imparting resistance toplant against
environmental stresses therefore, the same auttaws studied the relative
significance of antioxidative enzymes, MDA,®} content, proline, glycine
betaine accumulation, photosynthetic activity anelmbrane permeability at
seedling stage in drought—tolerant and susceptiidéze genotypes. They
suggested that lower cell membrane stability indeflects the extent of lipid
peroxidation, which in turn is a consequence ohargoxidative stress due to
water stress conditions according to their resefanclings.
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The CMS has been extensively used as selecti@nian for different
abiotic stresses including drought and high tentpeza in sorghum
(Premachandrat al., 1992), mustard (Hashert al., 1998), rice (Tripathyet
al., 2000), wheat (Blunet al., 2001; Rahmaret al., 2006a) and cotton (Ullah
et al., 2006; Rahmaret al., 2006b).The change in biological membranes
stability is a key indicator of cellular damage.obght and other stresses
always results in cellular membrane injures inabgdithe increase of
membrane permeability (Esfandiati al. 2011, Senadheem al. 2012) and
therefore serves as an important parameter fangeste plant for its capacity
to avoid or resist the stress related changes.

The limitation of photosynthesis under droughtotiygh metabolic
impairment is more complex phenomenon than stonfiatéhtion and mainly
it is through reduced photosynthetic pigment cotstém sunflower (Reddt
al., 2004). Chavest al. (2009) suggests that the photosynthetic respamse t
drought and salinity stress is highly complex whictolves the interplay of
limitations taking place at different sites of tbell/leaf and at different time
scales in relation to plant development and thenisity, duration and rate of
progression of the stress will influence plant cesges to water scarcity and
salinity, because these factors will dictate whethatigation processes
associated with acclimation will occur or not.

Havaux (1998), Asada (2006), and Kiahial. (2008) suggests that
water stress, among other changes, has the alityeduce the tissue
concentrations of chlorophylls and carotenoidsmprily with the production
of ROS in the thylakoids (Niyogi, 1999; Reddyal., 2004); however, reports
dealing with the strategies to improve the pigmeotstents under water stress
are entirely scarce. Photosynthetic pigments apoitant to plants mainly for
harvesting light and production of reducing powans both the chlorophyll a
and b are prone to soil drying (Faroetal., 2009). Anjumet al. (2003) and
Farooget al. (2009) have reported that drought stress prodabadges in the
ratio of chlorophyll ‘a’ and ‘b’ and carotenoids rthg drought stress.
Chlorophyll b content increased in two lines of akwhereas chlorophyll a
remained unaffected resulting in a significant idun in Chl. a: b ratio in
both cultivars under water limiting regimes (Esédilal., 1991; Ashrafet al.,
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1994). According to Jaleet al. (2009) water deficit is one of the major abiotic
stresses, which adversely affects crop growth aeld yhere the changes are
mainly related to altered metabolic functions, ofi¢hose is either loss of or
reduced synthesis of photosynthetic pigments whesults in declined light
harvesting and generation of reducing powers, whreha source of energy for
dark reactions of photosynthesis and these chamgethe amounts of
photosynthetic pigments are closely associatedatat piomass yield.

According to Mafakheret al. (2010) a decrease of total chlorophyll
content with drought stress implies a lowered capdar light harvesting and
since the production of reactive oxygen speciemasnly driven by excess
energy absorption in the photosynthetic apparatus, might be avoided by
degrading the absorbing pigments. Oxidative stresder drought is a
consequence of the inhibition of photosyntheticivitgt and the resulting
exposure of chloroplasts to excess excitation gnargl increased activated
oxygen formation via the Mehler reaction (photorehn of G yielding
superoxide radical) along with decrease in phofwratry HO, production in
peroxisomes (Smirnoff 1993). The reduction in gtowt salinized plants may
be related to salt-induced disturbance of the pleater balance, and in the
extreme to a loss of leaf turgor which can redeed éxpansion and therefore,
photosynthetic leaf area (Erdei and Taleisnik, 1998ang and Redmann,
1995).

The physical properties of the photosyntheticaagius are of crucial
importance in desiccation tolerant plants. In gahphotosynthetic apparatus
is very sensitive and liable to drought stressrinjDecline in the chlorophyll
content of leaves during abiotic stress was refddrieseveral earlier workers
(Ramanjuluet al.1998). Earlier works by various authors on safirstress
suggest that salt stress can affect growth, dryemaccumulation and yield
and that dry mass of plants is reduced in proportiothe increase in salinity
(Sultanaet al and Pardosst al., 1999; Aschet al., 2000; Romero—Arandet
al., 2001).

The imbalance caused by salinity affects theienis involved in
protein synthesis and those involved in photosyithewhich can lead to

inhibition of these processes (Vieira—Sanébsal., 2001), as well as to the
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degradation of pigments chlorophglandb (Di Martino et al., 2003). Other
important sites of ROS production, especially ofdimgen peroxide, are
peroxisomes (sources—photorespiration and fatty d a@i—oxidation),
plasmalemma and cell walls (Mittler, 2002). Theauitondrial respiration is
also activated under stress (Mittler, 2002). Acoggdo Omamiet al. (2004)
salt may affect growth indirectly by decreasing thte of photosynthesis and
photosynthesis may decrease due to stomatal clasuog a direct effect of
salt on the photosynthetic apparatus. Drought stiesa complex syndrome
involving not only water deprivation but also natit limitation, salinity, and
oxidative stresses, close to conserve water adabiaisoil water declines
(Luna, 2005). He further suggests that the prooéssomatal closure and the
enhancement of flux through the photo respiratoaghway increase the
oxidative load on the tissues as both processesrgten reactive oxygen
species (ROS), particularly hydrogen peroxide(. Nayyar and Gupta
(2006) suggested that water stress inhibits theoslyathesis of plants, causes
changes in chlorophyll contents and components dadhage to the
photosynthetic apparatus. Moreover, levels of lighat is optimal for
photosynthesis in well-watered plants become ekeess plants suffering
water deprivation. Greater oxidative load on chbdasts and mitochondria
under drought stress was previously reported (MuBoéch and Lalueza,
2007).

Electron transport chains in chloroplasts andoahiondria and
excited chlorophyll are the most active intraceliubroducers of ROS such as
superoxide anion radical and singlet oxygen (Sim8tailova, 2008). If not
qguenched, the above mentioned ROS can be convertéoe highly toxic
hydroxyl radical that can randomly damage cell memeés, proteins, and
nucleic acids. Massacet al. (2008), Kianiet al. (2008), Tahkokorpet al.
(2007) and several others have reported a reduatiochlorophyll content
during drought stress. The foliar photosynthette i@ higher plants is known
to decrease as the relative water content andweadr potential decreases
(Lawlor & Cornic, 2002). However, the debate conésa as, whether drought
mainly limits photosynthesis through stomatal ctesor through metabolic
impairment (Lawsonet al., 2003; Anjumet al., 2003). Plant tissues also
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contain substantial amounts of carotenoids thavesexs non-enzymatic
oxygen radical scavengers (Young and Britton, 19863 reported that
carotenoid content in case of the tolerant variétynaize showed an increase
when they were subjected to water stress and thaydfa general decrease in
the carotenoid content in leaves of their planhwitcreasing times of water
stress, indicating that such stress resulted ioteaoid degradation as a whole.
Carotenoids have additional roles and partia@phthe plants to
withstand adversaries of drought (Jaleel, 2009yhEli carotenoid content in
the tolerant genotype of wheat under drought stn@ssalso been reported by
Sairamet al. (1997/98). Khalilet al. (2010) suggested that drought stress made
chloroplast break down and the amount of chlordpbgcrease, therefore
formation of chlorophyll a, b and carotenoids dasee Plant tissues also
contain substantial amounts of carotenoids thavesexs non—-enzymatic
oxygen radical scavengers (Young and Britton, 198@yording to Jaleedt
al. (2009) of the two photosynthetic pigments classesptenoids show
multifarious roles in drought tolerance includingght harvesting and
protection from oxidative damage caused by drowgitt they conclude that
increased contents specifically of carotenoids argortant for stress
tolerance. Tocopherols, another antioxidant preisetiie chloroplants plays an
important role under stress conditions in theidgtan tobacco (Tanakat al,
(1999). Similar reports on the antioxidant propertytocopherol in the plants

during stress are given by DellaPenna & PogsongR00

2.3. Antioxidative enzymes and antioxidants involved indrought and
salinity

Drought stress not only affects cell water paggninduces closure of
stomata and a decrease in photosynthesis, nitssieniéation and various
anabolic enzyme reactions (Sairam, 1994, Zlatel., 2006) but also induces
the generation of active oxygen species, such parsxide radical, hydrogen
peroxide and hydroxyl radical, causing lipid pedation and consequently
membrane injury, protein degradation, enzyme imatitn, pigment bleaching
and disruption of DNA strands (Pompedtial. 2010). These reactive oxygen
species (ROS) include superoxide anion; (O hydroxyl radical (HQ,
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hydrogen peroxide (#0,) and singlet oxygen'®,) (Asada 1999), which
mediate the degradation of membrane componentspxiation of protein
sulfydryl groups, the formation of gel-phase domaiand the loss of
membrane function (Quartacatial., 1995; Sgherrét al., 1996; Navari—lzzet
al., 1999).

Green and Fluhr (1995) in their study identifiddO, as a second
messenger in abiotic as well as biotic stress. ®@nmiental stresses are known
to induce HO, and other toxic oxygen species production in ¢ailu
compartments and result in acceleration of leafeseence through lipid
peroxidation and other oxidative damage. Biener00@} studied the
membrane transport of hydrogen peroxide in his waolkccording to
Cheeseman (2007) the relationship between plamtdgarogen peroxide is a
challenging one: kD, has many essential roles in plant metabolism bthea
same time, accumulation related to virtually anywiemmental stress is
potentially damaging. In his study he has consudi¢##£, physiology broadly,
both as a stress and as a developmentally and gibgsially important
metabolite, including its sources and mobility, ahe vexing question of
tissue level concentrations and considered probksssciated with ¥D, as a
signaling molecule, including mechanisms ofCHl sensing, signaling, and
response networks according to the advances isdrigh network modelling,
and complex systems approaches to understandingtéractions between the
transcriptome, proteome and metabolome in respdade,.

According to Suzuket al. (1997), Haddad (2004) and Pryeral.
(2006) hydrogen peroxide §8,) which can result from superoxide {Q is
also a very reactive species. Both of these subtstamare needed as cell
regulators but can be toxic as well. Hydrogen pel®xs also generated as a
secondary messenger in abscisic acid (ABA)-medwsttmnatal closure (Pef
al., 2000). Schroedeet al. (2001) suggest that hydrogen peroxide is also
considered to fulfil a signalling role in guard Isethrough the control of
stomatal closure. The role of;®&; in stress—induced damage has long been
recognized, but it is now also generally accepted HO, can be considered
an integral component of cell signalling cascaddstler, 2002; Vranovaet

al., 2002) and an indispensable second messengeotic Bnd abiotic stress
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situations (Pastori and Foyer, 2002). AccordingHalliwell et al. (2000)
hydrogen peroxide is the two electron reductiordpod of Q. It is potentially
reactive oxygen, but not a free radical. Cheese(@807) suggests that by
comparison with superoxide, ;Oand certainly by comparison with the
hydroxyl radical,"OH, H,O; is relatively “safe”: in the absence of transition
metals, it is stable and unreactive, even at cdragons much higher than a
biological system would ever generate and suggests functionally, this
imparts on it greater mobility within tissues, goatential utility not only as a
substrate in a variety of reactions, but as a nubdeior ROS—related signaling.

More recently HO, has been reported to be intimately involved in a
wide range of hormone—dependent developmental liiggparocesses, as well
as in cell wall cleavage and associated cell walimth (reviewed by Foyer
and Noctor, 2003). Sairaet al (2002), Fedinat al (2003) have reported the
importance of hydrogen peroxide accumulation inf led salt-stressed
plants.Other workers like Kohlet al. (2003) also suggest hydrogen peroxide
fulfils a signalling role in guard cells throughetizontrol of stomatal closure.
Luna et al. (2005) concluded that CAT regulation serves taitliexcessive
H.O, accumulation while allowing essential signallingnétions to occur.
H,O, being a strong oxidant can initiate localized axie damage in leaf
cells leading to disruption of metabolic functiondaloss of cellular integrity
resulting in senescence promotion (Upadhyagaal., 2007). Hydrogen
peroxide (HO,) is a non—radical reactive oxygen species (RO®gyred in a
two—electron reduction of molecular oxygen. Seves#es have been
recognized as ¥D, sources, including organelles (mitochondria, pesories
and chloroplasts), the apoplastic and the plasnmabrene as well as cell-wall
associated enzymes (various NADPHoxidases and pases). The
overproduction of KO, has been observed in plants exposed to a number of
stress conditions and is considered as one of db®rs causing oxidative
stress (Snyrychova, 2009). It might be asked wigylegion of CAT has this
high degree of complexity. The answer must residéhe requirement of a
precise control of leaf ¥D, levels.

Plant processes are regulated by ROS. Developin@nbcesses,

stress responses and biotic interactions regulateRlOS include root growth,
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elongation and gravitropism, stress tolerance arydtemic acquired
acclimation (SAA), tracheary elements developmeflE)( senescence,
hypersensitive response (HR) to pathogens, systeaoguired resistance
(SAR) and plant—plant allelopathic interactions.ap@er and Dolan, 2006;
Bais et al., 2003; Alvarezet al., 1998). Much of the ROS generated in
photosynthetic plant cells is produced in chlorsfda Chloroplasts produce
singlet oxygen’Q,) from the excited triplet state chlorophyll (prirgasource
Photosystem I, PSIl) and superoxide anion?(On the Mehler reaction
(primary source PSI). Mitochondria produce®@ue to electron leakage from
the mitochondrial electron transport chain? @om both organelles is then
rapidly converted to hydrogen peroxide,(d) by superoxide dismutases
(SOD). HO,, in turn, is detoxified by ascorbate peroxidas®BX) with the
ascorbate (AsA) as an electron donor. AsA, oxidimeshonodehydroascorbate
radical (MDA") and eventually to dehydroascorbate (DHA), is tremycled in
the Halliwell-Asada pathway (Da#t al., 2000) via a series of enzymatic
reactions involving monodehydroascorbate reductdd®HAR), reduced
ferredoxin (Fd), dehydroascorbate reductase (DHAJR)tathione reductase
(GR) and non—enzymatic antioxidant glutathione oed form GSH, oxidized
form GSSG). Peroxisomes and glyoxysomes producge lamounts of bD,
during photorespiration and fatty acid oxidatioaspectively. This kD, is
rapidly scavenged by catalases (CAT). The exces® Kaking into cytosol
from different compartments is metabolized by vasigperoxidases or may
eventually be transported and detoxified into theuole.

The detoxification of superoxide radical and logbn peroxide is
consequently of prime importance in any defenseham@em. ROS brings
about inhibition of protein synthesis or causesgrmodenaturation (Schwanz
et al., 1996, Sgherri and Navari—lzzo, 1995) which may bkted to a
decrease in the number of polysomes (Creelstah., 1990). Mittler (2002)
suggested that due to the short living period ofSR@e damage effects are
usually restricted at the sites of their productionthis respect, the antioxidant
protection in plant cells is complex and highly gartmentalized, comprising
enzymic and non—enzymic components. Maevskaya akdladva (2013)

suggest that the balance between ROS generationseanenging has a
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decisive role for plant survival under stressfuhdibtions. Since oxidative
stress is an imbalance between antioxidants and R@Sas well a toxic
mechanism as suggested by Halliwell and Whitemd&04®, Pryoret al.
(2006) and Halliwell (2007). Oxidative stress causkamage to proteins,
lipids, carbohydrates or nucleic acids when thages&nces are exposed too
much to oxidizing gases or when there is not enopgitection against
oxidants (Pryoret al., 2006). Many researchers like Foyer al. (1997),
Sgheeriet al. (2000), Srivalli (2013), Polesskayh al. (2007) and Cruz de
Carvalho (2008) in their studies have reportedrectlicorrelation between the
degree of antioxidant system activity and planerahce to drought. However,
currently it is shown that the antioxidant respoteserought depends on the
plant species and cultivar, their physiologicatestéhe degree and duration of
stress.

Several workers have done work on the differeamids of changes in
antioxidative enzyme activities depending on thelenof imposition, duration
and severity of the drought stress (Sghetral., 2000, Sairam and Srivastava
2001). Due to the short living period of ROS, ttendige effects are usually
restricted at the sites of their production (Mitt2002). Other workers like
Nayar and Kaushal (2002) also reported that theeased activity of CAT and
POX enzymes constitute potential defense mechaagamst chilling induced
oxidative damage in germinating wheat grains, thayher suggested that
catalase activity increased under water stressiwons in both tolerant and
susceptible genotypes concentrations of catalaske ascorbate peroxidase
might have removed the O2 radicals and its product® induced by water
stress which is also suggested by Saigtiral. (2000) and Gupta and Gupta
(2005). The enzymes superoxide dismutase, a fashiynzymes catalysing the
dismutation of superoxide anion radical to hydrogeroxide in organelles and
in the cytosol; catalases in peroxisomes which reme bulk of hydrogen
peroxide generated in photorespiration, and peesdd with broad
specificities located in vacuoles, cell walls ahd tytosol which use hydrogen
peroxide for substrate oxidation play central roléhe defense against ROS.
The activities of these enzymes and their transcape altered when plants are
subjected to stress as suggested bgtlal. (1998). CAT and APX appear to
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play an essential protective role in the scavengimgesses when coordinated
with SOD activity, they scavenge,®, generated primarily through SOD
action Massacoet al. (1995). The activity of SOD is an essential congun
of these defense mechanisms as it dismutates tduggoBO, and Q
(Scandalios, 1993); Allen, 1995). Fesgal. (2004) reported an increased
SOD and CAT activities for a mild water deficit, afeas Gucat al. (2006)
pointed that severe or prolonged drought stressecha decline in activities of
this enzyme. In this context, Mandhamaal. (2006) found that activities of
CAT and APX increased with increasing the saltsstie both salt tolerant and
salt sensitive wheat cultivars and GR has beenesigd to play a pivotal role
in the glutathione cycle in the eukaryotic cells.this respect, the antioxidant
protection in plant cells is complex and highly gartmentalized, comprising
enzymic and non—enzymic components (Simova—Stobwah, 2008). These
authors in their study omantioxidative protection in wheat varieties under
severe recoverable drought at seedling stage sxptinat peroxidase (GPX)
activity increased, whereas superoxide dismutaS®jSactivity only slightly
changed and in recovery CAT activity became sigaiftly higher whereas
GPX activity diminished. They were able to revdake isoforms of SOD, one
of catalase and three of GPX. They also determthatl SOD activity was
little changed as a consequence of drought stie$sCAT activity was very
low in drought—treated plants and after recoverwas significantly higher
than that of control; GPX activity was significanthigher under severe
drought and diminished again during recovery anely tpostulated that it
paralleled the changes in electrolyte leakage whiak in accordance with the
membrane—stabilizing function of this enzyme.

To evaluate the degree of tolerance to NaCl, gbsinin growth
parameters as well as activities of the antioxidaraymes (SOD, CAT, APX
and GR) were monitored by El-Bastawisy (2010). Ejorted an enhanced
degradation of KD, formed in tolerant wheat either directly from thvadative
stress or as a result of SOD activity; suggestiegfaster elimination of ROS
in tolerant variety than in the susceptible one.réboer, he suggested that
decreased APX activity in susceptible wheat woukbsult in higher

accumulation of KO, than in the tolerant variety and that such accatran
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could result from a decrease in CAT activity witlt@sequence shortage in
H.O, degradation and/or a decrease in APX activity wigfficiency in HO,
scavenging by AsA. Sharada and Naik (2011) in theidy on drought stress
in groundnut also determined that the antioxidarzymes activity increased
considerably with the progression of drought stregsch enhanced the
activities of antioxidative enzymes like SOD, CAADX and GR. Researchers
like Hameedkt al. (2013), Kranneet al. (2006) also have suggested that plants
have evolved both enzymatic and nonenzymatic systerscavenge the ROS
where enzymes, including superoxide dismutase (SQid)alase (CAT),
ascorbate peroxidase (APX), non-specific (guaiag®)oxidases (POD),
glutathione reductasegfc., work in concert with non—enzymatic antioxidants
such as glutathione and ascorbate to detoxify R@Shave concluded that the
antioxidant defense system may have a crucialinotggnaling and execution
of plant programmed cell death.

Ascorbic acid is a small, water—soluble anti—axidmolecule which
acts as a primary substrate in the cyclic pathvasyehzymatic detoxification
of hydrogen peroxide. In addition, it acts directty neutralize superoxide
radicals, singlet oxygen or superoxide and as amslry anti—oxidant during
reductive recycling of the oxidized form oftocopherol, another lipophilic
anti—oxidant molecule (Noctor and Foyer, 1998). Tlwv molecular
antioxidant compounds, such as ascorbate and lgionat, are present in the
tissues in millimolar concentrations (Noctor and/&o1998).

Ascorbate is the major primary antioxidant thedats directly with
hydroxyl radical, superoxide anion radical and Ehgxygen, as well as
secondary antioxidant in the ascorbate—glutathpateway. Glutathione is the
predominant non—protein thiol, redox buffer, and<tate for keeping the
ascorbate in reduced form in the ascorbate—glata¢hpathway (Noctor and
Foyer 1998). In addition ascorbate can act direaslya free radical scavenger,
thus, changes in enzymatic and non—enzymatic addbxe systems may be
used to assess effects of drought stress Bowl&1j1®sually enhanced anti—
oxidative protection is related to better drouglesistance (Sairam and
Srivastava 2001). Shalata and Neumann (2001) in $hedy concluded that

there appear to have been no quantitative investigaof the effects of an
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additional supply of ascorbic acid on plant resistato sever salt stress.
Dalmia and Savhney (2004) observed an involvemehtawtioxidant
metabolites in ROS detoxification under droughthwihcreased pools of
ascorbate and glutathione at the beginning of thtemstress and diminution
when the stress becomes more severe was obselwealkaS Stoilova (2008)
suggested that the ratio between reduced and exidiscorbate was more or
less conserved, they suggest participation of ¢the-inolecular antioxidative
compounds in the defense against ROS under sevaughd and rather good
functionality of the ascorbate/glutathione cycldjieh allowed wheat plants to
maintain a low hydrogen peroxide level.

The potential of phenolics to act as antioxidast®ainly due to their
properties to act as hydrogen donators, reducirentagand quenchers of
singlet Q (Rice-Evanset al., 1997). According to Bravo (1998) high
accumulation of phenolics at the reproductive stagrirs due to their putative
role in reproduction. The synthesis of phenolicsgenerally affected in
response to different biotic/ abiotic stressesudirlg salinity as suggested by
Paridaet al. (2004) and Singh (2004) who in their study detesdirthat
tolerant genotypes of chickpea showed a highel lgviotal phenols, whereas
a significant reduction was observed in suscepfij@rotypes. According to
Michalak (2006) phenolics, especially flavonoidsi gshenylopropanoids are
oxidized by peroxidase, and act in®4” scavenging, phenolic/Ascorbate/POX
system and their antioxidant action resides maimlgheir chemical structure.
They conclude that there is some evidence of inolictof phenolic
metabolism in plants as a response to multiplessé® (including heavy metal
stress). Although the reduced forms of phenolic poumds act as
antioxidants, the oxidized ones (phenoxyl radicaigy exert cytotoxic, pro—
oxidant activity when the lifetime of the radicassprolonged by effectors of
spin—stabilization and it was also true for othettumal antioxidants like
vitamin C, vitamin E and carotenoids (Rietjeigl., 2002). In plants phenolic
compounds are structural polymers, which can aanéisxidants, attractants,
defence responses and UV screens.

Hydroxycinnamic acids are the most widespreadigrof phenolic

acids with four major phenolic acids in plants:uter acid (FA), sinapic acid
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(SA), caffeic acid (CA) and p—coumaric acid (PCEA is the most abundant
PA in fruits with more than 75 % of total phenofedas found in all parts of
the fruit (Manachet al., 2004). Highest amounts of FA are present inaisre
with up to 90 % and more of total phenols (Ronetral., 2004, Manaclet al .,
2004). According to Engert (2011) the antioxidataelity of PAs is to inhibit
lipid oxidation by trapping peroxyl radicals. Oneyvis that the antioxidant
like a phenolic compound containing an active hgéroatom (AOH) spends
the hydrogen proton to the radical (R* or ROO*) ahd generation of new
radicals by chain reaction is stopped in a ternonateaction. The antioxidant
itself becomes a radical (AO*), which is chemicalljot stabler than the initial
radical. The resulting free radical doesn’'t papate in the chain propagation
and diffuses away. It can be reduced by glutathmmascorbate to its starting
substance (Parr and Bolwell, 2000, Koltover, 202d)other way is to “spend”
an electron to the radical (RO*) when the antioridigself is a radical (AO*)
by radical-radical coupling to form an unreactiwgiion product (ROOA)
(Cupettet al., 1997, Parr and Bolwell, 2000).

Konyalioglu (2005) determined that there was aetation between
the amount of total phenol and flavonoid contemid e antioxidant capacity
but they were uncertain as to which of the pheaals flavonoids exhibit the
greatest antioxidant effect. Phenolic compounds @n@ortant at post
germination process for lignification of seedli(®4ng’ombaet al., 2007) The
differential response of plants in phenolic accuatioh at different growth
stages may bendue to the reason that the accuamutdtphenolics depends on
plant growth stage (Chat al., 2006; Barrost al., 2007). Reduced phenolic
contents were observed @ynara cardunculus leaves under saline conditions
by Fallehet al. (2008). Hichenet al., (2009) reported that such variation in
concentration of leaf phenolics within a plant undalt stress in relation to
leaf age may be due to the reflection of differeeguirements for
counteracting abiotic stresses at different grastéiges. Leaf phenolic contents
are important protective components of plant okflerafet al. (2010).

Tepeet al. (2005) suggests that the DPPH test intends to medse
hydrogen atom or electron donor capacity of theaexs to the stable radical

DPPH formed in solution. Recent work by letal. (2011) in the present
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scenario suggest that the DPPH reagent evidentéreaf a convenient and
accurate method for measuring the capacity of dieaet to scavenge free
radicals in solution, they studied the DPPH radszalvenging activities of the
known antioxidative substances (BHT and gallic peiad the extracts of their
test material. The use of DPPH for a radical scgvgnmeasuring method is
described by many researchers like Yen and Duh 4(199ordanov and
Christova (1997), Masudet al. (1999), Anderson and Padhye (2004) and
Iwashimaet al. (2005).

2.4. Metabolites rearrangements during stress

Plant metabolites embrace more than 100,000 reiftesubstances
and they are commonly divided into primary and seéeoy metabolites
(Ravenet al., 2006). As suggested by Watzl and Leitzmann (2@dBnary
metabolites (macronutrients) such as carbohydrgiesteins and fats are
essential nutrients for the human diet to providergy for cellular functions.
Although plant secondary metabolites or phytochatsi¢Greek phyto=plant)
build a wide range of chemically different substs@and are ubiquitously
present in plants they are not essential for hun{afmaing et al., 2005).
Pichersky and Gang (2000) suggest that in contoaptimary metabolites in
plants secondary metabolites are present in vergll sguantities with no
specific functions in plants. In plants they aredbiemically active substances
with the ability of defending plants against patéieg and herbivores, they are
growth regulators and pigments to attract insef€tsthermore, they protect
against different abiotic factors like heat, UV-Hlg nutrient and water
deficiencies (Ravenet al., 2006, Treutter, 2005). The most studied
phytochemicals are carotenoids and phenolics (Eager Honermeier, 2010).

Early researchers have suggested that plantcawerthe negative
effects of water stress also by the accumulatiocoafipatible osmolytes, such
as, in particular, sugars and amino acids (Kaeteli., 1995, 1996; Sanchex
al., 2008; Kuznatsov and Shevyakova, 1999) by funcigpmas both osmotic
and osmoprotective agents and the accumulation umh smetabolites
contributes to the maintenance of cell osmotic mEda prevents the

disintegration of cell membranes and enzyme inatibm under conditions of
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water deficit. According to Martiet al. (1993) drought stress is a decrease of
soil water potential so plants reduce their osmagimential for water
absorption by congestion of soluble carbohydrates proline and in other
words osmotic regulation is performed. Therefonmaisc regulation will help
to cell development and plant growth in water stréRessarkli, 1999). The
effect of water stress oFriticum aestivum L. was investigated before by Tatar
and Gevrek (2008) who concluded that proline acdatimn increased after
lipid peroxidation content became higher and RW@teot of leaves became
lower, furthermore, they concluded that proline wasinly involved in
protection against oxidative stress than osmotjasaichent during initial steps
of water stress. Water deficit induction in plantgger off a number of
biochemical changes and consequently various strassabolites are
accumulated.

Plants during drought stress make changes in soidheir
physiological and biochemical features (Keyvan, ®@0Patadeet al. (2011)
suggest that plants have evolved complex mechaniemsavoiding the
osmotic effects of salt and drought stress, onetha&fm being osmotic
adjustment (OA; lowering of osmotic potentiglP, in plant tissues through
accumulation of osmolytes that maintain flow of evainto cells). According
to them there are two types of osmolytes, orgaoiates and inorganic ions
which play a key role in osmotic adjustment. Orgasblutes known as
compatible solutes include sugars, proline, polygisarternary ammonium
compounds like glycine betaine, and other low makcweight metabolites
serve a function in cells to lower or balance th&motic potential of
intracellular and extracellular ions to toleratenasic stresses. Chen and Jiang
(2010)that the accumulation of compatible soluteuawulation and stress
mitigating effects in barley genotypes contrasimgheir salt tolerance. Munns
and Tester (2008), Lokhandeal. (2010) also suggests that the plants exposed
to salt stress may use saline ions as an osmotibmmever, synthesis of
compatible solute is also required to prevent mqcity, while plants exposed
to dehydration stress solely rely on synthesis ompgatible solutes for
maintenance of cell turgor. Sharma and Dubey (20@&e suggested that
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some of the osmolytes that accumulate in plansdelresponse to stress also
play a role in scavenging of free radicals andquitihg enzymes.

Rosaet al (2009) have reported the complex network and ofle
soluble sugars, their metabolism, sensing duringtigbstress in the life of
plants. Drought stress is a decrease of soil wattntial so plants reduce their
osmotic potential for water absorption by congestid soluble carbohydrates
and proline and in other words osmotic regulat®performed (Martiret al.,
1993). The amount of total soluble sugar/embryamies fresh weight increase
rapidly answering to the increasing concentratiohaCl, this result agree
with the result of some researchers that indichtg salinity stress induce
soluble sugar accumulation (Pradbal., 2000). This is also the case with
sorghum seeds; the stress causes a decreaseimaiatent and an increase in
sugar content (Thakur and Sharma, 2005). As exgalainy Giorgini and Suda
(1990), the higher level of soluble sugars detedqutobably necessary for the
turgor and growth of embryonic axes during emergerdevertheless, in
cotyledons, sugar levels were not as large as ibrynic axes possibly as
explicated by Pradaet al. (2000); it was due of the weak development
followed by a diminished metabolic activity in cl#gions. In addition, Singh
(2004) proved that a greater accumulation of sugaers the osmotic
potential of cells and reduces loss of turgidityaferant genotypes. The other
possible role of sugar may be as a readily avalablergy source Dkhil and
Dendon (2010). Work of several authors like Todetkal. (2000), Kaplan and
Guy (2004), Baseat al. (2007), Kempaet al. (2008), Madderet al. (1985) and
Kaplan and Guy (2004) have suggested in detailstttsamain carbohydrate
store in most plants and can be rapidly mobilizegrovide soluble sugars and
the metabolism of carbohydrate is very sensitive doanges in the
environment. In addition to diurnal fluctuations starch levels, salt and
drought stress generally leads to a depletion afckt content and to the
accumulation of soluble sugars in leaves as sugdédst Krasensky and Jonak
(2012) sugars that accumulate in response to stees$unction as osmolytes
to maintain cell turgor and have the ability totexd membranes and proteins
from stress damage. The increase in sugar levetsrgmanied by decrease in

starch content in embryos and cotyledons was tiréoked to the activity of
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a and R—amylases, which is in agreement with thstiexj reports of Monerri

et al., 1986; Guptaet al., 1993). Kameli and Losel (1995) confirmed thasthi
increase might be considered to play an importaletin osmotic adjustment,
which is widely regarded as an adaptive responseter deficit conditions.

Krasensky and Jonak (2012) have suggested thatctumulation of
amino acids has been observed in many studies aispéxposed to abiotic
stress which was also suggested by many early amgrmporary authors like
Barnett and Naylor (1966), Draper (1972), Haetal. (1983), Rhodest al.
(1986), Fougerest al. (1991), Kaplanet al. (2004), Broscheet al. (2005),
Zutheret al. (2007), Kempat al. (2008), Sanchegt al. (2008), Usadett al.
(2008), Luganet al. (2010). The reason for the increase in the ameid a
might stem from amino acid production and/or fronth@ced stress—induced
protein breakdown. While the overall accumulatiémmino acids upon stress
might indicate cell damage in some species (Wideidal., 2009), increased
levels of specific amino acids have a beneficiafeaf during stress
acclimation.

Generally, the plants accumulate some kind o&migand inorganic
solutes in the cytosol to raise osmotic pressum thereby maintain both
turgor and the driving gradient for water uptakdn@Bes and Samaras, 1994).
Among these solutes, proline is the most wideldist (Delauney and Verma,
1993). The beneficial roles of proline in confegriasmotolerance have been
widely reported (Kishoet al., 1995; Bajjiet al., 2000). Compatible solutes are
overproduced under osmotic stress aiming to fatdlitosmotic adjustment
(Hasegawat al., 2000; Shaat al., 2005; Zhu, 2000). It has been shown that
proline also have a key role in stabilizing celiyoteins and membranes in
presence of high concentrations of osmoticum (Yandé894 and Errabiet
al., 2006). Others workers like Shabal. (2006) also determined that plant
responses to salt and water stress involve manyomatecules and small
compounds, such as proline. Zlatev and Stoyanow5PG&uggested that
proline accumulation of plants could be only usedsl a possible drought
injury sensor instead of its role in stress toleeamechanism. However,

Vendruscolo et al. (2007) found that proline is involved in tolerance
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mechanisms against oxidative stress and this veam#in strategy of plants to
avoid detrimental effects of water stress.

Tatar and Gevrek (2008) and Kameli and Losel §)3howed that
wheat dry mater production, relative water contéRWC) decreased and
proline content increased under drought stresshéttigroline content in wheat
plants after water stress has been reported by dscaloet al. (2007) and
Patel and Vora (1985). Increasing amount of prolirzs also established in
several stress conditions such as salinity (Paueatial., 2007), cold (Charest
and Phan, 1990) and UV (Tian and Lei, 2007) in whBeoline continues to
be the most studied molecule under abiotic stresseplants. Positive
correlation between magnitude of free proline aadation and drought
tolerance has been suggested as an index for detegndrought tolerance
potentials between cultivars (Sivaramakrishmaral., 1998: Ramanjulu and
Sudhakar, 2000). Proline and quaternary ammoniutmpoands, e.g.
glycinebetaine, choline, proline, betaine are keymolytes contributing
towards osmotic adjustment (Huaetgal., 2000 and Kavikishoret al., 2005).
In higher plants the oxygen toxicity is more sesiaunder condition of water—
deficit conditions (Helal and Abdel-Aziz, 2008).dgat work by Sharada and
Naik (2011) also suggest that one of the immediasponses of plant to
drought stress was found to be the accumulatioimeef proline who in their
study found a greater pool of free proline in threught stressed leaves of
groundnut genotypes than control and suggested pitidine accumulation
under drought conditions by the tolerant and suddepserves a very reliable
and good index for determining drought toleranceepitals between cultivars.
Researchers have now concluded and it is now wtdbéshed that proline is
a polyfunctional compound, which has not only pectaie and osmoregulatory
functions but is also an antioxidant involved ire theutralization of certain
types of ROS and is believed that proline abildyneutralize ROS is perhaps
one of its most important functions (Chen and Diaki2005).

According to Saleh (2013) it is well documenthdtt environmental
stresses cause important modification in gene ss@e and the gene
expression is manifested by the appearance ofipspt@hich are not present
before the stimulation. ROS brings about inhibitioi protein synthesis or
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causes protein denaturation (Schwahzal. 1996, Sgherri and Navari—Izzo
1995) which may be related to a decrease in thebeunof polysomes
(Creelmanet al. 1990). Generally, drought induces metabolic chamgkded

to protein turnover (alterations in protein syntegsnaintaining the level of
some proteins or protein degradation) (Bray, 199Me contribution of
cysteine proteases to total proteolytic activitgregases drastically in response
to water deficit in wheat (Zagdanska and Wisniev4d®i96). The proteolytic
response under drought was found to be differeamfrthat of natural
senescence by Khanna—Chopgtaal. (1999). As suggested by Saleh (2013)
salinity promotes the synthesis of salt stress-+8peawroteins, many of these
proteins were suggested to protect the cell agaiestadverse effect of salt
stress and the accumulation of these proteinsdenamon response to salt
stress (Kong—ngeret al. 2005, Mahmoodzadeh 2009, Meratgnal. 2008,
Metwali et al. 2011, Mohamed 2005). High salt concentrations bihhi
enzymes by impeding the balance of forces contigplthe protein structure
(Serrancet al., 1999). Intracellular proteolysis might have ampartant role in
the reorganization of plant metabolism under sireesvever these processes
remain poorly understood compared to the role ofgases in germination and
senescence (Feller, 2004; Grudkowska and Zagdan2k@4). Some
experimental evidence suggests that drought—semssfpecies and varieties
have higher proteolytic activity compared to theisg&ant ones (Hiengt al.,
2004); however, data on proteolytic activity redatito drought sensitivity or
resistance are still quite limited. According tordanovaet al. (2004) changes
in proteins can results from a variety of environtaé stresses such as water
stress. According to Fazedi al. (2007) reduction of protein content in both of
cultivars in leaves and roots suggests that watessmay cause generation of
ROS. SDS-PAGE of protein in leaves the appearahcew and colourful
protein bands under some of the stress levels stgygeat these proteins may
be the cause of resistance to drought in sesamevsovihey also determined
that SDS—-PAGE of root proteins did not show any angnt differences
among the treatments. Simova—Stoilova (2008)duestulated that the data on
leaf protein basis reflect the relative proportiohthe enzyme in the total

protein content. Salekdedt al. (2002) have reported that upon several stress
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responses protein, protein—protein interaction amEbst-translation
modification have been also identified (Salekdelal., 2002). Qureshgt al.
(2007) suggests that in the last decade, methodalognprovements have
allowed comparative proteomic investigations ofnpdaunder stress which
have allowed us to analyse biochemical pathwayslamdomplex response of
plants to environmental stimuli. Similarly in a djumade by Kamakt al.
(2010) they have determined specific proteins ieduby each abiotic stress
where they have given particular emphasis on tla sleock, drought, cold,

salt and others environmental stress by proteoppccaches.

2.5. lon transporters and osmolytes

The importance of inorganic ions mainly NK*, C&*, and CT in the
contribution for osmotic adjustment has been reubiy Chen and Jiang
(2010). Serranet al. (1999) suggests that ion transporters selectivatysport
ions in order to maintain physiologically relevardncentrations whereas
Na'/H" antiporter play a vital role in sustaining cellulan homeostasis, thus
allowing plant survival and growth under saline ditions through regulation
of cytoplasmic pH, sodium levels, and cell turgéccording to Jaret al.
(2013) an important strategy for achieving tolemta abiotic stress is to help
plants to maintain and re—establish cellular ioombostasis during stress
conditions. The membrane proteins that are involwedosmotic stress
tolerance include water channel proteins and tramgpoteins and the water
channel proteins control cellular water transpomeasponse to drought and salt
stress, while as ion transporters play an imporletin salt tolerance. In their
study Bartels and Sunkar (2005) suggests that tbergts three types of
mechanisms to prevent excess Idacumulation in the symplast of plant cells
which are firstly by restricting the Ngpermeation and entry into plant cytosol
by Na transporters, secondly, the compartmentalizatfoNaj in to vacuole
via, Na Nd/H" antiporter and the third by the transport of cgtizsNa’ back
to the external medium or to the apoplast by plasnembrane N#H"
antiporter. Even though leaves accumulated higlusodoncentrations, fruits
displayed very low sodium content, demonstrating plotential to maintain
fruit yield and quality at high salt levels (Jetral., 2013).

38



Shi et al. (2003) has suggested that plasma membrangHNa
antiporter encoded by the SOS1 gene improves sl@tanhce in transgenic
Arabidopsis and increased salt tolerance was correlated vethuged Na
accumulation. Metabolic toxicity of Nds largely a result of its ability to
compete with K for binding sites essential for cellular functioheéter and
Davenport, 2003) and according to Bhandal and M@®88) more than 5
enzymes were activated by &nd Nd cannot substitute in this role. According
to Tester and Davenport (2003), high levels of Wa Na: K ratios can
disrupt various enzymatic processes in the cytopl&lahaet al. (2000) also
suggested that protein synthesis requires highesdrations of K, owing to
the K’ requirement for the binding of tRNA to ribosomesl gmobably other
aspects disruption of protein synthesis by elevatedcentrations of Na
appears to be an important cause of damage by Na

According to Ghogdét al. (2012) it is well documented that a greater
of salt tolerance in plants is associated with aremefficient system for
selective uptake of Kover Nd (Wenxueet al., 2003) and under salt stress,
plants maintain high concentration of Knd low concentration of Nan the
cytosol. They do this by regulation the expressiod activity of K and N&
transporters and Houmps that generate the driving force for transpod the
regulation of K uptake, prevention of Nainflux, promotion of N& efflux
from the cell and utilization of Nafor osmotic adjustment are the strategies
commonly used by plants to maintain desirabléNd' ratio in cytosol (Zhu,
2003). They suggest that a higfi/Ka’ ratio in cytosol is essential for normal
cellular functions of the plants. Khaat al. (2000) suggests that high salt
uptake competes with the uptake of other nutriens, especially K leading
to K" deficiency. Increase in sodium and depletion dagsium contents under
salinity stress in case of wheat have been rep@agiter (Ashraf and Oleary,
1996), Sairanet al., 2002). Ashraf and Khanum (1997) have reported ttrey
content of sodium is an indicator of salt toleramececereals. Poustini and
Siosemardeh (2004) have reported that in case datyhsalt tolerance
correlates with sodium exclusion and cultivars,ihgyow ability in this case,
can be introduced as sensitive cultivars. Varidiemoreports on the increase

in the content of sodium in salt sensitive whedtivars have been given by
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researchers like Sairaehal. (2002), Poustini and Siosemardeh (2004), Ashraf
and Oleary (1996) who have reported that salt dole could be correlated
with lower leaf accumulation of Navho concluded that salt sensitive cultivars
lacked the ability of excluding Nand it can be the main reason for their salt
sensitivity. Ghogdiet al. (2012) studied the effect of salt stress on some
physiological traits of wheatT(iticum aestivum L.) under green house
conditions and concluded that the salinity toleeamt tolerant cultivars as
manifested by lower decrease in grain yield is @ssed with the lower

sodium accumulation and highef/Kla” compared to the sensitive cultivars.

2.6. Tolerance Mechanisms

Tolerance to abiotic stresses is very complex thithe intricate
interactions between stress factors and variousecuotdr, biochemical and
physiological phenomena affecting plant growth dadelopment (Razmjoet
al., 2008).When stress avoidance mechanisms are insuffi@tess tolerance
mechanisms are required to prevent cellular damaaigeng from dehydration
or ion toxicity (Versluest al. 2006). High yield potential under drought stress
is the target of crop breeding. In many cases, highd potential can
contribute to yield in moderate stress environn{Bhim, 1996).

Researchers like Gisbegttal (2000), Foolad (2004), Flowers (2004),
Garcla—Sancheat al (2006), Metwaliet al (2011), Godfrayet al (2011), Gill
and Tuteja (2012) have reported in their studyrttethods to improve crop
tolerance, recent advances in genetics, comparativeunt of different types
of abiotic stress, biochemical genetic markers @ased with tolerance in
different genotypes during abiotic stress. Spedlific there are two
mechanisms commonly used by plants to tolerate Bajh concentrations.
Avoidance is the process of keeping the salt iomayafrom the parts of the
plant where they are harmful. Allest al. (1994) suggested that this can be
done through the passive exclusion of ions by ampable membrane, the
active expelling of ions by ion pumps, or by ditutiof ions in the tissue of the
plant and secondly, tissue tolerance occurs whems ibave already
accumulated in the tissue of the plant, and theythen compartmentalized

into the plant’s vacuoles for storage. These twthiods prevent the ions from
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accumulating and causing damage to the plant. erhwesild be ideal targets
for genetic manipulation of plants to become mooterant of saline
conditions. It is reported that high relative watswmntent is a resistant
mechanism to drought, and that high relative watertent is the result of
more osmotic regulation or less elasticity of tesstell wall (Ritchieet al.,
1990). According to Scandalios (1993), particuld8®D and CAT are the
most effective antioxidant enzymes in preventingllu@ damage.
Antioxidative enzymes are the most important congmds in the scavenging
system of ROS. Superoxide dismutase is a majorescgyr of Q; it catalyzes
the dismutation reaction of superoxide radical asionto Q and HO..
Removal of the highly toxic ¥, produced during dismutation is essential for
the cell to avoid the inhibition of enzymes suchtasse controlling the Calvin
cycle in the chloroplast (Creissen al., 1994), and it can be scavenged by
catalase and a variety of peroxidases. Becaugatga$ first perceived in the
root, the root sends the signal hormone abscisid, aghich directly or
indirectly down regulates the leaf expansion r&auschet al., 1996). Plants
have several processes to respond to salt stiedsasic two—phase model
describes the overall growth response to salingtyaa initial water deficit
lasting for a few days or weeks. Then the secorab@loccurs, where the ion
toxicity initiates leaf death (Rauseh al., 1996). All of these broad reactions
to salt stress could be target systems to regiddeeance by the plants: the
structural components of the roots, ion transpsyter cell wall and membrane
components (Winicov and Bastola, 1997). This ovemwof plants’ response to
salt stress broadly categorizes the cellular mashes) but there is more detalil
to the cellular reaction. The early response ohfglaeacting to salt that has
reached their leaves is to exclude it from the ghgem (Volkmaret al., 1998).
Patadest al (2011) have studied the tolerance of sugarcasalteand drought
under iseosmotic salt and water stress: growth, osmolytesuraulation and
antioxidant defense mechanism of the plarisere is a continuous spectrum of
plant tolerance to saline conditions ranging frdgtgphytes that are sensitive
to salt, to halophytes which survive in very higbncentrations of salt
(Volkmar et al., 1998). If salt does enter the plant, there anssipfogical and

metabolic events that can counteract salt at alaellevel (Winicov, 1998).
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Widodo et al (2009) suggest that under salt stress in barlaptgl
show a metabolic response. Chetral (2007) have also reported mitigating
effects in barley genotypes contrasting in theilt dalerance by the
accumulation of compatible solutes. Chinnusaghyl (2005) in their study
suggests the methods to understand and improveosaiance in the plants.
One means of eliminating the salt that accumulatgslant cells is through
storage of the salt ions in vacuoles. This is apoirtant adaptation of plants to
salinity. Another method is allowing the salt taldwp outside the cells, in the
intracellular space. This leads to a gradient affewwmoving out of the cells to
accommodate the change in ion concentration, aedteally too much water
leaves the cell and the cell becomes dehydratedkifvar et al., 1998). So,
this will lead to cell death and the vacuoles casgmost of the cell volume
making them good for storage, but the cytoplasonlg one percent of the cell
volume making the cytoplasm very sensitive to slighanges in rate of saline
transport. The same author further postulates tiwatrate of salt passing
through the membrane must not exceed the ratdtdbesag collected into the
vacuoles, or there will be an imbalance in the ¢étllkmaret al., 1998). As
older cells lose their capacity to grow and prowaeuoles, the new growth
cannot handle the burden of collecting all the mads, this leads to premature
death in the cells of leaves, and the plant wiliciy succumb to the
decreasing ability to compartmentalize the saltlfxf@r et al., 1998). Leaf
cell growth is sensitive to salt, because the @nengsed for
compartmentalization takes energy away from cedwghn (Volkmaret al.,
1998). The root signal tells the shoot to stopagng to conserve energy as
well. Growth could be considered a means of rdahe concentration of
salt, although high concentrations of salt indudghition of growth when the
plant needs to continue growth to dilute salt cofregions and find space for
vacuoles. Drought stress tolerance is seen in aladbplants but its extent
varies from species to species and even within ispedvVaevskaya and
Nikolaeva (2013) drought tolerance is provided log tinulticomponent system
of protective mechanisms that cause rearrangenmntthe physiological,
cellular, and molecular levels. Jaleekl. (2009) has concluded in their study

that drought stress affects the growth, dry matet barvestable yield in a
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number of plant species, but the tolerance of aegiss to this menace varies
remarkably. According to them a ramified root systeas been implicated in
the drought tolerance and high biomass productrongsily due to its ability
to extract more water from soil and its transpartaboveground parts for
photosynthesis. Similarly, they further state timaaddition to other factors,
changes in photosynthetic pigments are of paramwmoportance to drought
tolerance.

Various tolerance mechanisms have been suggestede basis of
biochemical and physiological changes related tougint (Sgheeriet al.,
2000). Unfortunately, most crops are not halophy&tudies in crops suggest
that salt tolerance is a multigenic trait (NiknamdavicComb, 2000), which
makes it more difficult to study and improve. Tralet species use more than
one strategy to tolerate or avoid stress. It ipdrtant to keep the levels of
ions low in the leaves, particularly in the younges. This can be done by
excluding the ions at the point of uptake and redythe translocation of ions
to the shoot (Niknam and McComb, 2000). The capadithe plant leaves to
accommodate the export of salt from the root ikdthto the growth rate, so
the ability of the plant to continue to grow wouldlicate a high level of salt
tolerance. In order to judge the tolerance of @éanotsalinity, the growth or
survival of the plant is measured because thihés dulmination of many
physiological mechanisms occurring within the plarttey further suggested
that in low to moderate salinity conditions, saitleision is the strategy, hence,
the growth and yield are measured as determindrgsaliostress. However, he
again suggests that under higher salinity condstioon toxicity becomes a
cause of death, so survival is measured.

Relatively few data describe recovery from drdugespecially
antioxidative protection (Sgheret al., 2000, Srivalliet al., 2013). Lots of
information states that roots play a crucial raleghort—term adaptation to salt
tolerance. The concentrated salt surrounds thé moambrane, and it is
thought that the morphology of the roots affects &imount of salt taken into
the plant (Maggioet al., 2001). Some features of the root must be
advantageous because they help the root take ar.w&alt exclusion from the

root is likely to be part of the salt tolerance riduin plants. However, when
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salt ions make it into the plant, they accumulatéhe leaf. As stated above, it
is beneficial to the cells of the leaves to comparitalize the salt ions into the
vacuoles. Important mechanisms of tolerance inv&laé exclusion from the
transpiration stream, sequestration of iad CT in the vacuoles of root and
leaf cells, and other processes that promote fastith despite the osmotic
stress of the salt outside the roots. Plants respordiverse environmental
signals in order to survive stresses such as dtqrgistori and Foyer, 2002).
As suggested by Gechetval. (2002) plants cope with stress by activation of
the cell antioxidant system. To keep the levelaaiive oxygen species under
control, plants have non—enzymatic and enzymatitoxidant systems to
protect cells from oxidative damage (Mittler, 2002)

According to the study made by Vranostaal. (2002); Dalmia and
Sawhney (2004) plants also possess several tisgigxidants for protection
against the potentially cytotoxic forms of activtexygen species, such as
superoxide dismutase, ascorbate peroxidase, glmathreductase, ascorbic
acid, o—tocopherol and carotenoids. Strategies to miniroikdative damage
are a universal feature of plant defence respomssause plants have limited
mechanisms of drought stress avoidance, they eediexible means of
adapting to changing drought conditions.

Among peroxidases, ascorbate peroxidases and atlglute
peroxidase which use ascorbate and glutathione lastran donors,
respectively, are well known for their role in,® detoxification in plants.
Glutathione reductase is responsible for the redmaif oxidized glutathione
for the chain reactions of scavengingdd by APX and GPX to be completed
and continued (Mittler, 2002; Apel and Hirt, 200Qatalase, which is only
present in peroxisomes, dismutategOkinto water and molecular oxygen,
whereas peroxidase decompose®©Hby oxidation of co—substrates such as
phenolic compounds and/or antioxidants. It has be®posed that water—
stress conditions, in particular, may trigger acréased formation of the
superoxide radical and hydrogen peroxide, which dahrectly attack
membrane lipids and inactive SH—containing enzyfesay, 2003). Boret
al. (2003) also suggested that further investigatians necessary to put

forward the effect of salt stress by means of igstriéhution and osmotic
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adjustment, also subcellular compartmentation ofiogidlative enzyme
activities would be a useful tool for our undersliaig of salt stress and there
are additional studies being conducted and willcbaeducted in order to
explain these phenomenon. To prevent or allevigteies from ROS, plants
have evolved an antioxidant defence system thdudes non—enzymatic
compounds like ascorbate, glutathione, tocopheswhtenoids, flavonoids and
enzymes such as superoxide dismutase (SOD), @atéla&T), peroxidase
(POX), ascorbate peroxidase (APX), glutathione ceke (GR) and
polyphenol oxidase (PPO) (Sergi and Alegre, 2008amval and Pandey,
2004). The utilization of multiple isoforms of emags is one of the primary
control mechanisms of cellular metabolism in pla(@anget al., 2005).
Gradual stress imposition gives the possibilitygtants to adapt cell processes
to the adverse conditions (Simova—Stoileval., 2006; Pompellet al., 2010).
Non—enzymatic antioxidants includirfg-carotenes, ascorbic acid (AAQ;-
tocopherol ¢-toc), reduced glutathione (GSH) and enzymes imotud
superoxide dismutase (SOD), guaiacol peroxidase DjPOascorbate
peroxidase (APX), catalase (CAT), polyphenol oxeéBPO) and glutathione
reductase (GR) are produced in the plants in respdo accumulation of

reactive oxygen species in the plants tissuesefall, 2012, 2008).

2.7. Amelioration of drought and salinity

Ali et al. (2008) have reported in their extensive study thatrole of
different compatible solutes in plant tolerancedtought stress is significant
because they regulate multitude of metabolic peEeacluding ion transport
and have hypothesized that the exogenous applicatiproline might regulate
uptake of mineral nutrients in plants subjectesvéter deficit conditions. The
role of exogenous application of chemicals havenbstidied by earlier
workers during water stress in maize, sorghum aheatv (Agbomaet al,
1997a) and tobacco (Agboragal, 1997b). Previous work has shown that pre—
treating plants in certain endogenous signaling pmmds, or pre—exposing
plants to mild heat stress, can induce thermototerdGong 1997, Datt al.
1998, Larkindale and Knight 2002). Various workees/e reported that the

use of certain exogenous chemicals on the plaritsdbstress treatment can
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induce tolerance to a much surprising level. In tipalar, induced
thermotolerance has been reported when plants pverdreated with salicylic
acid (SA) (Datet al. 1998, Larkindale and Knight 2002, Aldesugetyal.
2012), abscisic acid (ABA) (Bonham-Smahal. 1998, Bray 1991, Jiang and
Huang 2001, Larkindale and Knight 2002), calciunoriGet al. 1997) and
ethylene (Larkindale and Knight 2002). LarkindaledaHuang (2004) have
investigated whether pre—treating plants with dpegputative signaling
components and heat acclimation would induce tot®aof a cool-season
grass, creeping bent graggglostis stolonifera var. palustris), to subsequent
heat stress and whether thermotolerance inducfitimose pre treatments was
associated with the regulation of antioxidant regating enzymes. The
treatments included foliar application of salicylcid (SA), abscisic acid
(ABA), calcium chloride (CaG), hydrogen peroxide @D,), 1-
aminocyclopropane—1-carboxylic acid (ACC, a preaurd ethylene prior to
the exposure of plants to heat stress (35 °C)groath chamber. Mahmoas

al (2009) in their study on wheat have studied thiaticm between the
application of glycinebetaine as a pre—sowing deeatment and the growth
and regulation of some key physiological attributeswheat plants grown
under water deficit conditions.

Cutleret al (2010) have studied abscisic acid as the emergahae
core signalling network. Tuteja (2007) have revidwhe role of ABA in
plants under stress. According to his studies taarfunction of ABA seems
to be the regulation of plant water balance andatenstress tolerance and
suggests that under drought stress, ABA deficiaemiants readily wilt and die
if the stress persists and under salt stress alBA deficient mutants show
poor growth. Cuevast al (2008) suggest the involvement of putrescine in
Arabidopsis freezing tolerance and cold acclimation by the la&tipn of ABA
levels in response to low temperature. In additié@A is required for
freezing tolerance, which also involves the inductof dehydration tolerance
genes and the stressduced gene products are also involved in the rgdioa
of regulatory molecules like ABA, salicylic acid drethylene, which can
initiate the second round of signalling (Tuteja,02p His studies further

suggest that small molecules like ABA play impottesie in this process and
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that the application of ABA to plant mimics the exft of a stress condition.
Reports suggest that various stress signals and stiéke common elements
in the signalling pathway and these common elemerdsstalk with each
other, to maintain cellular homeostasis Thomasht®®9) and Shinozaki and
Yamaguchi (2000). ABA level is known to induce undgress condition,
which is mainly due to the induction of genes fozymes responsible for
ABA biosynthesis. Other workers like Cuin & Shab&¥®07) reported that
compatible solutes such as glycinebetaine (GB)jrm&oand trehalose have a
mitigating effect on K efflux in Arabidopsis under stressed conditions and low
concentrations of these organic osmolytes havdeaimoosmotic adjustment
due to the accumulation of inorganic ions, as eroge application of low
concentrations of glycine betaine or proline sigaifitly reduces the extent of
the stress induced "Kefflux from barley roots. Bano and Aziz (2003) have
concluded that ABA is involved in salt tolerance mnts and also in the
synthesis of solutes for osmotic adjustment.

Different reports suggests that the exogenoymicgion of proline
induces abiotic stress tolerance in plants (Clays2605; Ali et al., 2007)
although much attention has been paid on the fgbeadine in stress tolerance
as a compatible osmolyte (MacCue & Hanson, 1990nr&8set al., 1995),
little attention has been given to its role in effeg the uptake and
accumulation of inorganic nutrients in plants (Olagnhal., 2000; Khedet al.,
2003). Various authors like A&t al. (2007), Ashraf and Foolad (2007), Haque
et al. (2007) have suggested as well as concluded im #gtedies that the
exogenous application of proline increases its gadous levels in plant
tissues subjected to water stress conditions wbactiributes to the osmotic
adjustment in the plant tissues. Gadallah (1999)e hsuggested that the
ameliorating effects of proline and glycinebetaioe growth, and plant
metabolism under salt-stress still remains incotepleunderstood and have
investigated the effects of exogenous applicatioproline and glycinebetaine
on the growth, stability of leaf membranes, leafatiee water content,
chlorophyll content and leaf osmotic potential \dtia faba plants grown
under salinity along with other biochemical parangetsuch as soluble and

hydrolysable sugars, soluble proteins, total freéna acids, and some mineral
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ions (N&, K*, C&*, Mg**, CI) in shoots. Similar studies have been done by
Heuer (2003) in tomatd_ycopersicum esculentum L. cv. “F144") where they
have investigated the ability of exogenous compatilutes, such as proline
and glycinebetaine, to counteract salt inhibitoffee@s and have suggested in
their studies that neither proline nor glycinebetaivere able to counteract salt
stress effects in salt—sensitive fresh market tonstd also conclude that
proline is toxic to the plants and may lead to pldeath if added in high
concentration. However, most of the reports suggest the application of
proline at low concentrations to the plants as fpeatment or to the seeds
before sowing has better results in terms of enddhrr increased levels of
plant tolerance to abiotic stresses. Various eadighors suggested that the
exogenous application of proline stimulated thenghoof cells in mungbean
(Kumar and Sharma, 1989) and plants suclPiasm sativum (Fedinaet al.,
1993),Zea mays (Hamed and Wakeel, 1994) and improved the metsiodif
plants under stress conditions (Alia, 1991, Rank Rana, 1996). However,
negative effects were also reported by earlieraeders on the exogenous
application of proline on the plants followed byess treatments (Maneteis
al., 1986, Wu, 1987, Rodriguez and Heyser, 1988 amdaind Kao, 2001).
However, more contemporary workers suggest thaptéetreatment of plants
with lower concentrations of proline were benefidia the plants and the
ameliorating effect of proline was promising to fflants under stress.

Kabiri et al. (2012) suggests that osmotic stress associatea wit
drought, and salinity is a serious problem thaihitk the growth of plants,
mainly due to disturbance of the balance betweenymtion of ROS and
antioxidant defense and causing oxidative stressmFhis work he suggests
that the results obtained in the last few yeamsngily prove that salicylic acid
could be a very promising and protective compouwndhe reduction of biotic
and abiotic stresses in sensitive of crops, becander certain conditions, it
has been found to mitigate the damaging effectgsanious stress factors in
plants. In his research, salicylic acid was usedointrol, and drought stressed
plants, and the role of this compound in reductdroxidative damages in
Nigella plant was investigated (Kabigt al., 2012). Sakhabutdinovet al.
(2003) have studied character of changes in horhsyséems induced by SA
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in wheat plants under stress conditions and havelgeded that presowing
treatment of wheat seeds with SA contributes toithesase in the resistance
of plants to stress factors of environment and Adgfves as a mediator in the
manifestation of the protective action of SA. Aatiog to them SA-treatment
induces a sharp accumulation of ABA, which in tigran inducer of a wide
spectra of antistress reactions in plants, whickihy it is likely that the effect
of SA on the increase of ABA lies at the root of fhre—adaptive action of SA
to possible stress situations. The influence of @Aantioxidative enzyme
system has been assessed by several works witlalspephasis upon abiotic
stresses. Jande al. (1999) showed that pre—treatment with SA for 1 d
provided protection in maize plants against low-gerature stress and
induced increased antioxidant activity. Ananiestaal. (2002, 2004) have
suggested that salicylic acid mediates toleranckairey plants to paraquat
(Ananievaet al. 2002, 2004) and have studied the role of SA iragaat
induced responses by analyzing the capacity of ahioxidative defence
system by measuring the activities of several aidative enzyme like SOD,
APOX, GR, DHAR, CAT and POX. Maintaining a high &\wf ABA in SA—
treated plants under stress contributes to pretectiactions aimed to decrease
its injurious effect on growth and acceleration gfowth resumption
(Sakhabutdinovat al., 2003). Fragnieret al. (2011) also have suggested the
important role SA during biotic and abiotic strésgheir study. Chakraborty
and Chakraborty (2008) suggested that SA playsn@oitant role in induction
of resistance against both abiotic and biotic seesas part of the signal
transduction pathway leading to systemic acquiesistance and the way of
signal regulation of plant resistance to unfavoledactors of environment
induced by SA is still not clear. They have coneldidn their study that SA is
a defense mechanism/chemical signal that has tolpky in both biotic and
abiotic stresses in plant which during defensegérg a cascade metabolism
leading to stress tolerance and have suggestetytt@intinuing to investigate
these roles and learning how and why they work tpgbkserve or improve the
life of various plants.

These mechanisms are the only way that planmtsadapt to saline

and water scarce conditions themselves, but thave been suggestions of
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external manoeuvres to counteract the salinityofdiog to Ashraf and
Foolad (2007) currently, there are no economicatyple technological means
to facilitate crop production under stress condsiohowever, development of
crop plants tolerant to environmental stresses assidered a promising
approach, which may help satisfy growing food dedsaof the developing
and under—developed countries. Development of qugmts with stress
tolerance, however, requires, among others, knayeleaf the physiological
mechanisms and genetic controls of the contributiags at different plant
developmental stages. Researchers must decide evtetltest for the ability
to survive under mild salt stress and never knaavftil potential of the plant
to grow. Subjecting plants to stress conditionse ligalt or drought or
concentrations beyond their capability resultshe tleath of the plant and

therefore a little knowledge of salt tolerance.
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CHAPTER 3
MATERIALS AND METHODS

3.1. Plant material
3.1.1. Source of seeds

Seeds of nine varieties of whedtrificum aestivumL.) — Mohan
Wonder (MW), Kedar (KD), Gayetri (GY), Gandhari (GFNKaweri (KW),
Sonalika (SO), PBW 343, UP 2752, Local variety (LWgre selected for
experimental purposes. MW, KD, GY, GN which werencaercially relevant
lines were obtained from Indo—Japan hybrid seedireerSiliguri, West
Bengal. LV was obtained from a local market in dhii, West Bengal. The
seeds for SO, PBW 343 and UP 2752 were obtained fiBKV (Uttar Banga
Krishi Vishwavidyalaya), Coochbehar, West Bengalghig many varieties of
wheat, seeds of nine wheat varieties (Figure 1jvedathe best seed viability
under laboratory condition and also in the pottedditions and thus were
selected for experimental purposes. The selectedissaf nine wheat varieties

before the experiment are shown in Figure 1.

3.1.2. Growth and maintenance of plants

To check the seed viability of the seeds, seadilty test was done
in the laboratory and the seedlings were raisdtierfield in earthen pots. The
seeds were stored in air tight bags at —4°C fah&uruse. For planting, these
seeds were initially surface sterilized with 0.184\) HgChL for 3—4 minutes,
and then they were washed thrice with sterile lthstiwater and were then
transferred to petri plates under aseptic condstidine seeds were allowed to
germinate in the petri plates for one week and th®n seedlings were
transferred to earthen pots of 12” height and &nbter containing sandy
loam soil which was mixed with farmyard manure he proportion of 2:1 by

weight (Figure 2). Plants were maintained in groaltmber at a temperature
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of 20-28C, RH 65-70%, 16 h photoperiod and irradiance 6f ol m?s™.

Plants were watered regularly twice in a day weeding was done
once a weekFigure 2 shows the control wheat seedlings at uargiages of
growth in potted conditions in the field before atrgess treatment.

Vil Viii X

Figure 1. Seeds of nine wheat varieties: i-MW, ii—-KW, iii-K-SO, v—-GY,
Vi—GN, Vii—-PBW 343, viii-LV, ix-UP 2752
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Figure 2. Growth and maintenance of plants in earthen gats/s at different

stages of plant growth with no treatment (contitahgs)

3.2. Treatments
3.2.1. Induction of drought

To impart water stress or drought to the wheants, watering of the
plant was completely withheld for the test periodew the plants were one
month old. Sampling of the plant was done on tAe6$ and 9" day to study
the response of plants to varied days of drougbsst For the control (0d), one
set of plants from each tested varieties were wdteegularly and sampling
was done on the 0 day of treatment when the plaetes one month old.

3.2.2. Salt treatment
To impart salinity stress on the tested nine whkiageties, one month

old plants were treated with sodium chloride (Naggljution in water of three
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different concentrations, i.e. 50mM, 100mM and 200sampling was done
on ' and & day of salt stress in each case. For the coriroM) set, one set
of plants from each variety was kept separately watered regularly. The
sampling of the control set was done on the 0 ddseatment when the plants

were one month old.

3.3. Determination of Relative water content (RWC)

A fixed number of leaf discs were floated on deuthistilled water
for 24hrs after taking initial weight (Fresh weighthe leaf discs were taken
out and excess water on the surface was removad bkitting paper then the
leaf discs were weighed to determine the turgidgheiThe leaf discs were
dried at 80°C for 24hrs and the weight (Dry weigbt)the leaf disc was
determined. Relative water content (RWC) of leavess determined as
described by Farooqut al (2000), calculated by the following formula as
RWC (%) = (Fresh weight — Dry weight)/ (Fully tudgiveight—Dry weight) X
100.

3.4. Tolerance index determination

Variation in drought and salt tolerance of thedtmgs was calculated
for the 9" day in case of drought and 200mM concentrationttier 3° day
during salinity stress as the tolerance index @Hjch gives the percentage of
shoot and/or root fresh biomass (g/plant) of tebatEW,) over untreated
control (FW) plants according to the following equation as gasged by
Metwally et al (2005), TI (%) = (FW FW, X 100) — 100.

3.5. Determination of cell membrane stability index (CMS

Membrane thermo stability was tested by cell memé stability
(CMS) test following the method of Premchandtal (1990) as modified by
Sairam (1994). 1g of leaf discs were taken andneléan running tap water
and then by double distilled water. The leaf disese then heated in 10mL of
de—ionized water at 4G for 30mins. Electrical conductivity (C1) of the
solution was recorded using electrical conductivitgter and then the same

samples were place in boiling water bath (100°Q) IOmin. Electrical
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conductivity (C2) of the sample was recorded. ThHdSCwas calculated as
Cell Membrane stability index (CMS) =[1 — (C1/ €&)100.

3.6. Determination of lipid peroxidation

Peroxidation of lipid was measured as accumulatiof
malondialdehyde (MDA) which was determined by théharbituric acid
reaction. 1g of leaf was homogenized in 3 mL of®.(w/v) trichloroacetic
acid. The homogenate was centrifuged at 10, 000fgortO min. To 0.5 mL
of the aliquot of the supernatant, 2 mL of 20%Hhiacoacetic acid containing
0.5% (w/v) thiobarbituric acid were added. The migtwas heated at 95°C for
30 min and then quickly cooled on ice. The absarbamas measured at 532
and 600 nm. The concentration of MDA was calculatsthg an extinction
coefficient of 155 mmot cm*(Heath and Packer, 1968).

3.7. Extraction and estimation of proline content
3.7.1. Extraction

Free proline was extracted from wheat leaves raatds using 3%
sulfosalicylic acid.1g of leaf was homogenized ml50of 3% sulfosalicylic
acid and filtered through a Whatman No. 1 filtep@afollowing the method of
Bates et al (1973). The final volume was made up to 5mL usBig
sulfosalicylic acid and it was used for the estioratof free proline in the

sample.

3.7.2. Estimation

For the estimation of free proline in the santpke following test was
done. The reaction mixture contained 1mL of fikaBmL of distilled water
and 1mL of ninhydrin solution (1g ninhydrin + 10ratetone + 15mL distilled
water) was added. The mixture was kept on boiliagew-bath for 30min and
cooled under tap water. After cooling it was sefmtausing 5mL of 100%
toluene in a separating funnel, the lower colouiegr was taken and the
upper layer was discarded. The OD values were medsat 520nm in a
colorimeter against a proper blank and quantifiexnf a standard curve of

proline.
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3.8. HPLC analysis of free amino acids
3.8.1. Extraction

Extraction of free amino acid was done by thehoétas described by
Rozanet al (2000) with minor modifications in which a fixeanaunt of leaf
sample (2g) was weighed and homogenised in a pileecimortar and pestle
using 4 volumes of ice—cold 70% ethanol. It wasestamvernight at 4 °C. The
samples were then centrifuged at 20,000rpm for B0fhe pellets were again
washed twice with ice—cold 70% ethanol and cergatliat 20,000 rpm for
20min and the supernatants were pooled. The supeitnaas concentrated in

a lyophilizer and then finally stored in the deegezer at —20 °C until use.

3.8.2. Sample preparation and analysis

The sample was prepared by the method given barfist al., 1994)
with some minor modification and the free aminadagdntents of the extracts
were analyzed by an HPLC gradient system with poeco
phenylisothiocyanate (PITC) derivatization). 0.1Mraonium acetate (pH 6.5)
was used as Buffer A and 0.1M ammonium acetate §@b) containing
acetonitrile and methanol (44:46:10, v/v) were uae@uffer B.

Sample preparation for HPLC was done by remo®id- aliquot of
the extract and drying it under lyophilizer undee-+cold condition. After
drying the extract 30L of first coupling reagent was added to it which
contained 2:2:1 (v/v) of methanol, water, trietimglae (TEA) and mixed. The
mixture was then dried under a lyophilizer for 28mand then reacted with
30uL of PITC reagent which contained 7:1:1:1 (v/v)neéthanol, PITC, TEA,
water and kept for 30mins at room temperature ¥edld by drying under
lyophilizer to remove PITC.

The derivatized samples were therdissolved in 500L of Buffer A
(mobile phase for HPLC) and then filtered thoughlivbre membrane of pore
size 0.4%m. A 2QuL of the filtered sample was injected into an HP&yGtem
(Shimadzu system, Shimadzu Corp., Kyoto, Japan)usad using a gradient
system of buffer A (100-0% after 50min) and bute(0—100% after 50min).
The separation of compounds was monitored at 254nm.
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Standards of several amino acids (1mg/mL) suclaspartic acid,
glutamic acid, serine, threonine, DL alanine, argn proline, hydroxyl
proline, tyrosine, valine, leucine, cysteine, metime, isoleucine, alanine,

DL—phenyl-alanine, arginine, lysine were preparethe same way for HPLC.

3.9. Quantification of chlorophylls in leaves
3.9.1. Extraction

Extraction of chlorophyll from the leaves was daccording to the
method of Harborne (1973). 1g of leaf sample wamdgenized in 80%
acetone and filtered through Whatman No. 1 filtapgr in a dark chamber.
Addition of 80% acetone from the homogenized samn@e done repeatedly
from the top of the filter paper till the residuecdame colourless. The filtrate

was collected and the total volume was made uf@moLlusing 80% acetone.

3.9.2. Estimation

Estimation of chlorophyll was done by measurihng OD of the
filtrate at 663nm and 645nm respectively in a UVS\Wpectrophotometer
(UV=VIS Spectrophotometer 118 systronics) againbtamk of 80% acetone
and calculated using the formula as given by Ar{i®@49).

Total chlorophyll = (20.2 &s+ 8.02 Az mg g- fresh weight
Chlorophyll a = (12.7 &3— Asss) Mg g~ fresh weight
Chlorophyll b = (22.9 Aus— 4.68 Asz) mg g fresh weight

3.10. Extraction and estimation of carbohydrate content
3.10.1. Extraction
3.10.1.1.Total and reducing sugar

Total soluble sugar and reducing sugar was ebetriausing Harborne
(1973) method with minor modifications under normadm temperature and
light conditions. 1g of leaf and root tissues wergracted in 10mL of 95%
ethanol and the alcoholic fraction was evaporatédo a boiling water bath
at about 70°C in a beaker. The residue was re-et&ttavith 90% ethanol and

the process was repeated and the filtrate was ctetleand pooled. The
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aqueous fraction was re—dissolved in distilled watel made upto 5mL which
was then centrifuged at 5000 rpm for 15min. Theeso@tant was stored in

vials at —4°C until use.

3.10.1.2.Starch

The extraction of starch from leaf and root frima sample plant was
done by homogenizing 1g of the plant tissue in8@8% ethanol by the method
described by Thimmaiah (1999) with some minor modifons. The
homogenized mixture was filtered using Whatman hofilter paper and
extraction was done for 3—4 times from the resioyeepeated washing using
hot 80% ethanol till the washings did not give awjour with Anthrone
reagent (0.2% anthrone in cona3y) and the residue was kept. The residue
was then dried over a water bath at about 70°Cth&adried residue, 5mL of
distilled water, 6.5mL of 52% perchloric acid waddad which was then
centrifuged for 20minutes at about 5000 rpm. Thcess was repeated twice
and the supernatant was pooled and kept separdiedy.final volume was

made up to 25mL and stored at —4°C for use.

3.10.2. Estimation
3.10.2.1.Total and reducing sugar

Total soluble sugar was estimated by Anthrongthod as given by
Plummer (1978). 1mL of test solution was reactethwimL of Anthrone’s
reagent (0.2% anthrone in conc,S4dy) and mixed properly. The reaction
mixture was incubated for 10mins in a boiling walbeth at about 100° C
taking proper precaution followed by cooling it @ndunning tap water. The
absorbance was measured at 620nm in a colorimetegaantified using a
standard curve of D—glucose.

Reducing sugar was estimated using Nelson—Somaoggihod
described in Sadasivam and Manickam (1996) in whict. of test solution
was reacted with 1mL of alkaline copper tartaratieitson (0.4g CuSQ@ 2.4g
Na,COs, 1.6g Nd—K" tartarate, 18g N&Q, in 100 ml of distilled water) and
then heated in a boiling water bath at 100°C fomi2@ taking proper

precaution. The reaction mixture was cooled undening tap water and to it
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1mL of commercially available Nelson’s arsenomobtedreagent was added
and mixed vigorously. 2mL of distilled water wasdad to make the volume
up to 5mL. The colour developed was measured iolarimeter at 510nm

against a blank and was quantified using a stancarc of glucose.

3.10.2.2.Starch

Estimation of starch was done using the methodgiaen by
Thimmaiah (1999) in which 1mL of test solution wasacted with 4mL of
Anthrone reagent (0.4% in concy$0,) and mixed thoroughly. The mixture
was then placed in a boiling water bath at 100°C 8&mins taking proper
precautions and cooled under running tap water.aliserbance was measured
at 630nm in a colorimeter against a proper blartercB content was then

calculated from the standard curve of starch smhuti

3.11. Extraction and estimation of phenols
3.11.1. Extraction

The total phenol content was extracted from thaf ltissues by
following the methodology as given by Mahadevan 8ndhar (1982). 1g of
leaf tissue was immersed in hot absolute alcohthendark at the rate of 5SmL
of 80% alcohol per gram of tissue for 10mins anentltooled. It was then
extracted in dark in 80% alcohol and filtered usigatman no. 1 filter paper.
The residue was re—extracted using hot 80% etharbkhe final volume was
made up to 10mL. All the extraction process wasedearefully in the dark at
normal room temperature. The filtered sample wesctly taken as the sample

for the estimation of phenols.

3.11.2. Estimation
3.11.2.1.Total phenols
The content of total phenol from the leaf tissuses estimated using
the method of Bray and Thorpe (1954). 1mL of exttaken to which 1mL
of 50% diluted commercially available Folin—cioeaits phenol reagent and
2mL of 20% NaCO; solution was added which was mixed thoroughlysThi

reaction mixture was boiled in water bath for 1raimd then cooled followed
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by dilution with distilled water and the final vohe was made up to 25mL.
The absorbance was measured at 650nm in colorinagi@nst a proper
blank and quantified using a standard curve oflieacid. The estimation of
total phenol was done in dark conditions in theotabory at normal room

temperature.

3.11.2.2.0rtho phenols

Estimation of ortho—dihydroxy phenol content vdasie by Arnow’s
(1933) method in which the reaction mixture corglsdf 1mL of test sample,
2mL of 0.5(N) HCI, 1mL of Arnow’s reagent (10g NabA0g NaMoO, in
100mL of distilled water) and 2mL of 1(N) NaOH. VWohe of the reaction
mixture was raised up to 10mL with distilled wagdter which it was mixed
thoroughly and the absorbance was measured in @imoeter at 515nm
against a proper blank and quantified using a stahdurve of ferulic acid.
The estimation of ortho phenol was done in darkd@ens in the laboratory at

normal room temperature.

3.12. HPLC analysis of phenols
3.12.1. Sample preparation
3.12.1.1.Total phenol

Phenol extraction and preparation of the sammléHPLC was done
by the method described by Pari & Latha (2004hm dark. Fresh leaf tissues
were taken and chopped into small pieces and soakexhight in absolute
methanol at solid material to methanol ratio of I1W/v) in dark. The
suspension was filtered and the filtrate was ewatpdr using a rotary
evaporator. It was re—dissolved in 1mL of HPLC grawlethanol and filtered
though Millipore membrane (0.48) filter. Standards for total phenols (1mg/
mL) such as ferulic acid, salicylic acid, chlorogeacid and caffeic acid were

prepared in the same way for HPLC.

3.12.1.2. Phenolic acid
Separation of phenolic acids was carried out f@tieg to Amarowicz
and Weidner (2001) in the dark. 300mg extract eflgaf tissue was taken and

60



then suspended in 10mL of 2mol/L NaOH and kept4fdr for hydrolysis at
room temperature in dark. The suspension was thififiad to pH 2 using
6mol/L HCI. Free phenolic acids and constituentsciviwere liberated from
esters were extracted 4times using 15mL of diegthler in a separating
funnel. Ether from the extraction was removed bgpevration until the extract
was dried. The dry residue of free phenolic aciut ghenolic acids which was
liberated from esters was re—dissolved in 2mL ot @Ryrade methanol and
filtered through a 0.45m filter. Standards for total phenols (1mg/mL)
concentration such as ferulic acid, salicylic acidprogenic acid, caffeic acid,

vanillic acid and cinnamic acid were prepared i same way for HPLC.

3.12.2. Total phenol analysis

For the analysis of total phenols in HPLC a mdtfalowed by Pari
et al (2007) was used. For the HPLC finger print analysf phenolic
compounds present in extracts a Shimadzu systeim&8hu Corp., Kyoto,
Japan) was used, a flow rate of 1 mL/min, and gradelution of HPLC grade
of acetonitrile—water—acetic acid (5:93:2, v/viveolvent A] and of
acetonitrile—water—acetic acid (40:58:2, v/iv/v)lyent B], a 0— 50 min solvent
B from 0 to 100%; and injection volume of 20 were applied; whereas the

separation of compounds was monitored at 280 nm.

3.12.3. Analysis of phenolic acid

Phenolic acids were analysed using a Shimadzu CHRBistem
(Shimadzu Corp., Kyoto, Japan). The mobile phasdRIEC grade of water—
acetonitrile—acetic acid (88:10:2; v/v/iv) (Amarowsc Weidner, 2001) was
delivered at a rate of 1 mL/min and20of injection volume was applied. The

detection was monitored at 320 nm.

3.13. Protein analysis
3.13.1. Extraction of soluble proteins

Soluble proteins were extracted from the leaf eout tissues by the
method as given by Chakrabosy al (1993) under ice cold conditions. 1g of

sample tissue was homogenized using pre—chilledamand pestle in liquid
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nitrogen with 5 mL of 0.05M sodium phosphate buffeH 7.2) to which a

pinch of PVPP (polyvinyl polypyrrolidone) was alswded. It was then
centrifuged at 4°C for 20mins at 10,000 rpm andvitleme of the supernatant
was made up to 5mL using the chilled extractiorfdyuind then immediately

stored at —4°C until use.

3.13.2. Quantitative estimation of soluble proteins

Quantitative estimation of protein was done by thethod of Lowry
et al (1951). 1mL of the test extract was diluted asuregl and then reacted
with 5mL of freshly prepared alkaline reagent (2&®0; in 100 mL of 0.1N
NaOH to which 1mL each of 1% Cu$@nd 2% N&- K tartarate was added
just before use) and mixed thoroughly after whictvas allowed to stand for
15mins at room temperature.

After the incubation period 0.5mL of commerciadlyailable Folin—
ciocalteu’s phenol reagent was added to the reaatiature and incubated for
further 20mins at room temperature. OD value wasasuweed in a
spectrophotometer at 690nm against a proper black quantified using a

standard curve of BSA (Bovine serum albumin).

3.13.3. SDS-PAGE analysis
3.13.3.1.Preparation of stock solutions

For the SDS—-PAGE analysis the method as giveBambrooket al
(1989) was used with minor modifications.

A stock solution containing 29% acrylamide anéo IN'N'—
methylene bis—acrylamide (7.25 g of acrylamide @u2%g of N'N'-methylene
bis—acrylamide in 25mL of warm distilled water) waepared using warm
double distilled water maintaining the pH of thdusion below 7. The stock
was filtered through Whatman No. 1 filter paper &egt in brown bottle and
stored at —4°C for further use and used beforenometh of preparation.

10 % stock solution of SDS (1g SDS in 10mL otided water) was
prepared in warm distilled water and stored at raemperature and used

before one month of preparation.
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Tris buffer for resolving gel was prepared bysdising 4.542g of tris
base in 15mL of distilled water and the pH of tb&gon was adjusted to 8.8
using concentrated HCI. The final volume of theusoh was made up to
25mL with distilled water and stored at —4°C.

Tris buffer for stacking gel was prepared by digsig 3.0299g tris
base in 15mL of distilled water and the pH of tb&igon was adjusted to 6.8
using concentrated HCI. The final volume of theusoh was made up to
25mL with distilled water and stored at —4°C.

10% APS (Ammonium per sulphate) solution was areg just
before use by dissolving 0.05g APS in 0.5mL ofitiest water.

For the preparation of electrophoresis buffe28§.6f tris (25mM) and
18.8g of glycine (250mM) was mixed in 1L of disdl water and stored at —
4°C. 10 mL of 10% SDS (1g in 10 mL) was added jast before use.

SDS gel loading buffer contained 50mM Tris—HCH(f.8), 10mM
of R—mercaptoethanol, 2% SDS, 0.1% Bromophenol bhe 10% glycerol.
Therefore a 1X solution in 10mL contained 0.5mlBeMmercaptoethanol, 2mL
of 10%SDS, 10mg of bromophenol blue, 1mL of glytefonL of 50mM
Tris—HCI and the volume was made up to 10mL usirsgilleéd water and
stored at —4°C.

The fixing solution was prepared by mixing gldcacetic acid,
methanol and distilled water in the ratio of 101Dand was stored at normal
room temperature.

The staining solution was prepared by dissohMB@mg of Coomasie
brilliant blue R—250 in 45mL of methanol using maga stirrer. 45mL of
distilled water along with 10mL of glacial aceticih was added to it. The
prepared mixture of the stain was filtered throdghatman No. 1 filter paper
and stored at room temperature until use.

The destaining solution was prepared by mixinghauol, distilled
water and glacial acetic acid in the ratio of 45145and stored at room
temperature.

7% glacial acetic acid solution was preparedhat ttme of use for

storing of the gel.
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3.13.3.2.Preparation of sample

The soluble proteins were extracted from the Hesfue by the
method as given by Demirevsket al (2008). 0.5g of leaf tissue was
homogenized in 5mL of ice—cold 100mM Tris—HCI (pHd®ntaining 20mM
MgCl,, 10mM NaHCQ, 1mM EDTA (di sodium salt), 2mM PMSF
(phenylmethanesulfonyl fluoride), 12.5% glycerolvjvand 20mM of [3—
mercaptoethanol under ice—cold condition. It waantkentrifuged at 10,000
rpm at —4°C for 20minutes in a cooling centrifuglee supernatant was taken
and stored at —4°C until use.

For the electrophoresis, the sample preparatias done by mixing
the sample protein (3&) with 1X SDS gel loading dye buffer (k). All the
samples were floated in boiling water bath at 1065C3minutes to denature
protein sample. They were then immediately loaded pre—determined order

into the bottom of the wells using a micropipette.

3.13.3.3.Preparation of gel and electrophoresis

Mini slab gel plate (8cmX 10cm) was prepared tfeg analysis of
protein patterns by SDS—PAGE. For preparation bpges, two glass plates
were thoroughly cleaned with dehydrated ethanaletoove traces of grease
and then dried properly. 1.5mm thick gel plate spaavere placed between
the glass plates at three sides and sealed ugihgracuum grease and clipped
tightly to prevent any leakage of the gel solutitaming pouring procedure.

Resolving gel was prepared by mixing the follogvsolution in the
same order. 10% resolving gel was made for 1 gagepgdy mixing 2.85mL of
distilled water, 2.55mL of stock solution of 30%mamide, 1.95mL of stock
solution of 1.5M Tris (pH 8.8), 0.075mL of stock% (DS solution, 0.075mL
of freshly prepared 10% APS andul4 of TEMED (N,N,N’,N'-—
Tetramethylethylenediamine) was added and mixedlygeft was mixed
slowly and immediately after the addition of TEMHEDwas poured inside the
gel plates leaving sufficient space for comb ingteeking gel.

A thin layer of distilled water was over layeraa top of the resolving
gel after 10mins and then the gel was allowed tandstfor 1hr for

64



polymerisation. After the resolving gel polymerigesperly the layer of water
was decanted or removed carefully using blottingepa

5% Stacking gel was prepared by mixing 2.10mldistilled water,
0.5mL of stock solution of 30% Acrylamide, 0.38mistock solution of 1.0M
Tris (pH 6.8), 0.03mL of stock solution of 10% SD&P3mL of freshly
prepared APS andpyR of TEMED which was mixed gently. It was then
immediately poured on top of the resolving gel anchediately a comb with
1.5mm thickness was inserted to make wells on thekmg gel leaving
sufficient space between the stacking gel and déselving gel. It was then
allowed to polymerise for 1hr and over layered vdistilled water.

After the polymerisation step the comb and theelo spacer was
removed. The wells were cleaned using capillargtdthe gel plate wasthen
properly inserted inside the gel electrophoresstesy and it was adjusted with
electrodes in their respective places.

300mL of Tris—glycine running buffer was added ihe gel
electrophoresisset up to which 3mL of 10% SDS veaked just before useand
then it was allowed to pre—run for about 10mins.

35—-4%L of protein samples in each lane was loaded orgéieand
the electrophoresis was done for about 2—-3hrsratAl8urrent for a single gel
and about 30mA in a dual gel electrophoresis appsra

An unstained protein molecular marker was alsoinuthe same way
in one lane which was prepared by mixingulL®f protein molecular marker
with 10uL of stock solution of SDS gel loading buffer anguB of distilled
water. It was then boiled for 1min in a water batH00°C for 1min followed

by cooling and then 40-5Q of this mixture was loaded in the gel in one lane

3.13.3.4.Fixing, staining and destaining of the gel

After the separation of protein samples in theeajectrophoresis is
completed the gel plate was taken out from thetlphoresis system and then
the gel was separated from the glass plate afterstaicking layer has been
removed carefully. It was then transferred to alged of appropriate size and
left overnight in30—40mL of fixing solution. Thexing solution was properly

decanted from the gel box after fixing the geltfwe required time period. 30—
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40mL of staining solution was immediately pouredtop of the gel and kept
for about 4—6hrs on a shaker with a constant spde80rpm for proper
staining.

After the staining of the gel was done, the stgnsolution was
decanted out from the gel box and destaining smiutias added to it and kept
on a shaker with 30rpm until destaining was acldeVidne destaining solution
in the gel was replaced 3—4 times with a freshaideisty solution. After this
step the gel was stored in 7% glacial acetic acldti®n to stop the reaction
and further analysis of the bands were done aftefags photographed in an

illuminating chamber. Analysis of the bands forith&, value was done.

3.13.4. FPLC analysis of proteins
3.13.4.1.Sample preparation

Sample preparation for FPLC analysis of proteies done by the
method of Ledesmat al (2004) with minor modifications. 2g of sample leaf
(stored at —70°C) were ground to a fine powdergiguid nitrogen (N) in a
pre—chilled mortar and pestle. Protein extractiofids which contained 60mM
of Tris, 2% of sodium dodecyl sulfate (SDS), 2%3einercaptoethanol, 1mM
of phenylmethylsulfonylfluoride (PMSF), 5% of susey 1.5%
polyvinylpolypyrrolidone (PVPP), 1mM EDTA-Naand the pH adjusted to
8.0 with 1M HCI was added to the sample powdehatrate of 4mL per gram
of the tissue and the sample was homogenized imhi homogenate was
centrifuged twice at 20,000 rpm for about 20 mir4tC. The supernatant was
pooled and immediately stored at —70°C until furtérealysis.

20uL of the sample was taken and diluted 100 times?(1@sing
1.8mL of chilled extraction buffer. The resultingnR of the diluted sample
was then filtered through a millipore membrane ofepsize 0.4fm taking
proper precautions. 1mL of the filtered sample wgscted into the column for
FPLC.

3.13.4.2.Column separation of the protein and analysis
For the FPLC analysis of protein present in trage AKTApurifier
10 (P-903), with instrument system No. 1275153 @riadSweden) containing
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separation unit with two main modules, i.e., a puRy¥®00 and a UV-900
monitor. It had an accession volume of 30mL, agoassme of 65min, flow
rate 0.500mL mif' and pressure 1 MPa.

A flow rate of 0.500mL mif elution of Tris—HCI buffer (50mM; pH
7) and 0-50 min solvent run and injection volumelofL were applied;
whereas the separation was monitored at 280, 26£2aBnm. The separation
columns consist of superpd¥é (Amersham Biosciences), 10/300 GL with
code no. 17-5172-01. The retention time of thegmotvas calculated and

analysed.

3.14. Extraction of antioxidative enzymes
3.14.1. Catalase

For the extraction of catalase enzyme from tmepde, 0.5g of leaves
from control and stressed wheat seedlings were geniped in 5 mL of ice—
cold 50 mM sodium phosphate buffer, pH 6.8, comtgnl% (w/v)
polyvinylpolypyrrolidone (PVPP) using liquid nitreg in a pre—chilled mortar
and pestle. The homogenate was then centrifug&,800 rpm for 20 min at
—4°C. The supernatant was taken out and used Igirastcrude extract for

enzyme assays.

3.14.2. Peroxidase

Extraction of peroxidase enzyme from the leavesfthe control and
stressed wheat seedlings were done by homogeriztiggof the sample leaf
in 5mL of ice—cold 50mM sodium phosphate buffer, 18, containing 1%
(w/v) polyvinylpolypyrrolidone using liquid nitrogein a pre—chilled mortar
and pestle. The homogenate was then centrifug&,800 rpm for 20 min at
—4°C. The supernatant was taken out and used Igirastcrude extract for

enzyme assays.

3.14.3. Ascorbate peroxidase

For the extraction of ascorbate peroxidase enZyibg of the sample
wheat leaf was homogenized in 5mL of ice—cold 50wfiodium phosphate
buffer, pH 7.2 containing 1% (w/v) polyvinylpolypwlidone using liquid
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nitrogen in a pre—chilled mortar and pestle. Thenbgenate was then
centrifuged at 10,000 rpm for 20 min at —4°C. Thgesnatant was used

directly as crude extract for enzyme assays.

3.14.4. Glutathione reductase

Extraction of glutathione reductase enzyme wasnhedoby
homogenizing 0.5g of the sample wheat leaf in 5rilice—cold 50mM of
potassium  phosphate buffer, pH 7.6 containing 1% /v)(w
polyvinylpolypyrrolidone using liquid nitrogen in pre—chilled mortar and
pestle. The homogenate was then centrifuged aDQQOM for 20 min at —

4°C. The supernatant was used directly as crudaattor enzyme assays.

3.14.5. Superoxide dismutase

For the extraction of superoxide dismutase enzythBg of the
sample wheat leaf was homogenized in 5mL of ice-&@ImM of potassium
phosphate buffer, pH 7.6 containing 1% (w/v) palpolypyrrolidone using
liquid nitrogen in a pre—chilled mortar and pesfiée homogenate was then
centrifuged at 10,000 rpm for 20 min at —4°C. Thgesnatant was used

directly as crude extract for enzyme assays.

3.15. Assay of enzyme activities
3.15.1. Catalase

Catalase (EC 1.11.1.6) activity was assayed asritbed by Chance
and Machly (1955) by estimating the breakdown gD which was measured
at 240 nm. For the assay mixture pdlOof the enzyme extract was added to
3mL of HO, buffer (0.1mL of HO, in 25mL of NaPGbuffer of pH 6.8) and
mixed well. The change in absorbance of the samyds immediately
measured at 245nm in a UV-VIS spectrophotometeevary 15sec for
3minutes and the assay was done in three replicHtesblank was prepared in
the same way where instead of the samplgquld@f extraction buffer was
added in place of enzyme extract. The enzyme &civas expressed asnol

H,0, mg protein® min™.
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3.15.2. Peroxidase

Peroxidase (EC 1.11.17) activity was assayedtspy#mtometrically
in 4802 UV VIS spectrophotometer (Cole Parmer, US#A)460 nm by
monitoring the oxidation of o-—dianisidine in the epence of kD,
(Chakrabortyet al. 1993).The reaction mixture consisted of 1.7mldistilled
water, 1mL of 0.2M sodium phosphate buffer (pH 5041 mL of HO,, 0.1mL
of freshly prepared orthodianisidine (5mg orthodiahne in 1mL methanol)
and 0.1mL of enzyme extract was added in the f&st wwhich the change in
absorbance was noted down immediately at an ifdte¥dmin for four
minutes and the assay was done in three replicatesblank contained the
same assay mixture where 0.1mL of extraction buifas added in place of
enzyme extract. The assay specific activity wasresged as mmol o—

dianisidine mg proteirt min™.

3.15.3. Ascorbate peroxidase

Ascorbate peroxidase (EC 1.11.1.11) activity vessayed as a
decrease in absorbance by monitoring the oxidatfoascorbate at 290 nm
according to the method of Asada and Takahashi 7)198ith some
modification. The reaction mixture consisted of 10l of freshly prepared
ascorbic acid (10mg ascorbic acid in 10mL of 0.0&dium phosphate buffer
of pH 7.2), 0.01mL of kO,, 2.97mL of 0.05M of sodium phosphate buffer
(pH 7.2) and 0.01mL of enzyme was added just bedssay and the change in
absorbance of the sample was measured immediatedy anterval of one
minute for three minutes and the assay was domereplicates of three. The
blank contained the same assay mixture where 0.0@méxtraction buffer
was added in place of enzyme extract. Enzyme agciivas expressed as mmol

ascorbate mg proteihmin™.

3.15.4. Glutathione reductase

Glutathione reductase (EC 1.6.4.2) activity wa$ednined by the
oxidation of NADPH at 340 nm as described by Led &ee (2000).The
reaction mixture consist of 1mL of 0.1M potassiuaifér (pH 7.6), 0.2mL of
0.1M EDTA (Ethylenediaminetetraacetic acid), 0.lrot freshly prepared
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6mM glutathione, 0.2mL of 0.1mM NADPH (Nicotinamidadenine

dinucleotide phosphate reduced tetrazolium sat)GaBmL of enzyme extract.
Change in absorbance was determined immediatedy atterval of 1minute
for 2minutes and the assay was done in a replafataee. Blank contained all
the reaction mixture and 0.2mL of extraction buffeplace of enzyme extract.

Enzyme activity was expressediaaol NADPH oxidized mg proteirt min™.

3.15.5. Superoxide dismutase

Superoxide dismutase (EC 1.15.1.1) activity wessaged by
monitoring the inhibition of the photochemical retan of nitro blue
tetrazolium according to the method of Dhindsaal (1981) with some
modification. The assay mixture contained 1.5mL @fLM potassium
phosphate buffer (pH 7.6), 0.8mL of distilled wat@érimL of 1.5M NaCOs;,
0.1mL of freshly prepared 3mM EDTA, 0.1mL of 2.25mMIBT
(Nitrobluetetrazolium chloride), 0.2mL of 0.2M fidg prepared methionine,
0.1mL of 6QuM riboflavin and 0.1mL of enzyme extract was adfexd before
use. The blank was prepared which contained akhéisay mixture with 0.1mL
of extraction buffer in place of enzyme extracteTdbsorbance of the samples
was measured at 560 nm and 1 unit of activity wefsndd as the amount of
enzyme required to inhibit 50% of the nitro blugdeolium reduction rate in

the controls containing no enzymes.

3.16. Isozyme analysis by polyacrylamide gel electrophosts (PAGE)
3.16.1. Preparation of stock solution

Stock solution of acrylamide (A) for separating gias prepared by
mixing 7g of acrylamide and 0.185g of bis—acrylamiad 15mL of warm
double distilled water and the total volume was enagh to 25mL using
distilled water. The mixture was stirred using metgn a magnetic stirrer. The
stock was filtered through Whatman No.1 filter paped stored in air tight
brown bottle at —4°C for further use and was usetbre one month of
preparation.

Stock solution of acrylamide (B) for stacking gels also prepared in

the same way by mixing 2.5g of acrylamide with 8&2f bis—acrylamide in
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15mL of warm double distilled water and filteredabgh Whatman no. 1 filter
paper. The volume was made up to 25mL using didtilVater and stored in air
tight brown bottle at —4°C for further use. It wased before one month of
preparation.

36.6 % and 5.98 % of Tris buffer with pH 8.9 (&d 6.7 (D)
respectively was made separately by dissolving@dld 1.495g of tris in
15mL of double distilled water. The desired pH lo¢ buffer was maintained
by adding 1(M) HCI to it and later the volume waade up to 25mL using
distilled water and stored at —4°C for further wsag

0.15% solution of ammonium persulphate (E) wapared freshly in
5mL of distilled water just before use.

A stock solution of riboflavin (F) was made bysshlving 4mg of
riboflavin in 10mL of distilled water and filteretirough Whatman no. 1 filter
paper and stored in dark brown bottles at —4°C wsetl before one week of
preparation.

Electrophoresis buffer was prepared on the saayeofl experiment
by dissolving 0.18g of Tris and 0.87g of glycinelidOmL of double distilled
water and the final volume was made up to 300mL stoded at —4°C until
use.

Gel loading dye was prepared by mixing 0.1g afnbophenol blue
and 4g of sucrose in 10mL of distilled water atigtfed which was then stored
at —4°C.

Preparation of sample material was done by homagw 1g of
sample plant tissue in 5mL of chilled sodium phadplbuffer (pH 7) in liquid
nitrogen in a pre—chilled mortar and pestle acecwydo the method as given by
Davis (1964) with some minor modifications. It wideen centrifuged at 10,
000 rpm in a cooling centrifuge at —4°C for 20mirhe supernatant was
directly used as the sample for loading and stanedials at —4°C in the
refrigerator until use.

For the electrophoresis 32 of the sample was mixed with b of

electrophoresis bromophenol blue dye and direcidgléd on the lanes of the
gel.
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3.16.2. Preparation of gel and electrophoresis

Mini slab gel plate (8cm X 10cm) was prepared tfee analysis of
protein patterns by NATIVE-PAGE. For preparationgel plates, two glass
plates were thoroughly cleaned with dehydratedreth&éo remove traces of
grease and then dried properly. 1 mm thick gelepktacers were placed
between the glass plates at three sides and sesilegl high vacuum grease
and clipped tightly to prevent any leakage of tle¢ gplution during pouring
procedure.

Separating gel was prepared by mixing A, C, E dodble distilled
water in the ratio of 1:1:4:1 in 7mL for one gedahen mixed slowly. 4+46_
of TEMED was added to it and gently mixed and timamediately poured
inside the gel. It was then allowed to stand famik® followed by addition of
a thin layer of distilled water. It was then allav® solidify for about 2hr. The
thin layer of water was removed using blotting pape

Stacking gel was prepared by mixing B, D, F armsdiltkd water in
the ratio of 2:1:1:4 in 4mL for one gelu4 of TEMED was added to it and
gently mixed and immediately poured on top of tepasating gel. A 1mm
thick comb was immediately inserted inside the lstar gel leaving a
sufficient space between the resolving and stacgelglt was then allowed to
polymerise for 1hr and over layered with distilledter.

After 1hr the comb and the lower spacer was reaadovhe wells
were cleaned using capillary tube. The gel plats teen properly inserted
inside the gel electrophoresis system and it wagstetl with electrodes in
their respective places.

300mL of stock chilled Tris—glycine running buffeas added in the
gel electrophoresis set up and then it was allowgate—run for about 10mins
at —4°C. 25-3fL of protein samples made in bromophenol dye waddd in
each lane of the gel and separated for about 2-a88Hf@mA current for one gel
run and for two gel 20mA of current was used inualdgyel electrophoresis
apparatus in ice—cold condition at —4°C insidefagerator.

After the separation of samples in the gel etgittoresis is completed
the gel plate was taken out from the electrophsrggstem and then the upper

stacking layer was carefully removed with the h&fl@ scalpel. The resolving
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gel was carefully taken out and separated frongthgs plate and immediately

stained for the analysis of isozyme bands.

3.16.3. Staining procedures
3.16.3.1.Peroxidase

The staining of peroxidase isozyme in the resgj\gel was achieved
by following the method of Reddy and Gasber (19Wlice—cold condition.
0.52g of Benzidine was mixed in 4.5mL of glaciakéc acid and 20mL of
chilled distilled water was added to it and fil@trough Whatman no. 1 filter
paper. 25mL of 3% bD, was prepared in chilled distilled water separataly
the solutions were mixed just before use and imatelyi poured on top of the
resolving gel in a gel staining box. Bright bludazoed bands were observed
when the bands were stained.

The reaction was arrested by immersing the dgelariarge volume of
0.67% NaOH or 7% acetic acid solution forlOmin. Kmee of the bands for
their R, value was immediately and photographs were takenfdrther

analysis.

3.16.3.2Catalase

The staining of catalase isozyme in the resolgelgwas achieved by
following the method of Woodburgt al (1971) with minor modification. The
resolving gel was soaked in 50mL of chilled 3.3mMOkIfor 20min. The gel
was then rinsed in chilled distilled water and wesslthrice in it. It was then
incubated in freshly prepared 1:1 solution of 1%apsium ferricyanide and
1% ferric chloride for about 20min in the dark am temperature.

Analysis of the bands for their Rvalue was immediately and

photographs were taken for further analysis.

3.17. Determination of H,O, accumulation
3.17.1. Quantification

H,O, levels in the leaves were estimated according eiwa Jand
Choudhuri (1981). Leaf tissue (500 mg) was homamzhiwith 12 mL of 50
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mM potassium phosphate buffer (pH 6.5), centrifuge8000 rpm for 25 min
at —4°C and the supernatant was used f@-Hetermination.

3mL of the supernatant was reacted with ImL a#0TiSQ, (in 20%
H,SQy) The intensity of the yellow colour was measurédd®0 nm in the
spectrophotometer and,8; levels were calculated using extinction coeffitien
0.28pumol™* cm™,

3.17.2 Microscopic detection

In situ detection of HO, was carriedout following the method of
Thordal-Christensenet al (1997) with minor modifications using
diaminobenzidine. Cut leaf discs of 2 cm diameteravwacuum infiltrated
with diaminobenzidine (1 mg mt, pH 3.8). The leaf discs were then
incubated at 30°C in the dark for 24 hr under gestirring of 150 rpm; they
were then transferred to 90% ethanol at 70°C uii@ chlorophyll was
removed.

H,O, was visualized as reddish-brown colour at the gite
diaminobenzidine polymerization. Diaminobenzidinelymerizes instantly

and locally atsites of peroxidase activity inteddish—brown polymer.

3.18. Extraction and quantification of non—enzymatic antoxidants
3.18.1. Carotenoids

Carotenoids were extracted and estimated follgwihe method
described by Lichtenthaler (1987). Extraction waaried out in 100%
methanol and the extract was filtered. Absorbarfahe filtrate was noted at
480 nm in a VIS spectrophotometer and the carotecontent was calculated
using standard formula as follows;gh— (0.114 X Ae3) — 0.638 (Aus).

3.18.2. Ascorbate

Ascorbic acid was extracted and estimated folhgwthe method
described by Mukherjee and Choudhuri (1983). Leavexe extracted in 6%
TCA under ice—cold condition and extraction was al¢imough filter at 0°C.
Reaction mixture consisted of 4mL of sample, 2mL2&6 DNPH (in 0.5N
HCI) and 1 drop of 10% thiourea (in 70% ethandlyvas kept in boiling water
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bath for 15mins and cooled at 0°C followed by addiof 5mL of HSO,.

Absorbance of the sample was measured at 530nna MIS
spectrophotometer. The concentration of ascorbae wvalculated from a
standard curve plotted with known concentratioasxforbic acid.

3.18.3. a—tocopherol

The extraction and estimation of vit &ocopherol) was done by the
method as described by Jayaraman (1996) with somer rmodifications.
Sample leaves were dried in an oven at about 30t@e dark and grinded in a
mixer to a fine powder. 0.5g of the fine powder w#n homogenized in 5mL
of hexane and shaken vigorously. This extractiongusexane was done twice
and then it was filtered using Whatman no.1 fifiaper in a dark chamber.

2mL of this hexane layer was taken in a test—tiob@hich 2mL of
absolute ethanol was added and mixed thorough®yni0.of 2, 2’'— dipyridyl
solution (0.5% in ethanol) and 0.2mL of ferric aidie solution (0.2% in
ethanol) was added one by one to the test tubeshakien well. It was then
incubated in dark for 5—-10 min. After the developtnef red colour 4mL of
distilled water was added to the above mixturerancd well.

Two layers are separated out in the test tubdasong sample of
which the red colour goes to the aqueous layer hwwvias stable up to 30mins.
This colour intensity was measured at 520nm inextspphotometer against a

proper blank and quantified using a standard cafwe-tocopherol.

3.19. Estimation of total antioxidant activity

1gram of dried leaf sample powder was extractedhethanol in a
dark chamber which was then centrifuged at 4000 fpm10mins. The
supernatant was taken in a beaker and methandloftawas evaporated. It
was finally dissolved in absolute methanol.

The reaction mixture contained |80 of sample and 2mL of DPPH
(0.0025% in methanol); initial absorbance (Aksn} of DPPH was taken in
Omin at 515nm in a spectrophotometer and incubatedark for 30mins.
Absorbance (Absstmi) was taken and the inhibition percentage (%) was

75



determined from the absorbance of DPPH and thé amioxidant activity
was measured by the method described by Blois (1958

3.20. Estimation of Na'and K* content

For the estimation of Naand K content 10g of the tissue samples
were taken from the plants from control set andptla@ts under stress and air
dried separately till the samples were completelgddtaking proper care of
the sample. The samples were than crushed in daygrand crushed into a fine
powder. 1g of dried root and leaf sample powdemfeach set were taken and
dissolved in distilled water which was then usedtfe estimation of Naand
K* content. Naand K content were quantified by flame—photometer (Chemi
Line, CL — 411) and expressed as mydyy weight.

3.21. Foliar application of proline, ABA and SA

Two sets of plants of GN and LV were grown in gags and grown
for one month. When the plants were one monthaid, set of plant was pre—
treated separately with foliar spray of 50 mL ofubDsolution of Abscissic
acid (ABA), Proline and Salicylic acid (SA) followeby the induction of
drought in separate pots for each chemical. Sesetdf plants was kept
separately and drought was induced in them witlaowt pre—treatment with
any chemicals for both GN and LV. For each set ooatrol was kept
separately where no pre—treatment with chemicaks dege and drought was
not induced at any period. Sampling was done froth the sets on3 6" and
9" day of drought and also from the control plantsofh the varieties and

various biochemical tests were done.
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CHAPTER 4
RESULTS

4.1. Screening of tolerant and susceptible varieties ofvheat against
drought and salinity
4.1.1. Morphological changes in the plant

Plants exhibited varying levels of morphologicaldabiochemical
changes as adaptation to stress, none of the ranetiegs showed severe
wilting symptoms morphologically even after 7 daysvater stress but during
the 9" day most of the varieties under study showed obmnig their
morphology due to drought (Figure 3, 4 and 5) aatstress (Figure 6, 7 and
8). MW, GY, LV and SO in comparison to the otherieties showed severe
wilting symptoms and yellowing of leaf on th8 8ay of drought stress (Figure
3, 4) and the other five varieties KD, KW, GN, UF52 and PBW 343 showed
less damage during thé"@lay marked as lesser wilting in their leaf and
comparatively lesser yellowing of leaf as showrtha picture (Figure 4, 5).
The plants under salt stress did not show wiltipgngtoms in all the three
concentration of salt, i.e. 50mM, 100mM and 200mivtiee first day, but later
during the & day wilting symptoms were visible in all cases.eThilting
symptoms were much more pronounced in case of I/,NW and GY than
the other five varieties in all the concentratidrsalt with the highest rate of
wilting being more in the salt concentration of 200 during the & day along
with yellowing of leaves (Figure 6, 7 and 8). Iretbase of KW, KD, GN the
rate of wilting, yellowing of leaf and damage dwedalt stress was lowest
followed by UP 2752 and PBW 343.
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Figure 3. Drought treatment in one month old plant of i-MMGY and iii—
LV for OD- 0 day, 3D- 3 days, 6D— 6 days, 6D— 9gdaf/drought treatment
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Figure 4. Drought treatment in one month old plant of i-PEBAS, ii—UP
2752 and iii-SO for OD— O day, 3D— 3 days, 6D— §sd&D— 9 days of
drought treatment
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Figure 5. Drought treatment in one month old plants of isKBGN and iii—
KW for OD- 0 day, 3D- 3 days, 6D— 6 days, 6D— 9sdafydrought treatment
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Figure 6. Salt (NaCl) treatment in one month old plant dM\i-1 day, iv—3
days), GY (ii-1 day, v—3 days) and KD (ii-1 day—3days), 0=0mM,
50=50mM, 100=100mM and 200=200mM respectively
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Figure 7. Salt (NaCl) treatment in one month old plant i G-1 day, iv—3
days), KW (ii-1 day, v—3 days) and LV (ii-1 dayi-8 days), 0=0mM,
50=50mM, 100=100mM and 200=200mM respectively
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Figure 8. Salt (NaCl) treatment in one month old plant & B752 (i-1 day,

iv—=3 days), PBW 343 (ii-1 day, v—3 days) and S®-iiday, vi-3 days),
0=0mM, 50=50mM, 100=100mM and 200=200mM respecyivel
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4.1.2. RWC

RWC in the leaf decreased significantly with intloie of drought and
salinity stress. The increase in the duration ofight stress (Figure 9) and the
increase in concentration of salt stress resutiedecrease in RWC content in
all varieties of wheat under study. However, therdase in RWC after 9 days
in relation to control (0d) was less in case of K&N, PBW 343, UP 2752 and
KW (35.7, 36, 40.75, 42.34 and 36.65% respectivetynpared with MW,
GY, LV and SO (53, 53.4, 52.93 and 52.67%, respelgti. RWC in the leaf
of all the varieties declined remarkably as theeséy of stress in terms of

days during drought was increased.
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Figure 9. Relative water content of nine varieties of whedijscted to drought stress
treatments: A— MW, B- GY, C- KD, D- GN, E- KW,F- |&~ UP 2752, H- PBW
343, |- SO. Results are expressed as the meane# thplicates (10 plants each).
0D- 0 day, 3D- 3 days, 6D- 6 days, 6D— 9 days aigit treatment
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RWC in case of salt stress (Figure 10) also sdosimilar results.
RWC in case of KD, GN, PBW 343, UP 2752 and KW sbdva lesser
decrease (37.7, 39.38, 46.38, 37.29 and 43.4 %cteely) during 200mM of
salt stress for"3day with respect to their control set (0d; OmMsaft) than in
case of MW, GY, LV and SO (58.2, 58.87, 61.59, 54®respectively) where
increase in the concentration and the duratioralbfstress resulted in a greater
decline in RWC.

m0id ®s01d w=1001d m2001d
m03d =503d w1003d w2003d

Figure 10. Relative water content of nine varieties of whaathjected to salt (NaCl)
stress treatments: A— MW, B— GY, C- KD, D- GN, EWHK—- LV,G— UP 2752, H-

PBW 343, |- SO. Results are expressed as the nfetmee replicates (10 plants
each). 0, 50, 100, 200 corresponds to the condrmtraf salt (NaCl) in mM and 1d,

3d corresponds to the days of salt treatment
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Our data showed that the decrease in RWC wasisatly lower in
case of KD, GN, PBW 343, UP 2752 and KW on the g of water stress
and also during the salt concentration of 200mMten3® day of salt stress
when compared to their respective controls. Howeawer decline in RWC was
much more in case of MW, GY, LV and SO with therease in the severity of
stress in terms of days and concentration withe@tsip their controls during

drought and salt stress respectively.

4.1.3. Tolerance Index

The value of tolerance index (Table 1) followidigpught stress for 9
days and salt stress for 3 days at 200mM was gignify lower in case of
MW, GY, LV and SO than KD, GN, KW, UP 2752 and PB3A3, the lowest
value for tolerance index was recorded in case\oahd the highest value was
observed in case of GN which was almost 3times vhlele of LV. In
comparison to drought stress the wheat varietiewstl a slightly higher value
for tolerance index during salt stress, howeveganeral, the tolerance index
during stress decreased in both water and saftssineall the wheat varieties.
Our data showed that GN showed significantly thghast tolerance index
followed by KW, KD, UP 2752 and PBW 343 during batfought and salt
stress and the tolerance index was lowest in chk¥ @llowed by MW, GY

and SO during drought and salinity stress.

Table 1.Stress tolerance index of nine wheat varietiegduirought and salt stress

Tolerance index (TI %)

Varieties/Stress Drought Salt Stress
Mohan Wonder —44.22+4.2 —-32.67+2.1
Gayetri —-43.14+3.1 -3545+1.2
Kedar —-22.06+0.9 -12.19+1.2
Gandhari -19.01+1.1 -11.01+£1.0
Kaweri -21.11+23 -11.99+3.4
Local variety —-54.10+ 3.9 —-41.02+2.8
UP 2752 -31.03+1.3 -16.32+4.0
PBW 343 -3212+22 -18.25+ 3.7
Sonalika —-3931+16 —-28.66+1.9

Results are expressed as the mean of three reglicH plants each). Tl % in case of
drought was determined for th8 8ay of withholding water and in case of salt stres
for the 3* day at a salt concentration of 200mM
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4.1.4. CMS

The cell membrane stability index was more o leame for all
varieties during the O day of stress treatmentath lwrought (Figure 11) and
salt (Figure 12) treatments. With the inductiorstiess treatments in the nine
different wheat varieties the cell membrane stibifi all the varieties showed
a significant change. Our results showed that duttie 3 day of withholding
water the value of cell membrane stability indexsviegher in case of KD,
PBW 343, UP 2752, GY, and SO than the other fouetias. But during the
6" and §' day of drought the highest value for cell membrass recorded in
case of KD, GN, KW, UP 2752, PBW 343 followed bg thther four varieties.
Same trend was observed in case of salinity stuese KD, GN, KW, UP
2752 and PBW 343 showed higher values for cell nranm stability index
during the ¥ and & day of salt treatment. The CMS index was loweiirdyr
the third day of salt treatment and lowest at #lencentration of 200mM in

general in all the nine varieties of wheat.
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Figure 11 Cell membrane stability in nine wheat varietiabjected to drought stress
treatments expressed in terms of cell membrandlistabdex with K=0.946, Cell
constant=1, solution condition=g8, coefficient—1, 25°C. Results are expressed as
the mean of three replicates (10 plants each). Bgpeesent SE. Different letters
indicate significant differences with respect tarol (p<0.01).0D- 0 day, 3D- 3
days, 6D- 6 days, 6D— 9 days of drought treatment
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CMS index in the wheat varieties was higher fdt stress in general
than during drought stress. In both the stressdspembrane stability index
of the cell was greater in case of KD, GN, KW, U2 and PBW 343 with
the highest value recorded in GN. LV, GY, SO and Mkéwed lower value
for cell membrane stability index and the loweslugeawas observed in LV

following water and salinity stress treatments
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Figure 12 Cell membrane stability in nine wheat varietiedjected to salt (NacCl)
stress treatments for 1 day (A) and 3 days (B) esg®d in terms of cell membrane
stability index with K=0.946, Cell constant=1, stidn condition=84S, coefficient—
1, 25°C. Results are expressed as the mean of tpéeates (10 plants each). Bars
represent SE. Different letters indicate significdifferences with respect to control
(p<0.01). OmM, 50mM, 100mM, 200mM corresponds to tle@centration of salt
(NacCl)
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4.2. Effect of osmotic stress on lipid peroxidation of rambranes
4.2.1. Water

In the data presented in our study indicated #idtough MDA
content, a measure of lipid peroxidation, increaseall the nine varieties
during water stress in general. After tHe @ay of withholding water, MDA
content in case of MW, GY, LV and SO was more tktiaee times that of
KW, GN, KD, UP 2752 and PBW 343 (Figure 13). MDAnbent with respect
to the control set (0 days of water stress) wasenwr less similar in all
varieties. Our data showed that MDA content in a#deV was highest during
the 9" days of water stress and lowest was observedse c&GN and KD
which suggest that in LV the peroxidation of lipitsthe cell membrane was
highest in case of LV during drought which increhseth increase in the

duration of water stress.
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Figure 13. Effect of drought stress on lipid peroxidation (eegsed as MDA content)
in nine varieties of wheat. Results are expresseth@ mean of three replicates (10
plants each). Different letters indicate significaifferences with respect to control
(p<0.01). OD- 0 day, 3D- 3 days, 6D— 6 days, 6D— & adigrought treatment
4.2.2. Salinity

MDA content following salt stress increased digantly in all the

nine varieties with the increase in salt conceimmatand the duration of salt
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stress with the highest value observed during tAed®y of salt stress of
200mM. As observed in water stress, here too MDAt@ut in case of MW,
GY, LV and SO was more than three to four timeg ti&kW, GN, KD, UP
2752 and PBW 343 (Figure 14) during both tfeand ¥ day of stress.

E0mM ®E50mM =100 mM 200 mM

pnmol g tissue? (d.m.}

MW GY

Kw — W
w2 Y so

EOmM ®@50mM =100 mM 200 mM

pmol g tissue? (d.m.)

/ 200mm
'MW. T v O . "/ 100mm
S ey - = | /" 50 mM

—— W/ omm
Varieties
' 2752 2 so
' 343

Figure 14. Effect of salt (NaCl) stress on the lipid peroxidat(expressed as MDA
content) in the leaf of nine wheat varieties fa ff day (A) and 3 day (B). Results
are expressed as the mean of three replicates |éspeach). Different letters
indicate significant differences with respect tontrol (p<0.01). OmM, 50mM,

100mM, 200mM corresponds to the concentration bf{saCl)
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The highest value of MDA content was observednduthe 3 day of
200mM salt concentration in all varieties with thighest value observed in

case of LV and the lowest in case GN. It was euidest the content of MDA

was much more during drought in wheat varieties tharing salt stress.

4.3.

Change in proline content during water and salinitystress

Free proline accumulation in leaf and root wasagced significantly

in all nine varieties during prolonged drought ssr§Table 2) and salinity

stress (Table 3) after an initial non significaatkase in some cases.

Table 2. Content of proline in the leaves of wheat vagetsubjected to water

stress
Proline
Varieties Part Days of Stress
used 0D 3D 6D 9D
MW Leaf 2.30+0.03 1.90+0.02  3.60+0.04  6.90+0.08
Root 0.18+0.05 0.29+0.01  0.23+0.08  0.40+0.04
GY Leaf 2.20+0.08 2.00+0.0f  4.80+0.14  5.80+0.0%
Root 0.19+0.0% 0.24+0.08  0.28+0.02  0.44+0.04
KD Leaf 1.90+0.07 1.40+0.08  11.1+0.08  20.3+0.50
Root 0.11+0.01 0.24+0.02  0.56+0.03  1.08+0.03
GN Leaf 2.00+0.07 2.60+0.04  6.00+0.07  10.6+0.26
Root 0.35+0.03 0.53+0.02  0.24+0.04  0.71+0.02
KW Leaf 2.00+0.02 2.90+0.02  8.10+0.03  10.8+0.02
Root 0.14+0.01 0.17+0.0f  0.23x0.04  0.34x0.03
LV Leaf 1.70+0.0% 1.60+0.06  5.00x0.16  5.10+0.02
Root 1.46+0.02 0.31x0.0f  0.26+0.02  0.40+0.03
UP 2752 Leaf 2.50+0.0% 2.30£0.08  9.80+0.0f  11.2+0.08
Root 0.92+0.02 0.53+0.04  0.75+0.0f  0.81%0.03
PBW 343  Leaf 1.70+0.08 2.30£0.08  7.50+0.08  11.9+0.18
Root 1.26+0.02 0.56x0.08  0.29+0.02  0.30+0.02
SO Leaf 1.50+0.02 2.60£0.08  4.90+0.0f  6.10+0.08
Root 0.38+0.02 0.37+0.02  0.51+0.04  0.58+0.0%

CD Value between treatments = Leaf—2.298351; Root-0.291377
CD Value between varieties = Leaf—3.447526; Root-0.437065

Means + S.E., n=10. Different superscripts in eamlimn express significant difference
with control at R0.01, in ‘t’ test. Results are expressed as thennaédhree replicates
(10 plants eachProline = mg @' (d.m.).
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After 9 days, in case of water stress prolineteoinof both leaf and
root in case of GN, KD, KW, UP 2752 and PBW 343 a5 times higher
than that of LV, GY, SO and MW, although in contpdnts all varieties had
more or less similar amounts.

During salinity stress the accumulation of prelin the salt stressed
plant increased with the increase in concentratibealt and the duration of
salt stress. This study revealed that in GN, KD, KWP 2752 and PBW 343
the accumulation of free proline in both leaf andtrwas almost 3times higher
than that of LV, GY, MW and SO in all concentratiohsalt stress during the
3 day however, the during the first day of saltssrthis trend varied in some
varieties. Proline content in wheat varieties ispase to salt stress was

higher than during the conditions of drought.

Table 2(a). ANOVA of data presented in table 2 for droughteafl

Source of

Variation SS df MS F P—value F crit
Rows 392.4919 3 130.8306 23.4445 2.59E-07 3.008787
Columns 98.645 8 12.33063 2.209615 0.063691 2.355081
Error 133.9306 24  5.58044

Total 625.0675 35

Table 2(b). ANOVA of data presented in table 2 for droughtoot

Source of

Variation SS df MS F P—value F crit
Rows 0.330636 3 0.110212 1.228808 0.320931 3.008787
Columns  0.990773 8 0.123847 1.380826 0.254524 2.355081
Error 2.152565 24 0.08969

Total 3.473973 35
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Table 3. Content of proline in the leaves of wheat vargesabjected to salt stress

dfine

Varieties Treatment 1D 3D
(mM) Leaf Root Leaf Root
MW 0 2.30+0.03 0.18+0.05  2.31+0.08 0.17+0.0%
50 2.37+0.02 0.20+0.0f  3.14+0.01 0.22+0.0%
100 3.78+0.04 0.19+0.03  3.97+0.03 0.18+0.03
200 6.67+0.08 0.41+0.04  7.98+0.04 0.42+0.04
GY 0 2.20+0.06 0.19+0.04  2.19+0.04 0.21+0.04
50 2.54+0.01 0.21+0.08  3.42+0.08 0.24+0.08
100 3.89+0.1% 0.17+0.02  4.01+0.02 0.19+0.02
200 6.86+0.01 0.44+0.04  6.97+0.04 0.44+0.04
KD 0 1.90+0.0¢ 0.11+0.0f 2.01+0.01 0.12+0.0%
50 8.11+0.08 0.41+0.02 10.40+0.02 0.43+0.02
100 13.64+0.03 0.45+0.08 15.34+0.08 0.54+0.03
200 18.75+0.50 0.89+0.083 19.87+0.03 1.01+0.03
GN C 2.00+0.07 0.35+0.03  1.98+0.03 0.35+0.03
50 11.10+0.0% 0.54+0.02 11.68+0.02 0.61+0.02
100 13.46+0.07 0.74+0.04 18.14+0.04 0.91+0.04
200 21.10+0.26 0.91+0.02  24.1+0.02 1.27+0.0%
KW 0 2.00+0.02 0.24+0.0f 2.01+0.0f 0.24+0.0%f
50 6.45+0.02 0.39+0.0?  7.23+0.08 0.61+0.0%
100 11.02+0.03 0.40+0.04 13.36+0.04 0.87+0.04
200 14.12+0.02 0.80+0.03 16.84+0.03 0.98+0.03
LV 0 1.70+0.05 0.21+0.08  1.69+0.02 0.22+0.02
50 2.01+0.06 0.28+0.0f 3.60+0.0% 0.38+0.0%
100 3.56+0.10 0.15+0.082  3.74+0.02 0.27+0.02
200 5.50+0.02 0.35+0.08  4.89+0.083 0.39+0.03
UP 2752 0 2.50+0.02 0.21+0.03  2.48+0.02 0.21+0.03
50 4.31+0.05 0.41+0.04  4.65+0.04 0.48+0.04
100 5.12+0.01 0.45+0.0f 5.56+0.01 0.50+0.0%
200 7.85+0.05 0.61+0.08  9.78+0.03 0.72+0.03
PBW 343 0 1.70+0.08 0.21+0.08  1.71+0.02 0.22+0.02
50 3.40+0.05 0.35+0.08 3.97+0.08 0.37+0.03
100 4.52+0.06 0.44+0.03  4.98+0.02 0.48+0.0%
200 7.78+0.10 0.55+0.08  8.95+0.02 0.70+0.02
SO 0 1.50+0.02 0.23+0.083  1.51+0.02 0.23+0.03
50 2.94+0.05 0.29+0.02  3.45+0.02 0.31+0.02
100 5.64+0.01 0.26%0.04 5.97+0.04 0.29+0.04
200 7.40+0.08 0.39+0.0f  6.97+0.0f 0.51+0.0%
CD Value between treatments = 2.446291 0.099181 2.936868 0.136177
CD Value between varieties = 3.669436 0.148771 4.405301 0.204266

Means + S.E., n=10. Different superscripts in easlumn express significant difference
with control at R0.01, in ‘t’ test. Results are expressed as thennoédhree replicates (10
plants each)Proline = mg @ (d.m.).
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Table 3(a). ANOVA of data presented in table 3 for salinityléaf for 1 day

Source of

Variation SS df MS F P—value F crit
1.33E-

Rows 367.5001 3 122.5 19.3769 06 3.008787

Columns 343.3441 8 42.91801 6.788716 0.000116 2.355081

Error 151.7271 24 6.321962

Total 862.5713 35

Table 3(b). ANOVA of data presented in table 3 for salinityroot for 1 day

Source of

Variation SS df MS F P—value F crit
5.18E-

Rows 0.675144 3 0.225048 21.65628 07 3.008787

Columns 0.551506 8 0.068938 6.633898 0.000137 2.355081

Error 0.249404 24 0.010392

Total 1.476054 35

Table 3(c). ANOVA of data presented in table 3 for salinityiéaf for 3 days

Source of

Variation SS df MS F P—value F crit
3.86E—

Rows 465.3573 3 155.1191 17.02396 06 3.008787

Columns 484.4632 8 60.5579 6.64609 0.000135 2.355081

Error 218.6834 24 9.111808

Total 1168.504 35

Table 3(d). ANOVA of data presented in table 3 for salinityrgot for 3 days

Source of P—

Variation SS df MS F value F crit
1.36E—

Rows 1.136312 3 0.378771 19.33445 06 3.008787
9.15E-

Columns 1.097372 8 0.137172 7.001957 05 2.355081

Error 0.470171 24 0.01959

Total 2.703855 35
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4.4. HPLC profiles of free amino acids following droughtstress

Free amino acids detected in HPLC following didugiress for 0, 3,
6 and 9 days in case of wheat (GN and LV) show#drdnt peaks of amino
acids which either appeared or disappeared withe@sing days of drought
stress (Figure 15a—b, 16a—b). There was a markistatice in the number of
peaks, peak height and area in both (Table 4-12)vtrieties following
drought stress and also between the duration elssts in each variety
respectively.

The first peak (peak 1) in each treatment in libth varieties with
retention time at 2.5 minutes was not identifiedwhver, the height of the
peak decreased with the increase in the duratiowadér stress in both the
varieties Figure (15 and 16). Similarly peak numb&r20 & 21 with retention
time 31, 37 and 41 minutes respectively in allttleatments in both the variety
could not be identified and was not taken into aeration for the analysis of
any free amino acid (peak 13 and 14).

Peak number 2 with retention time at about 9 teimwvas identified
as aspartic acid and peak number 3 with retenitoa &t about 10 minutes was
identified as glutamic acid and the height as aslthe area of both the peaks
l.e. peak 2 and 3 decreased with increasing duratfodrought treatment in
both the varieties. The peak for aspartic acid asent during the6day of
drought in case of GN (Figure 15b) and LV (Figugb)land the peak for
glutamic acid was absent in LV durind" @lay of drought (Figure 16b).
However both the peaks were present during thday of drought in both the
varieties but the height and area of both the pegak very small (15b and
16b). The peak height of glutamic acid was highantthat of aspartic acid in
both the varieties and in GN both the amino acid hareater peak area than

LV (Table 4-11).
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The height and area of peak number 4 which weastifted as serine
with retention time at around 14 minutes in eackecacreased with the
increase in the duration of stress in case of GNtlel peak height and area
decreased in case of LV. Peak height and arearebnine (Peak 5) with
retention time of about 15 minutes in both the etses increased with increase
in the duration of stress with the increase in cd¥8N much greater than that
of LV whereas the height and area of the peak nurBbelentified as DL
alanine showed an increase in case of GN with niceesase in the days of
drought however the same decreased in case of L\amall peak with
retention time of around 16 minutes was identifeedarginine (peak 7) was
observed in all the varieties under stress howereemuch reference could be
made due to the small area and height of the peak.

The tallest peak with largest area for amino anidbath the variety
was identified as proline (Peak 8) during all tteysl of stress with retention
time of about 17 minutes during the stress treatsmm&he peak height and area
of proline following drought stress increased digantly following drought
stress in case of GN with the increase in the cradf water stress and the
tallest peak was obtained for th® @ay of stress. Similarly out of all the peaks,
the height and area of peak number 8 for prolineMrincreased significantly
in the early days of drought but significantly d=ased during the"6day
(Figure 16b) of drought however the height was caragvely lesser than that
of the peak height in case of GN (Figure 15a—-b &-48. This result was in
accordance with the data obtained for the contefiee proline in case of GN
and LV during the drought stress.

Peak number 9 with retention time around 20 minueboth the
varieties was identified as hydroxy proline whichtérms of height and area
decreased with increase in the duration of droughboth GN and LV.

Tyrosine with retention time around 20.60 minutesak 10) in case of both

96



GN and LV showed an increase in its height and atgaincreasing duration
of drought stress however, the height and areseak 41 identified as valine
with retention time of about 22.50 minutes increbsggnificantly during
increasing days of drought stress in case of Ghufei 15a—b) whereas in case
of LV (Figure 16a—b) the increase was insignificantl the peak for valine
was absent during th&'@lay of drought (Figure 16b).

The peak 12 was identified as methionine witlemgon time about
22.90 minutes. An unidentified peak (peak 13) wétention time at about 24
minutes was seen along with peak 14 identifiedeasihe with retention time
of about 24.8 minutes and peak 15 was identifiedyesteine with retention
time at about 26 minutes showed a negligible irswear decrease in both the
varieties during the increasing days of water steexd the change in the peak
height and area during drought stress was notsignyficant in drought stress
in LV however in case of GN, which was the morettaht variety among the
two, the change in the height and area of thesksp@are noteworthy. There
was a significant increase in the peak height aed af methionine in case of
GN following drought treatments (Figure 15 a—b).

The peaks identified as isoleucine (peak l16hatretention time of
about 26.8 minutes appeared during all days ofssties well as in the
respective control sets with a slight increasehm height and area in case of
GN however in LV it appeared but the change inhight and area was not
significant (Figure 15 and 16). DL-phenyl-alanimedk 17) at a retention
time of around 28.8 minutes and peak number 18tiitkzh as lysine with
retention time around 29.6 minutes (Figure 15 a@j showed a significant
increase in its height and area with the increasie duration of drought in
case of GN (Figure 15 a—b) however in LV the chamgs noticeable only
during the § day of drought (15b).
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Figure 15 (a) Free amino acid profile detected in HPLC in ca$evheat (GN)
subjected to A—0D and B-3D of drought stress

98



Voltage [1E3 m¥]

30
Tirrier {min ]

Yoltage [1E3 =V¥])

50
Time {rin ]

Figure 15 (b) Free amino acid profile detected in HPLC in ca$evheat (GN)
subjected to C—6D and D-9D of drought stress
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Table 4: Peak table of data presented in Figure 15@) for GN

Peak No. Retention time Area (mV.s) Height (mV)
1 2.500 2454.7336 189.381
2 9.100 799.0168 76.963
3 10.600 1843.5861 176.215
4 14.220 1023.2114 69.548
5 15.500 887.8070 64.310
6 16.390 288.4517 16.699
7 16.770 569.1539 35.818
8 17.110 2262.0714 168.429
9 20.040 2273.2002 121.021
10 20.620 1431.1736 72.128
11 22.550 673.1000 26.248
12 22.980 598.0892 43.672
13 24.150 960.3388 41.051
14 24.800 1032.9951 32.739
15 26.280 649.7862 30.649
16 26.820 752.4103 28.774
17 28.840 614.5775 21.990
18 29.610 677.9344 19.715
19 31.400 3444.2072 220.399
20 37.290 4805.7144 329.049
21 41.470 770.7729 55.030

Table 5: Peak table of data presented in Figure 15@) GN

Peak No. Retention time Area (mV.s) Height (mV)
1 2.520 1680.3417 151.115
2 9.330 666.7752 60.997
3 10.800 1373.5412 115.447
4 14.290 1005.5263 63.975
5 15.530 1302.8791 102.427
6 16.400 518.6110 21.937
7 16.810 439.1315 31.598
8 17.250 5269.3238 365.293
9 20.060 1468.5171 68.241
10 20.680 1756.1927 101.653
11 22.490 677.6143 28.395
12 23.010 744.7934 56.736
13 24.230 730.1610 38.193
14 24.870 705.1966 20.995
15 26.330 716.4379 41.837
16 26.860 889.6410 40.350
17 28.880 816.0610 41.231
18 29.640 1096.7126 59.025
19 31.390 3280.4750 209.572

20 37.300 4624.0919 313.067
21 41.480 684.2122 47.109
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Table 6: Peak table of data presented in Figure 15(C) for GN

Peak No. Retention time Area (mV.s) Height (mV)
1 2.440 1828.8683 88.673
3 9.890 641.1135 43.535
4 13.930 1018.0248 64.271
5 15.290 1978.2777 168.970
6 16.250 494.7058 27.164
7 16.620 406.7986 31.123
8 17.110 7727.2651 540.641
9 19.860 821.0983 38.221
10 20.630 2091.0161 114.573
11 21.240 675.1052 35.309
12 22.950 1040.2782 76.375
13 24.200 1184.3491 55.875
14 24.840 1084.5537 33.572
15 26.300 971.1378 55.855
16 26.840 982.2810 44.288
17 28.850 1154.3958 63.233
18 29.610 1278.6776 91.410
19 31.340 2759.7213 168.056
20 37.270 3439.5776 242.879
21 41.450 454.6914 33.894

Table 7: Peak table of data presented in Figure 15{) for GN

Peak No. Retention time Area (mV.s) Height (mV)
1 2.530 605.0279 46.156
2 9.330 405.2477 36.051
3 10.780 553.5488 38.124
4 14.190 2542.2227 191.320
5 15.430 4035.9322 335.686
6 16.360 702.2034 41.248
7 16.760 4945221 37.296
8 17.120 14146.9977 910.730
9 20.010 604.1822 35.952
10 20.660 1809.3209 88.717
11 22.430 1046.3356 59.416
12 22.960 1847.3053 147.476
13 24.220 1040.1130 49.584
14 24.850 1049.2902 32.037
15 26.300 1067.0716 71.316
16 26.840 1031.0702 47.925
17 28.830 1526.1322 99.305
18 29.590 1878.4100 109.042
19 31.330 3312.8786 212.671
20 37.240 4057.6612 277.742
21 41.410 422.0595 30.851
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Figure 16 (a) Free amino acid profile detected in HPLC in casevheat (LV)
subjected to A—0OD and B—3D of drought stress
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Table 8: Peak table of data presented in Figure 16@) for LV

Peak No. Retention time Area (mV.s) Height (mV)
1 2.510 4780.6134 401.945
2 9.160 1434.1415 137.644
3 10.640 1887.2006 180.559
4 14.250 994.1142 63.100
5 15.500 588.4011 46.198
6 16.380 398.1190 17.865
7 16.770 432.4622 34.383
8 17.110 2203.1624 153.168
9 20.050 1872.5593 96.820
10 20.600 1839.3910 103.929
11 22.560 786.2054 29.855
12 22.970 615.7713 42.774
13 24.140 986.8426 45.875
14 24.800 1119.8597 35.764
15 26.280 567.2756 26.296
16 26.810 663.0876 25.791
17 28.830 636.0343 22.204
18 29.600 519.5345 23.961
19 31.400 1796.3278 114.494
20 37.290 3368.0055 223.584
21 41.470 358.1553 24.644

Table 9: Peak table of data presented in Figure 16@) for LV

Peak No. Retention time Area (mV.s) Height (mV)
1 2.500 2275.1547 167.141
2 9.080 832.3004 64.390
3 10.720 1177.6533 102.893
4 14.340 1303.6096 97.659
5 15.620 1426.6971 95.462
6 16.510 404.3379 17.494
7 16.860 412.7705 29.755
8 17.270 3809.7558 296.460
9 20.170 659.9984 36.805
10 20.690 1329.4643 77.031
11 22.580 533.7188 27.816
12 23.020 865.7804 51.448
13 24.180 593.9813 28.301
14 24.840 674.6569 18.778
15 26.310 568.5359 33.527
16 26.840 534.6730 28.312
17 28.890 509.7613 21.820
18 29.680 546.5808 27.739
19 31.510 2587.9390 174.971

20 37.410 4478.6944 304.667
21 41.630 731.7718 52.131
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Table 10: Peak table of data presented in Figure b§(C) for LV

Peak No. Retention time Area (mV.s) Height (mV)
1 2.340 4573.5095 299.534
4 13.330 799.3064 37.407
5 14.850 1485.5144 78.414
6 15.920 345.7437 14.693
7 16.310 363.4229 26.756
8 16.870 3896.0980 167.019
9 19.710 1549.8314 53.436
10 20.550 2398.8081 104.742
12 22.880 3175.8947 57.897
13 24.130 1155.5793 46.343
14 24.790 958.1485 31.125
15 26.250 723.9730 33.527
16 26.780 748.5402 32.182
17 28.820 653.5972 24.086
18 29.600 918.4992 26.065
19 31.330 2844.6023 165.199
20 37.270 3920.9977 246.418
21 41.460 618.6119 45.811

Table 11: Peak table of data presented in Figure bgD) for LV

Peak No. Retention time Area (mV.s) Height (mV)
1 2.520 1978.6435 175.639
2 9.250 520.4148 45.478
3 10.750 655.6983 56.946
4 14.300 780.0219 51.417
5 15.550 1543.6451 123.422
6 16.430 511.2879 22.333
7 16.830 332.8812 22.742
8 17.250 5870.3324 447.977
9 20.120 1374.0169 51.139
10 20.690 2241.2585 121.556
11 22.590 1701.4378 50.767
12 23.020 1103.2839 73.754
13 24.220 1175.2906 53.335
14 24.870 1344.7794 40.541
15 26.340 828.8331 40.547
16 26.870 922.7067 34.208
17 28.900 1104.2693 51.101
18 29.670 839.4179 49.263
19 31.450 3242.5950 201.936
20 37.350 5727.9917 361.974
21 41.550 864.4538 61.225

4.5. Effect of water and salt stress on chlorophyll cornts of wheat
leaves

Chlorophylls, showed a significant decrease Irvailieties following
water (Table 12) and salt (Table 13) stress. HowenesN and KD there was

an initial non significant increase with the ongeboth water and salt stress.

105



Table 12. Content of total chlorophyll and chlorophyll a/btio in wheat
varieties subjected to water stress.

Varieties Treatment Total Chl a/b ratio
(in days) chlorophyll
MW od 0.93 +0.08 1.54
3d 0.56 +0.0F 1.95
6d 0.36 +0.03 1.20
ad 0.28 +0.0F 0.95
GY od 1.01 +0.06 1.25
3d 0.56 +0.08 1.99
6d 0.45 +0.0F 1.33
od 0.41 +0.02 0.76
KD od 0.93 +0.06 1.45
ad 0.98 +0.07 1.65
6d 0.48 +0.02 1.45
ad 0.27 +0.0F 1.04
GN od 1.05 +0.07 1.45
3d 1.21 +0.04 1.94
6d 0.65 +0.07 1.86
od 0.57 +0.20 1.67
KW od 0.90 +0.04 1.57
3d 0.77 +0.02 1.66
6d 0.49 +0.02 1.54
od 0.31 +0.0F 1.78
LV od 1.22 +0.08 0.70
ad 0.41 +0.04 1.44
6d 0.31 +0.02 1.55
ad 0.29 +0.0F 0.89
UP 2752 od 2.30 +0.07 1.47
ad 0.75 +0.08 1.60
6d 0.63 +0.0F 1.59
od 0.62 +0.03 1.66
PBW 343 od 1.73 +0.08 1.19
3d 0.86 +0.03 1.24
6d 0.57 +0.07 1.97
od 0.39 +0.17F 1.93
SO od 0.96 +0.09 1.34
ad 0.62 +0.0% 1.43
6d 0.49 +0.04 1.38
od 0.31 +0.0F 1.12
CD Value between treatments = 0.306785 0.387911
CD Value between varieties = 0.460180 0.581866

Means + S.E., n=10. Different superscripts in eadfumn express significant
difference with control at €£0.01, in ‘t’ test. Results are expressed as thennua
three replicates (10 plants each). Chlorophyll =giidf.m.).
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Interestingly, the chl. a/b ratio showed an atitincrease in all
varieties before declining during both water anli stiess, and this decrease
was greater in case of GY, LV, SO and MW than & tither five varieties.
The increase in the ratio of chl. a/b correspontethe higher value of chl. a
content than the content of chl. b and the decreasthe chl. a/b ratio
corresponded to the lower content of chl. a thanctimtent of chl. b during the
above stresses. The chlorophyll content during sadtss in wheat varieties

was higher than during drought stress.

Table 12 (a).ANOVA of data presented in table 12 for total coiahnyll

Source of

Variation SS df MS F P—value F crit
Rows 3.007252 3 1.002417 10.08197 0.000174 3.008787
Columns 0.903596 8 0.112949 1.136007 0.375841 2.355081
Error 2.386241 24 0.099427
Total 6.297089 35

Table 12 (b).ANOVA of data presented in table 12 for chl. a/b

Source of

Variation SS df MS F P—value F crit
Rows 0.634885 3 0.211628 1.331297 0.287507 3.008787
Columns 0.885396 8 0.110675 0.696224 0.691425 2.355081
Error 3.815139 24 0.158964

Total 5.335421 35
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Table 13. Content of total chlorophyll and chlorophyll a/bh wheat varieties

subjected to salt stress

Varieties Treatment Total chlorophyll Chl a/b ratio
(mM) 1D 3D 1D 3D
MW 0 0.93 +0.08  0.93 +0.0% 1.54 1.57
50 0.82 +0.02 0.82 +0.04 1.96 2.13
100 0.81 +0.02  0.79 +0.02 2.68 1.86
200 1.24+0.03  1.11 +0.02 1.47 1.01
GY 0 1.01 +0.04  0.99 +0.05 1.25 1.29
50 0.82 +0.04 0.60 +0.04 2.29 2.21
100 0.81 +0.02  0.80 0.04 1.79 1.75
200 0.91 +0.0f 0.87 +0.0F 1.52 1.62
KD 0 0.93 +0.04 0.92 +0.03 0.85 0.86
50 0.97 +0.04 0.96 +0.03 1.43 1.25
100 0.70 +0.03  0.68 +0.07° 2.69 2.66
200 0.52 +0.02  0.36 +0.02 2.47 2.74
GN 0 1.05+0.085 1.11 +0.06 1.07 1.06
50 1.19+0.03 1.22+0.0Z 1.04 1.03
100 0.65 +0.06  0.58 +0.05’ 2.66 2.85
200 0.55 +0.08  0.52 +0.09 2.90 2.10
KW 0 0.90 +0.03  0.91 +0.0% 1.57 1.49
50 0.77 +0.0f 0.72 +0.01 1.52 1.64
100 0.53 +0.0f 0.54 +0.07° 2.49 1.89
200 0.32 +0.03  0.31 +0.08 2.76 2.84
LV 0 1.22 +0.04 1.23 +0.04 1.26 1.30
50 0.82 +0.03  0.79 +0.02 1.54 1.57
100 0.75 +0.04  0.66 +0.05’ 1.35 1.47
200 0.50 +0.02  0.41 +0.07 1.31 1.42
UP 2752 0 2.30+0.06  2.29 +0.05° 1.47 1.51
50 0.81 +0.08  0.73 +0.02 1.61 1.96
100 0.61 +0.04 0.59 +0.0% 2.45 2.21
200 0.59 +0.0f  0.57 +0.04 2.89 2.61
PBW 343 0 1.73+0.0f 1.72 +0.05 1.19 1.22
50 0.84 +0.02  0.79 +0.04 1.32 1.41
100 0.61 +0.03  0.57 +0.0%’ 1.85 2.03
200 0.42 +0.08  0.39 +0.08 2.38 2.22
SO 0 0.96 +0.08  0.95 +0.08 1.33 1.37
50 0.72 +0.05  0.69 +0.07 1.49 1.43
100 0.51 +0.04  0.49 +0.0% 2.25 1.88
200 0.52 +0.03  0.53 +0.02 1.05 1.06
CD Value between treatments $.290294 0.292548 0.48253 0.477776
CD Value between varieties = 0.435441 0.438822 0.72379 0.716664

Means + S.E., n=10. Different superscripts in eaglumn express significant difference
with control at R0.01, in ‘t’ test. Results are expressed as thenmééhree replicates (10

plants each)Chlorophyll = mg g (f.m.).
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Table 13 (a). ANOVA of data presented in table 13 for total cbianyll (1

day)

Source of

Variation SS df MS F P—value F crit
Rows 2.051145 3 0.683715 7.680019 0.000911 3.008787
Columns 0.59768 8 0.07471 0.839201 0.577966 2.355081
Error 2.136604 24 0.089025

Total 4.785429 35

Table 13 (b). ANOVA of data presented in table 13 for total chbiainyll

content (3 days)

Source of

Variation SS df MS F P—value F crit
Rows 2.394024 3 0.798008 8.826285 0.000403 3.008787
Columns  0.550703 8 0.068838 0.761375 0.639072 2.355081
Error 2.169904 24 0.090413

Total 5.114632 35

Table 13 (c). ANOVA of data presented in table 13 for total cib ratio for 1

day

Source of

Variation SS df MS F P—value F crit
Rows 5.275203 3 1.758401 7.148763 0.001356 3.008787
Columns 2.105426 8 0.263178 1.069949 0.415714 2.355081
Error 5.903346 24 0.245973

Total 13.28398 35

Table 13 (d).ANOVA of data presented in table 13 for total &ib ratio for 3

days

Source of

Variation SS df MS F P—value F crit
Rows 3.28303 3 1.094343 4.538053 0.011746 3.008787
Columns 1.501583 8 0.187698 0.778351 0.625567 2.355081
Error 5.787557 24 0.241148

Total 10.57217 35
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4.6. Variations in carbohydrate contents of wheat plantssubjected to
water and salt stress
4.6.1. Total soluble carbohydrates

The content of total soluble carbohydrates in a#sérought (Table
14) and salt stress (Table 15) in all the nineetes for both leaf and root
showed a significant initial increase with the mese in the duration and
severity of stress which after an initial increaselined in case of MW, GY,
LV and SO.

Table 14.Content of total soluble sugar in wheat variesielsjected to water stress

Varieties Part of Total soluble sugar
plant 0D 3D 6D 9D
MW Leaf 17.00+0.09 53.00+0.08  37.34+0.08 29.66+0.0%1
Root 5.34+0.06 10.50+0.02  36.34+0.08  24.66x0.04
GY Leaf 28.34+0.04 54.00+0.08  33.34+0.160  28.34+0.08
Root 14.34+0.05 16.06+0.04  36.66+0.08  33.34+0.08
KD Leaf 17.00+0.09 24.66x0.08  61.34+0.08  84.00+0.16
Root 15.3240.02 44.00+0.04  84.68+0.02 117.32+0.02
GN Leaf 26.00+0.02 43.34+0.04  77.00+0.08 109.00+0.10
Root 20.00£0.06 69.32+0.03 121.32+0.08 192.68+0.04
KW Leaf 21.00+0.05 28.30+0.08  65.17+0.02  74.30+0.04
Root 13.20+0.00 35.94+0.07  79.65+0.08 109.45+0.04
LV Leaf 11.1240.05 58.00+0.08  31.12+0.1} 27.55+0.16
Root 5.20+0.03 11.40+0.04  31.10+0.08  27.00+0.08
UP 2752 Leaf 13.71+0.05 58.43+0.04  33.71x0.03  29.52+0.04
Root 9.00+0.01 13.00+0.03  33.01+0.04  29.00+0.02
PBW 343 Leaf 18.31+0.04 25.00+0.04  48.77+0.16  50.10+0.1%
Root 8.00+0.01 11.70+0.08  31.25+0.04  35.40+0.0%
SO Leaf 18.60+0.04 37.20+0.07  43.00+0.11  44.00+0.09
Root 6.20£0.03 12.40+0.01  70.00+0.03 58.10+0.16

CD Value between treatments (leaf)/(root)

=17.27776/22.55806
=25.91663/3F83

CD Value between varieties (leaf)/(root)

Means = S.E., n=10. Different superscripts in eaclumn express significant difference
with control at R0.01, in ‘t’ test. Results are expressed as thennoédhree replicates (10
plants each). Total soluble sugar = mfj(d.m.) and reducing sugar = mg ¢d.m.).
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However, in case of other five varieties the eontof total soluble
sugar continued to increase even after tRel@® of water stress and aftéf 3
day of salt stress for all the salt concentratianrease in the severity of both
water and salt stress for 9 days and for 1 & 3 adiyhifferent concentration of
salt resulted in increase in the accumulation t&#l teoluble sugar in KW, GN,
KD, UP 2752 and PBW 343 with the highest valuesoled during 200mM
of salt concentration. The accumulation of totdliste sugar was significantly
highest in case of GN in both root and leaf tharnhe& other varieties with the
lowest value observed in case of LV. In comparisba,accumulation of total
soluble sugar following both water and salt stiessase of leaf and root in
MW, GY, LV and SO was not very significant howevaer, the other five
varieties the induction of stress and the increaséhe severity of stress
resulted in a significant difference in the accuatioh of total soluble sugar in
the leaf and root. The accumulation of total s@usligar in case of leaf was

much more than the accumulation in case of le&ih GN and KD.

Table 14 (a). of data presented in table 14 for total solublges in leaf

Source of

Variation SS df MS F P—value F crit
Rows 6071.643 3 2023.881 6.417627 0.002395 3.008787
Columns  3410.602 8 426.3253 1.351856 0.26681 2.355081
Error 7568.708 24 315.3628

Total 17050.95 35

Table 14 (b).ANOVA of data presented in table 14 for total s¢éusugar in root

Source of

Variation SS df MS F P—value F crit
Rows 20632.9 3 6877.634 12.7938 3.4E-05 3.008787
Columns  26149.62 8 3268.702 6.080452 0.000259 2.355081
Error 12901.81 24 537.5755

Total 59684.33 35
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Table 15.Content of total soluble sugar in wheat variesiglsjected to salt stress

Total soluble sugar

Varieties Treatment Leaf Root
(mM) 1D 3D 1D 3D
MW 0 17.00+0.05 19.01+0.04 5.34+0.08 5.50+0.11
50 32.10+0.05 34.50+0.03 9.80+0.08 12.30+0.05
100 49.00+0.06 43.00£0.05  19.20+0.08 15.80+0.08
200 22.10+0.04 22.00+0.03 17.80+0.02 11.32+0.08
GY 0 28.34+0.05 29.20+0.05  14.34+0.03 14.00+0.06
50 37.30+0.01 44.70+0.03  14.90+0.08 17.00+0.08
100 50.02+0.10 39.10+0.02  26.20+0.02 12.40+0.02
200 26.90+0.07 21.30+0.08 15.50+0.08 9.90+0.08
KD 0 17.00+0.09 16.90+0.01 15.32+0.08 15.02+0.02
50 41.06+0.06 46.30+0.03 27.40+0.02 31.30+0.08
100 54.20+0.056 59.00+0.02  49.50+0.0% 55.30+0.04
200 57.32+0.1%  62.30+0.08 57.40+0.0% 74.20+0.08
GN 0 26.00+0.04 25.90+0.05 20.00+0.06  21.20+0.05
50 39.80+0.03 40.40+0.08  29.40+0.08  34.00+0.08
100 55.10+0.07 58.30+0.04 54.00+0.04  61.20+0.04
200 60.00+0.17  61.10+0.02 59.00+0.02 77.70+0.07
KW 0 21.00+0.04 21.50+0.04 13.20+0.1% 12.90+0.01
50 39.90+0.02 42.10+0.08 32.10+0.08 35.10+0.03
100 51.20+0.08 55.00+0.08 56.40+0.02 58.10+0.02
200 58.30+0.05 63.00+0.03 65.10+0.02 62.80+0.08
LV 0 11.12+0.04  12.00+0.02 5.20+0.08 5.50+0.03
50 33.00+0.02 38.20+0.08 10.10+0.04 14.20+0.08
100 45.20+0.10 43.10+0.04  14.40+0.03 11.10+0.04
200 23.60+0.1% 20.10+0.08 16.90+0.04 9.70+0.08
UP 2752 0 13.71+0.06 9.00+0.02 9.00+0.04 9.70+0.02
50 33.60+0.03 13.00+0.08 23.20+0.03 32.4+0.1%1
100 50.10+0.04 33.01+0.02 29.90+0.08 26.60+0.03
200 55.30+0.07 29.00+0.01 31.40+0.04  30.00+0.0%
PBW 343 0 18.31+0.02  17.00+0.02 8.00+0.0%1 7.90+0.04
50 29.90+0.08 32.60+0.03 11.10+0.0% 16.20+0.08
100 48.20+0.121  39.80+0.05 22.30+0.08 19.90+0.02
200 30.70+0.09 26.80+0.02 21.80+0.02 15.30+0.08
SO 0 18.60+0.03  17.90+0.05 6.20+0.04 6.70+0.02
50 34.30+0.05 37.90+0.02  10.12+0.03  13.30+0.04
100 48.70+0.08 41.50+0.04 20.50+0.02  16.20+0.04
200 24.10+0.08 21.90+0.08  17.00+0.0%  10.30+0.04
CD Value between reatments = 7.876124 9.115584 7.614245 11.5885
CD Value between varieties = 11.81419 13.67338 11.42137 17.38275

Means = S.E., n=10. Different superscripts in eaclumn express significant difference
with control at R0.01, in ‘t’ test. Results are expressed as thennoéahree replicates (10
plants each)Total soluble sugar = mg'y(d.m.).
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Table 15 (a). ANOVA of data presented in table 15 for total stédubugar in leaf
during ' day

Source of

Variation SS df MS F P—value F crit
2.95E-

Rows 4541.574 3 1513.858 23.10065 07 3.008787

Columns  1234.809 8 154.3511 2.355314 0.049981 2.355081

Error 1572.795 24 65.53313

Total 7349.178 35

Table 15 (b). ANOVA of data presented in table 15 for total sééubugar in leaf
during 3° day

Source of

Variation SS df MS F P—value F crit
Rows 3910.333 3 1303.444 14.84867 1.13E-05 3.008787
Columns 1968.43 8 246.0537 2.803012 0.024058 2.355081
Error 2106.765 24 87.78188

Total 7985.527 35

Table 15 (c).ANOVA of data presented in table 15 for total sédubugar in root
during ' day

Source of
Variation SS df MS F P—value F crit

Rows 3306.492 1102.164 17.9952 2.46E-06 3.008787
Columns 5036.814 8 629.6017 10.2796 3.99E-06 2.355081
Error 1469.944 24 61.24766

Total 9813.249 35

w
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Table 15 (d). ANOVA of data presented in table 15 for total sééubugar in root
during 3° day

Source of

Variation SS df MS F P—value F crit
Rows 2753.616 3 917.872 6.469811 0.002298 3.008787
Columns  8147.557 8 1018.445 7.178718 7.56E-05 2.355081
Error 3404.88 24 141.87

Total 14306.05 35

4.6.2. Reducing Sugars

The content of reducing carbohydrates in casbobfi water stress
(Table 16) and salt stress (Table 17) in all theeriarieties for both leaf and
root showed a general increase with the increagbherseverity of the stress
i.e., with the increase in the days of withholdimgter in case of water stress
and with the increasing concentration of salt igecaf salt stress for one and
three days. Following both water and salt stre$® increase in the
accumulation of reducing sugar was lower in cas&df, GY, LV and SO
than that of KW, GN, KD, UP 2752 and PBW 343 intbtgaf and root; the
increase in the accumulation of reducing sugar laasr in the roots than the
leaf in these varieties.

However, in case of KW, GN, KD, UP 2752 and PBW33he
accumulation of reducing sugar with the increastheseverity of stress was
much higher than the other varieties with the iaseesin the accumulation of
reducing sugar much more pronounced in the roais tiat of the leaf in these
varieties. It was observed that the accumulatiorreofucing carbohydrates
during salt stress was significantly higher thaat thf during drought stress in

the tested varieties.
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Table 16.Content of reducing sugar in wheat varieties stibgbto water stress

Varieties Treatment Reducing Sugar
(in days) Leaf Root
MW od 1.07+0.06 0.79+0.10
3d 1.39+0.08 0.85+0.08
6d 4.09+0.04 1.7040.08’
od 5.78+0.0% 2.63+0.07
GY od 1.96+0.02 1.67+0.05
3d 1.20+0.04 0.76+0.08
6d 1.81+0.01 1.37+0.09
ad 4.61+0.05 2.70+0.08
KD od 2.97+0.04 1.56+0.07
3d 9.89+0.03 8.07+0.0%
6d 21.86+0.02 22.95+0.04
od 32.03+0.0% 45.56+0.06
GN od 1.76+0.04 0.11+0.06
3d 10.56+0.08 7.26+0.07
6d 28.70+0.07 23.71+0.06
ad 36.11+0.08 52.22+0.08
KW od 1.90+0.16 1.25+0.02
3d 7.86+0.08 6.34+0.02
6d 18.95+0.07 17.36+0.07°
ad 30.10+0.08 34.25+0.04
LV od 3.20+0.04 0.60+0.04
3d 1.07+0.08 0.63+0.02
6d 3.06+0.04 1.22+0.01°
od 4.10+0.03 2.15+0.06’
UP 2752 od 6.50+0.05 1.12+0.0F
3d 1.18+0.06 0.93+0.10
6d 3.09+0.09 1.40+0.0Z
ad 5.10+0.08 3.21+0.04
PBW 343 od 4.20+0.0% 0.40+0.0F
3d 0.28+0.04 0.54+0.02
6d 0.19+0.07 0.39+0.04
od 3.10+0.03 1.95+0.058
SO od 1.35+0.05 2.00+0.0P
3d 2.14+0.06 1.7240.03
6d 5.79+0.03 2.89+0.05
ad 4.89+0.02 1.55+0.02
CD Value between Treatments = 6.434381 9.232227
CD Value between Varieties = 9.651572 13.84834

Means + S.E., n=10. Different superscripts in eamlimn express significant difference
with control at R0.01, in ‘t’ test. Results are expressed as thennoédhree replicates
(10 plants eachjTotal soluble sugar = mgig(d.m.).
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Table 16 (a). ANOVA of data presented in table 16 for reducingasun leaf

Source of

Variation SS df MS F P—value F crit
Rows 736.9763 3 245.6588 5.616721 0.004606 3.008787
Columns 1604.188 8 200.5234 4.584751 0.001717 2.355081
Error 1049.689 24 43.73704

Total 3390.853 35

Table 16 (b).ANOVA of data presented in table 16 for reducingasun root

Source of

Variation SS df MS F P—value F crit
Rows 1241.413 3 413.8043 4.595643 0.011154 3.008787
Columns 2374.661 8 296.8326 3.296574 0.01107 2.355081
Error 2161.026 24 90.04275

Total 5777.1 35
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Table 17.Content of reducing sugar in wheat varieties stibgbto salt stress

Reducing Sugar

Varieties Treatment Leaf Root
(mM) 1D 3D 1D 3D
MW 0 1.07+0.01 1.07+0.08  0.79+0.05  0.80+0.11
50 1.39+0.0% 2.11+0.01  0.88+0.08  0.99+0.0%
100 1.99+0.0% 2.45+0.05  1.69+0.06  1.73+0.03
200 3.45+0.02 5.79+0.03  2.01+0.04  2.23+0.08
GY 0 1.96+0.0% 2.01+0.05  1.67+0.08  1.60+0.04
50 2.11+0.06 2.35+0.08  1.71+0.04  0.79+0.0%
100 2.90+0.1%1 3.34+0.08 1.82+0.08  1.99+0.02
200 4.12+0.01 4.52+0.07 2.22+0.08  2.69+0.08
KD 0 2.97+0.02 3.10+0.03 1.56+0.03  1.55+0.03
50 8.57+0.04 11.22+0.08 5.59+0.08  6.11+0.01
100 18.32+0.03 21.64+0.06 11.20+0.08 15.10+0.08
200 25.34+0.08 27.56+0.01 19.88+0.08 22.20+0.04
GN 0 1.76+0.01 1.80+0.02  1.11+0.02  1.22+0.02
50 9.50+0.03 12.48+0.05  6.10+0.08  7.24+0.04
100 19.98+0.05 23.22+0.06 14.22+0.06 17.98+0.02
200 26.23+0.04 29.85+0.03 19.98+0.08 28.41+0.08
KW 0 1.90+0.01 2.01+0.01 1.25+0.11  1.21+0.01
50 8.87+0.03 10.36+0.02  0.75+0.08  6.22+0.0%
100 15.66+0.05 18.50+0.04  1.76+0.03 14.55+0.08
200 24.66+0.07 26.30+0.08  1.99+0.08 20.11+0.02
LV C 3.20+0.02 3.96+0.03 1.12+0.08  0.59+0.03
50 3.99+0.0% 4.65+0.02 3.25+0.04  1.02+0.03
100 3.79+0.10 4.91+0.07 4.45+0.08  1.79+0.02
200 3.22+0.03 5.10+0.06 16.98+0.0Y  2.01+0.08
UP 2752 0 6.50+0.06 6.41+0.09 0.80+0.08  1.11+0.02
50 6.96+0.06 8.88+0.06 0.99+0.08  4.11+0.09
100 0.11+0.05 10.68+0.03 1.42+0.08  4.87+0.08
200 12.35+0.02 19.50+0.05 1.99+0.08 20.10+0.0%
PBW 343 0 4.20+0.01  4.32+0.02  2.00+0.02  0.79+0.02
50 5.45+0.02 5.90+0.03 2.41+0.08  1.54+0.0%
100 6.69+0.04  8.01+0.08 2.63+0.08 1.62+0.04
200 6.98+0.06 10.11+0.08 2.77+0.04  2.54+0.08
SO 0 1.35+0.0% 1.40+0.05 1.35+0.05  2.11+0.02
50 2.80+0.08 4.19+0.04 2.14+0.04  2.61+0.08
100 3.24+0.08 3.69+0.02 5.79+0.0%2  2.69+0.02
200 4.90+0.04 5.87+0.11 4.89+0.07  2.99+0.0%
CD Value bet. treatments= 4.458234 4.708482  3.807466 4.811927
CD Value bet. varieties = 6.687351 7.062722 5.711199 7.21789

Means + S.E., n=10. Different superscripts in easlumn express significant difference
with control at R0.01, in ‘t’ test. Results are expressed as thennoédhree replicates (10
plants each). Reducing sugar = mg(d.m.).
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Table 17 (a).ANOVA of data presented in table 17 for reducingasuin leaf during
1% day

Source of

Variation SS df MS F P—value F crit
Rows 471.7868 3 157.2623 7.489675 0.001049 3.008787
Columns 827.8046 8 103.4756 4.928063 0.001086 2.355081
Error 503.933 24 20.99721

Total 1803.525 35

Table 17 (b).ANOVA of data presented in table 17 for reducingasuin leaf during
3% day

Source of

Variation SS df MS F P—value F crit
Rows 719.8985 3 239.9662 10.24596 0.000157 3.008787
Columns  1059.795 8 132.4744 5.656325 0.000431 2.355081
Error 562.0938 24 23.42058

Total 2341.787 35

Table 17 (c). ANOVA of data presented in table 17 for reducingasuin root during
1 day

Source of
Variatio

n SS df MS F P—value F crit
Rows 356.3826 3 118.7942 7.756886 0.000861 3.008787
Columns 496.176 8 62.022 4.049841 0.003619 2.355081
Error 367.5523 24 15.31468
Total 1220.111 35

Tglble 17 (d).ANOVA of data presented in table 17 for reducingasuin root during
3 day

Source of

Variation SS df MS F P—value F crit
Rows 536.9739 3 178.9913 7.317423 0.001194 3.008787
Columns 793.3914 8 99.17393 4.054373 0.003596 2.355081
Error 587.0634 24 24.46098

Total 1917.429 35
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4.6.3. Starch

The accumulation of starch in the leaf and rootswvafer stressed
(Table 18) and salt stressed (Table 19) wheat tiesieshowed a general
decline after an initial increase in all the casHse content of starch during
water stress increased significantly during tieday of stress followed by a
decrease after 6 days of water stress in casablfitevever the decrease in the
accumulation of starch in case of root was lowentthat of the leaf in all the
wheat varieties with the lowest accumulation bahbgerved in case of LV and
SO. Similar trend was observed during salt stresslfand 3 days for all
concentration of salt.

Table 18.Content of starch in wheat varieties subjectedrtmight stress

Part Content of Starch
Varieties Used Days of Stress
oD 3D 6D 9D

MW Leaf 11.01+0.02 16.23+0.08 11.04+0.03 19.64+0.0%
Root  11.92+0.08 27.26x0.02 10.63+0.03 11.25+0.04
GY Leaf 7.81+0.0f 17.36+0.08  9.00£0.02  15.14+0.02
Root  10.72+0.08 19.88+0.08 11.86+0.02 13.91+0.03
KD Leaf 9.14+0.0f 20.05+0.09  7.29+0.08  6.03+0.03
Root  19.64%0.08 44.73x0.08 28.37+0.02 20.59+0.08
GN Leaf 11.52+0.02 21.14+0.08  9.88+0.08  7.50+0.03
Root  11.59+0.08 47.56x0.02 24.14+0.02 16.50+0.01%
KW Leaf 8.99+0.02 15.58+0.02  7.87+0.08  7.12+0.03
Root 9.56+0.02 25.23+0.04 10.45+0.08  9.77+0.0f
LV Leaf 7.19+0.03 14.66+0.08  8.14+0.1f  7.39+0.08
Root 9.37+0.02 20.79+0.01 11.34+0.07  9.67+0.02
UP 2752 Leaf  11.2240.08 11.01+0.06 8.85+0.04  7.86+0.08
Root  10.21+0.08 31.12+0.07 24.31+0.08  8.99+0.08
PBW 343 Leaf  10.01+0.09 11.31+0.08  9.46+0.08  6.11+0.0%
Root  10.03+0.09 29.40+0.08 21.04+0.08  8.03+0.02
SO Leaf 9.07+0.02 13.16+0.08  7.07+0.04  6.01+0.0%
Root 9.64+0.06 19.75+0.08  10.4+0.05  6.00+0.08
CD Value between treatments= 2.814008 4.,338126
CD Value between varieties = 8.442024 6.507189

Means + S.E., n=10. Different superscripts in eadiumn express significant
difference with control at €£0.01, in ‘t’ test. Results are expressed as thennuéa
three replicates (10 plants each). Starch = th¢ogm.).
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Our result showed that the increase in the dagslb stress resulted
in the increase in the accumulation of starch isecaf both leaf and root
however for the higher concentration of salt theuatulation decreased during
the 3% day. The accumulation of starch decreased with itleeasing
concentration of salt after a steep rise for tligairconcentration, this decrease
was more pronounced in case of leaf than that aftsroThe highest
accumulation of starch was observed for GN and kbDoding both the
stresses and the lowest was observed in LV andAQhe other varieties
showed more or less a similar trend for both kifidstbesses respectively.
Starch accumulation was higher in the wheat vaset response to salt stress

than drought stress.

Table 18 (a). ANOVA of data presented in table 18 for starcheiafl

Source of

Variation SS df MS F P—value F crit
Rows 283.8155 3 94.60518 11.30911 8.1E-05 3.008787
Columns 117.2696 8 14.6587 1.752302 0.137283 2.355081
Error 200.7695 24 8.365395

Total 601.8546 35

Table 18 (b).ANOVA of data presented in table 18 for starchdnotr

Source of

Variation SS df MS F P—value F crit
Rows 1944.432 3 648.1441 32.60103 1.25E-08 3.008787
Columns 1052.726 8 131.5908 6.618891 0.00014 2.355081
Error 477.1462 24 19.88109

Total 3474.305 35
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Table 19.Content of starch in wheat varieties subjecteshtostress

Varieties Treatment Leaf Root

(mM) 1D 3D 1D 3D
MW 0 11.01+0.05  11.15+0.06  11.92+0.08 12.01+0.0%
50 17.20+0.05 19.50+0.02 19.88+0.02 22.10+0.06
100 20.90+0.03  22.10+0.02  17.32+0.08 15.10+0.02
200 11.60+0.03  11.01+0.02  12.20+0.02  10.30+0.02
GY 0 7.81+0.05 7.90+0.01  10.71+0.02  11.0+0.03
50 19.22+0.03  22.11+0.02  20.10+0.02 26.01+0.02
100 22.54+0.10  24.22+0.05  16.98+0.03 17.88+0.01
200 15.33+0.05  13.12+0.06  11.65+0.02 11.40+0.08
KD 0 9.160.0 9.22+0.01  19.64+0.01 19.99+0.03
50 21.00+0.02  29.20+0.02  37.88+0.02 42.40+0.02
100 26.33+0.06  31.10+0.0%  26.20+0.03 36.12+0.02
200 19.99+0.05  18.12+0.08  22.11+0.08 19.50+0.0%
GN 0 11.52+0.02 11.25+0.02  11.59+0.01 12.20+0.01
50 22.64+0.06  27.64+0.06  39.10+0.08 44.00+0.03
100 28.14+0.04  30.11+0.03  29.60+0.01 38.40+0.03
200 21.30+0.02  20.10+0.02  24.10+0.0% 19.89+0.02
KW 0 8.99+0.02 9.11+0.01 9.56+0.16  10.01+0.02
50 19.48+0.03  24.65+0.08  15.98+0.04 37.35+0.02
100 25.47+0.05  29.00+0.06  13.64+0.02 30.10+0.05
200 19.89+0.02  17.66+0.05 9.70+0.01  17.56+0.08
LV 0 7.19+0.03 7.20+0.02 9.37+0.04  9.54+0.03
50 9.32+0.04  17.69+0.05  15.98+0.08 17.85+0.04
100 17.50+0.°1  20.76+0.05  13.64+0.02 12.65+0.08
200 9.36+0.05 8.23+0.06 9.70+0.08  6.35+0.08
UP 2752 0 11.22+0.01 11.00+0.05 10.21+0.03 10.26+0.09
50 18.23+0.02 20.22+0.05 25.12+0.04 29.96+0.08
100 25.10+0.04 26.98+0.06  20.11+0.02 22.65+0.08
200 13.10+0.05 11.98+0.08 15.96+0.08 13.51+0.04
PBW 343 0 10.01+0.06 10.13+0.02  10.03+0.08 10.12+0.0%
50 16.60+0.05 20.65+0.05 21.02+0.05 30.21+0.04
100 19.88+0.02 23.68+0.0%  19.65+0.02 20.32+0.08
200 12.30+0.04 10.22+0.09  15.20+0.08 14.65+0.02
SO 0 9.07+0.02 9.11+0.10 9.64+0.04  9.71+0.01
50 18.10+0.05 20.30+0.09  19.16+0.03 25.10+0.08
100 21.65+0.0%4 26.00+0.08  16.36+0.01 18.67+0.03
200 10.09+0.0L 9.31+0.10  12.30+0.08 10.20+0.02

CD Value between treatments= 2.089539 2.046043 3.17669 3.78034
CD Value between varieties = 3.13430 3.069064 4.76504 15.5796

Means + S.E., n=10. Different superscripts in easlumn express significant difference
with control at R0.01, in ‘t’ test. Results are expressed as thennoéahree replicates (10
plants each)Starch = mg @ (d.m.).
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Table 19 (a).ANOVA of data presented in table 19 for starcheiaflduring 1 day

Source of

Variation SS df MS F P—value F crit
1.69E-

Rows 866.9172 3 288.9724 62.64978 11 3.008787
4 81E-

Columns 280.7693 8 35.09616 7.608916 05 2.355081

Error 110.7001 24 4.612504

Total 1258.387 35

Table 19 (b).ANOVA of data presented in table 19 for starcheiaflduring &' day

Source of

Variation SS df MS F P—value F crit
1.41E-

Rows 1590.422 3 530.1406 119.8742 14 3.008787
3.26E-

Columns 282.7853 8 35.34816 7.992847 05 2.355081

Error 106.1394 24 4.422474

Total 1979.346 35

Table 19 (c).ANOVA of data presented in table 19 for starchdatrduring ' day

Source of

Variation SS df MS F P—value F crit
1.33E-

Rows 1035.547 3 345.1824 32.37892 08 3.008787
4.27E-

Columns 869.9357 8 108.742 10.20025 06 2.355081

Error 255.8572 24 10.66072

Total 2161.34 35

Table 19 (d).ANOVA of data presented in table 19 for starchdatrduring &' day

Source of

Variation SS df MS F P—value F crit
3.88E—

Rows 2098.753 3 699.5843 46.3386 10 3.008787
4.52E—-

Columns 1223.973 8 152.9966 10.13409 06 2.355081

Error 362.3334 24 15.09723

Total 3685.059 35

122



4.7. Effect of stresses on phenolics of wheat varieties
4.7.1. Phenol contents

The content of total phenol increased with insesi the severity of
the stress in all varieties. During water stresstttal and ortho phenol content
(Figure 17) showed a significant increase withitteeease in the days of stress
however the total phenol content in case of MW &Y showed an initial
decrease followed by an increase and in case ofABXV 343, UP 2752 the
content of total phenol decreased during tflel@y of withholding water. The
accumulation of phenol was highest in case of KN, &d KW during the ®
day of water stress with the other four varietiesveing comparatively lower
accumulation. Similarly, ortho phenol content ineah varieties following
water stress increased significantly in all theietsgs with the highest
accumulation being observed in case of KD, GN aMWl End the lowest
accumulation of total phenol content was observet\i and SO for all the
days of stress. During salt stress the total phemlent (Figure 18) showed a
similar trend as during the water stress. Howewgih) the increase in the
concentration of salt for the’iand & day the total phenol content increased
only in case of KD, GN, KW and UP 2752 with a étflower accumulation
during the salt concentration of 100mM in all thaysl of stress. The
accumulation of total phenol in the other wheatietas increased for the
lower concentration of salt but later decreased indurhigher salt
concentrations. This trend was similar for the saftss during both thé'and
the 3% day of salt stress for all concentrations. Theusndation of ortho
phenol (Figure 19) increased with the increasehm ¢oncentration of salt
during the & day in all cases except LV where it decreasedtlier salt
concentration of 200mM and during th& day the content of ortho phenol
increased in case of GN, KD, KW, UP 2752, PBW 3d8 80 with increasing
concentration of salt and in all other varietiedé&creased during 100 and
200mM of salt concentration. The accumulation ¢éltand ortho phenol was
highest in case of GN, KD and it was lowest in aafskV and SO during both
the stresses.
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Figure 17. Content of total phenol (A) and ortho phenol (B)the leaves of nine
wheat varieties subjected to drought stress. Dsnjaiatter; Results are expressed as
the mean of three replicates (10 plants each).ekifft letters indicate significant
differences with respect to controkp01). 0D- 0 day, 3D- 3 days, 6D—- 6 days, 6D—
9 days of drought treatment
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Figure 18. Content of total phenol in the leaves of nine wheateties subjected to
salt stress for 1 day (A) and 3 days (B). Dm, datter; Results are expressed as the
mean of three replicates (10 plants each). Bamrgesept SE. Different letters indicate
significant differences with respect to control<@1). OmM, 50mM, 100mM,
200mM corresponds to the concentration of salt (NaC

125



100 mM. B.200 mM

mg g tissue (dm)

Varieties

100 mM  m200mM

mg g ! tissue (dm)

Varieties

Figure 19. Content of ortho phenol in the leaves of nine wheaieties subjected to
salt stress for 1 day (A) and 3 days (B). Dm, dattar; Results are expressed as the
mean of three replicates (10 plants each). Bamrgesept SE. Different letters indicate
significant differences with respect to controk@Q1). OmM, 50mM, 100mM,
200mM corresponds to the concentration of salt (NaC
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4.7.2. HPLC profiles
4.7.2.1. Total phenols

The profile of total phenols in HPLC in the leaf l0¥ and GN was
studied during drought and salinity stress in otdedetermine and identify the
source of the phenols in the leaves. It was evideat the content of total
phenols during water and salinity stress enhanoedase of all the wheat
varieties in our study with the highest contentorded in case of GN in our
study and the least in case of LV following bothtevaand salt stress
separately which was proven in the studies madhidfly performance liquid
chromatography in the same varieties under stMgsiber, height and area of
the peaks obtained in HPLC study in case of GNnduimcreasing days and
concentration of water (Figure 21) and salt st(Esgure 23) were much more
than that of LV where the number, height and theaaof the peaks were
comparatively lesser during water (Figure 20) andng salt stress (Figure
22) respectively. With increase in the duratiordadught, one peak identified
as the ferulic acid was most prominent in bothuagety with retention time
of about 22.98 (peak 11), 24.82 (peak 7), 23.52Kp® and 23.30 (peak 8)
minutes in case of LV during 0, 3, 6 and 9 daypeesvely (Figure 20a, 20b)
and in case of GN the same peak had the retentiandf about 23.26 (peak
8), 23.89 (peak 8), 23.89 (peak 10) and 24.69 (d€akminutes respectively
(Figure 21a, 21b) with increase in the days of elding water. With the
increase in the severity of drought the height arec of this peak increased in
case of GN whereas in case of LV (Table 20-27)pbak height and area
decreased. The peak for ferulic acid in case dfstess in GN and LV also
showed the same trend (Figure 20-21). The heightesa of peak for ferulic
acid (peak 7) in LV during salt stress with retenttime of about 24 minutes
(Table 28—-33) decreased with the increase in theerdration of salt stress in
LV and during the 8 day of stress, the height and area of the peakased in
the salt concentration 100 and 200mM (Figure 22h 2#2b). The same peak
for ferulic acid (peak 7, 6, 5 during'Hay and peak 8, 7, 6 durin§f 8lay for
50, 100 and 200mM respectively) in case of GN feifgy salt stress was
comparatively smaller in height and its area howevigh the increase in the

concentration of salt in thé®day an increase was observed (Figure 23a and
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23b). Peak number 20, 11, 13 and 15 in LV duriraught (Figure 20a, b) and
peak number 16, 16, 18 and 19 during salt stragsi@-22a, b) was identified
as salicylic acid with retention time shown in tilespective tables (Table 20—
27).

Voltage [1E3 mV]

50
Time [min.

Voltage [1E3 mV]

50
Tirne [min]

Figure 20(a). HPLC of total phenols in the leaf of onentmoold plant of LV
following drought stress for A-0 day and B—3 days
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Figure 20(b). HPLC of total phenols in the leaf of onemntioold plant of LV
following drought stress for C—6 days and D—9days
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The height and area of this peak increased amiyng the later phase
of drought stress in case of LV; however, in GN tieght of this peak
increased with the increase in the duration ofsstrand this peak was
prominent. In case of salinity stress, peak nunizeril, 13 during °1 day
(Figure 22a) and peak number 12, 12, 13 (Figure) 2@bing the 3 day
respectively in case of LV was identified as sdicyacid which was
prominent peak however the change in the height amed was not very
significant (Table 28-33). The peak for salicylit ¢ase of GN with peak
number 15, 10, 8 during®™iday (Figure 23a) and 16, 14, 13 duridf Gay
(Figure 23b) respectively was identified as thekpfea salicylic acid which
was also a prominent peak and the height and drehisopeak increased
significantly with the increase in the durationsaiit stress however increasing
concentration of salt decreased its appearanckeirHPLC analysis. During
drought in LV (Figure 20a, b) peak number 8, 4nd & during drought was
identified as chlorogenic acid which was signifitgmprominent and was well
observed with increase in the increase in the duraif water stress. In GN
peak number 5, 5, 7 and 6 (Figure 21a, b) was iftethias chlorogenic acid
which during drought increased significantly in litsight and area (Table 20—
27) with increasing days of stress. The peaks fdorogenic acid identified
with peak number 4 in case of LV during salt strigsgure 22a, b) and peak
number 4, 3, 2 during®day and 5, 4, 3 during®day of salt stress of 50, 100
and 200mM salt concentration in GN (Figure 23awals very prominent
during salt stress and increased with increaskdardtration and concentration
of salt stress. The area and peak heights are shmtlie corresponding tables.
Caffeic acid was also identified during the HPL@ ras peak number 7 in 0
days of drought and peak 4 in tH& @ay in case of LV and was absent or less
prominent during the3and the & day of drought stress (Figure 20a, b) which
was prominent in the control plant of LV and reageel during the 9 day.
Peak number 4 in control (0D) antf 8ay, peak number 6 during th& @ay
and peak 5 in the"™day of drought was identified as caffeic acid ase of
GN (Fiugre 21a, b). The peak for caffeic acid isec@f GN was prominent
during the initial days of drought however; it wass prominent during thé"9
day. During salt stress, peak number 3 duritigldy of salt stress in LV and

peak number 5, 3 and 3 durin§ 8ay was identified as caffeic acid (Figure
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22a, b) and in case of GN, peak number 3, 2 dutihday of 50 and 100mM
of salt concentration was identified as caffeicdaand peak number 4, 3, 2
during the % day of 50, 100 and 200mM of salt stress respdgtive
corresponded to caffeic acid (Figure 23a, b). Siyilnumbers of peaks were
observed during drought and salt stress which vpeominent during both
drought and salt stress which were unidentifiedun standards for phenols.
However the phenolic acid analysis was more smeafid a number of

phenolic acids were analyzed in our study.

Table 20: Peak table of data presented in Figure 20a (A).Yor

Peak No. Retention time Area (mV.s) Height (mV)
1 3.000 303.6590 25.556
2 3.670 373.1670 26.233
3 11.800 439.2776 21.693
4 13.940 471.8729 29.676
5 14.320 752.1698 39.230
6 15.150 1200.2916 67.376
7 18.740 990.1350 59.954
8 20.390 1909.5825 122.463
9 21.640 3145.2429 172.915
10 22.640 5084.8773 364.692
11 22.980 17123.7593 930.018
12 23.820 2514.6365 158.283
13 24.930 860.5621 45.148
14 26.000 1686.4858 71.224
15 26.360 562.9983 38.428
16 26.860 1114.4745 78.135
17 27.430 586.8967 50.205
18 27.630 840.2752 54.662
19 28.040 888.2747 58.040
20 30.110 1410.2560 67.036

Table 21:Peak table of data presented in Figure 20a (Bl).Vor

Peak No. Retention time Area (mV.s) Height (mV)
1 2.990 709.0265 57.057
2 16.130 2966.9456 83.331
3 16.151 2722.4151 83.335
4 21.340 2465.9560 98.697
5 22.750 1951.3912 43.728
6 24.150 5585.6991 209.837
7 24.820 20360.7756 743.137
8 25.970 3904.7446 102.480
9 29.420 1198.3382 31.869
10 29.930 589.7099 32.687
11 30.870 2864.0153 67.281
12 31.680 664.0000 26.358
13 36.380 4582.4382 104.228
14 37.630 1216.1555 44.312
15 38.100 1639.1381 31.915
16 48.520 610.6400 26.781
17 48.860 1051.6001 40.261
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Table 22: Peak table of data presented in Figure 20b (C).¥or

Peak No. Retention time Area (mV.s) Height (mV)
1 2.980 652.1378 60.485
2 15.790 1390.4876 80.199
3 16.290 1319.8140 80.593
4 20.900 1971.8214 105.935
5 22.210 1229.5697 26.741
6 23.140 2864.7277 188.433
7 23.520 9873.5399 703.141
8 24.190 1618.3532 85.834
9 26.390 1130.0073 22.852
10 27.300 432.4815 23.292
11 27.730 887.5220 37.317
12 28.380 558.7761 36.367
13 30.420 964.8697 46.352
14 47.660 631.9537 33.650

Table 23: Peak table of data presented in Figure 20b (D)LYor

Peak No. Retention time Area (mV.s) Height (mV)
1 15.700 3221.6470 185.915
2 16.210 1707.6259 98.255
3 17.720 664.1004 23.741
4 19.110 857.3840 42.915
5 20.770 3299.8170 182.686
6 22.060 2134.2356 55.957
7 22.920 4215.0234 269.22
8 23.300 20983.1665 923.555
9 24.040 4032.0835 240.205
10 26.060 1769.5359 48.372
11 27.160 789.1271 41.258
12 27.610 2056.7328 61.827
13 28.270 927.4030 55.680
14 28.840 928.3590 30.984
15 30.330 2243.5639 106.620
16 33.040 723.2449 29.670
17 47.570 905.4995 48.640
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Figure 21a. HPLC of total phenols in the leaf of one rhooitd plant of GN following
drought stress for A—0 day and B-3 days
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Figure 21b. HPLC of total phenols in the leaf of one nhoold plant of GN following
drought stress for C—6 days and D-9 days
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Table 24:Peak table of data presented in Figure 21a (Ajfer

Peak No. Retention time Area (mV.s) Height (mV)
1 14.830 523.1013 30.960
2 15.680 454.7880 24.927
3 16.160 409.3989 24.795
4 19.050 783.6187 50.117
5 20.710 1681.5221 104.089
6 21.970 2192.0253 142.672
7 22.910 5308.4744 391.850
8 23.260 13768.7649 919.410
9 23.950 1269.5236 62.628
10 25.070 1157.6486 77.313
11 26.090 1720.9895 93.521
12 26.470 943.3739 57.901
13 27.010 1639.7674 100.846
14 27.460 1570.2496 74.480
15 28.100 1181.1836 79.749
16 30.120 1841.0583 91.803
17 33.870 505.7158 30.479

Table 25: Peak table of data presented in Figure 21a (Bgxfér

Peak No. Retention time Area (mV.s) Height (mV)
1 15.420 514.2305 26.363
2 16.320 3557.5919 218.075
3 16.790 1115.7852 67.366
4 19.590 1346.4181 83.882
5 21.240 3703.5444 226.566
6 22.610 4110.0996 164.115
7 23.580 6781.1151 502.080
8 23.890 18537.8569 966.918
9 24.610 3752.5152 238.567
10 25.760 790.5866 47.841
11 26.680 1715.3778 68.534
12 27.070 1103.2856 55.262
13 27.670 1289.9084 93.137
14 27.990 2801.7172 130.672
15 28.670 1352.1600 90.615
16 30.630 3921.5457 209.516
17 33.440 855.7588 39.443
18 34.380 667.2610 34.578
19 35.550 706.4179 22.689
20 47.600 398.1242 22.008
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Table 26: Peak table of data presented in Figure 21b (Cidr

Peak No. Retention time Area (mV.s) Height (mV)
1 3.070 345.0835 17.100
2 14.960 358.0790 21.095
3 15.420 514.2305 26.363
4 16.320 3557.5919 218.075
5 16.790 1115.7852 67.366
6 19.590 1346.4181 83.882
7 21.240 3703.5444 226.566
8 22.610 4110.0996 164.115
9 23.580 6781.1151 502.080
10 23.890 18537.8569 966.918
11 24.610 3752.5152 238.567
12 25.760 790.5866 47.841
13 26.680 1715.3778 68.534
14 27.070 1103.2856 55.262
15 27.670 1289.9084 93.137
16 27.990 2801.7172 130.672
17 28.670 1352.1600 90.615
18 30.630 3921.5457 209.516
19 33.440 855.7588 39.443
20 34.380 667.2610 34.578
21 35.550 706.4179 22.689
22 47.600 398.1242 22.008

Table 27: Peak table of data presented in Figure 21b (Dystdr

Peak No. Retention time Area (mV.s) Height (mV)
1 11.330 248.9855 13.413
2 15.550 456.3200 21.828
3 16.490 2800.7867 163.385
4 17.010 983.4809 55.051
5 18.680 514.9884 18.954
6 20.250 1324.5289 76.216
7 22.040 3392.1218 223.634
8 23.400 3823.7283 166.478
9 24.380 6559.8938 472.292
10 24.690 19289.0348 976.909
11 25.500 3384.3758 194.446
12 26.660 812.9294 38.461
13 27.730 1431.3328 61.607
14 28.120 708.6736 45.477
15 28.670 1342.7970 80.109
16 29.160 2870.3657 93.935
17 29.830 1506.0134 94.003
18 30.360 647.2980 24.973
19 31.900 4045.5554 221.921
20 32.910 829.6450 23.476
21 34.660 857.3288 37.078
22 35.730 628.8024 33.456
23 49.190 660.9716 38.468
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Figure 22 (a). HPLC profile of total phenols in the leawturing salt stress in one

month old plant of LV following NaCl treatment; Aé&M, B-100mM C-200mM
for the £'day
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Figure 22 (b). HPLC profile of total phenols in the leavduring salt stress in one
month old plant of LV following NaCl treatment; D&M, E-100mM F—200mM for
the 3° day
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Table 28: Peak table of data presented in Figure 22a (A).Yor

Peak No. Retention time Area (mV.s) Height (mV)
1 16.530 4486.2155 207.242
2 18.560 331.7083 20.592
3 20.050 688.8392 31.530
4 21.780 3151.8747 152.564
5 23.120 1632.4992 43.734
6 24.030 3802.4440 246.441
7 24.450 16419.6329 971.204
8 25.090 3451.4475 189.814
9 27.070 1772.5937 37.097
10 28.260 728.3323 42.385
11 28.610 1657.2986 65.420
12 29.300 821.1341 49.977
13 29.870 877.4953 30.097
14 31.350 1870.7228 84.348
15 32.270 753.3488 22.853
16 34.080 692.1439 29.139
17 36.370 754.8201 20.936
18 48.800 1436.8299 78.477

Table 29: Peak table of data presented in Figure 22a (Bl).Vor

Peak No. Retention time Area (mV.s) Height (mV)
1 16.160 1824.6152 113.910
2 16.660 557.0002 26.834
3 19.680 358.2666 17.069
4 21.380 1384.4939 76.665
5 22.670 889.5586 26.019
6 23.620 1951.7154 128.008
7 24.000 8896.2739 634.069
8 24.660 1814.0872 99.955
9 26.640 552.8736 16.320
10 28.190 781.2073 24.259
11 30.910 805.0514 36.399
12 48.250 545.0029 27.835

Table 30: Peak table of data presented in Figure 22a (Q)Vor

Peak No. Retention time Area (mV.s) Height (mV)
1 15.780 3196.7621 175.017
2 17.810 406.5090 15.607
3 19.210 359.8530 19.519
4 20.850 1950.3365 96.238
5 22.120 817.6982 21.417
6 23.030 2012.7062 138.022
7 23.390 10990.7868 797.445
8 24.060 2142.9909 136.324
9 26.020 744.3247 23.993
10 27.430 1130.0694 34.277
11 28.190 420.4068 26.344
12 28.730 510.6626 21.483
13 30.160 1045.8800 53.620
14 32.890 351.3350 16.281
15 47.330 1262.7338 70.646
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Table 31:Peak table of data presented in Figure 22b (D)LYor

Peak No. Retention time Area (mV.s) Height (mV)
1 2.640 2406.1781 145.538
2 3.610 702.6333 41.847
3 11.760 1275.1473 16.385
4 13.290 1008.7914 15.509
5 18.340 1501.6873 23.078
6 21.960 2221.9322 101.268
7 22.500 16332.5465 440.225
8 23.140 2564.2141 115.341
9 25.590 1005.3236 19.687
10 27.260 2020.6758 40.926
11 27.940 778.5287 35.902
12 30.120 1263.7829 51.919
13 32.870 682.4148 26.374
14 35.250 531.1103 18.544
15 47.490 1238.7410 64.495
25 49.600 577.0111 36.209

Table 32:Peak table of data presented in Figure 22b (E).VNor

Peak No. Retention time Area (mV.s) Height (mV)
1 15.620 1674.2253 110.047
2 16.120 892.7828 54.944
3 19.020 280.5231 15.907
4 20.690 1833.6599 108.771
5 21.970 891.6411 23.501
6 22.880 2616.0812 183.960
7 23.250 12917.4106 963.877
8 23.920 1724.4318 111.369
9 26.970 404.5409 23.246
10 27.420 1140.7120 40.816
11 28.070 537.9539 39.838
12 30.110 897.0819 57.227
13 31.050 227.2842 14.299
14 32.780 321.1536 22.543
15 35.090 269.1202 13.523
16 47.230 1206.3558 66.512
17 49.330 902.5013 57.722

Table 33:Peak table of data presented in Figure 22b (H).¥or

Peak No. Retention time Area (mV.s) Height (mV)
1 15.520 2451.7024 157.844
2 16.050 1080.6384 62.589
3 18.940 537.0669 25.634
4 20.580 2473.3486 143.174
5 21.850 1089.2534 33.603
6 22.760 3168.1879 222.629
7 23.090 15249.0815 987.425
8 23.810 2700.9380 163.587
9 25.780 815.8082 37.218
10 27.300 1706.9559 53.206
11 27.950 812.7629 50.101
12 28.490 531.7824 26.455
13 29.980 1682.1945 82.193
14 30.940 780.8076 23.328
15 32.670 590.5786 31.700
16 47.140 1310.2386 72.220
17 49.240 742.2390 47.131
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Figure 23 (a). HPLC profile of total phenols in the leavduring salt stress in one
month old plant of GN following NaCl treatment; A#%M, B-100mM C-200mM

for the ' day
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Table 34:Peak table of data presented in Figure 23a (AJfdr

Peak No. Retention time Area (mV.s) Height (mV)
1 15.800 4695.3641 267.643
2 18.670 439.8508 19.395
3 19.240 1177.4229 51.760
4 20.890 2512.8329 153.861
5 22.140 2201.4577 94.184
6 23.070 3952.4180 277.884
7 23.410 15244.6573 975.764
8 24.100 3045.2502 179.685
9 25.220 474.6405 20.348
10 26.230 1387.1074 35.271
11 27.140 816.2642 48.192
12 27.480 2035.0635 72.078
13 28.240 831.2607 49.638
14 28.790 664.3033 21.627
15 30.260 2632.8764 140.129
16 32.950 633.9049 27.333
17 47.460 1177.3621 66.153

Table 35: Peak table of data presented in Figure 23a (Bgxiér

Peak No. Retention time Area (mV.s) Height (mV)
1 15.900 1436.0791 91.936
2 19.340 318.7543 18.317
3 20.000 135.5207 4.386
4 21.010 950.3179 56.769
5 22.270 852.1264 34.809
6 23.200 1607.4486 107.946
7 23.590 5858.5861 422.118
8 24.220 1142.6491 64.348
9 27.260 255.3694 17.246
10 27.650 719.4571 26.003
11 28.340 303.1147 18.214
12 30.360 937.0563 49.564
13 47.590 371.3557 19.654

Table 36: Peak table of data presented in Figure 23a (Cpfor

Peak No. Retention time Area (mV.s) Height (mV)
1 16.250 846.2721 52.557
2 21.220 647.7336 33.640
3 22.490 568.7914 22.391
4 23.400 986.4447 64.229
5 23.820 3732.8482 251.796
6 24.410 804.8136 42.071
7 27.800 452.1203 19.125
8 30.500 638.7081 32.950
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Table 37:Peak table of data presented in Figure 23b (Dysfdr

Peak No. Retention time Area (mV.s) Height (mV)
1 15.510 2332.2165 150.829
2 16.020 556.2953 33.043
3 17.730 430.2381 20.568
4 18.950 729.7159 40.306
5 20.610 2631.8371 145.925
6 21.860 2266.2969 90.794
7 22.780 3885.4913 275.085
8 23.150 14279.7832 986.767
9 23.840 2671.0889 156.035

10 24.950 520.5766 20.478
11 25.970 545.9192 36.400
12 26.330 388.7045 26.055
13 26.870 898.6843 49.270
14 27.260 1933.0027 66.781
15 27.980 1076.7879 66.641
16 30.020 2503.0694 143.735
17 30.980 647.9043 22.097
18 32.240 929.0924 28.936
19 32.710 730.8788 36.848
20 33.770 632.6816 22.560
21 47.230 955.9214 52.165

Table 38:Peak table of data presented in Figure 23b (EGMr

Peak No. Retention time Area (mV.s) Height (mV)
1 15.640 3096.4323 166.658
2 17.870 395.1929 18.104
3 19.040 725.2846 40.127
4 20.700 2616.0018 149.840
5 21.970 2325.9726 92.559
6 22.880 3934.5614 276.618
7 23.240 14951.2329 984.501
8 23.940 2805.9840 164.314
9 25.070 496.1610 20.650
10 26.070 1467.4813 36.380

11 27.000 973.5837 51.657
12 27.370 1971.1566 78.786
13 28.070 1107.0678 68.985
14 30.110 3194.6146 157.341
15 31.050 659.8055 21.874
16 32.320 866.7498 26.933
17 32.790 941.6456 39.420
18 33.830 635.3400 23.405
19 35.090 521.7972 17.660
20 47.400 1009.7380 57.217
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Table 39:Peak table of data presented in Figure 23b (Fjfér

Peak No. Retention time Area (mV.s) Height (mV)
1 15.800 4695.3641 267.643
2 19.240 1177.4229 51.760
3 20.890 2512.8329 153.861
4 22.140 2201.4577 94.184
5 23.070 3952.4180 277.884
6 23.410 15244.6573 975.764
7 24.100 3045.2502 179.685
8 25.220 474.6405 20.348
9 26.230 1387.1074 35.271
10 27.140 816.2642 48.192
11 27.480 2035.0635 72.078
12 28.240 831.2607 49.638
13 30.260 2632.8764 140.129
14 32.950 633.9049 27.333
15 47.460 1177.3621 66.153

4.7.2.2. Phenolic acids

The extraction and analysis of phenolic acidsnfithe total phenols
obtained during stress treatments in the leavedrezted plants showed
interesting and significant results. One of the hpyeminent peaks observed
during the analysis of phenolic acids in case of @M LV was identified as
ferulic acid, followed by vanillic acid, cinnamicid, chlorogenic acid and also
salicylic acid. Peak number 1 in each treatment iastified as the vanillic
acid with retention time of about 2.99 or 2.95 ni@su(Table 40-51). The peak
for vanillic acid was two of the highest peak olveerin our study of phenolic
acid which was very prominent and its height inseghwith increased in the
concentration of salt in case of LV during tiedhy (Figure 24a) and for each
concentration of salt it showed enhancement on3fhalay (Figure 24b).
However, during the '3 day the highest peak in LV was observed in case of
lowest concentration of salt, i.e. 50mM but the kobaight decreased with
increase in the concentration of salt (Figure 2#fbrase of GN, however, the
peak for vanillic acid decreased slightly with iease in the concentration of
salt on the T day (Figure 25a). On the™3day of salt stress for the
corresponding concentration of salt the height edkpdecreased how ever
there was a significant increase in its heightend” day of salt concentration
of 200mM (Figure 25b). It was significant obsereatithat in GN, during the
3 day of salt stress, the tallest peak for vandiiid was observed during the
3 day.
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Figure 24(a). HPLC profile of phenolic acid in the leavifswheat (LV) following
salt stress in one month old plant; A-50mM, B—100n@M200mM for ' day
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Figure 24(b). HPLC profile of phenolic acid in the leaves of \ah¢LV) following
salt stress in one month old plant; D-50mM, E-10Qr&200mM for 5 days
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Vanillic acid was the tallest peak observed in GNing the %' day
among all the peaks obtained in HPLC. The tallestkp(peak 2) obtained in
case of GN and LV was identified as ferulic acidy(ife 24 and 25). The peak
of ferulic acid in case of LV with retention timé about 3minutes was the
most prominent peak and the height of this peakanremanchanged during the
1% day of salt stress in all the concentrations buthe & day of salt stress the
height of this peak decreased significantly intladl concentration. During the
3 day the height of this peak was highest in the gaicentration of 50mM
but it reduced in case of 200mM of salt concerdrat{Figure 24a, b). In case
of GN, the height of ferulic acid decreased witkreasing concentration of
salt during the % day which decreased further on th& @ay of salt stress,
however, interestingly the height of this peak dgrihe & day increased with
increasing concentration of salt and was signifigamighest at the salt
concentration of 200mM (Figure 25a, b). The peakiner 3 in GN and LV in
all treatments was identified as the peak for adenic acid with a retention
time of about 3.75 minutes which remained unchangedghowed a little
change in its height during different concentratidrsalt in the T and & day
of salt stress (Figure 24 and 25).

Peak number 4 was identified as cinnamic acich wétention of
about 4 minutes and it appeared in all the conagatr of salt and also during
all the days in our study. The height of this pgakoth GN and LV showed a
little change during salt stress however in GN ¢heras an enhancement
during the &' day of salt stress (Fig 25b). Peak number 5 and$identified
as the peak for salicylic acid in all the treadttsen both GN and LV. Peak
number 6 was absent in case of LV during tfieday of salt stress and
appeared during thé®3lay (Figure 24a) and in GN it was absent on thealy
of 50mM concentration of salt but present in allestconcentration and days
of stress (Figure 25a). Peak number 5 showed agehalring all the
concentration with increase in its height with gesing concentration of salt
in both £' and & day. Out of all the peaks the peak for ferulicdasianillic
acid, chlorogenic acid, cinnamic acid and salicdad was found to be the
most prominent during salt stress in HPLC analysth significant change in
their height.
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Table 40: Peak table of data presented in Figure 24a (A).Yor

Peak Retention Height
No. time (mV)
1 2.950 425.122
2 3.080 988.725
3 3.750 110.11
4 4.050 140.11
5 5.460 13.733
6 5.940 11.647

Table 41: Peak table of data presented in Figure 24a (Bl).Vor

Peak Retention Height
No. time (mV)

1 2.990 409.25
2 3.110 964.910
3 3.756 98.99
4 4.060 138.9
5 5.930 8.531
6 6.310 15.813

Table 42: Peak table of data presented in Figure 24a (Q)Vor

Peak Retention Height
No. time (mV)

1 2.950 580.22
2 3.080 988.118
3 3.750 108.29
4 4.050 122.21
5 5.090 14.151
6 5.890 7.630
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Table 43:Peak table of data presented in Figure 24b (D)LYor

Peak Retention Height
No. time (mV)
1 2.990 600.00
2 3.100 699.955
3 3.755 110.99
4 4.061 115.89
5 5.080 13.405
6 6.760 14.751

Table 44:Peak table of data presented in Figure 24b (E).Nor

Peak Retention Height
No. time (mV)

1 2.99 565.55
2 3.100 667.524
3 3.756 140.59
4 4.060 161.25
5 5.070 13.805
6 5.850 5.925

Table 45: Peak table of data presented in Figure 24b (H.¥or

Peak Retention Height
No. time (mV)
1 2.99 361.000
2 3.100 606.685
3 3.756 100.101
4 4.061 120.15
5 4.990 13.389
6 6.600 13.510
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Figure 25(a). HPLC profile of phenolic acid in the leaweswheat (GN) following
salt stress in one month old plant; A-50mM, B—10QraM200mM for ¥ day
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Figure 25(b). HPLC profile of phenolic acid in the leavalswheat (GN) following
salt stress in one month old plant; D-50mM, E-10QN200mM for § day
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Table 46: Peak table of data presented in Figure 25a (Aj>tdr

Peak Retention Height
No. time (mV)

1 2.990 531.11
2 3.100 974.320
3 3.756 80.12
4 4.060 115.55
5 5.360 12.931
6 5.890 9.792

Table 47:Peak table of data presented in Figure 25a (Bgxiér

Peak Retention Height
No. time (mV)

1 2.950 509.95
2 3.090 841.904
3 3.754 69.15
4 4.061 105.55
5 5.470 11.598
6 6.690 5.713

Table 48: Peak table of data presented in Figure 25a (Cpfor

Peak Retention Height
No. time (mV)

1 2.990 391.12
2 3.110 846.247
3 3.756 79.98
4 4.065 105.59
5 4.850 20.363
6 6.080 12.881

Table 49: Peak table of data presented in Figure 25b (Dgstdr

Peak Retention Height
No. time (mV)

1 2.900 291.544
2 3.070 225.55
3 3.749 64.55
4 4.060 65.91
5 5.560 5.613
6 6.520 8.769
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Table 50: Peak table of data presented in Figure 25b (EGMr

Peak No. Retention time Height (mV)
1 2.910 405.937
2 3.060 341.00
3 3.710 81.10
4 4.010 105.15
5 5.370 9.033
6 5.870 9.687

Table 51: Peak table of data presented in Figure 25b (Fjfér

Peak No. Retention time Height (mV)
1 2.910 746.526
2 3.060 565.51
3 3.720 104.25
4 4.020 115.54
5 5.650 20.016
6 6.730 5.090
4.8. Studies on proteins of wheat plants following droulgt and salinity

4.8.1. Protein contents

The content of soluble proteins in case of wheaiteties decreased
following water stress (Figure 26) and the decreasginued with the increase
in the days of drought. The decrease in the solpldéin content in case of
GN, KW, UP 2752 and KD was more or less similar ditinot show much
significant difference during thé"gand §' day. However, the protein content
changed significantly in case of MW, GY, LV, PBW 34n SO with the
increase in the days of withholding water from thlant. The content of
soluble protein in the roots in case of MW, GY, G, and SO increased
during water stress during th& @nd the 9 day while in case of all the other
varieties it showed a general decrease. The aceatiomlof soluble proteins in
case of leaf was higher than the root. Accumulatbsoluble protein in the
leaves during salt stress fof' Aand 3 (Figure 27) day showed a general
decrease with the increase in the severity ofsdedss whereas the content of
soluble protein in the roots (Figure 28) fétdnd ¥ day showed a difference.
In case of KD, GN, KW, UP 2752, PBW 343 and SO dceumulation of
soluble protein in the roots decreased with thee@se in the concentration of
salt whereas in case of MW, GY and LV the contehtsauble proteins
increased significantly when the salt concentrati@s higher in the®iday but
the accumulation again showed a decline on theay of salt stress.
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Figure 26. Content of total soluble protein in leaf (A) andbrdB) of nine wheat
varieties subjected to drought stress. Dm, dry enaRResults are expressed as the
mean of three replicates (10 plants each). Differetters indicate significant
differences with respect to controkp01). 0D- 0 day, 3D- 3 days, 6D—- 6 days, 6D—
9 days of drought treatment
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Figure 27. Content of total soluble protein in the leaves dfenwheat varieties

subjected to salt stress for 1 day (A) and 3 d®8)s Dm, dry matter; Results are
expressed as the mean of three replicates (10spéaath). Different letters indicate
significant differences with respect to control<@1). OmM, 50mM, 100mM,

200mM corresponds to the concentration of salt (NaC
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Figure 28. Content of total soluble protein in the roots dhenwheat varieties

subjected to salt stress for 1 day (A) and 3 d&)s DPm, dry matter; Results are
expressed as the mean of three replicates (10spéaah). Different letters indicate
significant differences with respect to control<@1). OmM, 50mM, 100mM,

200mM corresponds to the concentration of salt (NaC
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4.8.2. Protein profile determined by SDS PAGE

Analysis of protein profiles by SDS PAGE in the d®and leaves of
wheat varieties was done for both drought and isalstress with respect to
the control plants of each variety. The accumuhatbprotein in the seeds was
also studied without any treatment (Figure 29)ewes varieties. Seedlings of
wheat subjected to drought and salt stress showed@ession of new protein
bands in some cases and suppression of certaitingxlzands at different
duration of withholding water and at increasing @amtration of salt for 1 and
39 day. Atleast a total of about 34 new bands wéserved in SDS PAGE of
proteins during drought (Figure 29-34) and salirffjgure 35—-42), out of
which 8 new bands with molecular mass (approx. DaK7.3, 7.9, 10.1, 14.4,
16.1, 16.2, 17.5, 18.9, 19.2, 49.8, 69.9, 89.90,9%7.8, 99.0, 105.2 occurred
and were common in both the stresses. Out of theeB4bands 6 bands with
molecular mass (in KDa) 16.8, 17.0, 28.8, 40.294%hd 96 were observed
only in case of drought (Table 52-57) and 12 nemdbavere observed only in
case of salinity stress (Table 58-65) with madi@cmasses (in KDa) of 8.6,
12.3,15.9,17.8, 19.6, 22.1, 25.2, 27.6, 28.8,324.5 and 43.6. More number
of new bands was observed in case of GN, KD, KW,2382 and PBW 343
during the SDS PAGE analysis of leaf proteins durbboth drought and
salinity stress which in case of other four vaegtwas comparatively lesser in

number.

Figure 29. SDS PAGE of seeds. 1-Marker, 2-GN, 3-GY, KB~ 5-KW, 6-
MW, 7-SO, 8-PBW 343
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Figure 30. SDS PAGE in the leaves of LV and GN for droudhiMarker, 2 & 6-9d;
3 & 7-6d; 4 & 8-3d; 5 & 9-0d of LV & GN respectivel

67

29

16

Figure 31.SDS PAGE in the leaves of GY and PBW 343 for dmut—Marker, 2 &
6-9d; 3 & 7-6d; 4 & 8-3d; 5 & 9-0d of LY & PBW 348spectively
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Figure 32. SDS PAGE in the leaves of KD and SO for droughMarker, 2 & 6-9d;
3 & 7-6d; 4 & 8-3d; 5 & 9-0d of KD & SO respectiyel

Figure 33 SDS PAGE in the leaves of KW and MW for droughMhrker, 2 & 6—
9d; 3 & 7-6d; 4 & 8-3d; 5 & 9-0d of KW & MW respaatly
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Figure 34. SDS PAGE in the leaves of UP 2752 drought. 1-Marker, 2-9d; 3—6d; 4-3d;

5-0d of UP 2752

Table 52.Analysis of protein in SDS PAGE in Fig 29

Source Lane No. Of

of No protein Approx. Molecular masses (KDa)

protein bands

Marker 1 4 16, 29, 44, 67

GN 2 40 2.1,4.2,6.1,7.3,8.8,10.1, 12.2, 14.40,1%5.9, 17.1, 18.2, 19.1, 20.5,
21.1, 24.5, 25.2, 28.5, 29.3, 34.5, 43.6, 46.62,558.4, 67.5, 69.9,
70.2, 73.6, 74.1, 78.1, 81.8, 85.4, 90.1, 94.15,997.1, 98.1, 116.4,
117.2,121.3

GY 3 40 2.1,4.2,6.1,7.3,8.8,10.1,12.2, 14.40,186.9, 17.1, 18.2, 19.1, 20.5,
21.1, 24.5, 25.2, 28.5, 29.3, 34.5, 43.6, #95b.2, 58.4, 67.5, 69.9,
70.2, 73.6, 74.1, 78.1, 81.8, 85.4, 90.1, 94.15997.1, 98.1, 116.4,
117.2,121.3

KD 4 40 2.1,4.2,6.1,7.3,8.8,10.1, 12.2, 14.40,1%5.9, 17.1, 18.2, 19.1, 20.5,
21.1, 24.5, 25.2, 28.5, 29.3, 34.5, 43.6, #9%6.2, 58.4, 67.5, 69.9,
70.2, 73.6, 74.1, 78.1, 81.8, 85.4, 90.1, 94.10*9697.1, 98.1, 116.4,
117.2,121.3

KW 5 40 2.1,42,6.1,7.3,8.8,10.1,12.2, 14.40,185.9, 17.1, 18.2, 19.1, 20.5,
21.1, 24.5, 25.2, 28.5, 29.3, 34.5, 43.6, #95b.2, 58.4, 67.5, 69.9,
70.2, 73.6, 74.1, 78.1, 81.8, 85.4, 90.1, 94.15,997.1, 98.1, 116.4,
117.2,121.3

MW 6 40 2.1,4.2,6.1,7.3,8.8,10.1, 12.2, 14.40,1%5.9, 17.1, 18.2, 19.1, 20.5,
21.1, 24.5, 25.2, 28.5, 29.3, 34.5, 43.6, #9%6.2, 58.4, 67.5, 69.9,
70.2, 73.6, 74.1, 78.1, 81.8, 85.4, 90.1, 94.15,997.8, 98.1, 116.4,
117.2,121.3

SO 7 40 2.1,4.2,6.1, 798.8, 10.1, 12.2, 14.4, 15.9, 16,87.1, 18.2, 19.1,
20.5, 21.1, 24.5, 25.2, 28.5, 29.3, 34.5, 43.694%5.2, 58.4, 67.5,
69.9, 70.2, 73.6, 74.1, 78.1, 81.8, 85.4, 90.11,995.5, 97.8, 98.1,
116.4,117.2,121.3

PBW 8 40 2.1,42,6.1, 7.3, 8.8, 10.1, 12.2, 14.491%6.8, 17.1, 18.2, 19.1,

343 20.5, 21.1, 24.5, 25.2, 28.5, 29.3, 34.5, 43.66,465.2, 58.4, 67.5,
69.9, 70.2, 73.6, 74.1, 78.1, 81.8, 85.4, 90.10*9®5.5, 97.8, 98.1,
116.4, 117.2,121.3

*New bands
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Table 53.Analysis of protein in SDS PAGE in Fig 30

Source of  Lane No. Qf
X protein Approx. Molecular masses (KDa)
protein No. b
ands

Marker 1 4 16, 29, 44, 67

LV 0D 2 24 2.1, 7.3, 10.1, 14.4, 15.9, 16.8, 18.2, 20%2, 28.5, 29.3, 34.5,
43.6, 46.6, 58.4, 69.9, 78.1, 85.4, 95.0, 95.58,998.1, 116.4, 117.2

LV 3D 3 25 2.1, 7.3% 79 10.F, 14.4, 15.9, 16.8, 18.2, 20.5, 25.2, 28.5, 29.3,
34.5, 43.6, 46.6, 58.4, 69.9*% 78.1, 85.4, 950855, 97.8, 98.1,
116.4,117.2

LV 6D 4 25 2.1, 7.3* 79 10.F, 14.4, 15.9, 16.8, 18.2, 20.5, 25.2, 28.5, 29.3,
34.5, 43.6, 46.6, 58.4, 69.9* 78.1, 85.4, 850855, 97.8, 98.1,
116.4, 117.2

LV 9D 5 21 2.1, 101, 14.4, 15.9, 16.8, 18.2, 20.5, 25.2, 28.5, 29435,343.6,
69.9%, 78.1, 85.4, 950 95.5, 97.8,98.1, 116.4, 117.2

GN 0D 6 24 2.1, 7.3%, 10.1*, 14.4, 15.9, 16.8, 18.2, 2@5.2, 28.5, 29.3, 34.5,
43.6, 46.6, 58.4, 69.9*, 78.1, 85.4, 95.05.5, 97.8, 98.1, 116.4,
117.2

GN 3D 7 27 2.1, 7.3%, 10.1%, 14.4, 15.9, 16.8, 17.0*,2,80.5, 25.2, 28.5, 29.3,
34.5, 43.6, 46.6, 49.8*, 58.4, 69.9*%, 78.1, 85.8,09, 95.5, 97.8,
98.1, 99.0%, 116.4, 117.2

GN 6D 8 27 2.1, 7.3%, 10.1%, 14.4, 15.9, 16.8, 17.0*,2,80.5, 25.2, 28.5, 29.3,
34.5, 43.6, 46.6, 49.8*, 58.4, 69.9*, 78.1, 85.8,09, 95.5, 97.8,
98.1, 99% 116.4, 117.2

GN 9D 9 25 2.1, 7.3%, 10.1*%, 14.4, 15.9, 16.8, 17.0*,2,80.5, 25.2, 28.5, 29.3,
34.5, 43.6, 46.6, 58.4, 69.9*% 78.1, 85.4, 950855, 97.8, 98.1,
116.4,117.2

*New bands

Table 54.Analysis of protein in SDS PAGE in Fig 31

Source of Lane No. Qf
X protein Approx. Molecular masses (KDa)
protein No.
bands

Marker 1 4 16, 29, 44, 67

GY 0D 2 22 2.1,14.4,16.1, 16.8, 18.2, 20.5, 25.2, 2883, 34.5, 43.6, 46.6,
58.4,69.9, 78.1, 85.4, 95.0, 95.5, 97.8, 98.6,4,1117.2

GY 3D 3 20 2.1, 14.4, 16.8, 18.2, 20.5, 25.2, 29.3, 34%p6, 46.6, 58.4,
69.9%, 78.1, 85.4, 95.0, 95.5, 97,88.1, 116.4, 117.2

GY 6D 4 19 2.1, 144, 16.8, 18.2, 20.5, 25.2, 29.3, 34%p6, 46.6, 58.4,
69.9%, 78.1, 85.4, 95.0, 95.5, 98.1, 116.4, 117.2

GY 9D 5 20 2.1, 144, 16.8, 18.2, 20.5, 25.2, 29.3, 34%p6, 46.6, 58.4,
69.9%, 78.1, 85.4, 95.0, 95.5, 97,88.1, 116.4, 117.2

PBW 343 0D 6 24 2.1, 7.3%, 10.1*, 14.4*, 15.9, 16.8, 18.2,%025.2, 28.5, 29.3,
34.5, 43.6, 46.6, 58.4, 69.9*% 78.1, 85.4, 9596.5, 97.8, 98.1,
116.4,117.2

PBW343 3D 7 23 2.1, 7.3%, 10.1* 14.4* 15.9, 16.8, 18.2,%025.2, 28.5, 29.3,
34.5, 43.6, 46.6, 58.4, 69.9%, 78.1, 85.4, 9586.5, 98.1, 116.4,
117.2

PBW 343 6D 8 20 2.1, 14.4*, 15.9, 16.8, 18.2, 20.5, 25.2, 22%8.3, 34.5, 43.6,
46.6, 58.4, 69.9*%, 85.4, 95:095.5, 98.1, 116.4, 117.2

PBW343 9D 9 21 2.1, 14.4*, 15.9, 16.8, 18.2, 20.5, 25.2, 22%9.3, 34.5, 43.6,
46.6, 58.4, 69.9*%, 78.1, 85.4, 95,®5.5, 98.1, 116.4, 117.2

*New bands
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Table 55.Analysis of protein in SDS PAGE in Fig 32

Source of  Lane No. Qf
X protein Approx. Molecular masses (KDa)
protein No.
bands

Marker 1 4 16, 29, 44, 67

KD 0D 2 21 2.1, 15.9, 16.8, 18.2, 20.5, 25.2, 28.5, 2935, 43.6, 46.6, 58.4,
69.9, 78.1, 85.4, 95.0, 95.5, 97.8,98.1, 11614,2

KD 3D 3 22 2.1, 14.4,15.9, 16.8, 18.2, 20.5, 25.2, 28953, 34.5, 43.6, 46.6,
58.4, 69.9*% 78.1, 85.4, 95:095.5, 97.8,98.1, 116.4, 117.2

KD 6D 4 24 2.1,7.3% 10.1*, 14.4,15.9, 16.8, 18.2, 2252, 28.5, 29.3, 34.5,
43.6, 46.6, 58.4, 69.9*% 78.1, 85.4, 95.05.5, 97.8, 98.1, 116.4,
117.2

KD 9D 5 24 2.1,7.3%* 10.1%, 14.4,15.9, 16.8, 18.2, 2252, 28.5, 29.3, 34.5,
43.6, 46.6, 58.4, 69.9*% 78.1, 85.4, 95.05.5, 97.8, 98.1, 116.4,
117.2

SO 0D 6 22 2.1, 144, 16.1* 16.8, 18.2, 20.5, 25.2, 2829.3, 34.5, 43.6,
46.6,58.4,69.9, 78.1, 85.4, 95.0, 95.5, 9798.1, 116.4, 117.2

SO 3D 7 20 2.1, 144, 16.1* 16.8, 18.2, 20.5, 25.2, 2829.3, 46.6, 58.4,
69.9, 78.1, 85.4, 95.0, 95.5, 97.88.1, 116.4, 117.2

SO 6D 8 20 2.1, 144, 16.1* 16.8, 18.2, 20.5, 25.2, 2829.3, 46.6, 58.4,
69.9, 78.1, 85.4, 95.0, 95.5, 97.88.1, 116.4, 117.2

SO 9D 9 22 2.1, 14.4, 16.1*, 16.8, 18.9*% 20.5, 25.2,82829.3, 34.5, 43.6,
46.6, 58.4, 69.9, 78.1, 85.4, 95.0, 95.5, 9798.1, 116.4, 117.2

*New bands

Table 56.Analysis of protein in SDS PAGE in Fig 33

Source of Lane No. Qf
X protein Approx. Molecular masses (KDa)
protein No. b
ands

Marker 1 4 16, 29, 44, 67

KW 0D 2 21 2.1, 15.9, 16.8, 18.2, 20.5, 25.2, 28.5, 2945, 43.6, 46.6,
58.4, 69.9, 78.1, 85.4, 95.0, 95.5, 97.8, 98.6,4,1117.2

KW 3D 3 24 2.1, 7.3%, 15.9, 16.8, 18.2, 19.2*, 20.5, 228.5, 29.3, 34.5,
43.6, 46.6, 58.4, 69.9* 78.1, 85.4, 89.9*% 95.05.5, 97.8,
98.1, 116.4, 117.2

KW 6D 4 24 2.1, 7.3%, 15.9, 16.8, 18.2, 19.2*, 20.5, 228.5, 29.3, 34.5,
43.6, 46.6, 58.4, 69.9* 78.1, 85.4, 89.9* 95.05.5, 97.8,
98.1, 116.4, 117.2

KW 9D 5 25 2.1, 7.3%, 15.9, 16.8, 18.2, 19.2*, 20.5, 228.5, 29.3, 34.5,
40.2*%, 43.6, 46.6, 58.4, 69.9*%, 78.1, 85.4, 89.95.0¢, 95.5,
97.8,98.1, 116.4, 117.2

MW 0D 6 22 2.1, 14.4, 16.1*, 16.8, 18.2, 20.5, 25.2, 2828.3, 34.5, 43.6,
46.6, 58.4, 69.9, 78.1, 85.4, 95.0, 95.5, 9788.1, 116.4,
117.2

MW 3D 7 24 2.1,14.4, 16.1*, 16.8, 17.5*, 18.2, 20.52228.8*, 29.3, 34.5,
43.6, 46.6, 58.4, 69.9, 78.1, 85.4, 95.0, 95.5,.89798.1,
105.2%, 116.4, 117.2

MW 6D 8 22 2.1, 14.4, 16.1%, 16.8, 18.2, 20.5, 25.2, 2828.3, 34.5, 43.6,
46.6, 58.4, 69.9, 78.1, 85.4, 95.0, 95.5, 9788.1, 116.4,
117.2

MW 9D 9 20 2.1, 16.8, 18.2, 20.5, 25.2, 28.8* 29.3, 3456, 46.6, 58.4,
69.9, 78.1, 85.4, 95.0, 95.5, 97.88.1, 116.4, 117.2

*New bands
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Table 57.Analysis of protein in SDS PAGE in Fig 34

No. Of
Source of Lane .
orotein No. protein Approx. Molecular masses (KDa)
bands
Marker 1 4 16, 29, 44, 67
UP 2752 2 22 2.1,7.3,10.1, 15.9, 16.8, 18.2, 20.5, 28%3, 34.5, 43.6,
oD 46.6, 58.4, 69.9, 78.1, 85.4, 95.0, 95.5, 97.8]1,9816.4,
117.2
UP 2752 3 24 2.1, 7.3*, 10.1*%, 14.4*, 15.9, 16.8, 18.2,2®5.2, 28.5,
3D 20.3, 34.5, 43.6, 46.6, 58.4, 69.9%, 78.1, 85.40"9595.5,
97.8+,98.1,116.4, 117.2
UP 2752 4 22 2.1, 7.3% 10.1*, 15.9, 16.8, 18.2, 20.5, 288.3, 34.5,
6D 43.6, 46.6, 58.4, 69.9*, 78.1, 85.4, 95.05.5, 97.8,
98.1,116.4,117.2
UP 2752 5 19 2.1, 16.2*, 15.9, 16.8, 18.2, 20.5, 29.3, 3456, 58.4,
9D 69.9% 78.1, 85.4, 95%0 95.5, 97.8,98.1, 116.4, 117.2
*New bands

Figure 35. SDS PAGE in the leaves of GN following salt steGN: 1-Marker, 2—
OmM, 3 & 4-50mM (1d &3d), 5 & 6-100mM (1d & 3dj,& 8—-200mM (1d & 3d)

respectively
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Figure 36. SDS PAGE in the leaves of KD following salt strekD: 1-Marker, 2—

OmM, 3 & 4-50mM (1d &3d), 5 & 6-100mM (1d & 3dj,& 8-200mM (1d & 3d)
respectively

Figure 37. SDS PAGE in the leaves of KW following salt sgekW: 1-Marker, 2—
OmM, 3 & 4-50mM (1d &3d), 5 & 6-100mM (1d & 3dj,& 8-200mM (1d & 3d)
respectively
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Figure 38 SDS PAGE in the leaves of PBW 343 following saitess. PBW 343: 1—
Marker, 2-0mM, 3 & 4-50mM (1d &3d), 5 & 6-100mNd & 3d), 7 & 8-200mM

(1d & 3d) respectively

ey S, Ty K

rd

A
8

Figure 39. SDS PAGE in the leaves of LV following salt sgekV: 1-Marker, 2—
OmM, 3 & 4-50mM (1d &3d), 5 & 6-100mM (1d & 3dj,& 8—-200mM (1d & 3d)

respectively
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Figure 40. SDS PAGE in the leaves of UP 2752 following sakss. UP 2752: 1-
Marker, 2-0mM, 3 & 4-50mM (1d &3d), 5 & 6-100mNd & 3d), 7 & 8-200mM
(1d & 3d) respectively

67

29

16

Figure 41 SDS PAGE in the leaves of SO following salt frels-Marker, 2 & 3—
50mM (1d &3d), 4 & 5-100mM (1d & 3d), 6 & 7-200mNld & 3d) respectively
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Figure 42. SDS PAGE in the leaves of MW following salt strelg®V: 1-Marker, 2
& 3-50mM (1d &3d), 4 & 5-100mM (1d & 3d), 6 & 7-20M (1d & 3d)

respectively

Table 58.Analysis of protein in SDS PAGE in Fig 35

Source of Lane No. Qf
; protein Approx. Molecular masses (KDa)
protein No.
bands

Marker 1 4 16, 29, 44, 67

GN OmM 2 24 2.1,7.3,10.1, 14.4, 15.9, 16.8, 18.2, 2PE52, 28.5, 29.3, 34.5,
43.6, 46.6, 58.4, 69.9, 78.1, 85.4, 95.0, 95.5,8,998.1, 116.4,
117.2

GN 50mM; 1D 3 27 2.1, 7.3, 10.1, 14.4, 15.9, 16.8, 17.0, 18®@5, 25.2, 2714
28.5, 29.3, 34.5, 43.6, 46.6, 58.4, 69.9%, 78.14895.0, 95.5,
97.8, 98.1, 99.0%, 116.4, 117.2

GN 100mM; 4 28 2.1, 7.3, 10.1, 14.4, 15.9, 16.8, 17.0, 18®@5, 25.2, 27%

1D 28.5,29.3, 34.5, 43.6, 46.6, 49.8%, 58.4, 69.8:1785.4, 95.9,
95.5, 97.8, 98.1, 99.0*, 116.4, 117.2

GN 200mM; 5 28 2.1, 7.3, 10.1, 14.4, 15.9, 16.8, 17.0, 18@5, 25.2, 27%

1D 28.5,29.3, 34.5, 43.6, 46.6, 49.8*, 58.4, 69.8:1785.4, 95.9,
95.5, 97.8, 98.1, 99.0*, 116.4, 117.2

GN 50mM; 3D 6 28 2.1, 7.3, 10.1, 14.4, 15.9, 16.8, 17.0, 18@25, 25.2, 27%
28.5, 29.3, 34.5, 43.6, 46.6, 58.4, 69.9*, 78.14895.0, 95.5,
97.8,98.1, 99.0%, 116.4, 117.2

GN 100mM; 7 28 2.1, 7.3, 10.1, 14.4, 15.9, 16.8, 17.0, 18®@5, 25.2, 27%

3D 28.5,29.3, 34.5, 43.6, 46.6, 49.8%, 58.4, 69.8:1785.4, 95.9,
95.5, 97.8, 98.1, 99.0*, 116.4, 117.2

GN 200mM; 8 29 2.1, 7.3, 10.1, 14.4, 15.9, 16.8, 17.0,1718,2, 20.5, 22.1%,

3D 25.2,27.8, 28.5, 29.3, 34.5, 43.6, 46.6, 49.8%, 58.4, 69781,
85.4, 95.6, 95.5, 97.8, 98.1, 99.0*%, 116.4, 117.2

*New bands
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Table 59.Analysis of protein in SDS PAGE in Fig 36

Source of Lane No. Qf
X protein Approx. Molecular masses (KDa)
protein No. b
ands

Marker 1 4 16, 29, 44, 67

KD OmM 2 20 2.1, 15.9, 16.8, 18.2, 20.5, 25.2, 28.5, 29485,
43.6, 46.6, 58.4, 69.9, 78.1, 85.4, 95.0, 95.5,8,97
98.1, 117.2

KD 50mM; 1D 3 23 2.1, 7.3%, 10.1* 15.9, 16.8, 18.2, 20.5, 2%8.5,
29.3, 34.5, 43.6, 46.6, 58.4, 69.9*, 78.1, 85.4095
95.5, 97.8,98.1, 116.4, 117.2

KD 100mM; 4 24 2.1, 7.3*, 10.1*, 12.3*, 15.9, 16.8, 18.2,2®5.2,

1D 28.5, 29.3, 34.5, 43.6, 46.6, 58.4, 69.9*%, 78.1485
95.0f, 95.5, 97.8, 98.1, 116.4, 117.2

KD 200mM; 5 24 2.1, 7.3*, 10.1*, 12.3*, 15.9, 16.8, 18.2,2®5.2,

1D 28.5, 29.3, 34.5, 43.6, 46.6, 58.4, 69.9*%, 78.1485
95.0f, 95.5, 97.8, 98.1, 116.4, 117.2

KD 50mM; 3D 6 21 2.1, 15.9, 16.8, 18.2, 20.5, 25.2, 28.5, 29485,
43.6, 46.6, 58.4, 69.9*, 78.1, 85.4, 95.05.5,
97.8,98.1, 116.4, 117.2

KD 100mM; 7 24 2.1, 7.3*, 10.1*, 12.3*, 15.9, 16.8, 18.2,2®5.2,

3D 28.5, 29.3, 34.5, 43.6, 46.6, 58.4, 69.9*%, 78.1485
95.0f, 95.5, 97.8,98.1, 116.4, 117.2

KD 200mM; 8 24 2.1, 7.3*, 10.1*, 12.3*, 15.9, 16.8, 18.2,2®5.2,

3D 28.5, 29.3, 34.5, 43.6, 46.6, 58.4, 69.9*%, 78.1485
95.0f, 95.5, 97.8, 98.1, 116.4, 117.2

*New bands

Table 60.Analysis of protein in SDS PAGE in Fig 37

No.
Lan Of
Source of protein e protei Approx. Molecular masses (KDa)
No. n
bands

Marker 1 4 16, 29, 44, 67

KW 50mM; 1D 2 18 2.1, 15.9, 16.8, 18.2, 20.5, 25.2, 28.5, 2¥3, 43.6,
46.6, 58.4, 69.0*, 78.1, 85.4, 95.0,.1, 116.4, 217.

KW 100mM; 1D 3 25 2.1, 7.3*, 7.9% 8.6* 15.9, 16.8, 18.2, 19.20.5,
25.2, 28.5, 29.3, 34.5, 43.6, 46.6, 58.4, 69.9*178
85.4, 89.9%, 95.9, 95.5, 97.8,98.1, 117.2

KW 200mM; 1D 4 24 2.1, 7.3%, 7.9% 8.6* 15.9, 16.8, 18.2, 19.20.5,
25.2, 28.5, 29.3, 34.5, 43.6, 46.6, 58.4, 69.9*178
85.4, 89.9*%, 95.9, 95.5, 97.8, 117.2

KW 50mM; 3D 5 16 2.1, 18.2, 20.5, 25.2, 28.5, 29.3, 34.5, 48663, 58.4,
69.0% 78.1, 85.4,95.0,.1, 116.4, 117.2

KW 100mM; 3D 6 24 2.1, 7.3*, 7.9% 8.6* 16.8, 18.2, 19.2*, 2035.2,
28.5, 29.3, 34.5, 43.6, 46.6, 58.4, 69.9*, 78.1485
89.9% 95.0, 95.5, 97.8,98.1, 117.2

KW 200mM; 3D 7 24 2.1, 7.3%, 7.9% 8.6* 16.8, 18.2, 19.2*, 2035.2,
28.5, 29.3, 34.5, 43.6, 46.6, 58.4, 69.9*, 78.1485
89.9% 95.0, 95.5, 97.8,98.1,117.2

*New bands
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Table 61.Analysis of protein in SDS PAGE in Fig 38

No. Of
Source of protein L:l\(r;e protein Approx. Molecular masses (KDa)
' bands

Marker 1 4 16, 29, 44, 67

PBW 343 OmM 2 22 2.1, 7.3, 10.1, 14.4, 15.9, 16.8, 18.2, 20.5,
25.2, 28.5, 29.3, 34.5, 43.6, 46.6, 58.4, 69.9,
78.1,85.4,95.0,98.1, 116.4, 117.2

PBW 343 50mM; 3 21 2.1, 7.3, 10.1, 14.4, 15.9, 16.8, 18.2, 20.5,

1D 25.2, 28.5, 29.3, 34.5, 43.6, 58.4, 69.9, 78.1,
85.4,95.0,98.1,116.4, 117.2

PBW 343 100mM; 4 23 2.1, 7.3, 10.1, 14.4, 15.9, 16.8, 17.8* 18.2,

1D 20.5, 25.2, 28.5, 29.3, 34.5, 43.6, 46.6, 58.4,
69.9, 85.4, 95.0, 95.5, 98.1, 116.4, 117.2

PBW 343 200mM; 5 21 2.1, 14.4, 15.9, 16.8, 17.8* 18.2, 20.5, 25.2

1D 28.5, 29.3, 34.5, 43.6, 46.6, 58.4, 69.9, 78.1,
85.4,95.0,95.5,98.1, 116.4

PBW 343 50mM; 6 19 2.1, 7.3, 10.1, 14.4, 15.9, 16.8, 18.2, 20.5,

3D 25.2, 28.5, 29.3, 34.5, 43.6, 58.4, 78.1, 85.4,
95.0,98.1, 117.2

PBW 343 100mM; 7 23 2.1, 7.3, 10.1, 14.4, 15.9, 16.8, 17.8* 18.2,

3D 20.5, 25.2, 28.5, 29.3, 34.5, 43.6, 46.6, 58.4,
69.9*, 85.4, 95.0, 95.5, 98.1, 116.4, 117.2

PBW 343 200mM; 8 24 2.1, 7.3, 10.1, 14.4, 15.9, 16.2*, 16.8, 17.8*

3D 18.2, 20.5, 25.2, 28.5, 29.3, 34.5, 43.6, 46.6,
58.4, 69.9*, 85.4, 95.0, 95.5, 98.1, 116.4,
117.2

*New bands

Table 62.Analysis of protein in SDS PAGE in Fig 39

Source of Lane No. Qf
X protein Approx. Molecular masses (KDa)
protein No. b
ands
Marker 1 4 16, 29, 44, 67
LV OmM 2 15 2.1,7.3,10.1, 16.8, 18.2, 20.5, 28.5, 2433, 46.6,
69.9, 95.0, 95.5, 97.8,116.4
LV 50mM; 1D 3 21 2.1, 7.3, 79 10.1, 14.4,* 15.9%, 16.8, 18.2, 20.5,
28.5, 29.3, 46.6, 58.4, 69.9, 78.1, 85.4, 95.05,95.
97.8,98.1, 116.4
LV 100mM; 4 23 2.1, 7.3, 7.9*, 10.1, 14.4*, 15.9% 16.8, 182D.5,
1D 25.2*, 28.5, 29.3, 46.6, 58.4, 69.9, 78.1, 85.4095
95.5, 97.8, 98.1, 116.4, 117.2
LV 200mM; 5 23 2.1, 7.3, 7.9*, 10.1, 14.4*, 15.9% 16.8, 182D.5,
1D 25.2*, 28.5, 29.3, 34.5*, 43.6* 69.9, 78.1, 85.4,
95.0, 95.5, 97.8,98.1, 116.4, 117.2
LV 50mM; 3D 6 21 2.1, 7.3, 79 10.1, 14.4,* 15.9%, 16.8, 18.2, 20.5,
28.5, 29.3, 46.6, 58.4, 69.9, 78.1, 85.4, 95.05,95.
97.8,98.1, 116.4
LV 100mM; 7 19 2.1, 7.3, 7.9*, 10.1, 15.9%, 16.8, 18.2, 2®5,2%,
3D 46.6, 58.4, 69.9, 78.1, 85.4, 95.0, 97.8, 98.5,4,1
117.2
LV 200mM; 8 18 2.1, 7.3, 14.4*, 15.9*%, 16.8, 18.2, 20.5, 25290.3,
3D 34.5* 78.1, 85.4, 95.0, 95.5, 97.8, 98.1, 11614,.2
*New bands
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Table 63.Analysis of protein in SDS PAGE in Fig 40

La
No. Of
Source of protein No protein Approx. Molecular masses (KDa)
bands
Marker 1 4 16, 29, 44, 67
UP 2752 OmM 2 22 2.1, 7.3, 10.1, 15.9, 16.8, 18.2, 20.5, 28%3,
34.5, 43.6, 46.6, 58.4, 69.9, 78.1, 85.4, 95.05,95.
97.8,98.1,116.4
UP 2752 50mM; 3 24 2.1, 7.3*, 10.1*, 14.4* 15.9, 16.8, 18.2, 6t9.
1D 20.5, 25.2, 28.5, 29.3, 34.5, 43.6, 46.6, 58.41,78.
85.4,97.8,98.1,116.4, 117.2
UP 2752 100mM; 4 22 2.1, 7.3%, 10.1% 14.4* 15.9, 16.8, 18.2, R0.
1D 28.5, 29.3, 34.5, 43.6, 46.6, 58.4, 69.9*%, 78.1,
85.4,95.6, 95.5, 97.8,98.1, 116.4, 117.2
UP 2752 200mM; 5 19 2.1, 7.3%, 10.1% 14.4* 15.9, 16.8, 18.2, R0.
1D 28.5, 29.3, 34.5, 43.6, 46.6, 58.4, 69.9*%, 78.1,
85.4,95.6, 95.5, 97.8,98.1, 116.4, 117.2
UP 2752 50mM; 6 19 2.1, 7.3*, 10.1*, 14.4*, 15.9, 16.8, 18.2, 6t9.
3D 20.5, 25.2, 28.5, 29.3, 34.5, 43.6, 78.1, 85.4,
97.8+,98.1,116.4
UP 2752 100mM; 7 21 2.1, 7.3%, 10.1%, 14.4* 15.9, 16.8, 20.5, 28.
3D 29.3, 43.6, 46.6, 58.4, 69.9*, 78.1, 85.4, 95.0
95.5, 97.8,98.1, 116.4, 117.2
UP 2752 200mM; 8 21 2.1, 10.1* 14.4*, 15.9, 16.8, 18.2, 20.5,528.
3D 29.3, 34.5, 43.6, 46.6, 58.4, 69.9*, 78.1, 85.4,
95.0f, 95.5, 97.8,98.1, 116.4
*New bands

Table 64.Analysis of protein in SDS PAGE in Fig 41

Source of Lane No. Qf
X protein Approx. Molecular masses (KDa)
protein No. b
ands
Marker 1 4 16, 29, 44, 67
SO 50mM; 1D 2 21 2.1, 7.3, 10.1, 14.4 15.9, 16.1*, 16.8, 1825, 25.2,
28.8%, 29.3, 34.5, 43.6, 46.6, 58.4, 69.9, 78.1.485
95.0, 97.8
SO 100mM; 3 22 2.1, 7.3, 10.1, 14.4 15.9, 16.1*, 16.8, 1825, 25.2,
1D 28.8% 29.3, 34.5, 43.6, 46.6, 58.4, 69.9, 78.1.485
95.0, 97.8, 98.1
SO 200mM; 4 22 2.1,7.3,10.1, 14.4, 16.1*, 16.8, 18.2, 2052, 28.8*,
1D 29.3, 46.6, 58.4, 69.9, 78.1, 85.4, 95.0, 95.5,.897
98.1, 116.4, 117.2
SO 50mM; 3D 5 24 2.1, 7.3, 10.1, 14.4, 16.1* 16.8, 18.9*, 2025.2,
28.8%, 29.3, 34.5, 43.6, 46.6, 58.4, 69.9, 78.1.485
95.0, 95.5, 978 98.1, 116.4, 117.2
SO 100mM; 6 24 2.1, 7.3, 10.1, 14.4, 16.1* 16.8, 18.9*, 2025.2,
3D 28.8%, 29.3, 34.5, 43.6, 46.6, 58.4, 69.9, 78.1485
95.0, 95.5, 9728 98.1, 116.4, 117.2
SO 200mM; 7 22 2.1, 7.3, 10.1, 14.4, 16.1*, 16.8, 18.9*, 19.35.2,
3D 28.8% 29.3, 32.2*, 34.5, 43.6, 69.9, 78.1, 85.8,09
95.5, 97.8, 98.1, 116.4
*New bands
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Table 65.Analysis of protein in SDS PAGE in Fig 42

Source of Lan  No. Qf
X e protein Approx. Molecular masses (KDa)

protein No. bands

Marker 1 4 16, 29, 44, 67

MW 50mM; 1D 2 14 2.1, 14.4, 16.1, 16.8, 18.2, 20.5, 25.2, 28983,
34.5, 43.6, 46.6, 58.4, 98.1,

MW 100mM,; 3 23 2.1,14.4,16.1* 16.8, 17.5, 18.2, 20.5, 2888*,

1D 29.3, 34.5, 43.6, 46.6, 58.4, 69.9, 78.1, 85.40,95.
95.5, 97.8,98.1, 105.2*, 116.4

MW 200mM; 4 19 2.1,14.4,16.1* 18.2, 20.5, 25.2, 28.8*3284.5,

1D 43.6, 46.6, 58.4, 69.9, 78.1, 95.5, 97.88.1,
116.4, 117.2

MW 50mM; 3D 5 20 2.1, 16.8, 18.2, 20.5, 25.2, 28.8*, 29.3, 34%6,
46.6, 58.4, 69.9, 78.1, 85.4, 95.0, 95.5, 9798B.1,
116.4, 117.2

MW 100mM,; 6 17 2.1, 16.8, 18.2, 20.5, 25.2, 28.8*, 29.3, 34%6,

3D 46.6, 58.4, 69.9, 78.1, 85.4, 95.0, 95.5, 97.8

MW 200mM,; 7 19 2.1,14.4,16.1% 16.8, 18.2, 20.5, 25.2, 288.3,

3D 34.5, 43.6, 46.6, 58.4, 69.9, 78.1, 85.4, 95.05,95.
97.8

*New bands

4.8.3. Protein profile determined by FPLC
The total soluble protein profile in the leaf ofawarieties of wheat

(GN and LV) during drought stress was determined~ast protein liquid
chromatography (FPLC) where it was observed treantimber, height and the
area of peak showed a significant difference dutimg increasing days of
water stress with respect to control plant. It wasn that the change in height
and number of peak in case of GN (Figure 43—-46hdw, 3, 6 and 9 days of
withholding water was comparatively lower than LMdure 47-50), however
the total content of protein as determined by tkakpheight and area was
higher in case of GN than LV which was in accorgamgth the content of
total soluble protein in the leaf of GN and LV dwgiwater stress (Figure 26).

A significant difference in the number and heigiitpeak in FPLC
analysis was observed in case of LV during tfedfy. The main peak was
obtained at a retention time of about 44—-48 minates was most significant
and other important peaks which showed significisainges occurred at about

36 to about 40 minutes in each case (Table 66).
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Figure 43. Protein profile in the leaves of wheat (GN) dezddn FPLC subjected to
drought stress for 0 day (control)
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Figure 44. Protein profile in the leaves of wheat (GN) dezdan FPLC subjected to
drought stress for 3 days
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Figure 45. Protein profile in the leaves of wheat (GN) dezdan FPLC subjected to
drought stress for 6 days
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Figure 46. Protein profile in the leaves of wheat (GN) dezdan FPLC subjected to
drought stress for 9 days
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Figure 47. Protein profile in the leaves of wheat (LV) degetin FPLC subjected to
drought stress for 0 day (control)
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Figure 48. Protein profile in the leaves of wheat (LV) de&etin FPLC subjected to
drought stress for 3 days
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Figure 49. Protein profile in the leaves of wheat (LV) de&ztin FPLC subjected to
drought stress for 6 days
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Figure 50. Protein profile in the leaves of wheat (LV) deéetin FPLC subjected to
drought stress for 9 days
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Table 66.Peak table of data presented in Figures 43-50

Source of protein Number Retention time

for FPLC of peaks

GN 0D 7 12.20, 18.71, 36.5, 37.8, 39.10, 44.10, 49.60

GN 3D 7 0.19, 12.41, 20.26, 37.21, 40.64, 44.97, 50.20

GN 6D 6 12.41, 21.12, 37.50, 38.75, 44.97, 51.51

GN 9D 8 11.42, 19.39, 25.55, 28.24, 36.45, 40.18, 44105,3

LV 0D 5 12.10, 19.98, 37.50, 44.95, 51.11

LV 3D 6 2.91, 23.87, 26.08, 42.27, 51.65, 57.10

LV 6D 8 19.59, 25.83, 29.56, 37.17, 39.13, 45.01, 5G38&4

LV 9D 8 0.15, 13.83, 21.89, 36.35, 39.99, 47.02, 48.30)6
4.9. Changes in anti—oxidative enzymes of wheat followgnosmotic
stress

Activity of antioxidative enzymes like POX, CARPOX, GR and
SOD following osmotic stress i.e. water stress aalihity stress showed a
difference in their activities during different ges of water stress and salinity
stress. The activity of antioxidative enzymes shibveechange either by a
declined in their activity or by enhancement inithectivity during different
days of withholding water in case of water stress different concentration of
salt for 0, 1, and three days. The activity of thié antioxidative enzymes
seemed to be correlated with the each other duhegstress response of the
plant.

4.9.1. Enzyme activities during drought

In this study, activities of ascorbate peroxidas&P®X) and
glutathione reductase (GR) (Table 67) increasedifgigntly in all nine
varieties initially after 3 days of drought stre¥gith prolonged water stress,
the activities of ascorbate peroxidase decreasedl irarieties and the activity
of glutathione reductase decreased in varieties /&, LV and SO whereas
its activity continued to increase in case of KIN, &KW, UP 2752 and PBW
343. It was noted that the activity of peroxidaB®X) (Table 67) enhanced
greatly with increase in the period of water stiessase of GN, KD, KW, UP
2752 and PBW 343 whereas in LV, GY, MW and SO, dhgvity of POX
declined.
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Table 67.Activities of antioxidative enzymes in water sted wheat varieties

Varieties Days of CAT POX APOX GR
stress
MW od 1.67+0.07  0.020+0.006 0.116+0.007 0.14+0.02
3d 1.43+0.02  0.029+0.013 0.730+0.016  0.40+0.03
6d 1.19+0.01  0.038+0.01%5 0.263+0.008 0.33+0.0%
ad 1.09+0.02  0.026+0.009 0.168+0.004 0.23+0.07
GY od 1.77+0.02  0.023+0.005 0.089+0.0085 0.18+0.03
3d 1.46+0.02  0.048+0.007 1.017+0.008 0.22+0.0%
6d 1.41+0.02  0.051+0.006 0.385+0.004 0.15+0.0%
ad 1.27+0.01  0.044+0.008 0.244+0.008 0.11+0.0%
KD od 1.77+0.03  0.045+0.007 0.189+0.011 0.13+0.0%
3d 2.76+0.06  0.062+0.008 0.633+0.008 0.28+0.03
6d 1.25+0.03  0.095+0.007 0.067+0.009 0.76+0.04
ad 1.13+0.02  0.193+0.007 0.044+0.004 1.53+0.08
GN od 1.18+0.01  0.035+0.016 0.065+0.00% 0.17+0.0%
3d 2.19+0.08  0.042+0.011 0.166+0.003 0.32+0.02
6d 1.73+0.02  0.072+0.009 0.107+0.00% 0.51+0.03
ad 1.50+0.02  0.126+0.002 0.068+0.008 0.97+0.04
KW od 1.61+0.03  0.055+0.012 0.120+0.009 0.13+0.08
3d 2.55+0.086  0.071+0.008 0.211+0.011  0.34+0.03
6d 1.45+0.02  0.145+0.007 0.062+0.008 0.77+0.02
ad 1.10+0.03  0.199+0.009 0.049+0.008  1.53+0.04
LV od 1.34+0.02  0.019+0.011 0.084+0.002 0.11+0.02
3d 1.24+0.02  0.030+0.007 1.000+0.013  0.22+0.04
6d 0.66+0.08  0.029+0.00% 0.301+0.002 0.19+0.0%
ad 0.50+0.08  0.023+0.01% 0.204+0.003 0.10+0.03
UP 2752 od 1.53+0.03  0.049+0.018 0.098+0.005 0.14+0.04
3d 2.44+0.06  0.064+0.009 0.605+0.004 0.31+0.03
6d 1.48+0.05  0.089+0.011 0.090+0.007 0.57+0.04
ad 0.99+0.04  0.188+0.01® 0.050+0.00f 1.30+0.06
PBW 343 od 1.48+0.03  0.043+0.012 0.080+0.007 0.16+0.08
3d 2.21+0.09  0.059+0.009  0.532+0.00%5 0.33+0.03
6d 1.26+0.01  0.066+0.008 0.120+0.001 0.69+0.04
ad 0.90+0.06  0.096+0.016 0.060+0.003  1.49+0.07
SO od 1.51+0.08  0.046+0.013  0.085+0.002  0.14+0.0%
3d 1.39+0.03  0.048+0.011 0.890+0.007 0.28+0.03
6d 1.11+0.05  0.079+0.011 0.310+0.008  0.24+0.02
ad 0.75+0.02  0.029+0.009 0.232+0.005 0.21+0.02
CD Values in treatments =0.29731 0.031118 0.136652 0.299057
CD Values in varieties = 0.445965 0.046677 0.204979 0.448586

Means + S.E., n=10. Different superscripts in eaglumn express significant difference with
control at B0.01, in ‘t’' test. Results are expressed as thennoédhree replicates (10 plants
each). CAT- Catalase (EU mg protéimin™~); POX— Peroxidase (mmol o—dianisidine mg
protein® min~)’ APOX Ascorbate peroxidase (mmol ascorbate mg protenin™); GR—
Glutathione reductasgufiol NADPH oxidized mg proteint min™).
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In case of catalase (Table 67) and superoxidawutasse (Figure 51),
activities decreased at all periods of droughtstie case of MW, GY, LV and
SO whereas in KD, GN, KW, UP 2752 and PBW 343 #atv of these
enzymes increased initially before showing a camth decline. Activity of
SOD showed an initial increase in case of KD, GMY,KUP 2752 and PBW
343 however, with increase in periods of stress, dttivities of superoxide

dismutase decreased in these varieties.

Table 67 (a). ANOVA of data presented in table 67 for CAT

Source of
Variation SS df MS F P—value F crit

Rows 4.324486 3 1.441495 15.43684 8.34E-06 3.008787
Columns 2.144657 8 0.268082 2.870867 0.021581 2.355081
Error 2.241126 24 0.09338

Total 8.710269 35

Table 67 (b).ANOVA of data presented in table 67 for APOX

Source of

Variation SS df MS F P—value F crit
3.15E-

Rows 1.74907 3 0.583023 29.55392 08 3.008787

Columns 0.484331 8 0.060541 3.068891 0.015771 2.355081

Error 0.473459 24 0.019727

Total 2.706859 35

Table 67 (c).ANOVA of data presented in table 67 for POX

Source of

Variation SS df MS F P—value F crit
Rows 0.022374 3 0.007458 7.290829 0.001218 3.008787
Columns 0.034532 8 0.004316 4.219647 0.002844 2.355081
Error 0.024551 24 0.001023
Total 0.081457 35
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Table 67 (d).ANOVA of data presented in table 67 for GR

Source of

Variation SS df MS F P—value F crit
Rows 2.333479 3 0.777826 8.23263 0.00061  3.008787
Columns  1.707472 8 0.213434 2.259018 0.058654  2.355081
Error 2.267541 24 0.094481

Total 6.308493 35

GN KW v UP2752 PBW343 SO

Varieties

Figure 51 Superoxide dismutase activities in nine varietésvheat subjected to
drought stress treatments. Results are expressttk anean of three replicates (10
plants each). Bars represent SE. Different leftedcate significant differences with
respect to control g0.01). OD- 0 day, 3D- 3 days, 6D— 6 days, 6D— 9sdafy

drought treatment
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4.9.2. Enzyme activities during salinity

Activity of peroxidase (POX) (Table 68) showed cantinuous
enhancement with increase in the concentratioralbfis all varieties during
the £'and & day of salt stress with respect to the control éwmv in case of
MW, LV, SO and GY the activity of peroxidase withofpnged stress showed
a significant decline in the later period of stressl higher concentration of
salt. In all other cases, the activity of peroxalascreased even during the
highest concentration of salt in our study and miyithe & day of salt stress.

The activity of catalase (CAT) (Table 68) followi salinity stress
showed a continued decline in case of MW, GY, L\ &0 with the increase
in the concentration and duration of salt stressdwer in case of KW, KD,
GN, UP 2752 and PBW 343 there was an initial enéiarent in the activity of
CAT followed by decline in its activity with increag concentration of salt;
the activity of CAT increased slightly during’ 3lay of 50mM salt stress than
the ' day of salt stress at the same salt concentraftomactivity of ascorbate
peroxidase (APOX) (Table 69) after a significanti&h enhancement showed a
general decrease with increasing concentrationatif and duration of salt
stress in all the varieties.

Glutathione reductase (GR) (Table 69) activitycloed after a
significant initial increase in all the varietiesthvincrease in the concentration
and duration of salt stress however, in case of &N, KW, UP 2752 and
PBW 343 the activity of GR continued to increase¢hwthe increase in the
concentration of salt and the duration of saltsstrdn case of superoxide
dismutase (SOD) (Figure 52), activities decreasédald periods and
concentration of salt stress in case of MW, GY ahereas in KD, GN, KW,
UP 2752, PBW 343 and SO activities of these enzymesased initially
before showing a continued decline. The responssmbxidative enzymes in
the wheat varieties was slightly higher during et stress than during

drought stress.
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Table 68. Activities of antioxidative enzymes in control asdlt stressed

wheat varieties

Varieties Treatment CAT POX

(mM) 1D 3D 1D 3D
MW 0 1.67+0.05 1.67+0.001 0.020+0.008 0.021+0.0%
50 1.51+0.01 1.42+0.01f 0.022+0.011  0.023+0.02
100 1.41+0.02  1.37+0.008 0.035+0.004 0.036+0.02
200 1.01+0.01  0.98+0.016 0.321+0.008 0.028+0.02
GY 0 1.77+0.01  1.74+0.004 0.023+0.004 0.022+0.04
50 1.71+0.03  1.54+0.003 0.024+0.002 0.025+0.02
100 1.38+0.05  1.33+0.007 0.034+0.001 0.037+0.0%
200 1.14+0.03  0.98+0.01% 0.029+0.008 0.026+0.02
KD 0 1.77+0.08  1.7620.010 0.045+0.008 0.046x0.0%
50 1.81+0.08  1.82+0.007 0.075+0.001  0.084+0.03
100 1.83+0.08  1.80+0.00% 0.110+0.003 0.132+0.08
200 1.66+0.07  1.61+0.008 0.178+0.002 0.190+0.08
GN 0 1.18+0.02  1.19+0.016 0.035+0.001 0.036+0.02
50 1.45+0.08  1.47+0.012 0.088+0.008  0.090+0.0%
100 1.47+0.01  1.38+0.016 0.099+0.008 0.110+0.0%
200 1.27+0.02  1.08+0.008 0.165+0.004 0.171+0.08
KW 0 1.61+0.02 1.60+0.011 0.055+0.01® 0.055+0.08
50 1.80+0.06  1.82+0.007 0.078+0.01® 0.085+0.07
100 1.59+0.01 1.55+0.011 0.096+0.008  0.099+0.08
200 1.43+0.02 1.29+0.016 0.173+0.007 0.180+0.03
LV 0 1.34+0.01 1.34+0.008 0.019+0.005 0.020+0.01
50 1.29+0.06  1.27+0.009 0.031+0.011 0.031+0.08
100 1.01+0.04 0.98+0.016 0.027+0.008  0.025+0.02
200 0.61+0.02 0.53+0.01%2 0.020+0.008 0.015+0.0%
UP 2752 0 1.53+0.01 1.51+0.011 0.049+0.001 0.048+0.0%
50 1.71+0.02 1.75+0.016 0.058+0.002 0.060+0.02
100 1.82+0.03 1.78+0.008 0.081+0.003 0.084+0.0%
200 1.21+0.08 1.01+0.012 0.120+0.002 0.132+0.03
PBW 343 0 1.48+0.04  1.48+0.008 0.043+0.003 0.044%0.01
50 1.59+0.05 1.62+0.007 0.049+0.00% 0.052+0.0%
100 1.49+0.06 1.38+0.008 0.066+0.002  0.068+0.02
200 1.01+0.010  0.98+0.003 0.079+0.001  0.834+0.08
SO 0 1.51+0.02 1.52+0.008 0.046+0.003 0.046+0.09
50 1.49+0.01 1.44+0.008 0.047+0.006 0.049+0.02
100 1.29+0.04 1.23+0.0106 0.025+0.005  0.025+0.0%
200 1.03+0.05 0.87+0.008 0.017+0.002 0.015+0.03

CD Values between treatments = 0.138052 0.135743 0.026244 0.028692
CD Values between varieties = 0.207079 0.203614 0.039366 0.043038

Means + S.E., n=10. Different superscripts in eadiumn express significant
difference with control at €£0.01, in ‘t’ test. Results are expressed as thennua
three replicates (10 plants each). Catalase (Eynoigin” min™); POX— Peroxidase
(mmol o—dianisidine mg proteihmin™)
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Table 68 (a).ANOVA of data presented in table 68 for CAT duritigday of salt stress

Source of

Variation SS df MS F P—value F crit
Rows 1.065992 3 0.355331 17.64856 2.88E-06 3.008787
Columns 1.283933 8 0.160492 7.971296 3.33E-05 2.355081
Error 0.483209 24 0.020134

Total 2.833133 35

Table 68 (b). ANOVA of data presented in table 68 for CAT duri@ day of salt
stress

Source of

Variation SS df MS F P—value F crit
Rows 1.619017 3 0.539672 27.72426 5.71E-08 3.008787
Columns 1.320999 8 0.165125 8.48286 2.01E-05 2.355081
Error 0.467177 24 0.019466
Total 3.407192 35

Table 68 (c).ANOVA of data presented in table 68 for POX durifitday of salt stress

Source of

Variation SS df MS F P—value F crit
Rows 0.013593 3 0.004531 6.227228 0.00279 3.008787
Columns 0.036546 8 0.004568 6.278363 0.000206 2.355081
Error 0.017463 24 0.000728
Total 0.067601 35

Table 68 (d).ANOVA of data presented in table 68 for POX durBi§day of salt
stress

Source of

Variation SS df MS F P—value F crit
Rows 0.014937 3 0.004979 5.725121 0.004208 3.008787
Columns 0.044325 8 0.005541 6.370985 0.000185 2.355081
Error 0.020872 24 0.00087
Total 0.080134 35
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Table 69.Activities of antioxidative enzymes in salt stredsvheat varieties

Varieties Treatment APOX GR
(mM) 1D 3D 1D 3D
MW 0 0.11+0.08  0.12+0.0f 0.140+0.00%  0.14+0.0f
50 0.68+0.01  0.71+0.04 0.400+0.011  0.45+0.03
100 0.2840.02  0.26+0.08 0.294+0.008  0.28+0.03
200 0.15+0.01  0.14+0.08 0.195+0.002  0.18+0.03
GY 0 0.09+0.01  0.09+0.02 0.180+0.001  0.18+0.0%f
50 0.2940.08  0.85+0.03 0.387+0.002  0.39+0.03
100 0.0940.01  0.39+0.08 0.278+0.001  0.26+0.02
200 0.05+0.02  0.22+0.0f 0.174+0.005  0.16+0.03
KD 0 0.19+0.08  0.19+0.06 0.129+0.008 0.13+0.06
50 0.2940.0%  0.29+0.04 0.510+0.001  0.54+0.0%
100 0.0940.08  0.08+0.08 0.674+0.0106  0.68+0.03
200 0.05+0.06  0.04+0.08 1.100+0.002  1.47+0.07
GN 0 0.06+0.02  0.06+0.0f 0.170+0.001  0.16+0.03
50 0.11+0.08  0.13+0.04 0.530+0.002  0.54+0.0%
100 0.0840.01  0.09+0.08 0.710+0.005  0.77+0.08
200 0.05+0.06  0.04+0.0f 0.974+0.00%4  1.22+0.08
KW 0 0.1240.02 0.11+0.02 0.130+0.001 0.13+0.08
50 0.14+0.06  0.18+0.08 0.500+0.003  0.53+0.08
100 0.08+0.03 0.07+0.0f 0.701+0.00%4 0.72+0.08
200 0.53+0.01 0.05+0.08 1.100+0.005  1.42+0.03
LV 0 0.08+0.03 0.08+0.0f 0.110+0.01®6 0.12+0.02
50 0.57+0.02% 0.69+0.08 0.387+0.011  0.41+0.0%
100 0.31+0.02 0.29+0.04 0.285+0.0085  0.26+0.0%
200 0.21+0.01 0.19+0.02 0.187+0.00%  0.15+0.03
UP 2752 0 0.09+0.02  0.10+0.04 0.140+0.003  0.14+0.0%
50 0.32+0.05 0.39+0.08 0.412+0.001  0.43+0.08
100 0.12+0.04 0.13+0.0f 0.490+0.008  0.53+0.0%
200 0.08+0.02 0.07+0.0f 0.854+0.002  0.98+0.08
PBW 343 0 0.08+0.01 0.08+0.0f 0.160+0.008 0.16+0.04
50 0.37+0.06  0.39+0.04 0.405+0.006  0.46+0.08
100 0.31+0.02 0.31+0.02 0.540+0.002  0.56+0.06
200 0.13+0.03 0.13+0.08 0.886+0.002  1.10+0.04
SO 0 0.08+0.05 0.08+0.04 0.142+0.001  0.14+0.02
50 0.58+0.02 0.64+0.08 0.398+0.002  0.42+0.04
100 0.25+0.01 0.22+0.0f 0.260+0.002  0.24+0.0%
200 0.16+0.06  0.15+0.08 0.165+0.007  0.14+0.04
CD Values between treatments =0.109148 0.113747 0.190121 0.261039
CD Values between varieties =0.163722 0.170621 0.285181 0.391558

Means *= S.E., n=10. Different superscripts in ee@lumn express significant difference
with control at B0.01, in ‘t’ test. Results are expressed as thenmé#hree replicates (10
plants each). Ascorbate peroxidase (mmol ascorhgtprotein® min™); GR— Glutathione
reductase(mol NADPH oxidized mg protein min™).
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Table 69 (a).ANOVA of data presented in table 69 for APOX duritigday of salt stress

Source of

Variation SS df MS F P—value F crit
6.13E-

Rows 0.606275 3 0.202092 16.05754 06 3.008787

Columns 0.357595 8 0.044699 3.551663 0.007512  2.355081
Error 0.302051 24 0.012585
Total 1.26592 35

Table 69 (b).ANOVA of data presented in table 69 for APOX durBiyday of salt stress

Source of

Variation SS df MS F P—value F crit
1.09E-

Rows 0.813524 3 0.271175 19.83961 06 3.008787

Columns 0.348422 8 0.043553 3.186393 0.013126 2.355081

Error 0.32804 24 0.013668

Total 1.489986 35

Table 69 (c).ANOVA of data presented in table 69 for GR durirfiglay of salt stress

Source of

Variation SS df MS F P—value F crit
Rows 1.090041 3 0.363347 9.515377 0.000252 3.008787
Columns 0.904261 8 0.113033 2.960114 0.018723 2.355081
Error 0.916446 24 0.038185
Total 2.910747 35

Table 69 (d).ANOVA of data presented in table 69 for GR durifftdy of salt stress

Source of

Variation SS df MS F P—value F crit
Rows 1.69731 3 0.56577 7.859483 0.000799 3.008787
Columns 1.454696 8 0.181837 2.526017 0.037719 2.355081
Error 1.727656 24 0.071986
Total 4.879662 35
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KW UP2752  PBW343

50 m 100 mM

KW UPZ752 PBW343

Figure 52 Superoxide dismutase activities in nine varietea/heat subjected to salt
(NaCl) stress treatments for 1 day (A) and 3 d@)s Results are expressed as the
mean of three replicates (10 plants each). Bamrgesept SE. Different letters indicate
significant differences with respect to controkQ1). OmM, 50mM, 100mM,
200mM corresponds to the concentration of salt (NaC
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4.10. Isozyme analysis of antioxidative enzymes under doght and
salinity
4.10.1. Peroxidase

In the peroxidase isozyme analysis in NATIVE PAQEKig
drought and salinity stress in case of wheat viagetsignificant differences
was noticed among the varieties as well as duheglifferent days of drought
and different concentration of salt. In case ofop&tase isozyme analysis in
NATIVE PAGE, new bands were observed in the stbsearieties with
respect to control in case of almost all the vaagetvith highest number of new
peroxizymes (Table 70-81) recorded in case of wtasdike GN KW, KD
followed by PBW 343 and UP 2752 than SO, LV, GY adW/ with their
respective control at O day of drought (Figure 533-&nd the same trend was
observed during salt stress (Figure 57—-64).

New bands of peroxidase isozyme were recordedugffrout the
analysis in NATIVE PAGE with respect to control wiRm value of about
0.99, 0.975, 0.85, 0.812, 0.712, 0.675, 0.60, Q.3835, 0.362 and 0.20
(approx.). However, a maximum of 6 bands for petage isozyme was
observed during both drought and salt stress. Tdlaevobtained for the
activity of peroxidase (Table 75) for all theseigtes could be correlated with
the expression of catalase isozyme in NATIVE PAGE &ll the tested
varieties of wheat.

Figur 53 NATIVE PAGE of peroxidase ioyme foIIIIowingght stress in the
leaves of wheat (MW and KD): 1 & 5 -0d, 2 & 6 — 3d% 7-6d, 4-9d respectively
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Figure 54. NATIVE PAGE of peroxidase isozyme foIIowinQ drdugstress in the
leaves of wheat (GY and LV): 1 & 5 -0d, 2 & 6 — R,& 7-6d, 4 & 8-9d
respectively

Figure 55 NATIVE PAGE of peroxidééé 'isdzyrhe following drdugstress in the
leaves of wheat (SO and PBW 343): 1 & 5 -0d, 2 & 8d, 3 & 7-6d, 4 & 8-9d
respectively

Figure 56. NATIVE PAGE of peroxidase isozyme following drdugstress in the
leaves of wheat (KW): 1-0d, 2 & 3 — 3d, 4 & 5-6& 8—-9d respectively
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Figure 57. NATIVE PAGE of peroxidase isozyme following sattess in the leaves
of wheat (MW): 1-O0mM, 2 & 3 — 50mM (1d & 3d), 4 &500mM (1d & 3d), 6 & 7—
200mM (1d & 3d) respectively

Figure 58 NATIVE PAGE of-peroxidase isbzyme foI'Iowing saltess in the leaves
of wheat (KD): 1-OmM, 2 & 3 — 50mM (1d & 3d), 4 &500mM (1d & 3d), 6 &
7-200mM (1d & 3d) respectively

Figure 59. NATIVE PAGE of peroxidase isozyme following ssitess in the leaves
of wheat (GY): 1-OmM, 2 & 3 — 50mM (1d & 3d), 4 &500mM (1d & 3d), 6 &
7-200mM (1d & 3d) respectively
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Figure 60. NATIVE PAGE of peroxide isozyme following sattess in the leaves
of wheat (GN): 1-OmM, 2 & 3 — 50mM (1d & 3d), 4 &3500mM (1d & 3d), 6 & 7—
200mM (1d & 3d) respectively

Figure 61. NATIVE PAGE of peroxidase isofzyme following saltess in the leaves
of wheat (SO): 1-OmM, 2 & 3 — 50mM (1d & 3d), 4 &B0mM (1d & 3d), 6 & 7—
200mM (1d & 3d) respectively

Figure 62 NATIVE pe idaée isozyme following sattess in the leaves
of wheat (PBW 343): 1-0mM, 2 & 3 — 50mM (1d & 3d)& 5-100mM (1d & 3d), 6
& 7-200mM (1d & 3d) respectively
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Fgure 63 NATIVE PAGE of peroxidase isozyme oIIowing sattess inthe leaves
of wheat (KW): 1-0mM, 2 & 3 — 50mM (1d & 3d), 4 &3%00mM (1d & 3d), 6 & 7—
200mM (1d & 3d) respectively

Figure 64. NATIVE PAGE of peroxidase isozyme following sattess in the leaves
of wheat (UP 2752: 1-OmM, 2 & 3 — 50mM (1d & 3d)&4—100mM (1d & 3d), 6 &
7-200mM (1d & 3d) respectively
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Table 70. Rm value for peroxidase isozyme in Native PAGEg $3

Variety with treatments Lane No. Rm value

MW 0D 1 0.951, 0.878, 0.621, 0.353, 0.195
MW 3D 2 0.951, 0.878, 0.621, 0.353, 0.195
MW 6D 3 0.951, 0.878, 0.621, 0.353, 0.195
MW 9D 4 0.951, 0.878, 0.621, 0.195

KD 0D 5 0.951, 0.878, 0.621, 0.195

KD 3D 6 0.951, 0.878, 0.621, 0.195

KD 6D 7 0.951, 0.878, 0.621, 0.353, 0.195

Table 71.Rm value for peroxidase isozyme in Native PAGHgn 54

Variety with treatments Lane No. Rm value

GY 0D 1 0.95, 0.675

GY 3D 2 0.95, 0.675

GY 6D 3 0.99*, 0.95, 0.712*, 0.675, 0.587*
GY 9D 4 0.99*% 0.95, 0.587*

LV 0D 5 0.95, 0.712, 0.675

LV 3D 6 0.95, 0.85* 0.712, 0.675, 0.587*
LV 6D 7 0.95, 0.85*

LV 9D 8 0.95

*New band with respect to control

Table 72.Rm value for peroxidase isozyme in Native PAGHgn 55

Variety with treatments Lane No. Rm value

SO 0D 1 0.90, 0.65

SO 3D 2 0.975*, 0.90, 0.65

SO 6D 3 0.90, 0.65

SO 9D 4 0.90, 0.65

PBW 343 0D 5 0.90, 0.812, 0.725, 0.65

PBW 343 3D 6 0.90, 0.812, 0.725, 0.65

PBW 343 6D 7 0.90, 0.812, 0.725, 0.65, 0.60*
PBW 343 9D 8 0.90, 0.812, 0.725, 0.65

*New band with respect to control

Table 73.Rm value for peroxidase isozyme in Native PAGHgn 56

Variety with treatments Lane No. Rmvalue

KW 0D 1 0.90, 0.80, 0.712, 0.60

KW 3D 2 0.975* 0.90, 0.712, 0.60

KW 3D 3 0.975* 0.90, 0.712, 0.60

KW 6D 4 0.975*, 0.90, 0.80, 0.712, 0.60

KW 6D 5 0.975*, 0.90, 0.80, 0.712, 0.60

KW 9D 6 0.975* 0.90, 0.80, 0.712, 0.60, 0.55*
KW 9D 7 0.975* 0.90, 0.80, 0.712, 0.60, 0.55*

*New band with respect to control
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Table 74.Rm value for peroxidase isozyme in Native PAGE@ 57

Variety with treatments Lane No. Rm value

MW OmM 1 0.90, 0.60
MW 50mM 1D 2 0.90, 0.812*, 0.60
MW 50mM 3D 3 0.90, 0.812*, 0.60
MW 100mM 1D 4 0.90, 0.812*, 0.60
MW 100mM 3D 5 0.90, 0.812*, 0.60
MW 200mM 1D 6 0.90, 0.60
MW 200mM 3D 7 0.90, 0.60

*New band with respect to control

Table 75.Rm value for peroxidase isozyme in Native PAGHgn 58

Variety with treatments Lane Rmvalue
No.
KD OmM 1 0.90, 0.85, 0.812, 0.725, 0.65
KD 50mM 1D 2 0.90, 0.85, 0.812, 0.725, 0.65, 0.362*
KD 50mM 3D 3 0.90, 0.85, 0.812, 0.725, 0.65, 0.362*
KD 100mM 1D 4 0.90, 0.85, 0.812, 0.725, 0.65, 0.362*, 0.20*
KD 100mM 3D 5 0.90, 0.85, 0.812, 0.725, 0.65, 0.362*
KD 200mM 1D 6 0.90, 0.85, 0.812, 0.725, 0.65, 0.362*
KD 200mM 3D 7 0.90, 0.85, 0.812, 0.725, 0.65, 0.362*

*New band with respect to control

Table 76.Rm value for peroxidase isozyme in Native PAGHgn 59

Variety with treatments Lane No. Rm value
GY OmM 1 0.90, 0.812, 0.725, 0.65

GY 50mM 1D 2 0.90, 0.812, 0.725, 0.65
GY 50mM 3D 3 0.90, 0.812, 0.725, 0.65
GY 100mM 1D 4 0.90, 0.65

GY 100mM 3D 5 0.90, 0.812, 0.65, 0.60
GY 200mM 1D 6 0.90, 0.812, 0.65, 0.60
GY 200mM 3D 7 0.90, 0.812, 0.725, 0.65

Table 77.Rm value for peroxidase isozyme in Native PAGHgn 60

Variety with Lane No. Rm value

treatments

GN OmM 1 0.90, 0.725, 0.65

GN 50mM 1D 2 0.90, 0.725, 0.65

GN 50mM 3D 3 0.90, 0.85%, 0.725, 0.65

GN 100mM 1D 4 0.90, 0.85*, 0.725, 0.65

GN 100mM 3D 5 0.90, 0.725, 0.65

GN 200mM 1D 6 0.90, 0.85*, 0.725, 0.65

GN 200mM 3D 7 0.90, 0.85*, 0.725, 0.65, 0.60*

*New band with respect to control
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Table 78.Rm value for peroxidase isozyme in Native PAGE@ 61

Variety with treatments Lane No. Rm value

SO OmM 1 0.90, 0.725, 0.362
SO 50mM 1D 2 0.90, 0.725, 0.362
SO 50mM 3D 3 0.90, 0.725, 0.362
SO 100mM 1D 4 0.90, 0.725, 0.362
SO 100mM 3D 5 0.90, 0.725, 0.362
SO 200mM 1D 6 0.90, 0.725, 0.362
SO 200mM 3D 7 0.90, 0.725, 0.362

Table 79.Rm value for peroxidase isozyme in Native PAGEgn 62

Variety with treatments Lane No. Rm value

PBW 343 OmM 1 0.90, 0.812, 0.725, 0.65, 0.60
PBW 343 50mM 1D 2 0.90, 0.812, 0.725, 0.65, 0.60
PBW 343 50mM 3D 3 0.90, 0.812, 0.725, 0.65, 0.60
PBW 343 100mM 1D 4 0.90, 0.812, 0.725, 0.65, 0.60
PBW 343 100mM 3D 5 0.90, 0.812, 0.725, 0.65, 0.60
PBW 343200mM 1D 6 0.90, 0.812, 0.65, 0.60

PBW 343 200mM 3D 7 0.90, 0.812, 0.65, 0.60

Table 80.Rm value for peroxidase isozyme in Native PAGHEgn 63

Variety with treatments Lane No. Rm value

KW 0mM 1 0.975, 0.90, 0.85, 0.725, 0.65, 0.60
KW 50mM 1D 2 0.975, 0.90, 0.85, 0.725, 0.65, 0.60
KW 50mM 3D 3 0.975, 0.90, 0.85, 0.725, 0.65, 0.60
KW 100mM 1D 4 0.975, 0.90, 0.85, 0.725, 0.65, 0.60
KW 100mM 3D 5 0.975, 0.90, 0.85, 0.725, 0.65, 0.60
KW 200mM 1D 6 0.975, 0.90, 0.85, 0.725, 0.65, 0.60
KW 200mM 3D 7 0.975, 0.90, 0.85, 0.725, 0.65, 0.60

Table 81.Rm value for peroxidase isozyme in Native PAGHgn 64

Variety with treatments Lane No. Rm value

UP 2752 OmM 1 0.90, 0.812, 0.725, 0.65

UP 2752 50mM 1D 2 0.90, 0.812, 0.725, 0.65

UP 2752 50mM 3D 3 0.90, 0.812, 0.725, 0.65

UP 2752 100mM 1D 4 0.90, 0.812, 0.725, 0.65

UP 2752 100mM 3D 5 0.90, 0.812, 0.725, 0.65

UP 2752 200mM 1D 6 0.975* 0.90, 0.812, 0.725, 0.65
UP 2752 200mM 3D 7 0.975% 0.90, 0.812, 0.725, 0.65

*New band with respect to control
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4.10.2. Catalase

In the catalase isozyme analysis in NATIVE PAGEimnurdrought
and salinity stress in case of wheat varietiesnisognt differences was
noticed among the varieties as well as during tfierdnt days of drought and
different concentration of salt. Basically threentt&t were observed in the
stressed varieties with respect to control in cals@lmost all the varieties
(Table 82—87) with Rm value of about 0.853, 0.468 @.24 (approx.). All the
three isozymes was expressed in NATIVE PAGE for B®, KW during
drought (Figure 65—-66) and in KD and KW in casesalinity stress (Figure
67-70). Significantly, only two isozymes for cat#avere observed in case of
GN during salt stress. In case of MW, GY all theethisozyme for catalase
was seen during the higher concentration of saltpanlonged period of water
stress. The value obtained for the activity of lees@ for all these varieties
could be correlated with the expression of catalsszyme in NATIVE PAGE
for all the tested varieties of wheat for both dybbuand salt stress.

Figure 65. NATIVE PAGE of catalase isozyme following drougtitess in the leaves
of wheat (MW, GY and GN): 1, 4 & 8-0d; 2, 5 & 9-3J;6 & 10-6d respectively; 7—
9d in GY

195



Figure 66. NATIVE PAGE of catalase isozyme following drouggtitess in the leaves
of wheat (KD and KW): 1 & 5-0d; 2 & 6-3d; 3 & 7—641;& 8-9d respectively

Figure 67. NATIVE PAGE of catalase isozyme following saltests in the leaves of
wheat (MW): 1-O0mM; 2 & 3-50mM (1d & 3d); 4 & 5-100in(1d & 3d); 6 & 7—
200mM (1d & 3d) respectively
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Figure 68. NATIVE PAGE of catalase isozyme following saltests in the leaves of
wheat (GN): 1-OmM; 2 & 3-50mM (1d & 3d); 4 & 5-100M(1d & 3d); 6 & 7—
200mM (1d & 3d) respectively

Figure 69. NATIVE PAGE of catalase isozyme following saltests in the leaves of
wheat (KW): 1-O0mM; 2 & 3-50mM (1d & 3d); 4 & 5-100M(1d & 3d); 6 & 7-
200mM (1d & 3d) respectively
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Figure 70. NATIVE PAGE of catalase isozyme following saltests in the leaves of
wheat (KD): 1-0mM; 2 & 3-50mM (1d & 3d); 4 & 5-100Mm(1d & 3d); 6 & 7—

200mM (1d & 3d) respectively

Table 82.Rm value for catalase isozyme in Native PAGE in &g

Variety with treatments  Lane No. Rm value

MW 0D 1 0.466, 0.24

MW 3D 2 0.466, 0.24

MW 6D 3 0.466, 0.24

GY 0D 4 0.466, 0.24

GY 3D 5 0.466, 0.24

GY 6D 6 0.466, 0.24

GY 9D 7 0.466, 0.24

GN 0D 8 0.853, 0.466, 0.24
GN 3D 9 0.853, 0.466, 0.24
GN 6D 10 0.466, 0.24

Table 83.Rm value for catalase isozyme in Native PAGE in 6§

Variety with Lane No. Rm value
treatments

KD 0D 1 0.853, 0.466, 0.24
KD 3D 2 0.466, 0.24

KD 6D 3 0.853, 0.466, 0.24
KD 9D 4 0.853, 0.466, 0.24
KW 0D 5 0.466, 0.24

KW 3D 6 0.466, 0.24

KW 6D 7 0.853*, 0.466, 0.24
KW 9D 8 0.853*, 0.466, 0.24

*New band with respect to control
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Table 84.Rm value for catalase isozyme in Native PAGE in &g

Variety with treatments Lane No. Rm value

MW OmM 1 0.466, 0.24

MW 50mM 1D 2 0.466, 0.24

MW 50mM 3D 3 0.466, 0.24

MW 100mM 1D 4 0.853%, 0.466, 0.24
MW 100mM 3D 5 0.853%, 0.466, 0.24
MW 200mM 1D 6 0.853%, 0.466, 0.24
MW 200mM 3D 7 0.853*, 0.466, 0.24

*New band with respect to control

Table 85.Rm value for catalase isozyme in Native PAGE in 6§

Variety with treatments Lane No. Rm value

GN OmM 1 0.466, 0.24
GN 50mM 1D 2 0.466, 0.24
GN 50mM 3D 3 0.466, 0.24
GN 100mM 1D 4 0.466, 0.24
GN 100mM 3D 5 0.466, 0.24
GN 200mM 1D 6 0.466, 0.24
GN 200mM 3D 7 0.466, 0.24

Table 86.Rm value for catalase isozyme in Native PAGE in &g

Variety with treatments Lane No.

Rm value

KW O0mM

KW 50mM 1D
KW 50mM 3D
KW 100mM 1D
KW 100mM 3D
KW 200mM 1D
KW 200mM 3D

~No abhwbdNPE

0.853, 0.466, 0.24
0.853, 0.466, 0.24
0.853, 0.466, 0.24
0.853, 0.466, 0.24
0.853, 0.466, 0.24
0.853, 0.466, 0.24
0.853, 0.466, 0.24

Table 87. Rm value for catalase isozyme in Native PAGHEgn70

Variety with treatments Lane No. Rm value

KD OmM 1 0.853, 0.466, 0.24
KD 50mM 1D 2 0.853, 0.466, 0.24
KD 50mM 3D 3 0.853, 0.466, 0.24
KD 100mM 1D 4 0.853, 0.466, 0.24
KD 100mM 3D 5 0.853, 0.466, 0.24
KD 200mM 1D 6 0.853, 0.466, 0.24
KD 200mM 3D 7 0.853, 0.466, 0.24
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4.11. Changes in HO, accumulation in wheat plants following stress
4.11.1. H,0, content

In this study, although #D, accumulation (Table 88) increased
during water stress, after a period of prolongexight there was a decrease in
H.O; levels in varieties like KW, GN, KD, PBW 343 andP2752 indicating
greater antioxidant activity whereas the accumomanf HO, continued to
increase in LV, SO, GY and MW with the increase tire duration of
withholding water from the plants. In our studyviis observed that during salt
stress (Table 89) the accumulation ofC continued to increase in all the
varieties with increasing concentration of salt dhe duration of salt stress
however, in case of KW, GN, KD, PBW 343 and UP 2#tt&®accumulation of
H,O, decreased whereas in LV, SO, GY and MW the cont#nt,0O;
continued to increase. The accumulation @OHduring drought stress was
higher in the wheat varieties in general than thetent of HO, in the wheat

varieties during salt stress.

Table 88.Effect of drought stress on accumulation eOBlin wheat

Content of H,O,

Varieties Days of Stress
oD 3D 6D 9D
MW 271.9+1.81 381.6+1.62 406.2+1.32 427.8+1.44
GY 66.4+1.62 359.4+1.58  404.7+1.483 449.7+1.21
KD 175.941.32 295.2+1.48 338.8+1.84 262.0+1.48
GN 233.0+1.78 351.6 +1.289 370.5+#1.72 295.3+1.94
KW 185.3+1.88 289.3+1.98  344.0+1.9% 279.9+1.7%
LV 142.0+1.74 243.1+1.88  406.4+1.88 450.2+1.68
UP 2752 159.1+1.8% 248.8+1.94  349.3+1.78 330.6+1.84
PBW 343 90.2+1.7% 326.0+1.87 370.3+1.58 350.0+1.62
SO 154.9+41.32 382.5+1.9% 391.4+1.98  400.0+1.96
CD Value between treatments =50.9296
CD Value between varieties =76.3944

Means + S.E., n=10. Different superscripts in eamlimn express significant difference
with control at R0.01, in ‘t’ test. Results are expressed as thennaédhree replicates

(10 plants eachH,0, = expressed in terms pfmol g tissue' (d.m.).
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Table 88 (a). ANOVA of data presented in table 88 1ds0,

Source of Variation SS df MS F P—value F crit
Rows 254118.2 3  84706.08 30.91281 2.07E-08 3.008787
Columns 35282.85 8 4410356 1.609524 0.174395 Q&B5
Error 65763.88 24 2740.161
Total 355165 35
Table 89.Effect of salt stress on accumulation of34in wheat
Content of H,0O,
Varieties Day of Concentration of Salt
sampling omM 50mM 100mM 200mM
MW 1d 271.9+1.28 379.5+1.23 399.6+1.58 419.9+1.1%
ad 272.0+1.38 382.6+1.28  411.1+1.48 431.2+1.52
GY 1d 66.4+1.81 361.1+1.63 402.2+1.1%  422.1+1.5%
ad 67.0+1.44 363.6+1.985  406.5+1.84 452.6+1.68
KD 1d 175.94¢1.31 301.1+1.4%  340.2+1.88 270.1+1.44
3d 176.2+1.31  322.0+1.8% 335.0+1.92 264.5+1.88
GN 1d 233.0+1.52 355.1+1.18  359.5+1.64 264.3+1.78
3d 233.5+1.22 363.3+1.14 341.2+1.38 245.5+1.42
KW 1d 185.3+1.81 297.7+41.93  342.2+1.95% 257.7+1.28
ad 186.0+1.52 368.8+1.22 301.1+1.18 244.4+1.58
LV 1d 142.0+1.73  405.5+1.88 411.1+1.88 462.0+1.68
ad 142.5+1.19 412.2+1.4% 440.0+1.78 465.5+1.19
UP 2752 1d 159.1+41.78 295.5+1.16 340.1+1.34 312.2+1.1%
3d 160.2+1.18 321.0+1.79 336.4+1.18 289.9+1.283
PBW 343 1d 90.2+1.52 314.0+1.98 321.2+1.62 279.2+1.5%
3d 90.3+1.63 325.8+1.62 323.6+1.52 269.0+1.3%
SO 1d 154.9+1.2% 298.8+1.12 382.2+1.98 400.0+1.87
ad 155.241.32 345.5+1.98 398.5+1.68 415.0+1.54

CD Value between treatments (1 day/3 day) =48.15774 / 53.86688
CD Value between varieties (1 day/3 day) =72.2366 / 161.6006

Means + S.E., n=10. Different superscripts in easlumn express significant difference
with control at R0.01, in ‘t’ test. Results are expressed as thennoédhree replicates (10
plants each)H,0, = expressed in terms pfmol g tissue" (d.m.)

Table 89 (a). ANOVA of data presented in table 89 duririgday of salt stress

Source of Variation SS df MS F P—value F crit
Rows 232586.2 3 77528.72 31.64424 1.66E-08  3.008787
Columns 49712.19 8 6214.024 2.536325 0.037087 R&B5
Error 58800.25 24 2450.01

Total 341098.6 35
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Table 89 (b).ANOVA of data presented in table 89 duriffjday of salt stress

Source of

Variation SS df MS F P—value F crit
Rows 246046.4 3 82015.45 26.75569 7.91E-08 3.008787
Columns 58860.26 8 7357.533 2.400229 0.0464 2.355081
Error 73568.3 24 3065.346
Total 378474.9 35

4.11.2. Microscopic localization of HO,

During microscopic studies of the leaf tissueBAB staining test for
the detection of bD,, dark—brown spots were observed as big and small
patches at the site of DAB polymerization. The leBS0O, LV, GY and MW
showed more darkly stainddAB-sites in the tissues than in the leaves from
the other five varieties with respect to their cohtduring both the drought
(Figure 71, 72 and 73 ) and salt stress (Figure/34nd 76). With increase in
the duration of stress LV, MW, GY and SO showedeéastaining in the leaf
tissues particularly during the 6th and 9th daywaiter stress and at salt
concentration of 200mM at®day of salt stress; however, the other varieties
also showed darker stained leaf tissues during'trday of drought and at salt
stress of 200mM. Interestingly, DAB polymerizatisite was largely localized
at the tip of the leaf, region surrounding the nedtéhmella and also the
stomata of the leaf in the varieties under stressnancompared to the leaf of
the control set (Figure 77).

The transverse section of the leaf at the stasmedshowed that the
DAB binding sites were localized mostly in the péeral region of the cell
(Figure 77). It was evident in our study that thezwanulation of HO, as
evident by the dark spots observed during DAB pe@gmation in our tested
varieties of wheat under microscopic studies ireaaswheat varieties during

drought was higher than the accumulation duringstedss.
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Figure 71 In situ detection of HO, in mid—portions of leaves of wheat following
drought stress: A—-KW, B-LV & C-UP 2752; i—0d, ii-3ii-6d & iv—9d respectively
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Figure 72 In situ detection of HO, in mid—portions of leaves of wheat following
drought stress: A-PBW 343, B-SO & C—KD; i-0d, ii--8e-6d & iv—9d respectively
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Figure 73. In situ detection of HO, in mid—portions of leaves of wheat following
drought stress: A-MW, B-GY & C-GN; i-0d, ii-3d-fd & iv—9d respectively
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Figure 74. In situ detection of HO, in mid—portions of leaves of wheat following salt
stress: A—KW, B-LV & C-UP 2752; i-0 mM, ii & iii-50M (1d & 3d), iv & v—
100mM (1d & 3d), vi & vii—200mM (1d & 3d) respectly
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Figure 75. In situ detection of HO, in mid—portions of leaves of wheat
following salt stress: A-PBW 343, B-SO & C-KD; M, ii & iii-50mM
(1d & 3d), iv & v—=100mM (1d & 3d), vi & vii-200mMXd & 3d) respectively
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Figure 76. In situ detection of HO, in mid—portions of leaves of wheat
following salt stress: A-MW 343, B-GY & C-GN; i-ONh ii & iii-50mM
(1d & 3d), iv & v—=100mM (1d & 3d), vi & vii-200mMXd & 3d) respectively
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A

Figure 77. DAB stained sites shown as dark brown spots ia=keaves; b & c=
group of cells in 10X; d & e= t.s. of control leaind drought stressed leaf
respectively; f =tip portion of leaf; g & h = t.at the vascular bundle site of the leaf;
i=t.s. of leaf showing region around bulliform &lj& k= stomatal sites in 10X; | &
m= stomatal sites showing DAB sites in 45X
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4.12.
4.12.1. Drought
Carotenoids, ascorbic acid asmetocopherol (Vit E) three of the non—

Variations in levels of non—enzymatic antioxidants

enzymatic antioxidants in plants increased sigaifity in all the nine varieties
following drought stress. Accumulation of carotefwiin the leaves, during
drought showed an initial enhancement in all theetias followed by a
decrease after 3 days in varieties MW, GY, LV af@&d after 6 days in KD,
KW, GN, UP 2752 and PBW 343 (Table 90).

accumulation in the leaf was enhanced in all niageties even after 9 days of

Howevercodasate

drought stress (Table 91). Accumulationeetocopherol in the leaves of the
drought stressed plant in general increased dthia@® day of drought except
in case of GY where it decreased, however, in KW, BBW 343 and SO the
accumulation of Vit E decreased after 6 days ought and after 9 days in
MW, GY and KD (Table 92). In case of UP 2752 and B\Wever, the content
of Vit E increased on thé"@ay of stress.

Table 90.Carotenoids in the leaves of wheat varieties sidjeto water stress

Content of carotenoids

Varieties Days of Stress
oD 3D 6D 9D
MW  0.043%0.002 0.056x0.002 0.052+0.008 0.040+0.003
GY 0.044+0.008 0.067+0.002 0.041+0.002  0.030+0.001
KD 0.044+0.002 0.057+0.001 0.066+0.008  0.050+0.002
GN 0.042+0.003 0.063 +.002 0.067+0.002  0.052+0.002
KW 0.048+0.002 0.051+0.001 0.061+0.008  0.055+0.002
LV 0.049+0.003 0.049+0.003 0.038+0.001  0.029+0.002
UP 2752 0.050+0.001 0.062+0.008 0.052+0.002  0.039+0.00%1
PBW 343 0.047+0.003 0.048+0.001 0.042+0.001  0.037+0.001
SO  0.041+0.002 0.049+0.001 0.042+0.00%5 0.033+0.002
CD Value between treatments =0.00698
CD Value between varieties =0.01047

Means + S.E., n=10. Different superscripts in easlumn express significant difference
with control at R0.01, in ‘t’ test. Results are expressed as thennoéahree replicates (10

plants each). Carotenoids = mg (.m.).
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Table 90 (a).ANOVA of data presented in table 90 for carotenoids

Source of
Variation SS df MS F P—value F crit
Rows 0.001217 3 0.000406 7.889312 0.000782 3.008787
Columns 0.000995 8 0.000124 2.417682 0.045081 2.355081
5.14E-
Error 0.001234 24
Total 0.003447 35

Table 91.Content of ascorbate in the leaves of wheat vasietubjected to water

stress
Ascorbate
Varieties Days of Stress
oD 3D 6D 9D
MW 12.40+0.14 13.30+0.12 15.20+0.18 16.90+0.18
GY 0.40+0.17 15.40+0.02 16.60+0.08  17.90+0.08
KD 5.50+0.13  9.20+0.22  18.60+0.23 21.80+0.258
GN 9.40+0.3f  10.80+0.32  11.20+0.13 16.30+0.21
KW 11.02+0.02  12.19+0.02  13.44+0.04 14.78+0.09
LV 0.98+0.08  9.90+0.0f  10.10+0.03 11.30+0.08
UP 2752 12.11+0.02 12.98+0.08 14.90+0.08 15.51+0.04
PBW 343 11.96+0.02 13.15+0.08 13.51+0.02 15.81+0.08
SO 11.07+0.08  12.14+0.08  13.89+0.0% 14.65+0.08
CD Value between treatments =2.19148
CD Value between varieties =3.28722

Means + S.E., n=10. Different superscripts in eamlimn express significant difference
with control at R0.01, in ‘t’ test. Results are expressed as thennoédhree replicates
(10 plants each). Ascorbate (mg d.m).

Table 91 (a). ANOVA of data presented in table 91 for ascorbate

Source of

Variation SS df MS F P—value F crit
8.95E—

Rows 169.6303 3 56.54344 11.14477 05 3.008787

Columns 61.00421 8 7.625526 1.502999 0.208204 2.355081

Error 121.7649 24 5.073539

Total 352.3995 35
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Table 92.Content of Vit E in the leaf of nine water strabsarieties of wheat

Vit E (a—tocopherol)
Days of Stress

Varieties oD 3D 6D 9D
MW 0.314+0.12 0.449+0.12 0.469+0.18 0.468+0.18
GY 0.549+0.18 0.393+0.18 0.520+0.09  0.495+0.09
KD 0.511+0.12 0.578+0.22 0.630+0.14 0.588+0.18
GN 0.370+0.20  0.577+0.12 0.371+0.1%  0.407+0.09
KW 0.397+0.13 0.456x0.18 0.398+0.08  0.381+0.18
LV 0.392+0.18 0.401+0.14 0.343+0.17 0.319+0.18
UP 2752 0.295+0.16 0.390+0.18 0.366x0.18 0.410+0.18
PBW 343 0.318+0.18 0.423+0.1%7 0.410+0.12 0.397+0.18
SO 0.341+0.1% 0.389+0.18 0.352+0.18 0.334+0.11
CD Value between treatments =0.05347
CD Value between varieties =0.08021

Means + S.E., n=10. Different superscripts in eaalomn express significant difference
with control at R0.01, in ‘t’ test. Results are expressed as thennoédhree replicates
(10 plants each)\Vit E = mg g* (d.m).

Table 92 (a). ANOVA of data presented in table 92 for Vit E

Source of
Variation SS df MS F P—value F crit
Rows 0.018544 3 0.006181 2.046303 0.134157 3.008787
Columns 0.164413 8 0.020552 6.803613 0.000114 2.355081
Error 0.072497 24 0.003021
Total 0.255453 35

4.12.2. Salinity

Carotenoid content showed a general increasdsiradcumulation
with the increase in the concentration and duratiosalt stress in all the varieties
but with prolonged days of salt stress and incrgasioncentration of salt the
accumulation declined at 100mM concentration irecaisMW, GY, LV and SO
and at 200mM concentration in case of KD, GN, KWR, B752 and PBW 343
(Table 93). Accumulation of ascorbic acid increase@ll periods of salt stress

and enhanced with increasing concentration ofisal the varieties (Table 94)
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with the highest accumulation noted in case of &W, KD, UP 2752 and PBW
343 at 200mM concentration of salt. Vit E contentthe salt stressed leaf
increased with the increase in the days and coratent of salt stress initially but
declined at higher concentration and duration f teess in case of MW, GY,
LV and SO and in the other five varieties it deetimat the salt concentration of

200mM after a steady increase (Table 95).

Table 93.Carotenoids in the leaves of nine wheat varietidgected to salt stress

Varieties Day of Carotenoid
sampling Concentration of Salt

omM 50mM 100mM 200mM
MW 1d 0.043+0.002 0.051+0.002 0.049+0.001 0.042+0.002
3d 0.043+0.002 0.053+0.001 0.051+0.002 0.038+0.008
GY 1d 0.044+0.006 0.061+0.002 0.042+0.010 0.032+0.003
3d 0.044+0.006 0.062+0.0085 0.043+0.009 0.030+0.008
KD 1d 0.044+0.002 0.058+0.00%5 0.069+0.008 0.052+0.00%
3d 0.045+0.001 0.059+0.001 0.072+0.002 0.049+0.008
GN 1d 0.042+0.002 0.065+0.009 0.069+0.003 0.053+0.007
3d 0.043+0.003 0.066+0.008 0.071+0.004 0.050+0.002
KW 1d 0.044+0.002 0.057+0.004 0.064+0.008 0.052+0.008
3d 0.045+0.001 0.061+0.003 0.065+0.008 0.051+0.002
LV 1d 0.048+0.002 0.049+0.002 0.039+0.004 0.028+0.002
3d 0.049+0.003 0.052+0.001 0.037+0.009 0.025+0.008
UP 2752 1d 0.050+0.001 0.058+0.008 0.060+0.008 0.041+0.002
3d 0.050+0.001 0.059+0.007 0.061+0.008 0.043+0.003
PBW 343 1d 0.047+0.003 0.049+0.007 0.056+0.008 0.042+0.005
3d 0.048+0.002 0.052+0.004 0.041+0.001 0.028+0.001
SO 1d 0.041+0.002 0.048+0.003 0.043+0.009 0.034+0.008
3d 0.041+0.002 0.052+0.004 0.041+0.001 0.028+0.009

CD Value between treatments (1 day/3 day)

CD Value between varieties

=0.00622 / 0.0065
=0.00932 / 0.0897

Means + S.E., n=10. Different superscripts in easlumn express significant difference
with control at R0.01, in ‘t’ test. Results are expressed as thennoéahree replicates (10

plants each). Carotenoids = mg (.m.).
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Table 93 (a).ANOVA of data presented in table 93 for carotenaldsing £' day of salt

stress
Source of
Variation SS df MS F P—value F crit
Rows 0.001268 3 0.000423 10.35678 0.000146 3.008787
Columns 0.001196 8 0.00015 3.663511 0.006356 28650
Error 0.00098 24 4.08E-05
Total 0.003445 35

Table 93 (b).ANOVA of data presented in table 93 for carotenaidsing 3 day of salt

stress
Source of
Variation SS df MS F P—value F crit
Rows 0.001971 3 0.000657 14.73359  1.19E-05 3.008787
Columns 0.001388 8 0.000173 3.890144 0.004556 R&B5
Error 0.00107 24 4.46E-05
Total 0.004429 35

Table 94.Content of ascorbate in the leaves of nine whagetres subjected to salt

stress
Ascorbate

Varieties Day of Concentration of Salt
sampling OomM 50mM 100mM 200mM
MW 1d 12.40+0.06  12.90+0.04 15.80+0.032 16.50+0.03
3d 12.50+0.08  13.50+0.08 13.80+0.03 17.80+0.02
GY 1d 9.40+0.08  13.10+0.08 15.50+0.02 17.10+0.08
3d 9.30+0.08  14.90+0.08 15.60+0.0% 17.50+0.0%
KD 1d 5.50+0.04  15.20+0.08 16.80+0.08 19.20+0.08
3d 5.40+0.08  17.40+0.04 18.50+0.08 24.10+0.08
GN 1d 9.40+0.08  15.90+0.08 20.10+0.08 23.00+0.08
3d 9.50+0.08  17.80+0.08 22.20+0.08 23.90+0.08
KW 1d 11.02+0.09  14.20+0.02 19.40+0.09 23.00+0.04
3d 11.40+0.06  18.10+0.08 21.00+0.08 23.50+0.02
LV 1d 9.98+0.07  11.20+0.0% 13.90+0.08 17.20+0.0%
3d 10.00+0.03  11.32+0.0% 14.50+0.01 18.10+0.09
UP 2752 1d 12.11+0.02  13.50+0.08 16.60+0.0% 21.20+0.04
3d 12.00+0.08  14.50+0.04 17.90+0.04 23.00+0.04
PBW 343 1d 11.96+0.08  15.00+0.08 19.20+0.08 20.00+0.08
3d 12.00+0.04  15.60+0.0% 19.40+0.04 22.10+0.03
SO 1d 11.40+0.08  13.40+0.08 17.10+0.08 17.80+0.07
3d 11.35+0.08  13.90+0.08 18.50+0.02 18.80+0.01%

CD Value between treatments (1 day/3 day) =1.65055 / 2.03666

CD Value between varieties (1 day/3 day)

=2.47582/2.1602

Means + S.E., n=10. Different superscripts in easlumn express significant difference
with control at R0.01, in ‘t’ test. Results are expressed as thennoéahree replicates (10
plants each). Ascorbate (mg' g.m).
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Table 94 (a).ANOVA of data presented in table 94 for ascorbatengy I** day

Source of

Variation SS df MS F P—value F crit
Rows 425.0115 141.6705 49.22507 2.1E-10 3.008787
Columns 68.27354 8.534192 2.965305 0.01857 28650
Error 69.07237 24 2.878015
Total 562.3574 35

Table 94 (b).ANOVA of data presented in table 94 for ascorbatend) 3¢ day

Source of

Variation SS df MS F P—value F crit
Rows 545.3745 181.7915 41.48591 1.18E-09 3.008787
Columns 103.7564 12.96955 2.959729 0.018735 P&B5
Error 105.1682 24 4.382006
Total 754.2991 35

Table 95.Content of Vit E ¢—tocopherol) in the leaf of nine salt stressedetes of

wheat
Vit E (e—tocopherol)
Varieties Day of Concentration of Salt
sampling OomM 50mM 100mM 200mM
MW 1d 0.314+0.14  0.430+0.13  0.421+0.1% 0.406+0.12
3d 0.320+0.16  0.415+0.1%  0.385+0.12 0.377%0.16
GY 1d 0.549+0.13  0.561+0.12  0.434+0.1% 0.411+0.1%
3d 0.550+0.12  0.542+0.19  0.412+0.16 0.394+0.16
KD 1d 0.511+0.18 0.595+0.183  0.641+0.19 0.595+0.1%
ad 0.515+0.18  0.602+0.183  0.632+0.1% 0.584+0.16
GN 1d 0.370+0.16  0.551+0.1%  0.589+0.12 0.521+0.18
3d 0.381+0.13  0.562+0.16  0.551+0.1% 0.499+0.18
KW 1d 0.397+0.18  0.498+0.1%  0.587+0.18 0.556+0.19
3d 0.410+0.18 0.521+0.1%  0.564+0.14 0.502+0.12
LV 1d 0.392+0.13  0.405+0.12  0.371+0.18 0.354+0.1%
3d 0.385+0.12  0.411+0.18  0.356+0.14 0.314+0.16
UP 2752 1d 0.295+0.13  0.445+0.18  0.526+0.12 0.468+0.19
3d 0.310+0.13  0.465+0.18  0.505+0.1% 0.455+0.18
PBW 343 1d 0.318+0.18  0.431+0.16  0.499+0.16 0.410+0.13
3d 0.320+0.10  0.442+0.16  0.478+0.19 0.397+0.14
SO 1d 0.341+0.16  0.366+0.19  0.351+0.14 0.322+0.1%
3d 0.343+0.19  0.389+0.1%  0.329+0.17 0.298+0.12
CD Value between treatments (1 day/3 day) =0.05478 / 0.05069
CD Value between varieties (1 day/3 day) =0.08217 / 0.07604

Means + S.E., n=10. Different superscripts in easlumn express significant difference
with control at R0.01, in ‘t’ test. Results are expressed as thennoéahree replicates (10

plants each)VitE =mg g

L (d.m).
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Table 95 (a).ANOVA of data presented in table 95 for Vit E ditf* day

Source of
Variation SS df MS F P—value F crit
Rows 0.05637 3 0.01879 5.927749 0.003559 3.008787
5.56E—
Columns 0.189428 8 0.023678 7.469881 05 2.355081
Error 0.076077 24 0.00317
Total 0.321875 35

Table 95 (b).ANOVA of data presented in table 95 for Vit E duri@® day

Source of
Variation SS df MS F P—value F crit
Rows 0.046055 3 0.015352 5.655056 0.004461 3.008787
1.14E-
Columns 0.197342 8 0.024668 9.086781 05 2.355081
Error 0.065152 24 0.002715
Total 0.308549 35

4.13. Effect of water stress and salinity on total antioiative activities
of wheat

The total antioxidative activity in the leaf folling water stress
increased with the increase in the duration of metting water in all varieties
with a slight decline observed during tHe @ay in case of MW (Table 96). In
GN, KD, UP 2752 and PBW 343 the total antioxidataaivity continued to
increase even after 9 days of drought howeveredited on the ® day of
water stress in case of KW, MW, GY, LV and SO. IB,KGN, UP 2752 and
PBW 343 the total antioxidative activity was sigeaintly higher than the other
varieties. The percent inhibition of DPPH i.e. th&al antioxidant activity in
the leaf of salt stressed plants increased withrtbeease in the concentration
and duration of stress but decreased at the caatientof 100mM in case of
MW, LV, SO and GY (Table 97). In KD, GN, KW, UP 2Zand PBW 343 the
total antioxidative activity was significantly higheven at 200mM
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concentration and the highest value for the cordém@PPH were observe in
these varieties.

The total antioxidant activity following both drght and salt was
compared and it was evident that total antioxicgantivity during salt stress in

the tested varieties in our study was higher thamd drought stress.

Table 96.Total antioxidant activity in wheat varieties chugiwater stress

DPPH (Total antioxidant activity)

Varieties Days of Stress
oD 3D 6D 9D
MW 8.434+0.0f  4.494+0.08 10.526+0.08 3.330+0.08
GY 4.558+0.08  5.470+0.03 9.540+0.08 4.110+0.04
KD 8.805+0.03  21.429+0.08 29.710+0.0% 56.369+0.09
GN 4.828+0.08 23.611+0.09 26.829+0.08 36.021+0.07
KW 8.920+0.08 15.245+0.08 11.630+0.08 9.638+0.08
LV 5.210+0.08  10.400+0.08  7.890+0.08  6.881+0.01
UP 2752 6.878x0.09 19.220+0.07 21.430+0.04 39.530+0.01
PBW 343 5.758%0.06 11.501+0.03 15.300+0.083 22.240+0.02
SO 7.120+0.08 10.820+0.08 9.887+0.09  4.023+0.08
CD Value between treatments =8.13063
CD Value between varieties =12.1959

Means + S.E., n=10. Different superscripts in easlumn express significant difference
with control at R0.01, in ‘t’ test. Results are expressed as thennoéahree replicates (10
plants each)Total antioxidant activity = % inhibition of DPPHbsorbance

Table 96 (a).ANOVA of data presented in table 96 for DPPH (tatafioxidant activity)

Source of

Variation SS df MS F P—value F crit
Rows 2274.272 8 284.284 4.070697 0.003513 2.355081
Columns 859.1479 3 286.3826 4.100747 0.017508 3.008787
Error 1676.081 24 69.8367

Total 4809.501 35
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Table 97.Total antioxidant activity in wheat varieties chgisalt stress

DPPH (Total antioxidant activity)

Varieties Day of Concentration of Salt
sampling OomM 50mM 100mM 200mM

MW 1d 8.43+0.02 9.20+0.02 7.45+0.08  4.66x0.0%
3d 8.42+0.08 9.50+0.02 6.11+0.08  3.36+0.0%
GY 1d 4.56+0.02 6.56+0.0% 5.59+0.08  4.21+0.09
3d 4.61+0.01 7.78+0.03 8.20+0.08  5.22+0.08
KD 1d 8.81+0.06  29.36+0.08  36.65+0.08 55.32+0.08
3d 8.82+0.03  39.55+0.08  42.21+0.08 50.01+0.03
GN 1d 4.83+0.09 28.88+0.04  37.87+0.08 54.95+0.08
3d 4.84+0.08  35.36+0.08  43.65+0.04 48.64+0.08
KW 1d 8.92+0.06  19.98%0.02  29.80+0.08 36.60+0.04
3d 8.91+0.04  21.20+0.0%  33.30+0.04 38.90+0.08
LV 1d 5.21+0.02 8.50+0.06 6.99+0.02  4.60+0.09
3d 5.19+0.08 8.21+0.06 4.87+0.03  2.98+0.09
UP 2752 1d 6.88x0.0f  16.98+0.04  19.50+0.08 29.78+0.02
3d 6.92+0.05  18.90+0.0%  23.50+0.08 33.30+0.0%
PBW 343 1d 5.76x0.09  15.68+0.08  21.20+0.04 28.80+0.08
3d 5.76x0.08  19.60+0.07  22.74+0.04 32.70+0.02
SO 1d 7.12+0.08  11.80+0.07 8.78+0.05  5.30+0.02
3d 6.99+0.0f  13.35x0.0% 0.10+0.03  3.65+0.08

=8.61954 / 8.59014
=12.9293/12.8852

CD Value between treatments (1 day/3 day)
CD Value between varieties (1 day/3 day)

Means = S.E., n=10. Different superscripts in eaolumn express significant
difference with control at €0.01, in't’ test. Results are expressed as the noéan
three replicates (10 plants each). Total antioXidativity = % inhibition of DPPH
absorbance

Table 97(a).ANOVA of data presented in table 97 for DPPH durlfiglay of salt stress

Source of

Variation SS df MS F P—value F crit
Rows 1565.217 3 521.7388 6.647364 0.001998 3.008787
Columns 3698.57 8 462.3213 5.890337 0.000325 2.355081
Error 1883.714 24 78.48809
Total 7147.501 35
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Table 97(b).ANOVA of data presented in table 97 for DPPH du¥figlay of salt stress

Source of
Variation SS df MS F P—value F crit
Rows 1629.62 3 543.2066 6.968337 0.001557 3.008787
Columns 4421.348 8 552.6685 7.089716 8.32E-05 2.355081
Error 1870.885 24 77.95354
Total 7921.853 35
4.14. Effect of stresses on Naand K* content

Na" and K content in case of both water and salt stressased
significantly with the onset of stress treatmehktdlowing water and salt stress
treatments the content of Nia case of roots was much higher than that of leaf
in all varieties whereas 'Kcontent was higher in the leaf than the rootsrduri

the stress.

Table 98.Effect of drought on sodium (Njpcontents in wheat varieties

Content of N&

Varieties Part Days of Stress
used oD 3D 6D aD
MW Leaf 6.21+0.1F 8.11+0.27 9.22+0.258  10.14+0.27
Root 4.24+0.2f 25.63+0.32 61.11+0.23  70.22+0.23
GY Leaf 7.11+0.3%3  8.52+0.1% 9.98+0.3F  12.12+0.24
Root 5.12+0.18 35.58+0.14  51.34+0.28  68.97+0.19
KD Leaf 4.51+0.36  6.12+0.22 8.7440.37 9.01+0.18
Root 3.52+0.28 15.14+0.23  39.14+0.28  59.61+0.17
GN Leaf 4.88+0.17  6.32+0.3%3 8.99+0.19 9.25+0.22
Root 3.87+0.32 16.96+0.36¢  37.64+0.17  58.68+0.29
KW Leaf 5.01+0.1F  7.11+0.37 9.31+0.3  10.21+0.2¢
Root 4.11+0.2F 16.32+0.19  41.02+0.23  60.13+0.37
LV Leaf 7.01+0.3Ff 10.22+0.2F  15.64+0.3F  17.99+0.28
Root 6.88+0.2F 36.84+0.22 55.94+0.29  75.31+0.19
UP 2752  Leaf 5.99+0.27  6.55+0.23 8.85+0.28  12.41+0.19
Root 4.52+0.33 19.98+0.3F  49.98+0.18  65.24+0.27
PBW 343 Leaf 6.47+0.16  6.58+0.37 9.21+0.168  12.33+0.22
Root 5.13+0.25 20.01+0.26  50.11+0.19  66.56+0.23
SO Leaf 5.89+0.27  7.98+0.2¢  11.34+0.21  15.91+0.19
Root 5.31+0.19 21.56+0.28  57.34+0.23  62.32+0.28

CD Value between treatments (leaf/root)

CD Value between varieties

(leaf/root)

=1.24397 / 4.30572
=1.86595 / 6.45857

Means + S.E., n=10. Different superscripts in eaalimn express significant difference with control
at P<0.01, in‘t’ test. Results are expressed as the nudathree replicates (10 plants each)."Na

contents = mgg (d.w.).
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Table 98(a).ANOVA of data presented in table 98 fwontent of Na (leaf)

Source of

Variation SS df MS F P—value F crit
Rows 95.37465 8 11.92183 7.292735 6.7E-05 2.355081
Columns 207.793 3 69.26435 42.36988 9.59E-10 3.008787
Error 39.23411 24 1.634754

Total 342.4018 35

Table 98(b).ANOVA of data presented in table 98 faontent of N4 (root)

Source of

Variation SS df MS F P—value F crit
Rows 870.1735 8 108.7717 5.553788 0.000489 2.355081
Columns 19558.51 3 6519.504 332.8802 1.11E-19 3.008787
Error 470.0432 24 19.58513

Total 20898.73 35

In case of water stress the increase in the dayathholding water
resulted in the increase in the content of Maboth leaf and root (Table 98).
In MW, GY, LV and SO the increase in the Neontent was more than the
increase in the other varieties following stresd #re content of Nain the
roots were higher. In case of salt stress in thé ([€able 99) and root (Table
100) of wheat varieties similar results were oladiras in the case of water
stress. The increase in the content of Mas much more in the roots than the
leaf and four varieties i.e. MW, GY, LV and SO slealtthe highest content of
Na' in both the leaf and roots with increasing conaaign and duration of salt
stress.

In case of KW, GN, KD, UP 2752 and PBW 343" Nantent
increased but comparatively it was lesser tharother varieties. Kcontent in
the water stressed leaf was more than that ofdbs.rK content in both leaf
and root increased significantly during the iniphlase of water stress but later
with prolonged stress, the content of K both leaf and root declined; the
decline in case of MW, GY, LV and SO was much ntbian compared to the
other five varieties where the decrease in theerantf K was lesser (Table
101). Similar trend was observe during salt stweisere the K content of the
leaf (Table 102) and root (Table 103) initially sl an increase which
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declined in the higher concentration of salt anmlgrged period of salt stress.
The decline in K content of the leaf and root during salinity str@s case of
MW, GY, LV and SO was much more pronounced tharvtreeties GN, KD,
KW, UP 2752 and PBW 343. The'Kontent in case of leaf was more than

that of root during the stress treatments.

Table 99.Effect of salt stress on sodium (Naontents in the leaf of wheat varieties

Content of N&

Varieties Days of Concentration of Salt
sampling omM 50mM 100mM 200mMm

MW 1d 6.21+0.21°  7.11+0.29 10.13+0.19  14.24x0.2F
3d 6.19+0.1F  8.97+0.1 15.65+0.2%  19.98+0.22
GY 1d 7.1120.32  6.9720.25 11.51+0.16  17.64+0.3F
3d 7.1020.1F  8.97+0.19 16.52+0.3F  18.99+0.18
KD 1d 451+0.2F  6.89x0.3F 11.11+0.2%  13.21+0.18
3d 4.49+0.27  7.32#0.32 11.99+0.26  15.22+0.28
GN 1d 4.88+0.19  6.12%0.24  9.94%0.32  10.99+0.3%
3d 4.89+0.23  6.25+0.28 10.01+0.18  12.02+0.24
KW 1d 5.01+0.3F  7.01+0.36 12.21+0.12  13.99+0.16
3d 5.09+0.17  7.22+0.1F 12.52+0.22  14.32+0.18
LV 1d 7.01+0.19  7.85+0.27 18.84+0.34  21.01+0.19
3d 6.99+0.25  7.9620.24 19.98+0.17  22.10+0.24
UP 2752 1d 5.99+0.37  6.95+0.2F 12.64+0.23  15.33+0.2%
3d 6.01+0.24  7.23+0.18 14.65+0.16  16.64+0.12
PBW 343 1d 6.47+0.3F  7.12#0.17 12.32+0.3%  15.97+0.33
3d 6.4520.26  7.56x0.27 13.99+0.22  17.52+0.23
SO 1d 5.89+0.24  7.02+0.24 14.33+0.3%  18.85+0.17
3d 5.91+0.17  7.22#0.16 15.22+0.3f  18.91+0.16

CD Value between treatments (1 day/3 day)

CD Value between varieties (1 day/3 day)

=1.48128/1.37217
=2.22192 / 2.05825

Means = S.E., n=10. Different superscripts in eamlbmn express significant difference
with control at R0.01, in‘'t’ test. Results are expressed as the roé#iree replicates (10
plants each). Nacontents = mgq (d.w.).
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Table 99(a).ANOVA of data presented in table 99 fontent of Na during 1 day

Source of

Variation SS df MS F P—value F crit
Rows 87.06095 8 10.88262 4.694859  0.00148 2.355081
Columns 579.7651 3 193.255 83.37194 7.84E-13 38087
Error 55.63167 24 2.317986

Total 722.4577 35

Table 99(b).ANOVA of data presented in table 99 foontent of N&during3“ day

Source of

Variation SS df MS F P—value F crit
Rows 109.0096 8 13.6262 6.850532 0.000108 2.355081
Columns 799.5327 3 266.5109 133.9876  4.02E-15 3808
Error 47.73773 24 1.989072
Total 956.2801 35

Table 100. Effect of salt stress on sodium (Necontents in the root of wheat

varieties
Content of N&a
Varieties  Days of Concentration of Salt
sampling OomM 50mM 100mM 200mM
MW 1d 4.24+0.15F 28.63+0.2%  59.98+0.28 65.66+0.19
3d 4.21+0.14 29.88+0.32  62.32+0.19 66.54+0.18
GY 1d 5.12+0.25  30.01+0.2Ff  58.85+0.19 66.53+0.22
3d 5.16+0.16 32.21+0.13  60.13+0.23 68.83+0.1%
KD 1d 3.52+0.24 18.55+0.12  38.65+0.24 43.52+0.32
3d 3.48+0.38  19.99+0.3F  40.22+0.18 47.77+0.2F
GN 1d 3.87+0.25  16.68+0.18  27.73+0.17 33.32+0.18
3d 3.82+0.34 17.89+0.23  32.42+0.2°F 36.64+0.1%
KW 1d 4.11+0.15  21.21+0.12  39.96+0.32 44.41+0.22
3d 4.0940.25  23.39+0.36  42.24+0.3F 47.89+0.33
LV 1d 6.88+0.3F 35.44+0.24  66.45+0.23 71.3440.28
3d 6.91+0.27 38.88+0.17  69.19+0.19 75.6440.19
UP 2752 1d 4.52+0.15  29.99+0.1F  40.88+0.38 44.41+0.29
3d 4.53+0.23  31.32+0.28  48.84+0.34 53.53+0.18
PBW 343 1d 5.13+0.36  28.85+0.29  39.89+0.2% 43.52+0.1%
3d 5.11+0.29  30.01+0.38  47.88+0.28 51.11+0.268
SO 1d 5.31+0.34 28.58+0.14  55.54+0.2% 59.23+0.34
3d 5.29+0.1F  29.98+0.2% 57.87+0.32 61.23+0.3
CD Value between treatments (1 day/3 day) =6.32031/16.6382
CD Value between varieties (1 day/3 day) =9.48046/8.31911

Means = S.E., n=10. Different superscripts in eaolumn express significant
difference with control at €0.01, in ‘t’ test. Results are expressed as thennoéa
three replicates (10 plants each)*Mantents = mg g (d.w.).
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Table 100(a) ANOVA of data presented in table 100 for contenNaf during £*
day of salt stress

Source of

Variation SS df MS F P—value F crit

Rows 2068.075 8 258.5094 6.125817 0.000246 2.355081
8.79E—-

Columns 12876.58 3 4292.193 101.7108 14 3.008787

Error 1012.8 24 42.19998

Total 15957.45 35

Table 100(b).ANOVA of data presented in table 100 for contenNaf during 3
day of salt stress

Source of

Variation SS df MS F P—value F crit
Rows 1940.385 8 242.5482 7.464334 5.59E-05 2.355081
Columns 15224.61 3 5074.87 156.1773 7.06E-16 3.008787
Error 779.8628 24 32.49428

Total 1794486 35
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Table 101. Effect of drought on potassium {Kcontents in wheat varieties

Content of K+

Varieties Day of Days of Stress

sampling oD 3D 6D 9D
MW Leaf 19.87+0.22 22.31+0.28 16.84+0.22 16.02+0.28
Root 5.55+0.23 3.11+0.1§  3.01+0.18 2.97+0.18
GY Leaf 21.11+0.12 19.84+0.28 18.88+0.28 14.44+0.28
Root 6.15+0.25 3.41+0.38  3.22+0.1% 2.85+0.18
KD Leaf 22.45+0.19 26.48+0.28 23.22+0.24 21.34+0.38
Root 6.87+0.39 7.01+0.18  6.81+0.35  6.54+0.24
GN Leaf 23.01+0.25 28.5+0.28 25.64+0.24 22.32+0.28
Root 7.01+0.18 7.21+0.38  6.86+0.1Y  6.74+0.35
KW Leaf 25.14+0.32 26.12+0.28 22.11+0.22 19.94+0.12
Root 5.97+0.25 6.11+0.12  5.74%0.13 5.68+0.34
LV Leaf 18.97+0.36 18.1+0.2f 16.12+0.28 9.97+0.26
Root 6.01x0.25 2.35+0.35  2.25+0.38  1.89+0.2%
UP 2752 Leaf 23.13%0.13 24.11+0.23 16.46+0.24 14.54+0.38
Root 6.14%0.24 6.11+0.36  5.87+0.3? 5.64+0.29
PBW 343 Leaf 19.64+0.18 20.01+0.28 18.21+0.22 11.25+0.16
Root 5.94%0.356 6.01+0.32  5.89+0.18 5.19+0.18
SO Leaf 19.64+0.29 17.24+0.21 17.01+0.28 12.31+0.28
Root 5.88x0.15 4.97+0.14  4.23+0.39 3.16+0.33

CD Value between treatments (leaf/root) =1.37195/0.74842
CD Value between varieties (leaf/root) =2.52409/1.12263
Means + S.E., n=10. Different superscripts in easlumn express significant difference
with control at B0.01, in ‘t’ test. Results are the mean of thrgdicates (10 plants each).

Potassium (K) contents = mgg (d.w.).

Table 101(a).ANOVA of data presented in table 101 fiontent of K in leaf

Source of P—

Variation SS df MS F value F crit
1.79E—

Rows 346.1905 8 43.27381 14.46643 07 2.355081
8.89E-

Columns 237.038 3 79.01265 26.41393 08 3.008787

Error 71.79181 24 2.991325

Total 655.0203 35
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Table 101(b).ANOVA of data presented in table 101 fwntent of K in root

Source of

Variation SS df MS F P—value F crit
Rows 62.92191 8 7.865238 13.2919 3.96E-07 2.355081
Columns 13.59376 3 4531255 7.657617 0.000927 3.008787
Error 14.20156 24 0.591732
Total 90.71723 35

Table 102. Effect of salt stress on potassium*(Kcontents in the leaf of wheat
varieties

Content of K+

Varieties Day of Concentration of Salt
sampling OomM 50mM 100mM 200mM

MW 1d 19.87+0.17  16.31+0.23 12.32+0.19  6.63+0.12
3d 20.01+0.2f  14.51+0.2f  11.21+0.18  5.65+0.24
GY 1d 21.11+0.32  16.55+0.2%  13.66+0.27  7.22+0.1¢
3d 20.08+0.3f  13.96+0.3¢ 11.35+0.1F  5.99+0.37
KD 1d 22.45+0.28  19.25+0.26  15.35+0.26 14.55+0.28
3d 21.02+0.19  17.55+0.17  14.85+0.2% 11.35+0.17F
GN 1d 23.01+0.18  21.03+0.14  17.41+0.16 15.64+0.19
3d 22.98+0.24  18.91+0.17  15.42+0.13 13.63+0.2°F
KW 1d 25.14+0.29  18.96+0.27  16.55+0.19 13.64+0.26
3d 25.03+0.37  16.52+0.3F  13.25+0.26 11.05+0.24
LV 1d 18.97+0.3F  14.52+0.1% 8.6410.28  4.36+0.14
3d 18.94+0.25  11.01+0.14 6.67+0.23  2.99+0.1¢
UP 2752 1d 23.13+0.26  17.82+0.2Ff  12.32+0.2F 10.32+0.13
3d 23.23+0.1Ff  15.66+0.27  10.55+0.24  9.22+0.27
PBW 343 1d 19.64+0.18  16.98+0.26  12.66+0.28  10.8+0.3C
3d 19.61+0.27  14.22+0.3F7  11.52+0.30  9.99+0.2%
SO 1d 19.64+0.20  15.55+0.33  12.02+0.23  8.85+0.14
3d 19.81+0.37  13.25+0.24  11.51+0.14  8.23+0.16

CD Value between treatments (1 day/3 day) =1.27759 / 3.80077
CD Value between varieties (1 day/3 day) =1.91638/1.960

Means + S.E., n=10. Different superscripts in easlumn express significant difference
with control at R0.01, in ‘t’ test. Results are expressed as thennoédhree replicates (10
plants each). Potassium’jkcontents = mgg (d.w.).

Table 102(a).ANOVA of data presented in table 102 fwntent of K in leafduring '
day

Source of

Variation SS df MS F P—value F crit
Rows 202.3759 8 25.29699 14.67075 1.57E-07 2.355081
Columns 639.7098 3 213.2366 123.6645 9.91E-15 3.008787
Error 41.38357 24 1.724315

Total 883.4693 35
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Table 102(b).ANOVA of data presented in table 102 ftwntent of K in leafduring 3

day

Source of

Variation SS df MS F P—value F crit
Rows 180.2946 8 2253683 13.29098 3.96E-07 2.355081
Columns 772.1498 3 257.3833 151.7905 9.76E-16 3.008787
Error 40.69556 24 1.695648
Total 993.14 35

Table 103.Effect of salt stress on potassium’)i€ontents in the root wheat varieties

Content of K+

Varieties Day of Concentration of Salt
sampling omM 50mM 100mM 200mM
MW 1d 5.55+0.2f  4.21+0.2P 3.98+0.22 3.21+0.13
3d 5.61+0.23  3.89+0.28 3.52+0.23 3.02+0.19
GY 1d 6.15+0.37  4.13+0.37 3.87+0.16 3.11+0.28
3d 6.22+0.30  3.85+0.2% 3.09+0.27 2.99+0.16
KD 1d 6.87+0.27  6.72+0.3C 5.98+0.3F 5.13+0.2%
3d 6.91+0.26  6.65+0.1F 5.45+0.29 4.98+0.37°
GN 1d 7.01+0.27  7.12+0.18 6.55+0.26 5.81+0.20
3d 6.99+0.24  7.06+0.26 6.25+0.27 5.56+0.17F
KW 1d 5.97+0.19  6.15+0.27 5.87+0.15 5.32+0.29
3d 5.92+0.15  6.30+0.37 5.52+0.24 4.96+0.27
LV 1d 6.01+0.2F  4.52+0.37 3.25+0.18 2.85+0.26
3d 6.11+0.28  4.26+0.29 3.11+0.37F 2.71+0.28
UP 2752 1d 6.14+0.25  5.55+0.16 5.21+0.29 4.88+0.37
3d 6.21+0.16  5.42+0.28 5.19+0.16 4.65+0.28
PBW 343 1d 5.94+0.25  5.64+0.19 5.12+0.24 4.56+0.26
3d 5.91+0.14  5.12+0.3F 4.98+0.26 4.43+0.19
SO 1d 5.88+0.3T 4.15+0.26 3.78+0.17 3.21+0.22
3d 5.82+0.26 4.07+0.11 3.56+0.23 3.14+0.33
CD Value between treatments (1 day/3 day) =1.35069 / 0.48413
CD Value between varieties (1 day/3 day) =0.67534 /0.72620

Means = S.E., n=10. Different superscripts in eaolumn express significant
difference with control at £0.01, in ‘t’ test. Results are expressed as thennoéa
three replicates (10 plants each).

Table 103(a).ANOVA of data presented in table 103 fwontent of K in rootduring £'

day
Source of
Variation SS df MS F P—value F crit
Rows 28.4324 8 3.55405 16.59665 4.78E-08 2.355081
Columns 18.15278 3 6.050926 28.25653 4.79E-08 3.008787
Error 5.139422 24 0.214143
Total 51.7246 35
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Table 103(b).ANOVA of data presented in table 103 ftwntent of K in rootduring 3
day

Source of P—
Variation SS df MS F value F crit
1.53E-
Rows 29.1291 8 3.641138 14.70531 07 2.355081
1.85E-
Columns 23.22841 3 7.742803 31.27054 08 3.008787
Error 5.942567 24 0.247607
Total 58.30008 35

4.15. Effect of chemical pre—treatments on amelioration bdrought in
wheat

The various effects of drought stress were amegkad with the use of
chemicals like ABA, SA and proline. Previous repaate available where the
ill—effects of temperatures were ameliorated byube of certain chemicals. In
the present study abscisic acid (ABA), salicylicda(SA) and proline were
selected as chemicals for the pre—treatments &aihelioration of drought in

case of wheat.

moD
3D
3D+ABA
3D+Proline
H3D+5A
6D
6D+ABA
6D+Proline
B 6D+5A
9P

9D+ABA

9D+Proline

H9D+5A

Figure 78. Relative water content (%) in two drought strelsafieat varieties (GN &
LV) following chemical pre—treatments. Results axpressed as the mean of three
replicates (10 plants each). A~-GN and B—LV respedbti
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Two varieties where the effect of both droughtl aalt stress was
highest and lowest were selected i.e. GN whereftieet of drought stress was
comparatively lowest or the variety was most taleend LV where the effect
of drought stress was maximum amongst the testadties of wheat. Pre—
treatments of seedlings with solutions of ABA, SAdaroline forwarded by
drought stress for 3, 6 and 9 days revealed tHathede chemicals could
provide protection against oxidative stress duevéter stress in the wheat
varieties. The RWC and CMS of the seedlings dudraught for subsequent

days after chemical pre—treatments showed an iserieaboth GN and LV.
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Figure 79. Cell membrane stability index in two drought stex$wheat varieties (GN
& LV) following chemical pre—treatments. Resultg @&xpressed as the mean of three
replicates (10 plants each). Bars represent SHerBiit letters indicate significant
differences with respect to controkp01). 0D- 0 day, 3D- 3 days, 6D—- 6 days, 6D—
9 days of drought treatment

The increase in RWC (Figure 78) and CMS (Figug of GN was
higher after pre—treatment than that of LV durimgugjht however; the RWC
and CMS of LV was significantly higher after preedtments by the three
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chemicals than without pre—treatment with the h#gjlvalues observed in case
of pre—treatment by proline followed by pre—treatiseby ABA and SA. So,
the application of pre—treatment by proline had thest effect in the
amelioration of drought in case of both tolerant ausceptible variety of
wheat in the present study. Lipid peroxidation raftee—treatments in GN and
LV followed by drought stress showed a decreastsivalue (Table 104) than

the values obtained during drought without pre-tineats with the chemicals.

Table 104.Lipid peroxidation after pre—treatments in wheskofving drought
stress

Days of stress + Lipid Peroxidation

Chemical treatments GN LV
oD 0.40+0.0f 0.41+0.08
3D 0.45%0.08 1.54+0.07
3D+ABA 0.42+0.02 1.51+0.08
3D+Proline 0.38+0.08 1.45+0.08
3D+SA 0.39+0.06 1.49+0.08
6D 0.67+0.03 1.72+0.08
6D+ABA 0.61+0.03 1.68+0.0%
6D+Proline 0.58+0.08 1.55+0.0%
6D+SA 0.60+0.04 1.63+0.02
9D 0.81+0.04 2.82+0.08
9D+ABA 0.77+0.08 2.41+0.02
9D+Proline 0.65+0.03 2.01+0.08
9D+SA 0.72+0.03 2.33+0.0%

Means + S.E., n=10. Different superscripts in eaalamn express significant
difference with control at€0.01, in ‘t’ test. Results are expressed as thenmea
of three replicates (10 plants each). Lipid peratith= p mol g tissue'
(d.m.)

The pre—treatment by the use of proline, ABA &#dcould reduce
lipid peroxidation in case of both GN and LV. Theras a significant decrease
in the peroxidation of membrane lipid as evidenthmy reduced value of MDA

content in case of LV and this susceptible varieBs able to combat the
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deleterious effect of water stress. After the inaurc of drought treatments
preceded by pre—treatments in the seedlings itfasaisd that the content of
proline (Table 105), total soluble carbohydratesgfe 80), reducing

carbohydrate and starch content (Table 106) shawetdhrkedly lower value

than the values obtained without chemical pre—meats. Seedlings of GN
and LV where no pre-treatment was done had shoadugt increase in its

value with the increasing days of drought but aftex—treatments the values
were significantly lower in both GN and LV.

The content of proline, total soluble sugars,uoily sugars and
starch in case of LV was significantly lower duriimgreasing days of drought
following pre—treatments with chemicals and both @hd LV were more
tolerant to drought and therefore the effect ofudta stress was ameliorated
by the use of chemicals. The effect of pre—treatnbgnproline showed the
best result followed by ABA and SA in both the eties.

Table 105.Proline content after chemical pre—treatment ieath

Days of stress Content of Proline

+ Leaf Root

commons v oN v
oD 2.00+0.07 1.70+0.08 0.35+0.08 1.46+0.02
3D 2.60+0.04 1.60+0.08 0.53+0.02 0.31+0.01
3D+ABA 1.80+0.04 1.20+0.0% 0.31+0.08 0.30+0.09
3D+Proline 1.20+0.08 0.87+0.08 0.25x0.0% 0.15+0.08
3D+SA 1.40+0.05 1.11+0.08 0.30+0.08 0.25x0.08
6D 6.00+£0.07 5.00+0.10 0.24+0.04 0.26x0.02
6D+ABA 5.00+0.0% 3.87+0.08 0.22+0.04 0.25x0.08
6D+Proline 3.50+0.02 1.980.04 0.16x0.03 0.12+0.08
6D+SA 4.10+0.03 2.54%0.02 0.18+0.03 0.22+0.01
9D 10.6+0.26 5.10+0.02 0.71+0.02 0.40+0.03
9D+ABA 8.70+0.03 3.98+0.0% 0.51+0.08 0.380.07
9D+Proline 5.60+0.06 2.50+0.0% 0.38+0.08 0.32+0.09
9D+SA 6.80+0.02 2.03+0.08 0.40+0.07 0.29+0.06

Means + S.E., n=10. Different superscripts in eadfumn express significant
difference with control at€0.01, in't’ test. Results are expressed as the méthree

replicates (10 plants each). Proline conteng g™~ (d.w.).
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Figure 80. Content of total soluble sugar in the leaf andsad two drought stressed
wheat varieties (GN & LV) following chemical preeatments in leaf and root.
Results are expressed as the mean of three regli€eQ plants each). Different letters
indicate significant differences with respect towrol (p<0.01). OD- 0 day, 3D- 3
days, 6D— 6 days, 6D— 9 days of drought treatment
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Table 106.Content of reducing sugar and staafter chemical pre—-treatment
in wheat

Days of stress+ Leaf Root
Chemical GN LV GN LV
treatments
Reducing Sugar
oD 1.76+0.04 3.20+0.04 0.11+0.06 0.60+0.04
3D 10.56+0.08 1.07+0.08 7.26+0.07 0.63+0.02
3D+ABA 9.50+0.02 0.99+0.02 5.20+0.02 0.58+0.02
3D+Proline 7.50+0.03 0.87+0.08 4.90+0.08 0.51+0.03
3D+SA 8.50+0.0% 0.81+0.08 5.20+0.04 0.52+0.0%
6D 28.70+0.07 3.06+0.04 23.71+0.08 1.22+0.0%
6D+ABA 21.10+0.0% 2.80+0.04 21.10+0.08 1.10+0.07
6D+Proline 19.50+0.03 1.98+0.09 19.80+0.05 0.88+0.0%
6D+SA 19.10+0.02 2.20+0.08 19.10+0.08 0.91+0.08
9D 36.11+0.08 4.10+0.03 52.22+0.08 2.15+0.06
9D+ABA 30.10+0.02 3.90+0.08 48.80+0.08 1.98+0.08
9D+Proline 28.40+0.02 2.99+0.07 44.50+0.04 1.85+0.04
9D+SA 29.80+0.08 3.50+0.08 42.20+0.08 1.89+0.0%
Starch

oD 11.52+0.02 7.19+0.03 11.59+0.08 9.37+0.02
3D 21.14+0.08 14.66+0.08 47.56+0.02 20.79+0.0%
3D+ABA 19.80+0.0% 11.20+0.03 42.20+0.08 17.50+0.0%
3D+Proline 17.80+0.03 9.80+0.07 39.90+0.08 15.40+0.16
3D+SA 18.10+0.04 12.10+0.08 40.10+0.02 16.60+0.09
6D 9.88+0.06 8.14+0.1% 24.14+0.02 11.34+0.07
6D+ABA 8.80+0.10 7.40+0.08 21.10+0.07 9.90+0.08
6D+Proline 6.98+0.17F 6.90+0.04 18.90+0.08 8.90+0.07
6D+SA 7.80+0.08 7.11+0.06 19.80+0.03 9.50+0.03
9D 7.50+0.03 7.39+0.08 16.50+0.0% 9.67+0.02
9D+ABA 6.20+0.03 6.80+0.02 13.2+0.08 8.70+0.01
9D+Proline 5.89+0.08 5.80+0.08 11.1+0.16 8.20+0.04
9D+SA 6.09+0.06 6.50+0.08 12.8+0.09 8.40+0.03

Means + S.E., n=10. Different superscripts in eadiumn express significant
difference with control at £0.01, in ‘t’ test. Results are expressed as thennuéa
three replicates (10 plants eadReducing sugar=mg4(d.w.) and starcimg g
1

(d.w.).

Total phenol content and ortho phenol contemrought stressed GN
and LV following chemical pre—treatments showed canparatively lower
value than the seedlings which were untreated efidmicals (Figure 81). The
lower value of total phenol and ortho phenol inecaLV with respect to the
fact that LV was the most susceptible variety ia fpresent study was very
significant. The antioxidative profile of the LV @énGN with prolonged
drought after pre—treatment with ABA, proline anl ®as better than values

obtained in GN and LV seedlings were no chemicat-ppeatments was done
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with the chemicals. Pre—treatment with proline éased the antioxidative
profile in both the varieties more than that of 8Ad ABA with increasing

days of drought stress.

Figure 81. Total phenol content (A) and ortho phenol contéBit ih two drought
stressed wheat varieties (GN & LV) following chealipre—treatments. Results are
expressed as the mean of three replicates (10spéaah). Different letters indicate
significant differences with respect to controk@Qu1). OD- 0 day, 3D— 3 days, 6D— 6
days, 6D- 9 days of drought treatment
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Protein content of GN and LV following drought stseafter pre—
treatment with ABA, proline and SA decreased sigaiitly during all days of
water stress when compared to the correspondingesalbtained in GN and
LV where no treatment was done. The protein conteam$ comparatively
lower in case of LV for the initial days of strelsswever; on the ® day of
drought stress the change in the content of pretam significant (Table 107)
during water stress following chemical pre—treattaghan the LV seedlings
where no such treatment was done. Similarly in @M protein content
without chemical pre—treatments was higher durirgd" day and decreased
after the chemical pre—treatments followed by wateess. The content of
protein in the seedlings treated with proline sheaesignificant difference in
both the varieties and therefore was more efficient

Table 107.Protein content after chemical pre—treatment ieath

Days of Proteiro@Gtent
stress+ Leaf Root
Chemical GN LV GN LV
treatments
oD 288.83+0.08 129.5+0.02 55.67+0.09  62.0+0.08
3D 69.61+0.04 66.0+0.0f  72.33+0.07  48.5+0.03
3D+ABA 65.10+0.04 60.20+0.08 62.40+0.01  48.0+0.09
3D+Proline  60.50+0.08 55.90+0.0% 55.20+0.08  47.6+0.08
3D+SA 62.50+0.08 58.90+0.08 58.90+0.08 50.1+0.03
6D 66.78+0.02 53.2+0.04  64.33+.08  52.0+0.02
6D+ABA 57.40+0.08 55.50+0.04 60.10+0.08  50.4+0.08
6D+Proline  49.40+0.02 51.90+0.08 53.60+0.04  48.2+0.08
6D+SA 59.20+0.08 53.20+0.08 53.00+0.02  51.3+0.0%
9D 68.03+0.08 51.12+0.07 71.11+0.08 61.12+0.03
9D+ABA 54.50+0.08 49.20+0.08 65.50+0.0%  59.1+0.07
9D+Proline  49.40+0.08 48.70+0.08 50.60+0.0%  55.4+0.08
9D+SA 56.00+0.02 50.90+0.07 61.20+0.08 58.39+0.08

Means + S.E., n=10. Different superscripts in eadfumn express significant
difference with control at £0.01, in ‘t’ test. Results are expressed as thennuéa

three replicates (10 plants eadRjotein content =mg§(d.w.).
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The activity of antioxidative enzymes following dight stress where
the seedlings were pre—treated separately with AB#éline and SA enhanced
remarkably in both GN and LV. The increase in thdivdy of the
antioxidative enzymes in the leaves of these vaseenabled the plant to
combat the deleterious effect of drought in regafdsetter scavenging of the
ROS from the system. Catalase activity in case ref-fpeated plants was
significantly high in both GN and LV following drgiit stress however the
increase in CAT activity was higher in GN than LYidathe seedling pre—
treated with proline in both the cases showed m@W&T activity than the
seedling treated with SA and ABA (Figure 82). Bettsults were obtained in
the activity of catalase during drought which erdwah significantly in GN
following chemical pre—treatments than the seedliof GN where no pre—
treatment was done. Similarly enhance catalaseitgctvas observed in LV
seedlings pre—treated with chemicals than the sggsivhich were not treated
with increasing days of drought stress. Highestiggtwvas observed in case of

seedlings where chemical pre—treatment was done.
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Figure 82. Activity of catalase in two drought stressed wheatieties (GN & LV)
following chemical pre—treatments. Results are esped as the mean of three
replicates (10 plants each). Bar represent SE.efifit letters indicate significant
differences with respect to controk@01). 0D— 0 day, 3D- 3 days, 6D— 6 days, 6D—
9 days of drought treatment
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The activity of peroxidase increased significamtiypoth GN and LV
with the onset of drought after pre—treatment whieeePOX activity increased
with prolonged period of drought (Figure 83). Therease in the POX activity
was significant in case of LV where the antioxidatprofile of the leaves after
pre—treatment enhanced with increasing days ofnwlthing water which was
significantly higher in the wheat seedling pre-teelawith proline followed by
SA and ABA. The activity of POX during drought enlca in both GN and
where the chemical pre—treatment was done thaseédlings where no such
treatment was done.
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Figure 83. Activity of peroxidase in two drought stressed wthearieties (GN &
LV) following chemical pre—treatments. Results ampressed as the mean of three
replicates (10 plants each). Bar represent SE.ei@ifft letters indicate significant
differences with respect to controk(01). 0OD- 0 day, 3D- 3 days, 6D- 6 days, 6D—
9 days of drought treatment

APOX activity in the pre—treated seedlings in LVosked a very
significant increase than the increase in casereftpeated seedlings of GN
following drought stress however in both the vaetpre—treatment with
ABA, proline and SA followed by drought stress aimgted the effect of
drought stress (Figure 84). The corresponding waloethe activity of APOX

236



obtained during the increasing days of droughtaisecof both GN and LV was
lower without the chemical pre—treatment so it dobk concluded that the
APOX activity enhance in the seedlings during didughen they were pre—
treated with chemicals. Here also, pre—treatmensesdlings with proline
increased the activity of APOX in both the varistduring the amelioration of
drought than by ABA and SA.
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Figure 84. Activity of ascorbate peroxidase in two droughessied wheat varieties
(GN & LV) following chemical pre—treatments. Resuitre expressed as the mean of
three replicates (10 plants each). Bar represent [SiEHerent letters indicate
significant differences with respect to controk@Qu1). OD- 0 day, 3D— 3 days, 6D— 6
days, 6D- 9 days of drought treatment

The activity of GR (Figure 85) and SOD (Figure 8@lowing pre—
treatments in the seedlings of GN and LV followgddbought stress enhanced
with the increase in the periods of drought whempgared to the untreated
seedlings of GN and LV during drought respectivdlge enhancement in the
activity of GR in GN was much more than the incee@s case of LV with

increase in the days of water stress following peatments with chemicals.
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However, drought stress in both the varieties foilhmg pre—treatments
increased the activity of GR in both the cases Wwkas significantly higher in
the pre—treated seedlings than the seedlings ofa@N LV which was not
chemically pre—treated. Similarly, the activity 80D increased in both GN
and LV following pre-treatments followed by the uretion of drought than
the seedlings which was not pre—treated by chemicdie increase in the
activity of the entire antioxidative enzyme was imucore pronounced in case
of pre—treatments with proline followed by SA an8MA Significant change
with respect to the enhancement of activity of @atlative enzyme during
drought was observed in the seedlings of GN andwltiére the plants were
pre—treated with chemicals than the plants weresuh pre—treatment was
done. LV considered as the most susceptible vaimetyr study too showed a
better performance in combating drought evidenthgyincreased activity of

antioxidative enzymes when it was pre—treated ahigmicals.
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Figure 85. Activity of glutathione reductase in two droughtestsed wheat varieties
(GN & LV) following chemical pre—treatments. Resuitre expressed as the mean of
three replicates (10 plants each). Bar represent [SiHerent letters indicate
significant differences with respect to controk@Qu1). OD- O day, 3D— 3 days, 6D— 6
days, 6D— 9 days of drought treatment
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Figure 86. Activity of superoxide dismutase in two droughtessed wheat varieties
(GN & LV) following chemical pre—treatments. Resudtre expressed as the mean of
three replicates (10 plants each). Bar represent [SiHerent letters indicate
significant differences with respect to controk@1). OD- 0 day, 3D— 3 days, 6D— 6
days, 6D— 9 days of drought treatment

In this study, HO, accumulation during water stress after the pre—
treatment of seedling of GN and LV with chemica¢ésmkased in GN and LV
indicating greater antioxidant activity followinggs-treatments with chemicals
(Table 108). The accumulation ob®; in the leaf of both GN and LV where
no pre—treatment was done in the seedlings bef@emnset of drought stress
was much higher during the increasing days of dnotltan the seedlings were
pre—treatment with ABA, proline and SA was done.

The leaf of GN showed lesser® accumulation than that of LV
both with and without chemical pre—treatments havepre—treatment with
chemicals showed better results. During microscepidies of the leaf tissues
in DAB staining test for the detection of,®,, dark—brown spots were
observed as big and small patches at the site & p@lymerization. The leaf
of LV and GN showed lesser darkly staif@dB—sites in the tissues respect to
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their control and also when compared to the DARssih the leaf of untreated
GN and LV respectively following pre—treatmentsiwihemicals (Figure 87).
The accumulation of ¥D, significantly decreased in case of LV which was
remarkable as the LV was considered as the mosegtilsle variety in our

case.

Table 108.H,0, content in wheat after pre—treatment followingudjiot stress

Days of stress+ Content of H,O,

Chemical treatments GN LV

oD 233.00+1.73 142.00+1.72
3D 351.6 +1.29 243.1+1.88

3D+ABA 301.80+1.82 222.10+1.79
3D+Proline 295.81+1.78 218.90+1.68
3D+SA 291.30+1.88 220.10+1.84
6D 370.5+1.72 406.4+1.88

6D+ABA 289.30+1.68 387.50+1.98
6D+Proline 222.30+1.98 375.60+1.48
6D+SA 222.30+1.77 389.90+1.57
9D 295.3+1.94 450.2+1.68

9D+ABA 202.20+1.65 421.10+1.88
9D+Proline 178.51+1.69 400.00+1.92
9D+SA 189.50+1.78 419.90+1.64

Means + S.E., n=10. Different superscripts in eadfumn express significant
difference with control at €£0.01, in ‘t’ test. Results are expressed as thennuéa
three replicates (10 plants each)Oklcontent=u mol g tissug' (d.m.).
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Figure 87. In situ detection of HO, in mid—portions of leaves of two drought
stressed wheat varieties (A—GN & B—-LV) followingerhical pre—treatments: i & ii —
0 day & 9" day of drought stressed (untreated with chemidef)respectively; iii, iv
& v — leaves from plant under 9 days of droughe¢sdr(pre—treated with chemicals
ABA, proline and SA respectively

Total antioxidant activity in drought stressed Gida.V following
chemical pre—treatments increased significantlynduall days of stress. The
total antioxidant activity in case of proline pneedted seedlings of both GN
and LV showed the best results in terms of bettd¢ioxidative profile during
drought (Figure 88). LV which was considered thestreusceptible variety in
our study showed a decreased total antioxidantigctwith the increase in the
duration of withholding water and continued to shbigher values when
compared to the LV seedlings in drought without+meatment respectively.
The increase in the total antioxidant activity ebught stressed GN and LV
after pre—treatment with chemicals proved thatutbe2 of chemicals prior to the

stress conditions could render the plant more Vigdolerate drought stress.
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Figure 88. Total antioxidant activity in two drought stressslleat varieties (GN &
LV) following chemical pre—treatments. Results axpressed as the mean of three
replicates (10 plants each). Bar represent SE.ei@ifit letters indicate significant
differences with respect to controkp01). 0D- 0 day, 3D- 3 days, 6D—- 6 days, 6D—
9 days of drought treatment

Carotenoids and ascorbic acid two of the non—entigraatioxidants
in plants increased significantly in both GN and folowing drought stress
after the seedlings where pre—treated with chesi¢ddble 109) than the
seedlings of GN and LV where drought was inducethout chemical pre—
treatments. Accumulation of carotenoids in the ésawuring drought showed
an initial enhancement previously without any preatment in case of GN
however the pre—treated plants of GN after the ¢tida of drought showed
significantly higher values of both the antioxidaim their leaves. LV which
was considered as the most susceptible variety un study where the
carotenoids and ascorbate value was the leastgdyprolonged period of
drought stress increased significantly in the Ilsaskepre—treated plants of LV

even during the®day of drought.
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Table 109.Content of carotenoid and ascorbate in wheat afertreatments
with chemicals following drought stress

Days of stress+ GN LV
Chemical treatments

Carotenoids

oD 0.042+0.003 0.048+0.003
3D 0.063 +.002 0.049+0.003
3D+ABA 0.068+0.002 0.051+0.002
3D+Proline 0.071+0.003 0.054+0.008
3D+SA 0.073+0.008 0.053+0.001
6D 0.067+0.004 0.038+0.001
6D+ABA 0.069+0.001 0.040+0.003
6D+Proline 0.069+0.004 0.045+0.001
6D+SA 0.071+0.008 0.048+0.002
9D 0.052+0.002 0.029+0.002
9D+ABA 0.055+0.002 0.030+0.003
9D+Proline 0.057+0.001 0.032+0.00%
9D+SA 0.058+0.008 0.037+0.004
Ascorbate

oD 9.40+0.3% 9.98+0.08

3D 10.80+0.32 9.90+0.01

3D+ABA 12.81+0.42 12.11+0.11
3D+Proline 13.54+0.44 12.54+0.28
3D+SA 12.99+0.51 11.98+0.33
6D 11.20+0.18 10.10+0.03
6D+ABA 13.21+0.58 11.23+0.28
6D+Proline 13.64+0.39 12.65+0.17
6D+SA 13.56+0.48 11.99+0.28
9D 16.30+0.2% 11.30+0.08
9D+ABA 17.41+0.38 12.31+0.18
9D+Proline 18.23+0.47 12.51+0.368
9D+SA 17.65+0.38 12.48+0.37

Means + S.E., n=10. Different superscripts in eadfumn express significant
difference with control at€0.01, in't’ test. Results are expressed as the méthree
replicates (10 plants eachContent of carotenoid=mg g (f.w.) tissbeand
ascorbate=mg ¢ (d.m.).

Accumulation of both carotenoids and ascorbat¢hen pre—treated
leaf of both tolerant and least tolerant or susbéptvariety increased with
pre—treatments with ABA, SA and proline and thehlegf values for the
accumulation of both the antioxidants was obsenvedase of plants pre—
treated with proline solution than the plants preated with ABA and SA.
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CHAPTER 5
DISCUSSION

The ability of plants to survive under severelyessed condition is

due to various metabolic adaptations, which, ifcessful trigger cascades of
signaling pathways leading to tolerance of the plBmought and salinity are
two of the most important abiotic stresses of tresent age. Feeding of ever
growing population with lesser and lesser arabtel laill have to depend on
increasing plant productivity. For this, selectiof plants with ability to
tolerate stress conditions, on the basis of knogdedf the mechanisms
involved in tolerance is essential. The presentlystwas undertaken to test
differential responses of different wheat variet@slrought and salt stress.

For this, initially drought was imposed on ninbeat varieties, up to
9 days, while salinity stress was imposed by addiagmM NaCl to the
rhizosphere. The nine tested varieties did not skewere wilting symptoms
morphologically even after 7 days of drought strésg during the ninth day
the plants showed morphological signs of wilt. Hadt stress resulted in the
yellowing of leaf during the higher concentratidnsalt and with the increase
in the days of salt, i.e., during th& @ay in our study, wilting symptoms were
more visible in MW, GY, SO and LV than the otherefivarieties. Drought
and salt stress had deleterious effect with inerems the duration and
concentration respectively (Chakraborty and PradRad?2, 2011). Workers
like Patadest al (2011) have suggested that shoot growth is mdeetafl than
root growth, and continuation of root growth unddress is an adaptive
mechanism that facilitates water uptake from deegml layers and the
emergence of new leaves is slower and the oldeeseshow early senescence.
Similarly Chavesat al (2009) have reported that drought and salinityrestza
physiological water deficit that attains, more @4 intensely, all plant organs;
however, under prolonged salt stress plants respoaddition to dehydration
to hyper—ionic and hyper—osmotic stress
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Results of the influence of water stress in wagtations of wheat
varieties showed that decrease in the RWC on the®jy of stress with respect
to zero day, i.e., the control plants was loweKiD, GN, PBW 343, UP 2752
and KW compared to MW, GY, SO and LV. In other wvokKiD, GN, PBW
343, UP 2752 and KW could retain comparatively ergamount of water in
their leaf with the increase in the days of droudihbhas also been reported in
previous studies that drought—resistant cultivassntain higher RWC during
drought stress, whereas in susceptible cultivarsCR3Nows greater decrease
(Farooquiet al. 2000; Chakrabortgt al. 2002; Igbal and Bano 2009). Drought
was found to decrease the RWC of plant leaves (®ar@&lancaet al., 2002).
Previous studies have also confirmed that thetglidi maintain higher RWC
is one of the mechanisms of drought tolerance amtgl (Farooquét al., 2000;
Chakrabortyet al., 2002; Igbal and Bano, 2009). Similarly the influeraf salt
stress in wheat varieties in the present study sdawat RWC decreased with
increase in the days of stress in case of SO, MWafd LV compared to the
decrease in case of KD, GN, PBW 343, UP 2752 andwWre the decrease
was comparatively lesser. Extent of salt-inducefgéces on relative water
content has been used as one of the vital watatioel parameters for
assessing degree of salt tolerance in plants andesults are in accordance
with the results obtained by various authors likefadv (2011), Ghogdet al
(2012), Hossairet al (2006), Winet al (2011) and Saleh (2013) during salt
stress. According to the works of Saleh (2013) eaf relative water content
(RWC) during salt stress RWC in leaf was found ¢oaln alternative measure
of plant water status, reflecting the metaboliawagt in plant tissues (Asfaw
2011, Ghogdet al 2012, Hossairet al 2006, Winet al 2011). The extent of
salt-induced effects on relative water contentliesen used as one of the vital
water relation parameters for assessing degreealbftalerance in plants
(Asfaw 2011, Ghogdet al 2012, Hossairet al 2006, and Wiret al 2011).
Among several methods used to characteristics natgplant water status,
RWC is an integrative indicator (Parsons and Ho®@84) and was used
successfully to identify drought resistant cultsvéMatinet al, 1989). Sinclair
and Ludlow (1985) proposed that leaf relative watentent (RWC) was a
better indicator of water status than water po&éntSingh et al, (1990)
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observed significant differences in water potendialong wheat genotypes
under drought stress. Other workers like SharadbNaik (2011) have also
shown in their studies that there was a decreaselative water content in
stressed plants as observed in case of groundmuuader severe drought
stress in groundnut genotypes respectively.

Results obtained on cell membrane stability indlexe in accordance
with the result of many authors. In case of MW, GBQ and LV the cell
membrane stability was visibly disrupted during lbalrought and salinity
stress and was found to be most affected in caskVobut of all tested
varieties. In the other five varieties, GN, KW, PB3#3, KD and UP 2752 the
cell membrane stability index was highest and thusse varieties could
tolerate the stress conditions imposed on themsaogved higher values for
cell membrane stability index. Hence, it is safes&y that out of all the nine
tested varieties, GN followed by KW, PBW 343, KDdddP 2752 showed the
highest membrane stability during both drought aal stress and with the
increase in the duration of stress, the changbenvalues for cell membrane
stability index was comparatively lower than théeot four varieties where
high degree of change in their CMS was observedjji & al (2002) in their
work on the use of the electrolyte leakage metlmog$sessing cell membrane
stability as a water stress tolerance test in duwmeat suggested that the
extent of the cell membrane damage not only caeelavell with the growth
responses of wheat seedlings belonging to varialisvars to withholding
water but also with the recognised field perfornenof these cultivars.
According to their study, varying the stress caodg influenced both the
percent and the kinetics of electrolyte leakageindurrehydration and
electrolyte leakage exhibited a characteristicgoatteflecting the condition of
cellular membranes (repair and hardening). Enhaneatér retention and
membrane stability in tolerant wheat genotypes halge been observed in
other studies (Gupta and Gupta, 2005). Helal andleA#Aziz (2008)
suggested that lower membrane stability index ceflehe extent of lipid
peroxidation, which in turn is a consequence ohbrgoxidative stress due to
water stress conditions according to their resefinclings. The CMS has been

extensively used as selection criterion for différabiotic stresses including
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drought and high temperature in sorghum (Premachadl, 1992), mustard
(Hashemet al, 1998), rice (Tripathyet al, 2000), wheat (Blunet al, 2001;
Rahmanret al, 2006a) and cotton (Ullaé al, 2006; Rahmaret al, 2006b).The
change in biological membranes stability is a kedigator of cellular damage.
Drought and other stresses always results in eelluhembrane injures
including the increase of membrane permeabilityfaidiari et al 2011,
Gomathi and Rakkiyapan 2011, Senadheeeh 2012) and therefore serves as
an important parameter for testing the plant fercépacity to avoid or resist
the stress related changes.

A significantly low tolerance index was obsenmedase of the leaf of
LV, MW, GY and SO which in case of KD, GN, KW, UF%2 and PBW 343
was higher during the™dday of drought and also during the salt conceiotnat
of 200mM on the 8 day. The tolerance index of all the nine varietiess
higher during the salt stress than during drought.

The peroxidation of lipids in the cell membramseone of the most
damaging cellular responses observed in responsedromught stress
(Thankamangt al. 2003) and the amount of lipid peroxidation is sidered to
be one of the determinants which indicate the extseof stress experienced
by a plant. It was observed that although MDA copta measure of lipid
peroxidation, increased in all varieties during ulljlot stress, after 9 days,
MDA content in susceptible varieties in our study,iMW, GY, SO and LV
was more than three times that of tolerant vasetie., GN, KD, KW, UP
2752 and PBW 343. Tatar and Gevrek (2008) alsorregpdhat MDA content
in wheat increased with severity of drought str&sailarly, MDA content
following salt stress increased significantly i #le nine varieties with the
increase in salt concentration and the duratiosatif stress with the highest
value observed during thé’3lay of salt stress of 200mM. As observed in
water stress, here too MDA content in case of MW, BV and SO was more
than three to four times that of KW, GN, KD, UP 27&nd PBW 343 during
both the T and & day of stress. The highest peroxidation of lipidsthe
membranes in the leaf was observed in case of Ldumtested varieties and
the least value for MDA content was obtained inecaé GN. According to
Esfandiari (2007) lipid peroxidation is linked tbet activity of antioxidant
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enzymes e.g. with the increase of SOD, APX, GPXTC#c, oxidative stress
tolerance is enhanced and MDA is decreased. Oaratatin accordance with
various workers who determined that the increagkarconcentration of MDA
in higher salt levels due to the low activity of B@nd GR or CAT was not a
critical factor for the damage of oxidative stre¥gorkers like Pandeyt al
(2010) have also reported increased levels of MDAtent inAvena during
drought stress and thus lipid peroxidation deteatiom of a plant or a cultivar
serves as important criteria for the stress studigdants. Tatar and Gevrek
(2008) have also reported increase in MDA contetit imcrease in the degree
of stress in wheat. In addition, Turkanal. (2005) found that MDA content
was lower in the leaves of drought—toler&iaseolus acutifolius Gray. than
that in drought—sensitive. vulgaris L. Sairam and Srivastava (2001) reported
that the drought—tolerant genotypes of wheat shdower lipid peroxidation
level and higher CMS value than the susceptibles anigich is in conformity
with the present findings.

Free proline accumulation was enhanced in ak marieties during
prolonged drought stress and salt stress after nétral i non—significant
decrease. After 9 days of drought, proline contei€W, GN, UP2752, PBW
343 and KD was about 2.5 times higher than therdthe varieties and about
3 times during both 1d and 3d of salt stress, aljhoin control plants all
varieties had more or less similar amounts. It usteqgclear that proline
accumulation during stress is one of the mechanism®lerance. During
salinity stress the accumulation of proline in Hadt stressed plant increased
with the increase in concentration of salt anddbeation of salt stress. This
study revealed that in GN, KD, KW, UP 2752 and PB¥®B the accumulation
of free proline in both leaf and root was almost@ts higher than that of LV,
GY, MW and SO in all concentration of salt streasinty the & day however,
the during the first day of salt stress this trgaded in some varieties. Proline,
which is usually considered as an osmoprotectaal also be involved in
reducing oxidative damage by scavenging the fréeats (Vendruscolet al.,
2007; Tatar and Gevrek, 2008). The effect of wabteyss orfriticum aestivum
L. was investigated by many researchers such as &atl Gevrek (2008) who

concluded that proline accumulation increased dfted peroxidation content
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became higher and RWC content of leaves becamer,|durthermore, they
concluded that proline was mainly involved in pobi@n against oxidative
stress than osmotic adjustment during initial stefpwater stress. Munns and
Tester (2008), Lokhandst al. (2010) also suggested that the plants exposed to
salt stress may use saline ions as an osmoticumwevers, synthesis of
compatible solute is also required to prevent mqcity, while plants exposed
to dehydration stress solely rely on synthesis ompgatible solutes for
maintenance of cell turgor. Modulation of intraoldr proline levels affects
flowering time and inflorescence architectureArabidopsis (Mattioli et al,
2008).

The beneficial roles of proline in conferring astiwierance have been
widely reported by workers like Kishaat al. (1995), Bajji et al. (2000),
Yancey (1994) and Erralat al. (2006). Zlatev and Stoyanov (2005) suggested
that proline accumulation of plants could be ondeful as a possible drought
injury sensor instead of its role in stress toleeamechanism. However,
Vendruscolo et al. (2007) point that proline is involved in tolerance
mechanisms against oxidative stress and this veam#in strategy of plants to
avoid detrimental effects of water stress. Tatal @evrek (2008) and Kameli
and Losel (1996) showed that wheat dry mater prioolucrelative water
content (RWC) decreased and proline content ineceasider drought stress.
Higher proline content in wheat plants after watteess has been reported by
Vendruscoloet al. (2007) and Patel and Vora (1985). Increasing armotin
proline was also established in several stress itonsl such as salinity
(Poustiniet al.., 2007), cold (Charest and Phan, 1990) and UVn(&iad Lel,
2007) in wheat. In our study higher content of piwas obtained in case of
GN, KW, KD, UP 2752 and PBW 343 with increase ia tturation of drought
as well as during increasing concentration of saljgesting that these five
varieties were able to accumulate higher amournrofine in both leaf and
root than the other four varieties in our studyeTdéontent of proline was
higher in the leaf tissue than the tissues of doésrin our study.

Free amino acids detected in HPLC following didustress in case
of wheat (GN and LV) showed different peaks of amactids which either

appeared or disappeared with increasing days afgtitostress. There was a
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marked difference in the number of peaks, peakhteagd area in both the
varieties following drought stress and also betwtenduration of stresses in
each variety respectively. Several amino acidsctcbel identified in HPLC in
both GN and LV such as follows aspartic acid, ghitaacid, serine, threonine,
DL alanine, arginine, proline, hydroxyl proline,régine, valine, leucine,
cysteine, methionine, isoleucine, alanine, DL—plhegidgnine, arginine, lysine
etc. Some peaks remain unidentified. Out of allghaks the peak for proline
was undoubtedly the highest peak obtained in Hughvarieties in accordance
with the value obtained during its quantificationGN and LV with significant
differences among the varieties as well as betwblentreatments in each
variety. Aspartic acid, glutamic acid, serine, tmime, proline, hydroxyl
proline, tyrosine, valine, methionine, leucine,teyse, isoleucine, DL—phenyl
alanine and lysine were found to be most signiticanming drought treatments
in both GN and LV with the peak height and area@p@omparatively greater
in case of GN than LV where it was smaller and s@uaks were absent
during prolonged stress. Increased levels of amrids identified in HPLC
studies was correlated with the increase in theraatation of proline and also
increased acclimation of GN during drought strésstin LV. The reason for
the increase in the amino acid might stem from ro&d amino acid synthesis
and/or from enhanced stress—induced protein break@md while the overall
accumulation of amino acids upon stress might atdicell damage in some
species (Widodeat al.., 2009), increased levels of specific amino abiage a
beneficial effect during stress acclimation. Kradgnand Jonak (2012) have
suggested that the accumulation of amino acidsbleas observed in many
studies on plants exposed to abiotic stress whiah &lso been earlier
suggested by many early and contemporary authkesBarnett and Naylor
(1966), Draper (1972), Handa al. (1983), Rhodest al. (1986), Fougeret
al. (1991), Kaplaret al. (2004), Broschest al. (2005), Zutheret al. (2007),
Kempaet al. (2008), Sancheet al. (2008), Usadett al. (2008), Lugaret al.
(2010). Similarly, Gill and Tuteja (2012) have edaditely discussed the role of
polyamines in abiotic stress tolerance in plants.

Chlorophylls, which are one of the first molecute be affected by

any kind of abiotic stress, showed a significantrdase in the leaf of all
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varieties during both drought and salt treatmemiweler, in tolerant varieties
such as GN, KD, KW, UP 2752 and PBW 343 there wasn#ial non
significant increase. Interestingly, the chl. adltic showed an initial increase
in all varieties before declining, and this deceeagms greater in the less—
tolerant varieties which in our study was LV, SOWMand GY. Havaux
(1998) and Kiangt al. (2008) suggests that water stress, among othegeban
has the ability to reduce the tissue concentratiohschlorophylls and
carotenoids, primarily with the production of RQ&the thylakoids (Niyogi,
1999; Reddyet al.., 2004); however, reports dealing with the straedio
improve the pigment contents under water stress eargrely scarce.
Photosynthetic pigments are important to plantsitydor harvesting light and
production of reducing powers and both the chloyipd and b are prone to
soil drying (Farooct al.., 2009). Anjumet al. (2003) and Farooet al. (2009)
have reported that drought stress produced changés ratio of chlorophyll
‘a’ and ‘b’ and carotenoids during drought strélse ratio of chl. a to chl b in
our study was considered as the best method tondete the effect of stress
on the content of chl. a and chl. b during streststae increase of decrease in
their ratio could explain the fate of photosyntbetigments during stress
(Chakraborty and Pradhan, 2011, 2012). Declindénchlorophyll content of
leaves during abiotic stress was reported by sewenkers (Ramanjulet al,
1998). According to Estilét al. (1991) and Ashraét al. (1994) chlorophyll b
content increased in two lines of okra, whereasorophyll a remained
unaffected resulting in a significant reductiorGhl. a: b ratio in both cultivars
under water limiting regimes. According to Mafakihetral. (2010) a decrease
of total chlorophyll content with drought stresspiies a lowered capacity for
light harvesting and since the production of regctixygen species is mainly
driven by excess energy absorption in the photb&yitt apparatus, this might
be avoided by degrading the absorbing pigmentseiand Taleisnik (1993),
Huang and Redmann (1995) suggested that the reduati growth of
salinized plants may be related to salt—-inducetudiance of the plant water
balance, and in the extreme to a loss of leaf tumgoich can reduce leaf
expansion and therefore, photosynthetic leaf aféa. imbalance caused by

salinity affects the nutrients involved in protsynthesis and those involved in
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photosynthesis, which can lead to inhibition ofsiag@rocesses (Vieira—Santos
et al., 2001), as well as to the degradation of pigmehtsrophylla andb (Di
Martinoet al., 2003).

The content of total carbohydrates, i.e., solarld reducing sugar in
case of drought and salt stress in all the ningetras for both leaf and root
showed a significant initial increase with the mese in the duration and
severity of stress which after an initial increaselined in case of MW, GY,
LV and SO. However, in case of other five variettae accumulation of
soluble carbohydrates and reducing sugars contitugttrease even after the
o" day of water stress and aftel 3lay of salt stress for all the salt
concentration. Increase in the duration of bothewand salt stress till 9 and 3
days respectively resulted in increase in the actaton of carbohydrates in
KW, GN, KD, UP 2752 and PBW 343 with the higheduea observed during
200mM of salt concentration. The accumulation ofjssa both total and
reducing in our study was significantly highestase of GN in both root and
leaf than all the other varieties with the lowesiue observed in case of LV. In
comparison, the accumulation of sugars followinthbe@ater and salt stress in
case of leaf and root in MW, GY, LV and SO was nety significant
however, in the other five varieties the inductafrstress and the increase in
the severity of stress resulted in a significaffedence in the accumulation of
sugars in the leaf and root. The accumulation dbaaydrates in case of leaf
was much more than the accumulation in case ofite&W, GN and KD.
Almodareset al (2008) has reported the effect of salt stress vy and
carbohydrate accumulation in case of sweet sorghdorsy et al (2007)
reports the alteration of oxidative and carbohyslraetabolism under abiotic
stress in two riced@ryza sativa L.) genotypes contrasting in chilling tolerance
Earlier worker like Martiret al. (1993) have reported that drought stress is a
decrease of soil water potential so plants redbhe& bsmotic potential for
water absorption by congestion of soluble carboigdr and proline and in
other words osmotic regulation is performed (Maetial., 1993). The amount
of total soluble sugar/embryonic axes fresh weigbtease rapidly answering
to the increasing concentrations of NaCl, this Iteagree with the result of

some researchers that indicate that salinity stiadsice soluble sugar
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accumulation (Pradet al.,2000). The accumulation of starch in the leaf and
roots of water stressed and salt stressed wheadtiear showed a general
decline after an initial increase in all the cages.explained by Giorgini and
Suda (1990), the higher level of soluble sugarsaletl is probably necessary
for the turgor and growth of embryonic axes durgmergence. Gilkt al
(2001) have reported the effect of various abiatieesses on the growth,
soluble sugars and water relations of sorghum segdin light and darkness.
Singh (2004) proved that a greater accumulatiosugfar lowers the osmotic
potential of cells and reduces loss of turgidityaterant genotypes. The other
possible role of sugar may be as a readily avalablergy source Dkhil and
Dendon (2010).

The content of starch during water stress ineeasignificantly
during the &' day of stress followed by a decrease after 6 @ragase of leaf.
However the accumulation of starch in case of was lower than that of the
leaf in all the wheat varieties. Accumulation odirsh in both roots and leaf
was found to be lowest in case of LV and SO. Ougulteshowed that the
increase in the days of salt stress resulted imtirease in the accumulation of
starch in case of both leaf and root; however lia higher concentration of
salt the accumulation decreased during tAel®y. The accumulation of starch
decreased with the increasing concentration of aftdr a steep rise for the
initial concentration, this decrease was more puooed in case of leaf than
that of roots. The highest accumulation of starels wbserved for GN and KD
following both the stresses and the lowest wasmobsgen LV and SO. Thakur
and Sharma (2005) also reported similar observatisorghum seeds where
the stress caused a decrease in starch contemtnandrease in sugar content
(Thakur and Sharma, 2005). Work of several authlkesTodakaet al. (2000),
Kaplan and Guy (2004), Bastial. (2007). ), Kempat al. (2008), Madderet
al. (1985) and Kaplan and Guy (2004) have suggesteetals that the main
carbohydrate store in most plants is starch whah lwe rapidly mobilized to
provide soluble sugars and the metabolism of captiratte is very sensitive to
changes in the environment. In addition to diufhadtuations in starch levels,
salt and drought stress generally leads to a deplef starch content and to

the accumulation of soluble sugars in leaves agesigd by Krasensky and
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Jonak (2012) sugars that accumulate in responssrégs can function as
osmolytes to maintain cell turgor and have theitgbib protect membranes
and proteins from stress damage. The increaseger $evels accompanied by
decrease in starch content in embryos and cotykedas directly linked to the
activity of a and 3B—amylases, which is in agreement with thgtiegi reports of
Monerri et al., 1986; Guptat al., 1993). Kameli and Losel (1995) confirmed
that this increase might be considered to playnaportant role in osmotic
adjustment, which is widely regarded as an adapggponse to water deficit
conditions.

The potential of phenolics to act as antioxidasitalso suggested by
earlier workers like Rice—Evares al (1997) mainly due to their properties to
act as hydrogen donators, reducing agents and heenof singlet @ The
accumulation of total phenol and ortho phenol wesatly enhanced during
both the stress with the increase being higher inittease of duration of water
stress and concentration of salt in case of KW, GN2752, PBW 343 and
KD whereas in other varieties such as LV, MW, S@ @Y, a decrease was
observed during the later stages of stress ancehighncentration of salt. The
accumulation of total and ortho phenol was mostkethin case of GN among
all varieties and the least was observed in cas&/oh our study. Leinhos and
Bergman (1995) had studied the plant defense syatgimst various types of
stress with respect to the involvement of polypl&ms a response to stress
and the results were in accordance with their figdi

The profile of total phenols in HPLC in the ledfGN and LV during
drought and salinity stress showed that the tot&npls with respect to the
number, height and area of the peaks in HPLC washrmwore in case of GN
than LV during prolonged drought as well as incieggoncentration of salt.
The highest content was recorded in case of GNumstudy and the least in
case of LV following both water and salt stress asafely which was
confirmed by HPLC analyses. The main peaks whichevidentified during
the total phenol analysis of GN and LV in the |daiing drought and salt
stress were ferulic acid, salicylic acid, chlorogeacid and caffeic acid. In the
present study, the most prominent peak was founketderulic acid which

served as the most important compound expresséagddrought and salinity
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stress in our study and the antioxidative actiopluEnols in GN rendering it
the most tolerant variety in our study was evidgnte, the accumulation of
total phenol both quantitatively and qualitativelsas greater in case of GN
that the least tolerant variety LV in our study.aRfabortyet al. (2002),
Chakraborty and Pradhan (2011, 2012) has also tezpearlier that drought
stress—induced accumulation of phenols was mudtehiimp tolerant cultivars
of tea. The involvement of polyphenols in plant efefe against various
stresses has been reported previously (Leinho8arginann 1995).

The synthesis of phenolics is generally affectedresponse to
different biotic/ abiotic stresses including salnas suggested by Paridaal.
(2004) and Singh (2004) who in their study detesdithat tolerant genotypes
of chickpea showed a higher level of total phenalbereas a significant
reduction was observed in susceptible genotypesumstudy the specific
analysis of phenolic acid in the leaf of GN and d&he in HPLC revealed that
one of the most prominent peaks observed in cas&Mfand LV was
identified as ferulic acid, followed by vanillic idlg cinnamic acid, chlorogenic
acid and also salicylic acid. Rondiet al. (2004) and Manackt al. (2004)
have reported that highest amounts of FA are pteésesereals with up to 90
% and more of total phenols. The differential res@oof plants in phenolic
accumulation at different growth stages has bedhdeeumented in the work
by Choiet al. (2006) and Barrost al., (2007). Several reports are available
where reduced phenolic contents were observed saghin Cynara
cardunculus leaves under saline conditions by Faléefal. (2008). Hichenet
al., (2009) reported that such variation in conceinatof leaf phenolics
within a plant under salt stress in relation tof lage may be due to the
reflection of different requirements for countenagt abiotic stresses at
different growth stages. Kabiet al. (2012) suggest that the results obtained in
the last few years strongly prove that salicylidamuld be a very promising
and protective compound for the reduction of biad abiotic stresses in
crops, because under certain conditions, it has lbeend to mitigate the
damaging effects of various stress factors in plaht their study, salicylic
acid was used in control, and drought stressedtqlamd the role of this

compound in reduction of oxidative damagedligella plant was investigated
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(Kabiri et al., 2012). Leaf phenolic contents are also importamtective
components of plant cells Ashrefal. (2010). Hydroxycinnamic acids are the
most widespread group of phenolic acids with fowjan phenolic acids in
plants: ferulic acid (FA), sinapic acid (SA), caffeacid (CA) and p—coumaric
acid (PCA). CA is the most abundant PA in fruitshamore than 75 % of total
phenols and is found in all parts of the fruit (Mahet al.., 2004). Engert
(2011) from his studies observed that differendigs proved that phenolic
acids as strong antioxidants are present in whéebt. suggests that
hydroxycinnamic acids provide the major part of bl acids in cereals with
FA as the abundant PA, followed by SA, PCA, CA aWd as a
hydroxybenzoic acid (Adom and Liu, 2002, Adamnal., 2003, Slavin, 2003,
Zhou and Yu, 2004). Further, it has been suggetiiat the antioxidative
ability of PAs is to inhibit lipid oxidation by tpping peroxyl radicals (Engert,
2011).

Soluble protein contents both in leaf and roastscase of wheat
varieties decreased following water stress andldweease continued with the
increase in the days of drought. The decreaseeirsttuble protein content in
case of GN, KW, UP 2752 and KD was more or lesslairand did not show
much significant difference during the later stagésirought. However, the
protein content changed significantly in case of MBY, LV, PBW 343 and
SO with the increase in the days of withholdingevdtom the plant. Similarly
the accumulation of soluble protein in the leavesmnd salt stress for*land
3 day showed a general decline with the increaskerseverity of salt stress
whereas the content of soluble protein in the rémt4™ and 3 day showed a
difference. Simova-Stoilova (2008) hasstulated that the data on leaf protein
basis reflect the relative proportion of the enzyiméhe total protein content.
Several stress response proteins, protein—proteteraction and post—
translation modification have been also identifi&@hlekdehet al.., 2002).
SDS-PAGE analyses of proteins in the leaf of wh#ants in the present
study has shown different band patterns with theaeoed accumulation of
proteins and expression of new proteins in casdoldrant varieties and
increase in the number of bands during both droagttsalt treatments. Fazeli

et al. (2007) have reported reduction of protein contereaves and roots in
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case of sesame and suggest that water stress msg ganeration of ROS.
They obtained new and colourful protein bands iIrSSBAGE of protein in
leaves during stress; however, in roots the pretdid not show any important
differences among the treatmerftsirther the analysis of total soluble proteins
in GN and LV in FPLC has shown significant diffecenamong them and it
was observed that the increase in the days of dtangcase of LV changed
the profiles of peaks in FPLC. The number, heigiu #ne area of peak showed
a significant difference during the increasing daf/svater stress with respect
to control plant. It was seen that the change ighteand number of peak in
case of GN during increasing days of withholdingevavas comparatively
lower than LV; however the total content of protasdetermined by the peak
height and area was higher in case of GN than LWhvlvas in accordance
with the content of total soluble protein in thaflef GN and LV. A significant
difference in the number and height of peak in FRID@lysis was observed in
case of LV during the'dday.

Soluble protein contents in the roots in caskléf, GY, GN, LV and
SO increased during water stress during the ldasgyes of drought while in
case of all the other varieties it showed a gergmaline. In case of KD, GN,
KW, UP 2752, PBW 343 and SO the accumulation ofildel protein in the
roots decreased with the increase in the conceaniraf salt whereas in case of
MW, GY and LV the content of soluble proteins iresed significantly at
higher concentrations on the initial day of satess but the accumulation
again showed a decline on th& 8ay of salt stress. The accumulation of
soluble proteins in case of leaf was higher thartot. As suggested by Saleh
(2013) salinity promotes the synthesis of saltsstrepecific proteins; many of
these proteins were suggested to protect the gaihst the adverse effect of
salt stress and the accumulation of these protgiascommon response to salt
stress (Kong—ngeret al. 2005, Mahmoodzadeh 2009, Meratgnal. 2008,
Metwali et al. 2011, Mohamed 2005). High salt concentrations bihhi
enzymes by impeding the balance of forces contigplthe protein structure
(Serranoet al., 1999). Some experimental evidence suggests ttoatght—
sensitive species and varieties have higher prgtealctivity compared to the

resistant ones (Hiengt al.., 2004). However, data on proteolytic activity
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relation to drought sensitivity or resistance daiié quite limited. According to
Yordanovaet al. (2004) changes in proteins can result from a waradt
environmental stresses such as water stress.

Water stress is inevitably associated with inseglaoxidative stress
due to enhanced accumulation of ROS, particularly @d HO, in
chloroplasts, mitochondria, and peroxisomes. Assult, the induction of
antioxidant enzyme activities is a general adamasitrategy which plants use
to overcome oxidative stresses (Foyer and Noct@Q3R Activity of
antioxidative enzymes like POX, CAT, APOX, GR an@[5 following
osmotic stress i.e. water stress and salinitysshswed a difference in during
different stages of water stress and salinity strdhe activity of all the
antioxidative enzymes seemed to be correlated edtth other during the
stress response of the plant. Previous studies alseereported differential
responses of genotypes to drought stress with cespentioxidant enzymes
(Dhandaet al., 2004; Nairet al., 2008). It has been suggested that the
coordinated activity of the different,B,—scavenging enzymes play a part in
the plant redox homeostasis (Foyer and Noctor, 2005

During drought, activities of APOX and GR incredsignificantly in
all nine varieties initially after 3 days of drougtress. With prolonged water
stress, the activities of ascorbate peroxidaseedsed in all varieties and the
activity of glutathione reductase decreased inet@s MW, GY, LV and SO
whereas its activity continued to increase in aasKD, GN, KW, UP 2752
and PBW 343. The activity of APOX after a signifitanitial enhancement
showed a general decrease with increasing contientia salt and duration of
salt stress in all the varieties. It is clear tthas enzyme showed a steep rise
with the onset of stress followed by a decline wtienduration and severity of
stress increased i.e., 9th day in case of drougttad 200 mM during the 3rd
day in case of salt stress. The potential of AP@Xnetabolize KO, depends
on the redox state of such compounds. APOX and féRbelieved to act in
conjunction for HO, scavenging during environmental stresses (Sainagn a
Saxena, 2000). Mandharghal. (2006) found that activities of CAT and APX
increased with increasing the salt stress in balhtslerant and salt sensitive

wheat cultivars.
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GR activity declined after a significant initiahcrease in all the
varieties with increase in the concentration andition of salt stress however,
in case of KD, GN, KW, UP 2752 and PBW 343 the\atgtiof GR continued
to increase with the increase in the concentraifaalt and the duration of salt
stress. Mandhaniet al. (2006) reported that GR may play a vital rolehe
glutathione cycle in the eukaryotic cells and tlgiotis work he indicated that
GR activity increased with increasing salt stres®ath salt tolerant and salt
sensitive wheat cultivars. Kimet al (2005) have reported significantly
increased GR activity in the roots in responseh® NaCl treatment. GR
activity and behaviour of its isoforms were anatyz@ wheat [riticum
aestivum L.) leaves and roots exposed to a chronic treatgthit a toxic
cadmium (Cd) concentration by Yannarelliial (2007) and reported that up—
regulation of GR activity by the induction of disttive isoforms occurs as a
defense mechanism against Cd—generated oxidatigsssin roots and they
reported that wheat leaves did not show any changfeeir GR activity over
time, whereas roots presented a remarkable incréasy suggested that GR
activity is not only related to different organsdgoiant species but also to Cd
concentration and/or a given period of exposur@a8aand Srivastava (2002)
reported that chloroplastic fraction showed higte#al GR activity, followed
by mitochondrial fraction in case of total GR. Enb@ment of GR activity in
tolerant varieties indicated that tolerant plandsileit a more active ascorbate—
glutathione cycle than the less tolerant cultivafhis cycle has been
implicated in mitigating the effects of ROS (Moligial., 2002; Mandhaniat
al., 2006). Enhancement of GR activity in tolerantiettes indicated that
tolerant plants exhibit a more active ascorbatdatfiione cycle than the less—
tolerant cultivars. GR, which catalyzes the reductof oxidized glutathione
(GSSQG) to reduced glutathione (GSH), is an imporalogenous antioxidant
(McKersie and Leshem 1994). Chat al. (2005) obtained increased
glutathione reductase activities in two cultivafdanana subjected to drought
stress. Similarly, both catalase and peroxidase autévely involved in
detoxification of ROS by breaking down®b.

It was noted that the activity of POX enhanceeafy with increase
in the period of water stress in case of GN, KD, KW 2752 and PBW 343
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whereas in LV, GY, MW and SO, the activity declinéd acitivity showed a
continuous enhancement with increase in the coratégort of salt in all
varieties during the *1and g day of salt stress with respect to the control;
however in case of MW, LV, SO and GY the activifyRDX with prolonged
stress showed a significant decline in the latatodeof stress and higher
concentration of salt. In all other cases, thevagtiof POX increased even
during the highest concentration of salt in oudgtand during the 3 day of
salt stress. Other workers like Nayar and Kausk@0?) also reported that the
increased activity of POX enzymes constitute pakrdefense mechanism
against chilling induced oxidative damage in geatimgy wheat grains.
Increase in the POX enzymes to alleviate ROS has bkso been reported by
Sergi and Alegre (2003) and Agarwal and Pandey4P00hakraborty and
Pradhan (2011, 2012) reported that POX seems t@ lgggater role in
tolerance than CAT during prolonged drought str€emkrabortyet al. (2002)
also reported that POX activities increased initiah all tea cultivars
following drought stress, but in tolerant cultivaitsincreased even with
prolonged periods. Igbal and Bano (2009) obtainedatgr increase in
activities of POX and CAT in wheat accessions thate tolerant to drought
stress than those that were less tolerant. Previaukers have also reported
differential responses of genotypes to droughsstrath respect to antioxidant
enzymes (Dhandet al. 2004; Nairet al. 2008).

In the POX isozyme analysis in NATIVE-PAGE duridigpught and
salinity stress in case of wheat varieties, sigaift differences were noticed
among the varieties as well as during the differdays of drought and
different concentration of salt. In case of perasel isozyme analysis in
NATIVE-PAGE, new bands were observed in the stbsgarieties with
respect to control in case of almost all the vaagetvith highest number of new
peroxizymes recorded in case of varieties like GN,KD followed by PBW
343 and UP 2752 than SO, LV, GY and MW with thespective control and
the same trend was observed during salt stresdr peggoxidase isozyme
content was reported by Kumatial (2006) in peanut leaves during treatment
of the plant with jasmonic acid and in barley sewd by Popovat al (2003).
El-beky (2003) has reported different electrophoréiands of peroxidase
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isozyme of different onion cultivars during saltests and has suggested the
use of NATIVE-PAGE of POX as biochemical marker sa@lection of salt
tolerance in onion plants.

In case of CAT, activities decreased at all pgiof drought stress in
case of MW, GY, LV and SO whereas in KD, GN, KW, @P52 and PBW
343 activities of these enzymes increased initia#fore showing a continued
decline. In this study a general decrease wasisdé@e activity of CAT during
both drought and salt stress in case of MW, GY ,dod SO whereas in case of
KW, GN, UP2752, PBW 343 and KD an initial enhanceingas seen. The
activity of CAT following salinity stress showedcantinued decline in case of
MW, GY, LV and SO with the increase in the concetitn and duration of
salt stress; however in case of KW, KD, GN, UP 2@6& PBW 343 there was
an initial enhancement in the activity followed bgcline with increasing
concentration of salt. Dadt al (2000) has suggested that peroxisomes and
glyoxysomes produce large amounts @Oklduring photorespiration and fatty
acid oxidation, respectively and this®4 is rapidly scavenged by catalases.
Other workers like Nayar and Kaushal (2002) alsmreed that the increased
activity of CAT and POX enzymes constitute potdntiafense mechanism
against chilling induced oxidative damage in gewtimg wheat grains. They
further suggested that catalase activity increasetbr water stress conditions
in both tolerant and susceptible genotypes.

In the catalase isozyme analysis in NATIVE-PAGEimy drought
and salinity stress, significant differences weotiaed among the varieties as
well as during the different days of drought anffiedent concentration of salt.
CAT isozyme was more expressed in case of leaf Ny KD, KW during
drought and in KD and KW in case of salinity strelkscase of MW, GY
iIsozyme for catalase was expressed during the hggimeentration of salt and
prolonged period of water stress. Different elgutaretic bands of CAT
isozyme have been reported in case of onion cultvaing salt stress by El-
beky (2003) and have suggested that the analysiCAT isozyme in
NATIVE-PAGE can serve as an important biochemicalrkar during salt
stress.
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Activity of SOD showed an initial increase inseaof KD, GN, KW,
UP 2752 and PBW 343; however, with increase inqgolsriof stress, the
activities of superoxide dismutase decreased irsethearieties. Activities
decreased at all periods of drought and conceofratf salt stress in case of
MW, GY and whereas in KD, GN, KW, UP 2752, PBW 38l SO activities
of these enzymes increased initially before shoveirapntinued decline. With
prolonged drought and salinity activity of SOD inWJ GY, LV and SO
showed a continued decline whereas in case of KW, &P2752, PBW 343
and KD an initial enhancement was seen. SOD iditeeenzyme which is
expressed in the antioxidant mechanism and it asae initially in the more
tolerant varieties and was also involved in contitn to the initial
accumulation of KO,. However, following increase in the severity oysl@f
water stress, SOD activity declined even in thertit varieties and POX
metabolized the D, produced; thus, a synergic activity of variousyenes is
required for the attainment of tolerance (Chakrgb@nd Pradhan, 2011).
Patadeet al (2011) in their study have shown that the sakssted plants
showed an increase in the activities of SOD and XPwhile PEG stress led
to an increase in SOD but not APOX activity as cared to the control. In a
study by Pompellet al. (2010) they have also reported that althoughrae
of superoxide formation may increase considerablyNi-deficient coffee
plants under high light conditions; however, noresponding increase in the
activity of SOD per unit mass could be found. Undeyught stress, enhanced
SOD activity was found in pea, tobacco and beanr@det al. 1994; Van
Rensburg and Kruger 1994; Zlatest al. 2006), decreased superoxide
dismutase activity in sunflower seedlings and ban@uartacci and Navari—
Izzo 1992; Chakt al. 2005) and unaffected superoxide dismutase agtinit
maize (Lunaet al. 1985). In wheat, SOD activity increased or reradin
unchanged in the early phase of drought, but deetewith prolonged drought
stress (Zhang and Kirkham 1995), as also obtainetthis study. Fengt al
(2004) reported an increased SOD and CAT activibes mild water deficit,
whereas Gucet al (2006) pointed that severe or prolonged drougtgsst
caused a decline in activities of this enzyme. Sen&toilovaet al (2008) in

their study onantioxidative protection in wheat varieties undexvese

262



recoverable drought at seedling stage found thdD @€tivity only slightly
changed and in recovery CAT activity became sigaiitly higher; they were
able to reveal three isoforms of SOD, one of cataknd three of GPX. They
also determined that SOD activity was little chahges a consequence of
drought stress and CAT activity was very low in wybt—treated plants and
after recovery it was significantly higher thanttb&control.

The over—expression of SOD, if accompanied byasobd HO;
scavenging mechanisms, like CAT and POX enzymeviae, has been
considered as an important anti—-drought mechangsmope with oxidative
stress during water deficit conditions. It was ated in our study that though
all antioxidative enzymes increased initially, P@Xd GR activities could be
maintained at higher levels in the tolerant vae®tand hence contributed to
the defense response. In the present study, POXesha much pronounced or
greater role in mechanism for imparting toleranompared to CAT following
increase in the degree of water stress. This wasdordance with the results
obtained by Chakrabortt al. (2002) in their study on tea cultivars. However,
in the study of Igbal and Bano (2009) a greatereiase in POX and CAT
activities in wheat accessions was reported in holirant and susceptible
plants following water stress. This result is santio the results as obtained by
Abedi and Pakniyat (2010) who reported enhanced/itees of SOD and
decreased CAT activity. To evaluate the degre®lefdance to NaCl, changes
in growth parameters and activities of the antiaridenzymes (SOD, CAT,
APX and GR) were monitored by El-Bastawisy (2010pge studies point to
an enhanced degradation 0o3@d in tolerant wheat either directly from the
oxidative stress or as a result of SOD activitygasging faster elimination of
ROS in tolerant variety than in the susceptible. dereover, he suggested the
decreased APOX activity in susceptible wheat wouwdsult in higher
accumulation of KO, than in the tolerant variety. He further suggedteat
such accumulation could result from a decrease AT @ctivity with a
consequence shortage in®4 degradation and/or a decrease in APOX activity
with inefficiency in HO, scavenging by ascorbic acid. Sharada and Naik
(2011) in their study on drought stress in groundaso determined that the

activities of antioxidant enzyme such as SOD, CRDX and GR increased

263



considerably with the progression of drought stré@sr data is also in
accordance with work of authors like Hameetdal (2013), Kranneret al
(2006) who have suggested that plants have evobed enzymatic and
nonenzymatic systems to scavenge the ROS whereneszyncluding SOD,
CAT, APOX, non-specific (guaiacol), POX, GR etcoriw in concert with
non—enzymatic antioxidants such as glutathioneasedrbate to detoxify ROS
and have conclude that the antioxidant defensesystay have a crucial role
in signaling and execution of plant programmed de#th.

H.O,, resulting from the action of SOD, is toxic tolsellherefore, it
is important that kO, be scavenged rapidly by the antioxidative defense
system to water and oxygen (Gabal., 2006). The decline in CAT activity
was in correlation with the increase in the accuatoh of HO, following
water stress as well as increased lipid peroxidatio all varieties. HO,
accumulation and lipid peroxidation were signifitarhigher in susceptible
varieties in comparison with tolerant ones. Ouultssare in conformity with
those of several previous workers (Clghial. 2005; Zlatevet al. 2006).
Increased concentrations ob®}, a strong oxidant, cause localized oxidative
damage, disruption of metabolic functions and lipetoxidation (Foyeet al.
1997; Velikovaet al. 2000; Zlatevet al. 2006). However, besides being an
ROS, HO; is also a signal molecule, which is involved igrsil transduction
mechanisms for several processes in plants sucétomsatal closure, root
growth and responses to pathogen challenge (edl. 2002; Laloiet al.
2004; Desikaret al. 2005). Varieties which were less tolerant accuataad
higher amount of kD,. Various previous workers reported similar results
(Chai et al., 2005; Zlatevet al., 2006) as those of the present study. The
enhanced kD, levels under water deficit would be alleviatedotigh the
combined action of CAT and APOX. Thus, levels ofO4l are efficiently
controlled to maintain balance between productiod areakdown. In this
study, although kD, accumulation increased during drought and salinity
stress, after a period of prolonged drought theas v decrease in.6, levels
in tolerant varieties, indicating greater antioxitlactivity. Similar results have

been reported by Godfrayal (2011) in their study where they have compared
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the peroxidation of lipid, leaf membrane thermosiigband antioxidant
system in four sugarcane genotypes differing inteédrance.

Foyer and Noctor (2012) have suggested thatisepooblems persist
in our ability to actively extract, assay and aately quantify HO, in tissues
or extracts which are fraught with ambiguities. ISycoblems, according to
him may be addressed by the development of biodaiyisuitable staining
techniques.In situ detection of HO, in leaf tissues and microscopic
observations revealed darker staining in tissubgested to prolonged drought
and salt stress, especially in the less—toleranieties such as LV, MW, SO
and GY. In our studies the detection of cellularels of HO, was done by
DAB staining method and our results shows a cléérdnce in the degree of
staining achieved in the control and the stressaat in both drought and salt
stressed varieties. The leaf of SO, LV, GY and Miédwed more darkly
stained DAB-sites in the tissues than in the lednas the other five varieties
with respect to their control during both droughtiesalt stress. Interestingly,
DAB polymerization site was largely localized aethp of the leaf, region
surrounding the middle lamella and also the storoathe leaf in the varieties
under stress when compared to the leaf of the aloset of GY. The transverse
section of the leaf at the stained site showed ttt@tDAB binding sites were
localized mostly in the peripheral region of thd.ce

Ascorbic acid, carotenoids amgtocopherol (Vit E), non—enzymatic
antioxidants in plants, increased significantly ial nine varieties.
Accumulation of ascorbate was enhanced in all naresties even after 9 days
of drought stress and even at 200 mM of salt smasfie &' day; carotenoids,
however, decreased after 3 days of drought an@GtM of salt stress (3d) in
varieties MW, GY, LV and SO and after 6 days ofudjiot and at 200 mM (3d)
in case of the other five varieties. Accumulatidruetocopherol in the leaves
of the drought stressed plant in general incredseithg the 3' day of drought
except in case of GY where it decreased, howerekW, LV, PBW 343 and
SO the accumulation of Vit E decreased after 6adyought and after 9days
in MW, GY and KD. In case of UP 2752 and GN howetke content ob—
tocopherol increased on th& #ay of stress. Jaleel (2009) reported enhanced

accumulation of ascorbic acid during drought stiessinter cherry \\Mithania
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somnifera). In this study, the increase in ascorbate, alotyy glutathione
reductase, indicates involvement of the ascorbaieatbione cycle as a
predominant mechanism of oxidative stress dettific. Nairet al. (2008)
reported that ascorbic acid contents in cowpeaeadsed with severity of
drought stress, but tolerant cultivars had highssoebic acid contents during
severe stress in comparison with susceptible eulivL—Ascorbic acid is a
strong antioxidant but also performs several otharctions in the plant
(Noctor and Foyer 1998). Shalata and Neumann (2001}heir study
concluded that there appears to have been no tatamiinvestigations of the
effects of an additional supply of ascorbic acidpdant resistance to severe
salt stress. Dalmia and Savhney (2004) observaavaivement of antioxidant
metabolites in ROS detoxification under droughthwihcreased pools of
ascorbate and glutathione at the beginning of taeemstress and diminution
when the stress becomes more severe. Simova—StqROV8) suggested that
the ratio between reduced and oxidised ascorbasenvagie or less conserved.
They suggest participation of the low—moleculanaidative compounds in
the defense against ROS under severe drought #ret good functionality of
the ascorbate/glutathione cycle, which allowed wipdants to maintain a low
hydrogen peroxide level. Plant tissues also consaibstantial amounts of
carotenoids that serve as non—-enzymatic oxygercatdcavengers (Young
and Britton, 1990). Havaux (1998) and Kiaahial. (2008) suggest that water
stress, among other changes, has the ability taceethe tissue concentrations
of carotenoids, primarily with the production of ROnNn the thylakoids
(Niyogi, 1999; Reddyet al.., 2004); however, reports dealing with the
strategies to improve the pigments contents undeemstress are entirely
scarce.

The total antioxidative activity in the leaf folling water stress
increased with the increase in the duration of lotting water in all varieties
with a slight decline observed during th8 @ay in case of MW. In GN, KD,
UP 2752 and PBW 343 the total antioxidative acgtivibntinued to increase
even at prolonged period of drought however; itided in case of KW, MW,
GY, LV and SO. In KD, GN, UP 2752 and PBW 343 tb&alk antioxidative

activity was significantly higher than the otherieies. The percent inhibition
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of DPPH i.e. the total antioxidant activity in theaf of salt stressed plants
increased with the increase in the concentratioth @uration of stress but
decreased at higher salt concentration in MW, 8@, and GY.. In KD, GN,
KW, UP 2752 and PBW 343 the total antioxidative\aigt was significantly
high even at 200mM concentration and the highektevéor the content of
DPPH were observed in five of these varieties. é@@nd Azam (2002) have
reported the co—existence of salt and droughtdalss in Triticaceae.

Na" and K content in case of both water and salt streseased
significantly with the onset of stress treatmehtdlowing water and salt stress
treatments the content of Nim case of roots was much higher than that of leaf
in all varieties whereas 'Kcontent was higher in the leaf than the rootsrayri
the stress. It seems that the salt overly sendi8@S) pathway also regulates
the vacuolar NHH® exchange activity and contributes to *Na
compartmentalization. (Qiet al, 2004). SOS pathway co-ordinately regulates
plasma membrane and tonoplast/N& antiporter activity which leads to Na
homeostasis and as a consequence salt toleraneerafsport of K and Na
are regulated byaccharomyces cerevisiae cation transport systems, such as
HAL1 and HAL3, respectively. The transgenic tomi@es overexpressing the
HAL1 gene were more salt—tolerant than the wildetypants in both callus
and plant growth besides exhibiting better fruglgiunder salt stress (Gisbert
et al. 2000; Ruset al. 2001). Salt tolerance has been well studied andas
results have been obtained by workers such as &&anchez (2006) on
orange trees on rootstocks. Ghogtlial (2012) have reported that salinity
stress decreased Kontent, K/Na' ratio and grain yield; however Naontent
in all the genotypes and in both stages were isectand have reported that
higher accumulation of Nacontent was related with reduction in yield inecas
of salt sensitive genotype and highév/Ma" in case of tolerant genotype than
the salt sensitive genotype. Serrastal (1999) had also suggested that ion
transporters selectively transport ions in orderntaintain physiologically
relevant concentrations whereas "ME antiporter play a vital role in
sustaining cellular ion homeostasis, thus allomipsarvival and growth under
saline conditions through regulation of cytoplasplit, sodium levels, and cell
turgor. In their study Bartels and Sunkar (2005ygasted that there exists
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three types of mechanisms to prevent excessableumulation in the symplast
of plant cells which are firstly by restricting th\a" permeation and entry into
plant cytosol by Natransporters, secondly, the compartmentalizatioNas

in to vacuole via, Na N#H" antiporter and the third by the transport of
cytosolic Nd back to the external medium or to the apoplastpasma
membrane NAH" antiporter. Even though leaves accumulated higliuso
concentrations, fruits displayed very low sodiumntemt, demonstrating the
potential to maintain fruit yield and quality aghisalt levels (Jadt al., 2013).
According to Tester and Davenport (2003) the higiels of Na or Na K*
ratios can disrupt various enzymatic processefencytoplasm. Blahat al.
(2000) suggest that protein synthesis requires tigicentrations of K owing

to the K requirement for the binding of tRNA to ribosomesd gorobably
disruption of protein synthesis by elevated coneginns of Naappears to be
an important cause of damage by'N@®ur data is in accordance with the
results obtained by Ghogedial. (2012) who have documented that a greater of
salt tolerance in plants is associated with a neffieient system for selective
uptake of K over Nd (Wenxueet al.., 2003) and under salt stress, plants
maintain high concentration of 'Kand low concentration of Nan the cytosol.
They do this by regulation the expression and #gtiof K* and Na
transporters and Hpumps that generate the driving force for transfitinu,
2003) and the regulation of Kuptake, prevention of Nanflux, promotion of
Na’ efflux from the cell and utilization of Nefor osmotic adjustment are the
strategies commonly used by plants to maintainraelsi K/Na" ratio in
cytosol.

The various effects of drought stress were amagko with the use of
chemicals like ABA, SA and proline. Ait al. (2008) have reported in their
extensive study that the role of different comgat#olutes in plant tolerance
to drought stress is significant because they sggumultitude of metabolic
processes including ion transport and have hypbeshat the exogenous
application of proline might regulate uptake of er@ nutrients in plants
subjected to water deficit conditions. Various weygk have reported that the
use of certain exogenous chemicals on the plaritsebstress treatment can

induce tolerance to a much surprising level. In tipalar, induced
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thermotolerance has been reported when plants pverdreated with salicylic
acid (SA) (Aldesuquyet al. 2012, Datet al.. 1998, Larkindale and Knight
2002), abscisic acid (ABA) (Bonham—-Sméhal.. 1998, Bray 1991, Jiang and
Huang 2001, Larkindale and Knight 2002), calciunoriGet al.. 1997) and
ethylene (Larkindale and Knight 2002). Larkindaled aHuang (2004) have
investigated whether pre—treating plants with dpecgputative signaling
components and heat acclimation would induce tot®aof a cool-season
grass, creeping bentgras&glostis stolonifera var. palustris), to subsequent
heat stress and whether thermotolerance inductiothase pre—treatment’s
was associated with the regulation of antioxidaggenerating enzymes.
Different reports suggests that the exogenous egimn of proline induces
abiotic stress tolerance in plants (Claussen, 280i5¢t al.., 2007) although
much attention has been paid on the role of pralinstress tolerance as a
compatible osmolyte (McCue & Hanson, 1990; Sanataal.., 1995), little
attention has been given to its role in affecting tiptake and accumulation of
inorganic nutrients in plants (Okunegal.., 2000; Khedet al.., 2003).

In the present study abscisic acid (ABA), salcydcid (SA) and
proline were selected as pre—treatment chemicalsthie amelioration of
drought. Pre—treatments of seedlings with solutioh&BA, SA and proline
followed by drought stress for 3, 6 and 9 days atctthat all three chemicals
could provide protection against oxidative stresg ¢io water stress in the
wheat varieties. The RWC and CMS of the seedlingend drought for
subsequent days after chemical pre—treatments shawacrease in both GN
and LV. The increase in RWC and CMS of GN was higlfter pre—treatment
than that of LV during drought. The application pe—treatment by proline
had the best effect in the amelioration of droughtase of both tolerant and
susceptible variety of wheat in the present stlilyid peroxidation after pre—
treatments in GN and LV followed by drought strekewed a decrease in its
value than the values obtained during drought withmwe—treatments with the
chemicals. The pre—treatment by the use of pro and SA could reduce
lipid peroxidation in case of both GN and LV. Theras a significant decrease
in the peroxidation of membrane lipid as evidenthsy reduced value of MDA

content in case of LV and this susceptible varigs able to combat the
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deleterious effect of water stress. After the inaurc of drought treatments
preceded by pre—treatments in the seedlings itfasaisd that the content of
proline, total soluble carbohydrate, reducing chstvate and starch content
showed a markedly lower value than the values pbtawithout chemical
pre—treatments. Seedlings of GN and LV where netpratment was done
had shown gradual increase in its value with tloegasing days of drought but
after pre—treatments the values were significalaiyer in both GN and LV.
The content of proline, total soluble sugars, réuyisugars and starch in case
of LV was significantly lower during increasing dapf drought following
pre—treatments with chemicals and both GN and LVewmore tolerant to
drought and therefore the effect of drought stvess ameliorated by the use of
chemicals. Travaglieet al (2007) have also reported that the exogenous
abscisic acid increases carbohydrate accumulatnoh radistribution to the
grains in wheat grown under field conditions ofl s@ater restriction. The
effect of pre—treatment by proline showed the besult followed by ABA and
SA in both the varieties. Fareyal (2008) reported that mutations of genes in
synthesis of the carotenoid precursors of ABA leagre—harvest sprouting
and photooxidation in rice. Freemagt al (2005) have reported that
constitutively elevated salicylic acid signals gliiione—mediated nickel
tolerance in Thlaspi nickel hyper—accumulatorshiairt study. Somasundaram
et al (2009) have also reported the role of paclobutrand ABA in drought
stress amelioration iesamumindicum L.

The antioxidative profile of the LV and GN witligbonged drought
after pre—treatment with ABA, proline and SA wastéethan values obtained
in GN and LV seedlings were no chemical pre—treatsxevas done with the
chemicals. Pre—treatment with proline increased ahgoxidative profile in
both the varieties more than that of SA and ABAhwihicreasing days of
drought stress. Total phenol content and ortho gheontent in drought
stressed GN and LV following chemical pre-treateerdhowed a
comparatively lower value than the seedlings whickre untreated with
chemicals. The lower value of total phenol and @ntthenol in case of LV
with respect to the fact that LV was the most spbke variety in the present

study was very significant. Total antioxidant aityivin drought stressed GN
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and LV following chemical pre—treatments increaseghificantly during all
days of stress. The total antioxidant activity ase of proline pre—treated
seedlings of both GN and LV showed the best regultéeerms of better
antioxidative profile during drought. LV which wasonsidered the most
susceptible variety in our study showed an incre@dastal antioxidant activity
(% inhibition of DPPH) with the increase in the dtion of withholding water
and continued to show higher values when compardtieé LV seedlings in
drought without pre—treatment respectively. Therease in the total
antioxidant activity of drought stressed GN and &ier pre—treatment with
chemicals proved that the use of chemicals pridhéostress conditions could
render the plant more vigorous to tolerate drougfh¢ss. Carotenoids and
ascorbic acid — two of the non—enzymatic antioxigan plants increased
significantly in both GN and LV following droughtress after the seedlings
where pre—treated with chemicals than the seedloig&N and LV where
drought was induced without chemical pre—treatmeftsumulation of both
carotenoids and ascorbate in the pre—treated lieébth tolerant and least
tolerant or susceptible variety increased with peatments with ABA, SA
and proline and the highest values for the accutulaof both the
antioxidants was observed in case of plants prateewith proline solution
than the plants pre—treated with ABA and SA.

The activity of antioxidative enzymes followingodight stress where
the seedlings were pre—treated separately with AB#éline and SA enhanced
remarkably in both GN and LV. The increase in thdivdy of the
antioxidative enzymes in the leaves of these vaseenabled the plant to
combat the deleterious effect of drought in regafrthetter scavenging of the
ROS from the system. CAT activity in case of preated plants was
significantly high in both GN and LV following drgtt stress; however the
increase in CAT activity was higher in GN than LYidathe seedling pre—
treated with proline in both the cases showed m@W&T activity than the
seedling treated with SA and. The activity of POXreased significantly in
both GN and LV with the onset of drought after preatment where the POX
activity increased with prolonged period of droughie increase in the POX

activity was significant in case of LV where thetiaridative profile of the
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leaves after pre—treatment enhanced with increatayg of withholding water
which was significantly higher in the wheat seegllpre—treated with proline
followed by SA and ABA. APOX activity in the preetaited seedlings in LV
showed a very significant increase than the ineraascase of pre—treated
seedlings of GN following drought stress howevebath the varieties pre—
treatment with ABA, proline and SA followed by dght stress ameliorated
the effect of drought stress. The activity of GRIa&OD following pre—
treatments in the seedlings of GN and LV followgddbought stress enhanced
with the increase in the periods of drought whempgared to the untreated
seedlings of GN and LV during drought respectivdlge enhancement in the
activity of GR in GN was much more than the inceeas case of LV with
increase in the days of water stress following peatments with chemicals.
The increase in the activity of the entire antiatide enzyme was much more
pronounced in case of pre—treatments with prololewed by SA and ABA.
Significant change with respect to the enhancerokattivity of antioxidative
enzyme during drought was observed in the seedth@N and LV where the
plants were pre—treated with chemicals than thetplavere no such pre—
treatment was done. LV considered as the most gtilgevariety in our study
too showed a better performance in combating drowghdent by the
increased activity of antioxidative enzymes whernwds pre—treated with
chemicals.

Protein content of GN and LV following droughtests after pre—
treatment with ABA, proline and SA decreased sigaiitly during all days of
water stress when compared to the correspondingesalbtained in GN and
LV where no treatment was done. The protein conteam$ comparatively
lower in case of LV for the initial days of strelsswever; on the ® day of
drought stress the change in the content of pratassignificant during water
stress following chemical pre—treatments than teseedlings where no such
treatment was done. Similarly in GN, the proteimteat without chemical
pre—treatments was higher during theday and decreased after the chemical
pre—treatments followed by water stress. The cdontdnprotein in the
seedlings treated with proline showed a significdiiterence in both the

varieties and therefore was more efficient.
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In this study, HO, accumulation during water stress after the pre—
treatment of seedling of GN and LV with chemicatsmkased in GN and LV
indicating greater antioxidant activity following rg>-treatments with
chemicals. The accumulation op®%k in the leaf of both GN and LV where no
pre—treatment was done in the seedlings beforerbket of drought stress was
much higher during the increasing days of drougjaintthe seedlings were
pre—treatment with ABA, proline and SA was donee Téaf of GN showed
lesser HO, accumulation than that of LV both with and with@hemical pre—
treatments however, pre—treatment with chemicalewsld better results.
During microscopic studies of the leaf tissues iABDstaining test for the
detection of HO,, dark—brown spots were observed as big and sratdhps at
the site of DAB polymerization. The leaf of LV a@N showed lesser darkly
stained DAB-sites in the tissues respect to themtrol and also when
compared to the DAB-sites in the leaf of untrea®dd and LV respectively
following pre—treatments with chemicals. The acclation of HO;
significantly decreased in case of LV which was agmble as the LV was
considered as the most susceptible variety in @ase.c Our data is in
accordance with the data of several workers sucKuas-Xuanet al (2010)
have reported that biotechnological implicationgnir abscisic acid (ABA)
roles in cold stress and leaf senescence as anrtanpaignal for improving
plant sustainable survival under abiotic—stressedditions, free proline
accumulation under drought (Yamaet al, 2005), responses of plants to
drought and stress tolerance (Yordanov and Chastd®97), pattern of
antioxidant enzyme system in wheat exposed to wdgdicit conditions
(Zhanget al, 2003).

Our results indicate that both drought and safess induced
oxidative damage in wheat varieties could be ovareby enhanced activities
of antioxidative enzymes. The activity of all th&iaxidative enzymes seemed
to be correlated with the each other during thesstrresponse of the plant
which can be used as biochemical markers for témtification of tolerant and
susceptible varieties. Accumulation of compatilutes like sugars, phenol,
protein, proline and free amino acid increasedesponse to both drought and

salt stress and their quantification was markedlifiereent in the tolerant and
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the susceptible varieties. RWC, CMS, tolerance xnadlorophyll content,
lesser peroxidation of membranes, lesser accuroolaif HO, was much
more pronounced in the tolerant varieties which nhee led to more
protection from oxidative damage and hence thesanpeters are important in
stress studies. The adaptation of wheat varieties salt stress was
comparatively better than during drought stress ianvas concluded in our
study that wheat varieties were able to withstamdienate salt stress of about
50mM or lesser. However, only the tolerant vargetieere able to combat
drought stress and showed better results in terintheir tolerance level
whereas the susceptible variety at higher sevengliton of drought were
prone to poor growth and development and eventudth. Prdreatments
with some chemicals could induce tolerance to #atcemdegree and in our
study pre-treatment with proline showed the bestiltean the amelioration of

drought.
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CHAPTER 6
CONCLUSION

<> The seedling stage of the plants, i.e., one moldtiplant was the best
stage to study the effects of drought and salstityss on the plant growth and
development.

X The morphology of the plant with the onset of ditaugglt stress did
not show immediate effect on the plant. With prgles water stress GN, KD,
KW, UP 2752 and PBW 343 showed better tolerancenvdmenpared to LV,
MW, SO and GY which showed wilting and yellowingtbé leaf starting from
the 39 day of drought, however, the former wheat vargeti@ not show such
symptoms almost till the"7day.

<> Similarly, during higher concentration of salt \eies such as LV,
MW, SO and GY showed yellowing of the leaf and yeiowing and wilting
increased with increase in the days of salt stnds=n compared to the other
varieties.

X RWC in the leaf tissues was found to be an impont@mnameter to
study the plants’ ability to retain water in thkgaf during drought and salinity
stress. Out of the nine varieties studied, it wadeat that the highest amount
of water was retained in the varieties like GN, KOW, UP 2752 and PBW
343 during drought treatments as well as durinedht salt concentrations.
The RWC in case LV, MW, GY and SO was significatiywer than the other
five varieties. However, with the onset of both wybt and salt stress, the
RWC in the leaves of all varieties was comparayivelver with respect to
their respective control set.

X A significantly low tolerance index was observeatase of the leaf of
LV, MW, GY and SO which in case of KD, GN, KW, UF%2 and PBW 343

was higher during the™day of drought and also during the salt conceiotnat
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of 200mM on the 8 day. The tolerance index of all the nine varietiess
higher during the salt stress than during drought.

X CMS of the leaf served as another important phggiokl parameter
which was used to identify the most tolerant gepetyamong the tested
variety. The cell membrane stability decreased lirthee varieties with the
onset of stress treatments with respect to thapeagtive control set. CMS
index was comparatively higher in case of GN, KWKUP 2752 and PBW
343 than LV, MW, SO and GY during drought and ¢edatment. Highest
CMS value was obtained in case of GN and the l@astobserved in case of
LV.

<> Lipid peroxidation in the membranes increased os Wagher in the
stressed plants in case of all the varieties vhth dnset of drought and salt
treatments. Lipid peroxidation in the membranethefleaf tissue was found to
be the least in case of GN during drought andssedss followed by KD, KW,
UP 2752 and PBW 343 than the other four varietibgeres LV showed the
highest degree of peroxidation of their membrarigheleaf tissues as evident
by the MDA content of their leaf followed by GY, M@hd SO.

X Decrease in RWC, CMS and lower tolerance indexngudrought
and salinity stress could be correlated with higihegree of lipid peroxidation
and therefore it served as an important physiolgparameter to test the
tolerance level among the tested nine varietiashwat.

X Higher proline content in both leaf and root wasorded with the
onset of drought and salt in all the varieties. @heumulation of free proline
was higher in the leaves than their accumulatiothéroots in all nine tested
varieties. Proline content in the leaf tissues &f, &D, KW, UP 2752 and
PBW 343 was significantly higher than the otherrfddowever, in the other
four varieties, the increase was comparatively loawrel in case of LV, lowest
accumulation of proline was observed and the highakie for proline was
obtained in GN.

X The profile of free amino acids as observed in HRLC study
supported our findings that the amount of free ipeolalong with other
important free amino acid was significantly highveith the increase in the
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stress treatment. This increase was much more 98 od GN than LV as
observed in HPLC during drought treatments.

<> Chlorophyll content decreased in almost all vaegtiwith the
induction of drought and salt treatments. Howewecase of varieties such as
GN and KD there was an initial increase. The lovadgbrophyll content was
observed in case of LV with prolonged periods afudyht and increase in the
concentration and days of salt stress when comp#redtheir respective
control. The decrease in the content of chlorophlgl$ higher in LV, MW, GY
and SO than the decrease in case of GN, KD, KW2182 and PBW 343.

X Significantly, the data obtained for the ratio dflarophyll a and
chlorophyll b suggested that the trend obtainedhia ratio of these two
pigments could better explain response of planthdoght and salt stress with
increasing days of water stress and increasingertration of salt stress. The
ratio of chlorophyll a to chlorophyll b increaseditially in all varieties and
decline with increase in the severity of stresswehler, in LV, GY, SO and
MW, the decrease in the ratio of chl. a/b was @retitan the decrease in case
of other five varieties in our study. The decremsthe ratio was attributed to
the fact that the content of chl. a decreased f&gnily in the varieties during
stress.

X The accumulation of total soluble sugar in both &=l root of all the
nine varieties during both drought and salt stsdssved significant increase
with the increase in the severity of stress treatnme case of GN, KW, KD,
UP 2752 and PBW 343 which in case of LV, MW, GY &0 decreased after
an initial increase. The accumulation of total btdusugar in both leaf and root
was highest in GN than all the tested varieties thedeast accumulation was
observed in LV with respect to their control selheTcontent of total soluble
carbohydrates in the leaf was found to be highan tthe roots in all cases
including the control plants.

X Similarly the accumulation of reducing sugars ithbeaf and root of
all the tested nine varieties in our study duringess treatments showed
significant increase with the increase in the seyef stress treatments. The
content of reducing sugar in the leaf and root linvarieties continued to

increase during stress treatments with the increasase of GN, KW, KD, UP
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2752 and PBW 343 being much higher that of theei®e in its content LV,
MW, GY and SO decreased after an initial incre&ducing sugars in both
leaf and root was highest in GN than all the testadeties and the least
accumulation was observed in LV with respect tartbentrol set and the leaf
reducing sugars was much more than that in thesroototh control and
stressed plants.

X Accumulation of total soluble starch increased i$icgmtly in the leaf
and roots of all the nine varieties with a slightdbase with the increase in the
severity of both drought and salt treatments. Tasrease was higher in the
leaf than the roots in all cases. GN and KD accatedl more starch in their
tissues than all the other varieties in both leafl aoot and the lowest
accumulation was observed in case of LV.

X The increase in the accumulation of total and oydfibxy phenols
was evident in all the nine varieties with the iatlon of drought stress. In
MW, GY, LV, PBW 343 and UP 2752 the accumulationtofal phenol
decreased at higher duration of drought. In cas&Nf KD and KW the
content of total phenol was found to be the higaed the highest value
obtained in the leaf of GN during drought stresswigver, the accumulation of
total phenol in the tested nine varieties durinty staess increased in GN, KD,
KW and UP 2752 only and in other varieties totaémti content was higher
only at lower concentration of salt treatment. Gdfl showed the highest
content of total phenols and in LV lowest contehploenol accumulation was
observed in our findings.

<> HPLC analysis of phenols revealed that during lavttught and salt
stress, the accumulation of ferulic acid was mmgtificant in GN and LV and
the change in the accumulation of ferulic acid bseoved in the HPLC data
was found to be significant with increase in theysdaf drought and the
concentration of salt. Along with ferulic acid, isglic acid, chlorogenic acid,
caffeic acid was also found to play a significahaimge during stress. These
phenols in case of GN were significantly accumulaie much more
concentration than in case of LV during drought aatl stress. Phenolic acid
analysis by HPLC also revealed that during bothught and salt stress again,

the accumulation of ferulic acid was most significen GN and LV and the
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change in the accumulation of ferulic acid as oleiin the HPLC data was
found to be significant. Along with ferulic acidanillic acid, cinnamic acid,
chlorogenic acid and salicylic acid were also veignificant during drought
and salt treatments and the accumulation of thesad¥c acid was higher in
GN than in LV.

X The accumulation of total soluble proteins in tbafland roots in the
case of all the tested wheat varieties showed argkdecline with the increase
in the days of withholding water and the increas¢éhe concentration of salt.
In case of LV, GY, MW, SO and PBW 343 the decreashe accumulation of
protein in the leaf was higher than the decreagberother varieties while in
roots there was a slight increase in the protemesd in MW, GY, GN, LV
and SO. During salt stress, the content of solystgein in roots slightly
increased however, it decreased with higher conaon of salt and increase
in the days of salt stress.

<> At least a total of about 34 new bands were obsemnwesDS PAGE
of proteins during drought and salinity. Seedling/s wheat subjected to
drought and salt stress showed an expression ofpnet®in bands in the SDS
PAGE analysis of protein in the leaf in some cas®s$ suppression of certain
existing bands at different duration of withholdimgater and at increasing
concentration of salt. More number of new bands elzerved in case of GN,
KD, KW, UP 2752 and PBW 343 during the SDS PAGEIlysis of leaf
proteins during both drought and salinity stressctvhin case of other four
varieties was comparatively lesser in number.

<> The total soluble protein profile in the leaf ofawarieties of wheat
(GN and LV) during drought stress was determined~ast protein liquid
chromatography (FPLC) where it was observed treantimber, height and the
area of peak showed a significant difference dutimg increasing days of
water stress with respect to control plant.

X The accumulation of metabolites during stress sagtotal soluble
sugar, reducing sugar, starch, free amino acidéddo@ correlated with the
protein content in the leaf and root and could sexs important parameters to

study the metabolism of the plants under stress.
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X APOX activity increased significantly in all nineaneties however
decreased with prolonged water stress in all c&ieslarly during salt stress
the activity enhanced with increase in the conegioin of salt however
decreased on increasing days of salt stress theatested varieties. Increase in
the activity of APOX was significantly much moreopounced in case of MW,
GY, LV and SO. Thus, the enhancement in the agtnitAPOX suggested a
possible underlying mechanism during drought aridss@ess in case of these
varieties.

X With prolonged period of drought stress and witbréase in the
concentration of salt the activity of GR increasgghificantly in all varieties
but in MW, GY, LV and SO it decreased with increas¢he severity of stress
however, in case of KD, GN, KW, UP 2752 and PBW 348 activity
increased significantly.

X It was noted that the POX activity enhanced greaiti increase in
the period of water stress in case of GN, KD, KWP, PI752 and PBW 343
whereas in LV, GY, MW and SO, the activity of POXctined.Activity of
peroxidase (POX) showed a continuous enhancemeht imcrease in the
concentration of salt in all varieties however ase of MW, LV, SO and GY
the activity of peroxidase with prolonged stressveid a significant decline in
the later period of stress and higher concentratfcalt.

X In case of peroxidase isozyme analysis in NATIVEGEA new
bands were observed in the stressed varietiesrasiect to control in case of
almost all the varieties with highest number of n@svoxizymes recorded in
case of varieties like GN KW, KD followed by PBW 34nd UP 2752 than
SO, LV, GY and MW with their respective controlCatays of drought and the
same trend was observed during salt stress. Thatyof peroxidase and the
occurrence of bands in NATIVE PAGE for peroxidasozyme were
correlated.

X A general decrease was seen in the activity of Ghifing both
drought and salt stress in case of MW, GY, LV a@ Bhereas in case of
KW, GN, UP2752, PBW 343 and KD an initial enhancetm&as seen. The
activity of CAT following salinity stress showedcantinued decline in case of
MW, GY, LV and SO with the increase in the concetitn and duration of
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salt stress however in case of KW, KD, GN, UP 2@ PBW 343 there was
an initial enhancement in the activity of CAT folled by decline in its
activity with increasing concentration of salt.

<> In the catalase isozyme analysis in NATIVE-PAGEimydrought
and salinity stress, significant differences waticeol among the varieties as
well as during the different days of drought anffiedent concentration of salt.
The occurrence of catalase isozyme was more exguteasscase of NATIVE
PAGE of leaf in GN, KD, KW during drought and in Kihd KW in case of
salinity stress.

X During drought and salt stress, SOD activities elased at all periods
of drought and concentration of salt stress in cdddW, GY and whereas in
KD, GN, KW, UP 2752, PBW 343 and SO activities bkede enzymes
increased initially before showing a continued ghex| With prolonged stress
the activity of SOD during both drought and satess in case of MW, GY,
LV and SO showed a continued decrease whereas se ch KW, GN,
UP2752, PBW 343 and KD an initial enhancement ve@nsSOD is the first
enzyme which is expressed in the antioxidant mdsharand it increased
initially in the more tolerant varieties and wasalnvolved in contribution to
the initial accumulation of §D,. Although HO, accumulation increased
during water and salt stress, after a period ofopiged drought and with the
increase in the concentration of salt in the medthere was a decrease in
H.O; levels in varieties like KW, GN, KD, PBW 343 andP2752 indicating
greater antioxidant activity whereas the accumoanf HO, continued to
increase in LV, SO, GY and MW with the increase tire duration of
withholding water from the plants and increaseh@ ¢oncentration of salt and
days of salt stress. Highest® accumulation was observed in case of LV and
lowest was observed in case of GN with increagherseverity of stress.

<> In microscopic studies, the leaf of SO, LV, GY amdV showed
more darkly staine®@AB-sites in the tissues than in the leaves froendther
five varieties with respect to their control duribgth the drought and salt
stress. DAB polymerization site was largely locadizat the tip of the leaf,
region surrounding the middle lamella and alsodfugnata of the leaf in the

varieties under stress when compared to the leathefcontrol set. The
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transverse section of the leaf at the stainedssiteved that the DAB binding
sites were localized mostly in the peripheral ragibthe cell.

X The decreased activity of CAT in case of MW, SO, a&Wl GY was
correlated with higher concentration op®3 in these varieties and similarly
the higher activity of CAT was correlated with lawencentration of kD, in
these varieties during both drought and salt stresgectively. This was also
evident in the microscopic detection of®3 in the respective varieties during
drought and salt treatments.

X Accumulation of carotenoids in the leaves, duringught showed an
initial enhancement in all the varieties followey & decrease after 3 days in
varieties MW, GY, LV and SO and after 6 days in KW, GN, UP 2752 and
PBW 343. Carotenoid content showed an increasts mccumulation with the
increase in the concentration and duration of gadtss in all the varieties but
with prolonged days of salt stress and increasimgcentration of salt the
accumulation declined at in case of MW, GY, LV aB8@ and at higher
concentration of salt in case of KD, GN, KW, UP 2&nd PBW 343.

<> The accumulation of ascorbate in the leaf was erddhin all nine
varieties even after 9 days of drought stress aackased at all periods of salt
stress and enhanced with increasing concentrafi@albin all the varieties.
The highest accumulation of ascorbate was notedse of GN, KW, KD, UP
2752 and PBW 343.

X Accumulation ofa—tocopherol in the leaves of the drought stressed
plant in general increased but decreased affeda® in case of GY, after's
day in KW, LV, PBW 343 and SO and aftef gay in MW, GY and KD
however, in case of UP 2752 and GN it increaseéhguhe §' day of water
stressa~tocopherol content in the salt stressed leaf irs@@avith the increase
in the days and concentration of salt stress Ihitiaut declined at higher
concentration and duration of salt stress in cdsdW, GY, LV and SO and
in the other five varieties it declined at highalt €oncentration.

X Total antioxidant activity increased in case of G, UP 2752 and
PBW 343 even after nine days of drought with ahgligitial decline in MW
during drought and in KW, MW, GY, LV and SO it deg at prolonged

periods of drought. The total antioxidant activigeclined at higher
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concentration of salt in LV, MW, SO and GY howeiterontinued to increase
in the other five varieties.

X Carotenoids, ascorbic acid angtocopherol three of the non—
enzymatic antioxidants in plants increased sigaiftty in all the nine varieties
following drought stress and were correlated with total antioxidant activity
following drought and salt stress which was agametated with the activity
of antioxidative enzyme activities.

<> lonic imbalance with respect to the content of Nanel K+ content
was observed during drought and salt stres$.ddatent in case of both water
and salt stress increased significantly with thesebnof stress treatments.
Following water and salt stress treatments theerdraf Nd in case of roots
was much higher than that of leaf in all varietiesMW, GY, LV and SO the
increase in the Nacontent was more than the increase in the othéeties
following stress and the content of Nia the roots were higher. The increase
in the content of Nawas much more in the roots than the leaf and four
varieties i.e. MW, GY, LV and SO showed the highemttent of Nain both
the leaf and roots with increasing concentratioth @uration of salt stress.

X K* content was higher in the leaf than the rootsnduthe stress. K
content in both leaf and root increased signifigaduring the initial phase of
water stress but later with prolonged stress, tmgent of K in both leaf and
root declined; the decline in case of MW, GY, LVdaBO was much more
than compared to the other five varieties wherediberease in the content of
K™ was lesser. The decline in" Kontent of the leaf and root during salinity
stress in case of MW, GY, LV and SO was much maonqunced than the
varieties GN, KD, KW, UP 2752 and PBW 343.

X The effect of ABA, SA and proline pre—treatmentsamnelioration of
drought in GN and LV showed a better response ef glant to drought
treatments in both the varieties after ABA, SA gmiline pre—treatment
especially in the case of LV which was considersdilee most susceptible
variety or in other words the least tolerant variatour study.

<> The effect of proline pre—treatment in GN and L\owkd better
results than the pre—treatment with ABA followedgdrg—treatment with SA.
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X Pre—treatments of seedlings of GN and LV with sohg of ABA,
SA and proline forwarded by drought stress for &né 9 days revealed that
all three chemicals could provide protection agamddative stress due to
water stress in these varieties with respect t@ecdd enzyme activities like
CAT, POX, APOX, SOD and GR, decreased accumulatfophenols and of
non—enzymatic antioxidants like carotenoids andorste suggesting
enhanced antioxidative mechanisms in the two vaseturing drought stress.
<> Pre—treatments by these chemicals could also eahahe
physiological parameters such as RWC, CMS and s ta decrease the
peroxidation of membranes in the leaf and lesseuraalation of HO, was
observed in both GN and LV which was responsiblenfiaintaining a better
morphological and physiological property of therpigaunder drought.

X Both GN and LV seedlings when pre—treated with tsmhs of ABA,
SA and proline before the induction of drought sedvesser accumulation of
protein and the content of compatible solutes Ig®line, total soluble
carbohydrate, reducing sugars showed a decreabe iseedlings of both the
varieties in both leaf and roots suggesting thedeseed of plant to produce
these compatible solutes as these chemicals couklicaate the effect of
drought stress and therefore lesser compatibleéesoluas needed by the plants
under stress to combat water stress.

X The results of this study clearly indicate thathbdtought and salt
stress induced oxidative damage in wheat varietedd be overcome by
enhanced activities of antioxidative enzymes. Thdividy of all the
antioxidative enzymes seemed to be correlated thgheach other during the
stress response of the plant.

X The higher accumulation of compatible solutes kkmgars, phenol,
protein, proline and free amino acid, higher RW@hhvalues for CMS,
greater tolerance index along with increased amaike profile, lower
chlorophyll content, lesser peroxidation of memlesariesser accumulation of
H.O, was much more pronounced in five varieties KW, G€W¥2752, PBW
343 and KD than in MW, GY, LV and SO, the formeirigeprobably more
tolerant and therefore more protected from oxidatdamage. Taking into

consideration all the available data, it is conellidhat whereas KW, GN,
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UP2752, PBW 343 and KD could be considered asaoteMW, GY, LV and
SO were susceptible to both drought and salt stress

<> According to the data, GN was found to be mostréoievariety and
LV was found to be least tolerant or susceptibleeia

X It was evident the adaptation of wheat varietiesati stress was
comparatively better than during drought stress ianvas concluded in our
study that wheat varieties were able to withstamdienate salt stress of about
50mM or lesser. However, only the tolerant vargetieere able to combat
drought stress and showed better results in terintheir tolerance level
whereas the susceptible variety at higher sevengliton of drought were
prone to poor growth and development and eventuibth. However, pre
treatments with some chemicals could induce toterada a certain degree.
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APPENDIX B: List of Abbreviations

a—toc a—tocopherol or vitamin E

n number

t test students’ t test

°C degree Celsius

K micro

uL micro litre

pum micro meter

ACC 1-aminocyclopropane—1—carboxylic acid
A absorbance

ABA abscisic acid

AO* active oxygen species

AOH active hydroxyl radical
APOX ascorbate peroxidase
Approx approximately

APS ammonium per sulphate
AsA ascorbate

AA ascorbic acid

ATP adenosine tri phosphate
Bha billion hectares

BHT butylated hydroxytoluene
BSA bovine serum albumin

C/N ratio carbon to nitrogen ration
CA cinnamic acid

ca’ calcium divalent cation
CaC} calcium chloride

CAT catalase

Cd cadmium

CL chemi line

Chl a/b chlorophylh to chlorophyllb
cr chloride ion

cm centimetre

CMS cell membrane stability
CusQ copper sulphate

d day

d.m. dry mass

d.w. dry weight

DAB diaminobenzidine

D Day (or days)

DHA dehydroascorbate

DHAR dehydroascorbate reductase
DL dextro—laevorotatory

DNA deoxyribonucleic acid
DNPH 2, 4, dinitrophenylhydrazine
DPPH 2,2—diphenyl-1—picrylhydrazyl
dsm* deciSiemens per metre

EC enzyme commission
EDTA-Na& ethylene diamine tetra acetic acid—di sodium salt
C1 electrical conductivity

et al etalii (and others)

EU enzyme unit



f.w.
Fd
FA
Fig
FPLC
FW,
FW,

gr
gm
GN
GY
GB
GPX
GR
GSH
GSSG
H,O,
H,SO,
Ha
HCI
HgC|2
HPLC

ha

hr
hrs
(HO)
(HR)

K+
KW
KDa
KD

LV

mA
MDA
mg
mg g
M92+
MgC|2
mha
min
mL
mM
mmol
MW
mol
MDA~
MDHAR"™
MPa

fresh mass

fresh weight

ferredoxin

ferulic acid

figure

fast protein liquid chromatography
fresh weight control
fresh weight treatment
gram

gram

gram

Gandhari

Gayetri

glycinebetaine

glutathione peroxidase
glutathione reductase
Glutathione reductase
Oxidised glutathione
hydrogen peroxide
sulphuric acid

hectare

hydrochloric acid

mercury chloride

high performance liquid chromatography
hour

hectare

hour

hours

hydroxyl radical
hypersensitive response
potassium

potassium monovalent cation
Kaweri

kilo dalton

Kedar

litre
Local Variety

metre

molar

milli ampere
malondialdehyde

milli gram

milli gram per gram
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APPENDI X C: List of Chemicals and solutions

1. 0.001M di sodium salt— Ethylenediaminetetraacatid (NaEDTA)

2. 0.001M Ethylene diamine tetra acetic acid (EDTgHi 8)

3. 0.001M Phenylmethylsulfonylfluoride (PMSF)

4. 0.0025 % of DPPH (2,2—diphenyl-1—picrylhydrazyl)

5. 0.01M Sodium bicarbonate (NaHGO

6. 0.001M di sodium salt— Ethylenediaminetetraacatid (NaEDTA)

7. 0.001M Ethylene diamine tetra acetic acid (EDTpHl 8)

8. 0.001M Phenylmethylsulfonylfluoride (PMSF)

9. 0.0025 % of DPPH (2,2—diphenyl-1—picrylhydrazyl)

10. 0.01M Sodium bicarbonate (NaHGO

11. 0.01M R—Mercaptoethanol

12. 0.025 % Coomasie Brilliant Blue R—250

13. 0.04% Riboflavin

14. 0.05M of potassium phosphate (KP®uffer (pH 7.6)

15. 0.05M of sodium phosphate (Mr0y) buffer (pH 7)

16. 0.05M Potassium Phosphate (pH 6.5)

17. 0.05M sodium chloride (NaCl)

18. 0.05M sodium phosphate (MO, (pH 7.2)

19. 0.05M sodium phosphate (MO, buffer (pH 6.8)

20. 0.05M sodium phosphate buffer (pH 6.8)

21. 0.05M Tris—HCI

22. 0.05M Tris—HCI buffer (pH 7)

23. 0.06M Tris buffer

24. % Ascorbic acid

25. 0.1% (w/v) Trichloroacetic acid (TCA)

26. 0.1% Bromophenol Blue

27. 0.1% Titanium sulphate (TiISP

28. 0.15% Ammonium persulphate (APS)

29. 0.06% Tris in 300mL of distilled water

30. 0.29% glycine in 300mL of distilled water

31. 0.1M Ammonium Acetate (pH 6.5)

32. 0.1M Ethylenediaminetetraacetic acid (EDTA)

33. 0.1M potassium phosphate fK0,) buffer (pH 7.6)

34. 0.1M sodium chloride (NaCl)

35. 0.1M Tris—HCI (pH 8)

36. 0.1mM Nicotinamideadeninedinucleotide phosphateiced
tetrazolium salt—(NADPH)

37. 0.1N Sodium hydroxide (NaOH)

38. 0.2% Anthrone

39. 0.2% Ferric chloride (Feg)l

40. 0.2M Methionine

41. 0.2M sodium phosphate (bRO,) (pH 5.4)

42. 0.4 % Copper sulphate (CugO

43. 0.4% Hydrogen peroxide (8-)

vi



44,
45,
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
7.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.

0.5% (w/v) Thiobarbituric acid (TBA)
0.5% o—dianisidine

0.5% of 2, 2'— dipyridyl solution

0.5N Hydrochloric acid (HCI)

0.67% Sodium hydroxide (NaOH)

1.0M Tris Buffer (pH 6.8)

1% Bromophenol Blue

1% Copper sulphate (CugO

1% Ferric chloride

1% Polyvinylpolypyrrolidone (PVPP)
1% Potassium Ferricyanide

1.04 % Benzidine

1.5% Polyvinylpolypyrrolidone (PVPP)
1.5M Sodium carbonate (M2QOs)

1.5M Tris buffer (pH 8.8)

1.6 % Sodium Potassium tartarate

10 % Sodium dodecyl sulphate (SDS)
10 % Sodium molybdate (MedoO,)

10 % Sodium nitrite (NaN£)

10% Ammonium per sulphate (APS)
10% Ammonium per sulphate (APS)
10% Glycerol

10% Sodium dodecyl sulphate (SDS
10% Thiourea

12.5 % Acrylamide stock (10% Acrylamide and 2.®&acrylamide)
12.5% Glycerol

18% Sodium sulphate (&Oy)

1M Hydrochloric acid (HCI)

1IN Sodium hydroxide (NaOH)

1 mol/ L Sodium hydroxide (NaOH)

2% DNPH (2, 4—dinitrophenylhydrazine)
10% Thiourea

12.5 % Acrylamide stock (10% Acrylamide and 2.®&acrylamide)
12.5% Glycerol

18% Sodium sulphate (M&O,)

1M Hydrochloric acid (HCI)

1N Sodium hydroxide (NaOH)

1 mol/ L Sodium hydroxide (NaOH)

2% DNPH (2, 4—dinitrophenylhydrazine)
2% Sodium carbonate (M20s)

2% Sodium dodecyl sulfate (SDS)

2% Sodium Potassium tartarate

2% [3—Mercaptoethanol

2.25mM Nitrobluetetrazolium chloride (NBT)
2.4 % Sodium carbonate (M)E0s)

20 % Sodium carbonate (pCOs)

20% Sulphuric acid (}50y)
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97.
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1109.
120.
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123.
124.
125.
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127.
128.
129.
130.
131.
132.
133.
134.
135.

20% Trichloroacetic acid (TCA)
200mM sodium chloride (NaCl)

20mM Magnesium chloride (Mgg)!l
20mM R—Mercaptoethanol

250mM Glycine

25mM Tris Base

28.74 % Acrylamide Stock (28% Acrylamide and 0% bis
acrylamide)

2mM Phenylmethanesulfonyl Fluoride (PMSF)
3% Hydrogen peroxide @,)

3% Sulfosalicylic acid.

3.3mM Hydrogen peroxide (9,)

30% Acrylamide (29% acrylamide and 1% N’'N'—methyddris—
acrylamide),

30% Hydrogen peroxide ¢ga,)

3mM Ethylenediaminetetraacetic acid (EDTA)
4 % Ninhydrin solution

40% Sucrose

5% Sucrose

50 % Folin—ciocalteu’s phenol reagent
50uM solution of Abscisic acid (ABA)
50uM solution of Proline

50uM solution of Salicylic acid (SA)
52% Perchloric acid (HCI

6% Trichloro acetic acid (TCA)

60uM Riboflavin

6mM glutathione

6mol / L Hydrochloric acid (HCI)

7% Acetic acid

70% Ethanol

80 % Acetone

80% Ethanol

9% Glacial Acetic acid

90% Ethanol

95% Ethanol

Absolute Ethanol

Acetic acid (HPLC Grade)

Acetonitrile (HPLC Grade)
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Ascorbic acid (Vit C)
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a —Tocopherol (Vitamin E)
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DL—Phenyl-Alanine

Double distilled water
Ethylenediaminetetraacetic acid (EDTA)
Ferulic acid

Folin—ciocalteu’s phenol reagent
Diaminobenzidine (DAB) (pH 3.8).
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DL-Phenyl-Alanine

Double distilled water
Ethylenediaminetetraacetic acid (EDTA)
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Folin—ciocalteu’s phenol reagent
Glacial Acetic acid

Glutamic acid

Glycerol

Hexane
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Hydroxyl Proline
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Liguid Nitrogen
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Membrane Filter (pore size 04&)
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Millipore membrane (0.4&m) filter
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Salicylic acid

Sea sand

Serine
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Drought stress was imposed on four varieties of wheat (Triticum aestivum L.),
Mohan Wonder (MW), Kedar (K), Gayetri (GY) and Gandhari (GN), for 3, 6
and 9 days. The activities of all five tested antioxidative enzymes, peroxidase,
ascorbate peroxidase, catalase, glutathione reductase and superoxide dismutase,
were enhanced initially in varieties K and GN, whereas in MW and GY, catalase
and superoxide dismutase showed a decrease in activity at all periods of drought
stress. Peroxidase and glutathione reductase activities increased even on the ninth
day of stress in K and GN, but all other activities showed a decrease after 3 days
of stress. H,O, accumulation increased with drought stress, but in K and GN
there was decrease during prolonged drought stress. Lipid peroxidation increased
significantly due to drought stress, which was higher in the case of MW and GY.
Proline, phenol and ascorbate content increased with period of drought stress.
Carotenoid accumulation also increased initially. Total chlorophylls showed a
general decrease during drought stress. The results of this study indicate that two
of the varieties, MW and GY, are susceptible to drought stress, whereas the other
two, K and GN, are tolerant, with peroxidase and glutathione reductase being
most important in conferring tolerance.

Keywords: Triticum aestivun L.; drought; lipid peroxidation; antioxidative
enzymes; antioxidants

Introduction

Drought stress not only affects cell water potential, induces closure of stomata and a
decrease in photosynthesis, nitrate assimilation and various anabolic enzyme
reactions (Sairam 1994; Zlatev et al. 2006), but also induces the generation of
active oxygen species, such as superoxide radical, hydrogen peroxide and hydroxyl
radical, causing lipid peroxidation and consequently membrane injury, protein
degradation, enzyme inactivation, pigment bleaching and disruption of DNA
strands (Pompelli, Barata-Luis et al. 2010). These reactive oxygen species (ROS)
include superoxide anion (O, "), hydroxyl radical (HO"), hydrogen peroxide (H,O,)
and singlet oxygen ('O,) (Asada 1999), which mediate the degradation of membrane
components, the oxidation of protein sulfydryl groups, the formation of gel-phase
domains and the loss of membrane function (Quartacci et al. 1995; Sgherri et al.
1996; Navari-Izzo et al. 1999). The detoxification of superoxide radical and
hydrogen peroxide is consequently of prime importance in any defense mechanism.
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Because plants have limited mechanisms of drought stress avoidance, they require
flexible means of adapting to changing drought conditions. Various tolerance
mechanisms have been suggested on the basis of biochemical and physiological
changes related to drought (Quartacci et al. 1994, 1995; Sgheeri et al. 2000). Plants
also possess several tissue antioxidants for protection against the potentially
cytotoxic forms of activated oxygen species, such as superoxide dismutase, ascorbate
peroxidase, glutathione reductase, ascorbic acid, a-tocopherol and carotenoids
(Vranova et al. 2002; Dalmia and Sawhney 2004; Pompelli, Martins et al. 2010).
Antioxidative enzymes are the most important components in the scavenging system
of ROS. Superoxide dismutase is a major scavenger of O, ; it catalyzes the
dismutation reaction of superoxide radical anions into O, and H,O,. Removal of the
highly toxic H,O, produced during dismutation is essential for the cell to avoid the
inhibition of enzymes such as those controlling the Calvin cycle in the chloroplast
(Creissen et al. 1994), and it can be scavenged by catalase and a variety of
peroxidases. Catalase, which is only present in peroxisomes, dismutates H,O, into
water and molecular oxygen, whereas peroxidase decomposes H>O, by oxidation of
co-substrates such as phenolic compounds and/or antioxidants.

Wheat is one of the most important cultivated cereals of the world. In different
parts of India, productivity is affected by drought stress conditions and the selection
of drought-resistant varieties becomes essential. This study was undertaken to
determine drought stress-induced oxidative stress in four varieties of wheat with
special emphasis on the role of antioxidants in protective mechanisms.

Materials and methods

Seeds of four varieties of wheat (Triticum aestivum L.), Mohan Wonder (MW),
Kedar (K), Gayetri (GY) and Gandhari (GY), which are commercially relevant
lines, were selected for experimental purposes. Their tolerance to drought has not yet
been worked out. For planting, these seeds were initially surface sterilized with 0.1%
(w/v) HgCl, for 3—4 minutes, washed with sterile distilled water and then transferred
to petriplates under aseptic conditions. The seeds were allowed to germinate in the
petriplates for one week and then the seedlings were transferred to earthen pots.
Plants were maintained in growth chamber at a temperature of 20-25°C, relative
humidity 65-70%, 16 h photoperiod and irradiance of 400 yumol m 2 s~'. Drought
stress was induced in one-month-old plants by withholding water completely for the
required period. Sampling was carried out after 3, 6 and 9 days of each period of
drought stress, morphological changes were noted and the relative water content
(RWC) of leaves was determined as described by Farooqui et al. (2000), calculated
by the following formula:

RWC(%) = Fresh YvelghF — Dry WelghF « 100
Fully turgid weight — Dry weight

Various biochemical assays were then performed as given below.

Extraction and antioxidant enzyme assay

For extraction of enzymes, leaves from wheat seedlings were homogenized in 5 mL
of ice-cold 50 mM sodium phosphate buffer, pH 7.2, containing 1% (wW/v)
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polyvinylpolypyrrolidone using liquid nitrogen in a chilled mortar and pestle. The
homogenate was then centrifuged at 6700 g for 20 min at 4°C. The supernatant was
used directly as crude extract for enzyme assays. Peroxidase (EC 1.11.17) activity
was assayed spectrophotometrically in 4802 UV VIS spectrophotometer (Cole
Parmer, USA) at 460 nm by monitoring the oxidation of o-dianisidine in the
presence of H>O, (Chakraborty et al. 1993). Specific activity was expressed as mmol
o-dianisidine mg protein ~' min~'. Ascorbate peroxidase (EC 1.11.1.11) activity was
assayed as a decrease in absorbance by monitoring the oxidation of ascorbate at
290 nm according to the method of Asada and Takahashi (1987) with some
modification. Enzyme activity was expressed as mmol ascorbate mg protein '
min~'. Catalase (EC 1.11.1.6) activity was assayed as described by Chance and
Machly (1955) by estimating the breakdown of H,0,, which was measured at
240 nm. The enzyme activity was expressed as umol H,O, mg protein ' min~".
Glutathione reductase (EC 1.6.4.2) activity was determined by the oxidation of
NADPH at 340 nm as described by Lee and Lee (2000). Enzyme activity was
expressed as umol NADPH oxidized mg protein ' min~'. Superoxide dismutase
(EC 1.15.1.1) activity was assayed by monitoring the inhibition of the photochemical
reduction of nitro blue tetrazolium according to the method of Dhindsa et al. (1981)
with some modification. The absorbance of the samples was measured at 560 nm and
1 unit of activity was defined as the amount of enzyme required to inhibit 50% of the
nitro blue tetrazolium reduction rate in the controls containing no enzymes. Protein
contents in extracts were quantified following the method of Lowry et al. (1951),
using bovine serum albumin as standard.

Quantification of H,0, and in situ detection of H,0),

H,0, levels in the leaves were estimated according to Jena and Choudhuri (1981).
Leaf tissue (500 mg) was homogenized with 12 mL of 50 mM potassium
phosphate buffer (pH 6.5), centrifuged at 2415 g for 25 min and the supernatant
was used for H,O, determination. The intensity of the yellow color was measured
at 410 nm in the spectrophotometer and H,O, levels were calculated using
extinction coefficient 0.28 umor1 em~ ! In situ detection of H,O, was carried
out following the method of Thordal-Christensen et al. (1997) with minor
modifications using diaminobenzidine. Cut leaf discs of 2 cm diameter were
vacuum infiltrated with diaminobenzidine (I mg mL ™', pH 3.8). The leaf discs
were then incubated at 30°C in the dark for 24 h under gentle stirring of 150
rpm; they were then transferred to 90% ethanol at 70°C until the chlorophyll was
removed. H,O, was visualized as reddish-brown color at the site of diamino-
benzidine polymerization. Diaminobenzidine polymerizes instantly and locally at
sites of peroxidase activity into a reddish-brown polymer.

Determination of lipid peroxidation

Lipid peroxidation was measured as accumulation of malondialdehyde (MDA)
determined by the thiobarbituric acid reaction. Cells (0.25 g) were homogenized
in 2 mL of 0.1% (w/v) trichloroacetic acid. The homogenate was centrifuged at
6700 ¢ for 10 min. To 0.5 mL of the aliquot of the supernatant, 2 mL of 20%
trichloroacetic acid containing 0.5% (w/v) thiobarbituric acid were added. The
mixture was heated at 95°C for 30 min and then quickly cooled on ice. The
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absorbance was measured at 532 and 600 nm. The concentration of MDA was
calculated using an extinction coefficient of 155 mmol ~' cm ' (Heath and Packer
1968).

Antioxidants

Carotenoids were extracted and estimated following the method described by
Lichtenthaler (1987). Extraction was carried out in methanol and the extract was
filtered. Absorbance of the filtrate was noted at 480 nm in a VIS spectrophotometer
and the carotenoid content was calculated using standard formula. Ascorbic acid
was extracted and estimated following the method described by Mukherjee and
Choudhuri (1983).

Extraction and estimation of biochemical components

Total phenols were extracted from the leaves following the method described by
Mahadevan and Sridhar (1982) and quantified (Bray and Thorpe 1954). Proline was
extracted from the leaves using 3% sulfosalicylic acid and free proline was estimated
following the method of Bates et al. (1973). Chlorophyll was extracted with
methanol and total, chl ¢ and chl b contents were estimated after measurement of
absorbance at 663 and 645 nm as described by Harborne (1973).

Results and discussion
Changes in morphological characteristic and the RWC content

The four tested varieties did not show severe wilting symptoms morphologically even
after 7 days of drought stress, but during the ninth day the plants showed
morphological signs of wilt. The RWC decreased significantly with induction of
drought stress and duration of drought stress in all varieties (Figure 1). However, the
decrease in RWC after 9 days in relation to control was less in K and GN (35.7 and
36% respectively) compared with MW and GY (53 and 53.4% respectively). It has
also been reported in previous studies that drought-resistant cultivars maintain
higher RWC during drought stress, whereas in susceptible cultivars RWC shows
greater decrease (Farooqui et al. 2000; Chakraborty et al. 2002; Igbal and Bano
2009).

Effect of drought stress on antioxidant enzyme activities in wheat varieties

In this study, activities of ascorbate peroxidase (Figure 2), peroxidase (Figure 3) and
glutathione reductase (Figure 4) increased significantly in all four varieties initially
after 3 days of drought stress. With prolonged stress, the activities of peroxidase,
ascorbate peroxidase and glutathione reductase decreased in varieties MW and GY,
whereas peroxidase and glutathione reductase increased with duration of drought
stress in varieties K and GN. In these two varieties activities of ascorbate peroxidase,
however, decreased after 3 days. In case of catalase (Figure 5) and superoxide
dismutase (Figure 6), activities decreased at all periods of drought stress in MW
and GY, whereas in K and GN activities increased initially before decreasing. Our
results thus reveal that, in K and GN, which are more tolerant than the other two
varieties, the activities of all antioxidant enzymes increased initially and activities of
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Figure 1. Relative water content of four varieties of wheat subjected to drought stress
treatments. Results are expressed as the mean of three replicates (10 plants each). Bars
represent SE. Different letters indicate significant differences with respect to control (p <0.01).
C, control; 3, 6 and 9 D, days after withholding water.
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Figure 2. Ascorbate peroxidase activities in four varieties of wheat subjected to drought
stress treatments. Results are expressed as the mean of three replicates (10 plants each). Bars
represent SE. Different letters indicate significant differences with respect to control (p <0.01).
C, control; 3, 6 and 9 D, days after withholding water.

peroxidase and glutathione reductase continued to increase, indicating their
involvement in tolerance, whereas ascorbate peroxidase, catalase and superoxide
dismutase did not contribute directly to tolerance. Superoxide dismutase, being the
first enzyme in the antioxidant pathway, increases initially in the tolerant varieties,
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Figure 3. Peroxidase activities in four varieties of wheat subjected to drought stress
treatments. Results are expressed as the mean of three replicates (10 plants each). Bars
represent SE. Different letters indicate significant differences with respect to control (p <0.01).
C, control; 3, 6 and 9 D, days after withholding water.
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Figure 4. Glutathione reductase activities in four varieties of wheat subjected to drought
stress treatments. Results are expressed as the mean of three replicates (10 plants each). Bars
represent SE. Different letters indicate significant differences with respect to control (p <0.01).
C, control; 3, 6 and 9 D, days after withholding water.

and contributes to the initial accumulation of H>O,. However, with increase in
periods of stress, the activities of superoxide dismutase decrease even in tolerant
varieties and the H>O, produced is metabolized by peroxidase. Thus, a combination
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Figure 5. Catalase activities in four varieties of wheat subjected to drought stress treatments.
Results are expressed as the mean of three replicates (10 plants each). Bars represent SE.
Different letters indicate significant differences with respect to control (p <0.01). C, control; 3,
6 and 9 D, days after withholding water.
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Figure 6. Superoxide dismutase activities in four varieties of wheat subjected to drought
stress treatments. Results are expressed as the mean of three replicates (10 plants each). Bars
represent SE. Different letters indicate significant differences with respect to control (p <0.01).
C, control; 3, 6 and 9 D, days after withholding water.



Downloaded by [North Bengal University | at 00:35 04 June 2012

624 U. Chakraborty and B. Pradhan

of activities of the different enzymes is essential for tolerance. In a study by Pompelli,
Martins et al. (2010), they also reported that although the rate of superoxide
formation may increase considerably in N-deficient coffee plants under high light
conditions, no corresponding increase in the activity of superoxide dismutase per
unit mass could be found. Enhancement of glutathione reductase activity in tolerant
varieties indicated that tolerant plants exhibit a more active ascorbate—glutathione
cycle than the less-tolerant cultivars. Glutathione reductase, which catalyzes the
reduction of oxidized glutathione (GSSG) to reduced glutathione (GSH), is an
important endogenous antioxidant (McKersie and Leshem 1994). This cycle has
been implicated in mitigating the effects of ROS (Molina et al. 2002; Mandhania
et al. 2006). Chai et al. (2005) obtained increased glutathione reductase activities in
two cultivars of banana subjected to drought stress. Similarly, both catalase and
peroxidase are actively involved in detoxification of ROS by breaking down H,0,.
In this study, peroxidase seems to have greater role in tolerance than catalase during
prolonged drought stress. Chakraborty et al. (2002) also reported that peroxidase
activities increased initially in all tea cultivars following drought stress, but in
tolerant cultivars it increased even with prolonged periods. Igbal and Bano (2009)
obtained greater increase in activities of peroxidase and catalase in wheat accessions
that were tolerant to drought stress than those that were less tolerant. Previous
workers have also reported differential responses of genotypes to drought stress with
respect to antioxidant enzymes (Dhanda et al. 2004; Nair et al. 2008). Under drought
stress, enhanced superoxide dismutase activity was found in pea, tobacco and bean
(Moran et al. 1994; Van Rensburg and Kruger 1994; Zlatev et al. 2006), decreased
superoxide dismutase activity in sunflower seedlings and banana (Quartacci and
Navari-Izzo 1992; Chai et al. 2005) and unaffected superoxide dismutase activity in
maize (Luna et al. 1985). In wheat, superoxide dismutase activity increased or
remained unchanged in the early phase of drought, but decreased with prolonged
drought stress (Zhang and Kirkham 1995), as also obtained in this study.

H>0, accumulation, in situ detection of H,0, and lipid peroxidation in leaves of wheat
varieties following drought stress

A decrease in catalase activity following drought stress was correlated with increased
accumulation of H-O, (Figure 7) in all varieties. H,O, accumulation and lipid
peroxidation were significantly higher in susceptible varieties in comparison with
tolerant ones. Our results are in conformity with those of several previous workers
(Chai et al. 2005; Zlatev et al. 2006). Increased concentrations of H,O,, a strong
oxidant, cause localized oxidative damage, disruption of metabolic functions and
lipid peroxidation (Foyer et al. 1997; Velikova et al. 2000; Zlatev et al. 2006).
However, besides being an ROS, H,O» is also a signal molecule, which is involved in
signal transduction mechanisms for several processes in plants such as stomatal
closure, root growth and responses to pathogen challenge (Neill et al. 2002; Laloi
et al. 2004; Desikan et al. 2005). Thus, levels of H,O, are efficiently controlled to
maintain balance between production and breakdown. In this study, although H,O,
accumulation increased during drought stress, after a period of prolonged drought
there was a decrease in H,O, levels in tolerant varieties, indicating greater
antioxidant activity. In situ detection of H,O, in leaf tissues and microscopic
observations revealed darker staining in tissues subjected to prolonged drought
stress, especially in the less-tolerant varieties (Figure 8).
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Figure 7. Effect of drought stress on accumulation of H,O, in four varieties of wheat.
Results are expressed as the mean of three replicates (10 plants each). Bars represent SE.
Different letters indicate significant differences with respect to control (p <0.01). C, control; 3,
6 and 9 D, days after withholding water.

Figure 8. In situ detection of H,O, in mid-portions of leaves of two wheat varieties (upper
row = variety MW and lower row = variety GN) of wheat following drought stress.

The peroxidation of lipids in the cell membrane is one of the most damaging
cellular responses observed in response to drought stress (Thankamani et al. 2003)
and the amount of lipid peroxidation is considered to be one of the determinants
which indicate the extremity of stress experienced by a plant. It was observed that
although MDA content, a measure of lipid peroxidation, increased in all varieties
during drought stress, after 9 days, MDA content in susceptible varieties was more
than three times that of tolerant varieties (Figure 9). Tatar and Gevrek (2008) also
reported that MDA content in wheat increased with severity of drought stress.
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Figure 9. Effect of drought stress on lipid peroxidation (expressed as MDA content) in four
varieties of wheat. Results are expressed as the mean of three replicates (10 plants each). Bars
represent SE. Different letters indicate significant differences with respect to control (p <0.01).
C, control; 3, 6 and 9 D, days after withholding water.

Change in ascorbate, carotenoids and chlorophyll contents of leaves

Ascorbic acid and carotenoids, two of the antioxidants in plants, increased
significantly in all four varieties. Ascorbate accumulation was enhanced in all four
varieties even after 9 days of drought stress (Table 1); carotenoids, however,
decreased after 3 days in varieties MW and GY and after 6 days in K and GN (Table
2). Nair et al. (2008) reported that ascorbic acid contents in cowpea decreased with
severity of drought stress, but tolerant cultivars had higher ascorbic acid contents
during severe stress in comparison with susceptible cultivars. Jaleel (2009) reported
enhanced accumulation of ascorbic acid during drought stress in winter cherry
(Withania somnifera). 1-Ascorbic acid is a strong antioxidant but also performs
several other functions in the plant (Noctor and Foyer 1998). In this study, the
increase in ascorbate, along with glutathione reductase, indicates involvement of the
ascorbate—glutathione cycle as a predominant mechanism of oxidative stress
detoxification. Chlorophylls, which are one of the first molecules to be affected by
drought stress, showed a significant decrease in all varieties. However, in tolerant
varieties, there was an initial nonsignificant increase. Interestingly, the chl a/b ratio
showed an initial increase in all varieties before declining, and this decrease was
greater in the less-tolerant varieties (Table 2).

Water-stress responsive metabolites

Free proline accumulation was enhanced in all four varieties during prolonged
drought stress (Table 1) after an initial nonsignificant decrease. After 9 days, proline
content in tolerant varieties was ~ 2.5 times higher than those of the less-tolerant
ones, although in control plants all varieties had more or less similar amounts. It is
quite clear that proline accumulation during drought stress is one of the mechanisms
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Table 1. Contents of proline, phenol and ascorbate in the leaves of four wheat varieties
subjected to drought stress (3, 6 and 9 days after withholding water).

(g kg~' DM)
Variety Treatment Proline Phenol Ascorbate
MW Control 2.3 + 0.03° 23.6 + 0.06% 12.4 + 0.14%
3d 1.9 + 0.02% 19.2 + 0.05° 13.3 + 0.12°
6d 3.6 + 0.04° 21.1 + 0.07° 152 4+ 0.15°
9d 6.9 + 0.08° 22.5 + 0.05° 16.9 + 0.18°
GY Control 2.2 + 0.06° 28.3 + 0.20° 9.4 + 0.17°
3d 2.0 + 0.01° 17.3 4+ 0.14° 15.4 4+ 0.02°
6d 48 + 0.14° 20.9 + 0.07° 16.6 + 0.03°
9d 5.8 4+ 0.01° 21.3 + 0.01° 17.9 4+ 0.05°
K Control 1.9 + 0.07 15.7 4+ 0.03% 55 4 0.11°
3d 1.4 + 0.08% 22.0 + 0.08° 9.2 + 0.22°
6d 11.1 4+ 0.03° 45.0 4+ 0.05° 18.6 + 0.23°
9d 20.3 + 0.50° 494 + 0.05° 21.8 + 0.25°
GN Control 2.0 + 0.07% 29.8 + 0.08° 9.4 + 0.31°
3d 2.6 + 0.04° 423 4+ 0.11° 10.8 4+ 0.32°
6d 6.0 + 0.07° 43.1 + 0.08° 112 + 0.13°
9d 10.6 + 0.20° 46.7 4+ 0.12° 16.3 + 0.21°

DM, dry matter; +, standard error. Mean of three replicates, with 10 plants in each replicate. Different
superscripts in each column express significant difference from control at p = 0.01, in z-test.

Table 2. Contents of total chlorophyll and carotenoids and chlorophyll a/b ratio in the
leaves of four wheat varieties subjected to drought stress (3, 6 and 9 days after withholding
water).

Total chlorophyll Chl a/b Carotenoids
Variety Treatment (g kg~' FM) ratio (g kg~' FM)
MW C 0.93 + 0.08° 1.54 0.043 + 0.004%
3d 0.56 + 0.01° 1.95 0.055 + 0.002°
6d 0.36 + 0.03° 1.20 0.052 + 0.006"
9d 0.28 + 0.01° 0.95 0.040 + 0.003%
GY C 1.01 + 0.06° 1.25 0.044 + 0.006%
3d 0.56 + 0.08° 1.99 0.067 + 0.002%
6d 0.45 + 0.01° 1.33 0.041 + 0.002°
9d 0.41 + 0.02° 0.76 0.030 + 0.001°
K C 0.93 + 0.06 1.45 0.044 + 0.002°
3d 0.98 + 0.07° 1.65 0.057 + 0.001°
6d 0.48 + 0.02° 1.45 0.066 + 0.003°
9d 0.27 + 0.01° 1.04 0.050 + 0.004%
GN C 1.05 + 0.07% 1.45 0.042 + 0.003%
3d 1.21 + 0.04% 1.94 0.063 + 0.002°
6d 0.65 + 0.07° 1.86 0.067 + 0.004°
9d 0.57 + 0.20° 1.67 0.052 + 0.002%

FM, fresh matter; +, standard error. Mean of three replicates, with 10 plants in each replicate. Different
superscripts in each column express significant difference with control at p = 0.01, in ¢-test.

of tolerance. Proline, which is usually considered as an osmoprotectant, may also be
involved in reducing oxidative damage by scavenging the free radicals (Vendruscolo
et al. 2007; Tatar and Gevrek 2008). This study revealed that in tolerant varieties — K
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and GN - phenol content increased at all periods of drought stress, although in the
other two varieties there was an initial decrease (Table 1). The involvement of
polyphenols in plant defense against various stresses has been reported previously
(Leinhos and Bergmann 1995). Chakraborty et al. (2002) also reported earlier that
drought stress-induced accumulation of phenols was much higher in tolerant
cultivars of tea.

Conclusion

The results of this study clearly indicate that although drought stress induced
oxidative damage in wheat varieties as evidenced by decrease in RWC, increased
lipid peroxidation, accumulation of H,O, and chlorophyll degradation, antioxida-
tive mechanisms including enhanced activities of antioxidative enzymes, accumula-
tion of other antioxidants, proline and phenols were also induced. Antioxidative
mechanisms were much more pronounced in two of the varieties, Kedar (K) and
Gandhari (GN), and hence, these were protected from oxidative damage to a great
extent. Taking into consideration all the available data, it is concluded that whereas
Kedar and Gandhari could be considered as tolerant, Mohan Wonder and Gayetri
were susceptible to drought stress.
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ABSTRACT

Five varieties of wheat (Triticum aestivum L.) — KW, UP 2752, PBW 343, SO and LV — were subjected to water
stress and sampling was done on the 3", 6" and 9" day of stress. RWGC decline in KW, UP 2752 and PBW 343 (36.65,
42.34 and 40.75% respectively) was comparatively lesser than in LV and SO (52.93 and 52.67% respectively). In all
varieties tested, three antioxidant enzymes (POX, APOX and GR) showed an initial increase. The activity of POX and
GR increased with the increase in the duration of stress in KW, UP 2752 and PBW 343, while the activity of APOX
declined. However, CAT and SOD showed an initial increase in these varieties, whereas it declined in SO and LV with
increase in the period of stress. Accumulation of H,0, declined during prolonged water stress in KW, UP 2752 and
PBW 343, while it increased in LV and SO. The accumulation of MDA content was three times higher in susceptible
varieties than in tolerant varieties. The content of proline, phenol and ascorbate increased during water stress whereas
the accumulation of carotenoid showed a significant decrease after showing an initial increase in the tested varieties.
Higher values of total antioxidant and MSI were recorded in KW, UP 2752 and PBW 343 during stress while after
6 days MSI declined in LV and SO. During water stress there was a general decline in the total chlorophyll content.
Analyzing the data, the present work suggested that out of the five varieties, KW, UP 2752 and PBW 343 showed more
tolerance to water stress than SO and LV.

Keywords: antioxidants, carotenoids, drought, lipid peroxidation.

Abbreviations: APOX: ascorbate peroxidase (EC.1.11.1.11); CAT: catalase (EC.1.11.1.6); CMS: cell membrane
stability; DAB: diaminobenzidine; EC: electrical conductivity; GR: glutathione reductase (EC 1.6.4.2); H,0,: hydrogen
peroxide; KW: Kaweri; LV: local variety; MDA: malondialdehyde; MSI: membrane stability index; NBT: nitro blue
tetrazolium; PPO: polyphenol oxidase; POX: peroxidase (EC. 1.11.17); RH: relative humidity; ROS: reactive oxygen
species; RWC: relative water content; SO: Sonalika; SOD: superoxide dismutase (EC 1.15.1.1); TBA: thiobarbituric
acid; TCA: trichloroacetic acid.
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INTRODUCTION

Tas and Tas (2007) have defined drought as one of
the environmental stresses, which is the most significant
factor restricting plant growth and crop productivity in
the majority of agricultural fields of the world. In general,
drought is responsible for several metabolic processes of
plants, with photosynthetic apparatus being one of the most
important (Nayyar and Gupta, 2006). Besides changes in
photosynthesis, such adverse effects on metabolism lead
to growth inhibition, stomata closure with consecutive
reduction of transpiration, which are considered necessary
for coping with osmotic changes in their tissues (Lawlor
and Cornic, 2002; Yordanov et al., 2003; Zhu, 2002). Water
stress leads to the formation of ROS, which are extremely
harmful to the plants. Gratdo et al. (2005) suggested that to
prevent or alleviate injuries from ROS, plants have evolved
an antioxidant defense system that includes non-enzymatic
compounds, like ascorbate, glutathione, tocopherol,
carotenoids, flavonoids and enzymes such as SOD, CAT,
POX, APOX, GR and PPO. Similar views were also expressed
earlier by authors as Mittler (2002) and Gechev et al. (2002).
According to Imlay (2003), water-stress conditions may
trigger an increased formation of the superoxide radical and
H,0, which can inactive SH-containing enzymes and directly
attack membrane lipids. Gratdo et al. (2005) suggested that
in higher plants GR is involved in defense against oxidative
stress, being responsible for the reduction of oxidized
glutathione for the chain reactions of scavenging H,0, by
APX and GPX, that might be completed and continued. They
further postulated that SOD acts as the first line of defense
against ROS and that it is responsible for the dismutation
of 0, into H,0,. The H,0, liberated in the peroxisome is
metabolized by CAT following the conversion of glycolate
to glyoxylate during photorespiration into H,0 and O,
while NADPH-dependent reduction of oxidized GSSG to the
reduce form GSH is catalyzed by GR (Gratdo et al., 2005).
The utilization of multiple isoforms of enzymes is one of the
primary control mechanisms of cellular metabolism in
plants (Sang et al., 2005).

Generation of ROS also leads to lipid peroxidation
(Chen et al., 2000). Foyer and Noctor (2000) suggested
that the central factor in both biotic and abiotic stress,
which occurs during imbalance in any cell compartment
between the production of ROS and antioxidant defense
system is oxidative stress which leads to a varied degree
of physiological challenges. They further suggest that
since ROS have multiple functions therefore in spite
of being a harmful molecule, the cells have developed
mechanisms to control the concentrations of ROS and
they are not completely eliminated (Foyer and Noctor,
2000). Foyer and Noctor (2003) suggested that ROS can
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be viewed as cellular indicators of stress and secondary
messengers involved in all aspects of plant biology from
gene expression and translation to enzyme chemistry.

H,0, is a non-radical ROS produced in a two-
electron reduction of molecular oxygen. Several sites have
been recognized as H,0, sources, including organelles
(mitochondria, peroxisomes and chloroplasts), the apoplastic
and the plasma membrane as well as cell-wall associated
enzymes (various NADPH oxidases and PERs). According to
Upadhyaya et al. (2007) environmental stresses are known
to induce H,0, and other toxic oxygen species production
in cellular compartments, resulting in acceleration of leaf
senescence through lipid peroxidation and other oxidative
damage. As H,0, is a strong oxidant, it can initiate localized
oxidative damage in leaf cells leading to disruption of
metabolic function and loss of cellular integrity, actions that
result in senescence promotion. The role of H,0, in stress-
induced damage has long been recognized, but it is now also
generally accepted that H,0, is an integral component of cell
signaling cascades (Mittler, 2002; Vranova et al., 2002) and
an indispensable second messenger in biotic and abiotic
stress situations (Pastori and Foyer, 2002).

The overproduction of H,0, has been observed in
plants exposed to a number of stress conditions and is
considered as one of the factors causing oxidative stress
(Snyrychova, 2009). According to Foyerand Noctor (2012),
out of the various forms of ROS, the central role in plant
signaling, regulating plant development and adaptation to
abiotic and biotic stresses, is played by H,0,. Increased
availability of H,0, is a commonly observed feature of
plant stress response signature. The physiological context
involves a continuous supply of environmental stimuli that
can trigger intracellular H,0, accumulation or modulate
the response to such accumulation.

With physiological parameters as CMS, differences
in the tolerance for compound stresses, such as salinity
and water deficiency, can be detected. Measurement
of CMS is one technique that has often been used for
screening against drought tolerance in various crops,
as rice (Tripathy et al., 2000), wheat and wild relatives
of wheat (Farooq and Azam, 2002), for example. Suzuki
et al. (2012) has studied the networks of ROS/redox
signaling in the chloroplast and mitochondria and
suggested that they play essential roles in the
acclimation of plants to abiotic stresses, these signals
contributing to a delicate balance of homeostasis within
each organelle, as well as to cross-talk between different
cellular components by regulating important biological
pathways such as gene expression, energy metabolism
and protein phosphorylation under stress condition.
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The present work was undertaken to evaluate the
oxidative stress and the antioxidant response system in
1-month-old wheat plant subjected sequentially to water
stress with a detailed study on the accumulation of H,0,
and its in situ detection in the leaf of the stressed and
control plants.

MATERIAL AND METHODS

Plantmaterial and experimental conditions: Seeds
of commercially relevant lines of five wheat (7riticum
aestivum L.) varieties (KW, LV, UP 2752, PBW 343 and
S0) were selected for experimental purposes. LV
and KW are popularly grown in the fields of this region.
UP 2752, PBW 343 and SO were obtained from the
research station of Uttar Banga Krishi Vishwavidyalaya
(UBKV). They were selected as all are locally grown
and a comparison of their responses could give a
better understanding of the susceptibility/tolerance
to the different varieties to drought. The seeds were
surface sterilized for 3 to 5 min with 0.1% (w/v) HgCl,
solution, washed twice with sterile double-distilled
water. The seeds were then transferred to petriplates
maintaining aseptic conditions to avoid contamination.
One-week-old seedlings were selected and transferred
to earthen pots with soil containing a suitable amount
of manure and the pots were labeled. The transferred
seedlings in the pots were then maintained in growth
chamber at a favorable temperature of 20 to 25°C, 65
to 70% of RH, standard photoperiod of 16 hours, and
400 pmol m2 s irradiance. To impart water stress,
watering of the plant was completely withheld for
the test period, when the plants were 1-month-old.
Drought stress was induced in 1-month-old plants
by withholding water completely for specific period.
Sampling of the plant was done on the 3", 6 and 9™
day to study the response of plants to varied days
of drought. After the 9™ day, i.e. from 10" day, the
leaves showed severe wilting symptoms in all varieties
so the sampling was done to till 9™ day. In all estimations,
sampling was also done at zero day of drought, which
was considered as control. RWC, which is considered
one of the important test to assess the water content
during stress, was calculated by the formula as given by
Farooqui et al. (2000):

RWC (%) = __fresh weight — dry weight  x 100
fully turgid weight — dry weight

The biochemical assays of the plant were done as
given below.

Extraction and assays of antioxidant enzyme

Preparation of extracts: The extraction of enzymes
from the plant was done by homogenizing the leaves of
1-month-oldplantusingliquidnitrogeninanice-cold50-mM
sodium phosphate buffer of pH 7.2 along with 1% (w/v)
polyvinylpolypyrrolidone by a pre-chilled mortar and pestle.
Centrifugation of the homogenized mixture was done at
6,708 g" for 20 min at 4°C. The supernatant was directly
used forvarious enzymatic assays as crude enzyme extract.
The quantification of soluble protein present in the
extract was done by Lowry’s method (Lowry et al., 1951)
utilizing bovine serum albumin (BSA) as standard.

Assay of antioxidant enzymes

POX (EC. 1.11.17): its activity was assayed
spectrophotometrically as described by Chakraborty
et al. (1993) with some modifications using 4802 UV
VIS spectrophotometer (Cole Parmer, USA). Specific
activity was expressed as mmol o-dianisidine oxidized mg
protein’ min-'.

APOX (EC.1.11.1.11): its assay was done by using the
method described by Asada and Takahashi (1987) with
some minor modification. Enzyme activity was expressed
as mmol ascorbate oxidized mg protein™ min-'.

CAT (EC.1.11.1.6): its activity was measured by
estimating the breakdown of H,0,, which was determined at
240 nm as described by Beers and Sizer (1952). The enzyme
activity was expressed as umol H,0, mg protein™ min™.

GR (C1.6.4.2): the activity of GR was determined by using
the method described by Lee and Lee (2000) by measuring
the oxidation of NADPH at 340 nm. Enzyme activity was
expressed as M NADPH oxidized mg protein™ min.

SOD (EC 1.15.1.1): after some minor modification, the
method as proposed by Dhindsa et al. (1981) was used for
the assay of the activity of SOD, in which the inhibition
of the photochemical reduction of NBT was monitored.
One unit of activity was defined as the amount of enzyme
required to inhibit 50% of the NBT reduction rate in the
controls containing no enzymes.

H,0, quantification and its in sifu detection:
The H,0, in the leaf samples were quantified and
the estimation was done following the method
described by Jena and Choudhuri (1981). A specific
amount of the leaf samples were weighed and
homogenized in 50 mM potassium phosphate buffer
(pH 6.5), which was then centrifuged at 2,415 g" for 25
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min, and the supernatant was used for H,0, determination.
All the extractions and estimations were done in minimal
light conditions (Chakraborty and Pradhan, 2011).

The reaction was completed as an intense yellow
color started developing. This was was monitored at
410 nm spectrophotometrically. The levels of H,0, in
the samples were determined by the use of extinction
coefficient 0.28 pmol* cm™ in the calculation. DAB
staining technique described by Thordal-Christensen
et al. (1997) was used with some minor modifications
(Chakraborty and Pradhan, 2011) to detect the in situ
levels of H,0, in the leaf samples. Vacuum infiltration of
the leaf discs (20 mm in diameter) was done with DAB
(pH 3.8) at a rate of 1 mg/mL. Incubation of the leaf was
done in dark for 24 hours at 30°C with a continuous
stirring of the leaf at 150 rpm followed by their transfer
to 90% ethanol at 70°C in water bath for the removal
of chlorophyll. The polymerization of DAB at the site
of activity of the enzyme POX was achieved locally and
instantly in the treated leaf samples. The development of
reddish-brown color was the result of polymerization
of DAB with H,0, at the site of their production.

Determination of lipid peroxidation: The accumulation
of MDA content, a measure of lipid peroxidation was
monitored by the TBA reaction. A sample of 0.25 g of the leaf
was homogenized in 0.1% (w/v) TCA. Centrifuge was done
for 10 min at 6,708 g" and 2 mL of 20% TCA containing
0.5% (w/v) TBA were added to 0.5 mL of the supernatant
obtained followed by heating of the mixture for 30 min
at 95°C followed by cooling it on ice. The absorbance of
the sample was determined at 600 and 532 nm. Using an
extinction coefficient of 155 mM cm™ (Heath and Packer,
1968) the concentration of MDA was calculated.

Extraction and estimation of non-enzymatic
antioxidants: Carotenoids were extracted in methanol and,
for the estimation, the method described by Lichtenthaler
(1987) was used. Extraction was done in methanol and
the extract was filtered. Absorbance of the filtrate was
noted at 480, 663 and 645 nm in a VIS spectrophotometer
(Systronics, India, Model 101) and the content of
carotenoid was determined by the formula as given below:

Ay (1144 X A, - 0.638 A

480 ( 645)

For the extraction and estimation of ascorbic acid
(ascorbate) the method as given by Mukherjee and
Chaudhuri (1983) was used.

Total antioxidant activity or free radical scavenging
activity was measured by following the method of
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(Blois, 1958) and expressed as percent (%) inhibition
of DPPH absorbance, which was measured at 515 nm. The
percentage inhibition of the absorbance of the solution of
DPPH was determined by the formula as described by
Chakraborty and Pradhan (2011). Total antioxidant activity
was thus measured as free radical scavenging ability in
terms of inhibition of absorbance by DPPH.

MSI (Membrane stability index): Leaf MSI was
determined according to the method of Premchandra
et al. (1990), as modified by Sairam (1994). Leaf discs
(100 mg) were thoroughly washed in running tap water
followed by washing with double distilled water thereafter
the discs were heated in 10 mL of double distilled water
at 40°C for 30 min. Then EC (C1) was recorded by EC
meter. Subsequently the same samples were place in a
boiling water bath (100°C) for 10 min and their EC was
also recorded (C2) in a conductivity meter (Labindia)
with K=0.946, cell constant=1, solution condition=84 uS,
coefficient-1 at 25°C. The MSI was calculated as:

MSI=[1-(C1/C2)]x100

Extraction and estimation of biochemical
components: The sample leaf was extracted by the
method as given by Mahadevan and Sridhar (1982) and,
for the quantification, the method of Bray and Thorpe
(1954) was used. 3% sulphosalicylic acid was used for the
extraction of free proline in the leaf sample from the plants
and the estimation was done by using the method of Bates
et al. (1973). The extraction of chlorophyll was done in
80% acetone and, for the estimation of total chlorophyll,
chlorophyll a (chl a) and chlorophyll b (chl b), the method
given by Harborne (1973) was used.

RESULTS

Morphological responses and relative water
content of leaves: The plants of all the five varieties
under test showed less or no symptoms of wilting till the
6 to 7™ day of stress, however severe wilting occurred
in the plants after 9" days of stress more pronounced in
varieties LV and SO. RWC in the leaf of all the varieties
declined remarkably as the severity of stress in terms
of days was increased (Figure 1). Our data showed that
the decrease in RWC was significantly lower in case of
PBW 343, UP 2752 and KW on the 9" day of stress when
compared to their respective controls (40.75, 42.34 and
36.65%, respectively) however the decline in RWC was
much more in LV and SO with respect to their controls
(52.93 and 52.67%, respectively).
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Antioxidative enzyme activities in wheat
after water stress: In the present study, activities
of APOX (Figure 2) and GR (Figure 3) showed a
significant increase in all the tested wheat varieties
during the initial 3 days of stress. As the severity
or the duration of stress was increased, the activity
of APOX declinedinall thefive varieties; however activity of
GR continued to increase with the increase in the days
of stress in KW, UP 2752 and PBW 343 but declined in
case of SO and LV. In case of CAT (Figure 4) and SOD
(Figure 5), activities showed an increase in the initial
stages of stresses, i.e. during the 3 day of water stress
in three varieties. However, in case of LV and SO, the
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Figure 1. Relative water content of five varieties of wheat
subjected to water stress treatments. Results are expressed as
the mean of three replicates (ten plants each). Bars represent
standard error. Different letters indicate significant differences
with respect to control (p<0.01). C: control; 3, 6 and 9 D: days
after withholding water.
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Figure 2. Ascorbate peroxidase activities in five varieties of wheat
subjected to water stress treatments. Results are expressed as mean
of three replicates (ten plants each). Bars represent standard error.
Different letters indicate significant differences with respect to control
(p<0.01). C: control; 3, 6 and 9 D: days after withholding water.

activity of CAT and SOD showed a general decline with
increase in the severity of water stress, while in the other
three varieties the activity of these two enzymes declined
during the later period of water stress. It was noted that
the activity of POX enhanced greatly with increase in the
period of stress in KW, UP 2752 and PBW 343 whereas
in LV and SO, the activity declined (Figure 6).

H,0, accumulation and its in situ levels, and
change in MDA content in the leaf of wheat during water
stress: The accumulation of H,0, and lipid peroxidation
increased with increase in the days of stress. The
accumulation was higher in case of LV, SO following
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Figure 3. Glutathione reductase (GR) activities in five varieties

of wheat subjected to water stress treatments. Results are
expressed as mean of three replicates (ten plants each). Bars
represent standard error. Different letters indicate significant
differences with respect to control (p<0.01). C: control; 3, 6 and
9 D: days after withholding water.
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Figure 4. Catalase activities in five varieties of wheat subjected to
water stress treatments. Results are expressed as mean of three
replicates (ten plants each). Bars represent standard error. Different
letters indicate significant differences with respect to control
(p<0.01). C: control; 3, 6 and 9 D: days after withholding water.
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water stress and lower in case of KW, UP 2752 and PBW
343 (Figure 7A). Lipid peroxidation is measured in terms
of MDA content which during water stress was found to
be thrice in SO and LV than in KW, UP 2752 and PBW
343 (Figure 7B). It also showed a general increase with
the increase in the severity of water stress with respect
to their respective controls.

During microscopic studies of the leaf tissues in
DAB staining test, dark-brown spots were observed as
big and small patches at the site of DAB polymerization.
The leaf of SO and LV showed more darkly stained
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Figure 5. Superoxide dismutase activities in five varieties of wheat
subjected to water stress treatments. Results are expressed as mean
of three replicates (ten plants each). Bars represent standard error.
Different letters indicate significant differences with respect to control
(p<0.01). C: control; 3, 6 and 9 D: days after withholding water.

0257 [ =C o30 ©6D =9D
b
02| b
b
= 0151
£
2 b
o. aI a
a 3 a
0.5 | ap I ar 2N

UP 2752 PBW 343 SO

KW Lv

Figure 6. Peroxidase activities in five varieties of wheat subjected
to water stress treatments. Results are expressed as mean of three
replicates (ten plants each). Bars represent standard error. Different
letters indicate significant differences with respect to control
(p<0.01). C: control; 3, 6 and 9 D: days after withholding water.
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DAB-sites in the tissues than in the leaves from the
other three varieties with respect to their control. With
increase in the duration of stress LV and SO showed
darker staining in the leaf tissues particularly during the
6" and 9" day of stress; however, the other varieties
also showed darker stained leaf tissues during the
9" day of water stress (Figure 8). Interestingly, DAB
polymerization site was largely localized at the tip of the
leaf, region surrounding the middle lamella and also the
stomata of the leaf in the varieties under stress when
compared to the leaf of the control set of GY (Figure 9).
The transverse section of the leaf at the stained site
showed that the DAB binding sites were localized
mostly in the peripheral region of the cell (Figure 9).

Changes in ascorbate, carotenoids, total antioxidants
and chlorophyll content of the leaf: Following water stress
there was a significant increase in the two antioxidants,
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Figure 7. Effect of water stress on accumulation of H,0, (A) and
lipid peroxidation (B) (expressed as MDA content) in five varieties
of wheat. Results are expressed as mean of three replicates (ten
plants each). Bars represent standard error. Different letters
indicate significant differences with respect to control (p<0.01).
C: control; 3, 6 and 9 D: days after withholding water.
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Figure 8. /n situ detection of H,0, in mid-portions of leaves of five varieties (KW, LV, UP 2,752, PBW 343 and SO) of wheat following water stress.
i control; ii: 3 days of water stress; iii: 6 days of water stress; iv: 9 days of water stress.
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Figure 9. Diaminobenzidine stained sites shown as dark brown spots in the GY variety of leaf. (A) full length leaves; (B-C)
10x view of group of cells in the stressed leaf of 6™ day; (D-E) t.s. of control leaf and drought stressed leaf respectively; (F)
tip portion of leaf; (G-H) t.s. at the vascular bundle site of the leaf in control and stressed leaf respectively; (I) t.s. of leaf
showing diaminobenzidine stained region around bulliform cells; (J-K) stomatal sites in 10x; (L-M) stomatal sites showing
diaminobenzidine sites in 45x.
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Table 1. Content of proline, phenol and ascorbate in the leaves of four wheat varieties subjected to water stress.

125

Varieties Treatment (mzrgl':"dem) (mzh;??jlm) (ﬁ]s;l;? ::)
KW C 2.0+0.022 29.9+0.05? 11.02+0.022
3d 2.9+0.02° 29.6+0.02° 12.19+0.02°
6d 8.1+0.03° 39.9+0.06° 13.44+0.04°
9d 10.8+0.02° 40.1+0.03° 14.78+0.09°
LV C 1.7+0.05% 38.4+0.10° 9.98+0.06*
3d 1.6+0.06* 39.6+0.10° 9.90+0.012
6d 5.0£0.10° 44.0£0.01° 10.100.03°
9d 5.1£0.02° 34.0£0.01° 11.300.06°
UP 2752 C 2.5+0.042 33.6+0.022 12.11+0.022
3d 2.3+0.05? 31.0+0.05° 12.98+0.03°
6d 9.8+0.01° 46.8+0.02° 14.900.05°
9d 11.2+0.05° 30.1+0.04° 15.51+0.04°
PBW 343 C 1.7+0.06% 36.8+0.05* 11.96+0.02
3d 2.3+0.05° 33.6+0.09° 13.15+0.01°
6d 7.5+0.06° 40.8+0.05° 13.51+0.02°
9d 11.9+0.10° 29.1+0.10° 15.81+0.03°
SO C 1.5+0.022 21.1£0.042 11.07+0.042
3d 2.6+0.05° 29.4+0.10° 12.14+0.05
6d 4.9+0.01° 37.5£0.05° 13.89:+0.01°
9d 6.1+0.08° 38.0£0.07° 14.65+0.03"

Means=standard error, n=10; Different superscripts in each column express significant difference with control at p=0.01, in Student s t-test.

C: control; d: days.

ascorbate and carotenoids in all the five wheat varieties in
comparison to their respective control sets. According to
the data there was an enhancement in the ascorbic acid
accumulation in all the varieties under stress which continued
after the 9" day of stress (Table 1); on the other hand, it was
observed that carotenoids showed an initial increase followed
by a general decline after 3" day in the varieties under study.
The highest decline was recorded in case of SO, LV and also
to some extent in case of PBW 343 (Table 2).

The total antioxidant value showed an enhancement
in its accumulation in the all varieties, but in the more
tolerant varieties KW, UP 2752 and PBW 343, with
the increase in the days of stress also this activity was
maintained whereas in LV and SO the total antioxidant
initially increased and then declined (Table 3).

There was a significant decrease in the total
chlorophyll content in the varieties taken for study,
the decline being much pronounced in case of the
susceptible varieties. However, in case of the tolerant
varieties, the decline was lesser. The ratio of chl a/b after
an initial enhancement declined in all the varieties with
the decrease being much more pronounced in case of
SO and LV (Table 2).

Effect on leaf Membrane stability index: Membrane
stability was expressed as % relative injury and results
revealed that water stress had significant effect on MSI
(Table 3). Linear decrease occurred in MSI with the increase
in the duration of stress. Higher MSI value was observed in
the cultivar KW, UP 2752 and PBW 343 during the 6" and
9™ day of stress. While after 6 and 9 days of water stress,
maximum decrease was recorded in LV and SO.

Accumulation of  water-stress  responsive
metabolites: Free proline content increased with the
increase in the days and severity of stress in general with
respect to the control (Table 1). The accumulation of free
proline in KW, UP 2752 and PBW 343 on the onset of 9
day of water stress was twice than that of free proline
content found to be accumulated in LV and SO.

DISCUSSION

Results of the influence of water stress in water
relations of wheat varieties showed that decrease in the
RWC on the 9" day of stress with respect to zero day
(control) was lower in PBW 343, UP 2752 and KW (40.75,
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Table 2. Content of total chlorophyll, chlorophyll a/b ratio and carotenoids in the leaves of five wheat varieties subjected to water stress.

CHAKRABORTY U. AND PRADHAN B.

Total chlorophyll

Carotenoids

Varieties Treatment (mg g fm) Chlorophyll a/b ratio (mg g fm)
KW C 0.900.04* 1.57 0.044+0.0022
3d 0.77£0.02° 1.66 0.051+0.001°
6d 0.49+0.02° 1.54 0.061+0.005°
9d 0.31+0.01° 1.78 0.055+0.002°
Lv C 1.22+0.05° 0.70 0.048+0.003¢
3d 0.41+0.04° 1.44 0.049+0.003¢
6d 0.31£0.02° 1.55 0.038+0.001°
9d 0.29+0.01° 0.89 0.029+0.002°
UP 2752 C 2.30+0.072 1.47 0.050=0.0012
3d 0.75+0.06° 1.60 0.062+0.003°
6d 0.63+0.01° 1.59 0.052+0.002°
9d 0.62+0.03° 1.66 0.038+0.001°
PBW 343 C 1.73+0.05° 119 0.047+0.003%
3d 0.86+0.03° 1.24 0.048+0.001%
6d 0.57+0.07° 1.97 0.042+0.0012
9d 0.39+0.11° 1.93 0.037+0.001°
SO C 0.96+0.09* 1.34 0.0410.002*
3d 0.62+0.05° 1.43 0.049+0.001%
6d 0.49+0.04° 1.38 0.042+0.005*
9d 0.31+0.01° 1.12 0.033+0.002°

Means=standard error, n=10; different superscripts in each column express significant difference with control at p=0.01, in Student’s t-test.

C: control; d: days.

Table 3. Effect of water stress on Cell membrane stability and
total antioxidant activity.

Relative injury Total antioxidant

Varieties Treatment (%)* activity**
Kw C 69.49 8.92
3d 56.25 15.25
6d 46.49 11.63
ad 38.24 9.64
Lv C 61.32 5.21
3d 52.52 10.40
6d 45.33 7.89
9d 29.32 6.88
UP 2752 C 86.29 6.88
3d 79.91 19.22
6d 59.66 21.43
9d 40.41 39.53
PBW 343 C 67.22 5.76
3d 81.23 11.50
6d 67.58 15.30
9d 32.39 22.24
SO C 69.44 7.12
3d 54.56 10.82
6d 49.64 9.88
ad 30.33 4.02

*CMS expressed as percent (%) relative injury; **free radical scavenging
activity (total antioxidant activity) expressed as percent (%) inhibition of
DPPH absorbance.
C: control; d: days.
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42.34 and 36.65% respectively) compared to SO and LV
(52.67 and 52.93%, respectively). Drought was found
to decrease the RWC of plant leaves (Sdnchez-Blanco et
al., 2002). Previous studies have also confirmed that the
ability to maintain higher RWC is one of the mechanisms
of drought tolerance in plants (Farooqui et al., 2000;
Chakraborty et al., 2002; Igbal and Bano, 2009).

Water stress is inevitably associated with increased
oxidative stress due to enhanced accumulation of ROS,
particularly 0,~ and H,0, in chloroplasts, mitochondria,
and peroxisomes. As a result, the induction of
antioxidant enzyme activities is a general adaptation
strategy which plants use to overcome oxidative
stresses (Foyer and Noctor, 2003). The potential of
APOX to metabolize H,0, depends on the redox state
of such compounds. APOX and GR are believed to act in
conjunction for H,0, scavenging during environmental
stresses (Sairam and Saxena, 2000). It has been
suggested that the coordinated activity of the different
H,0,-scavenging enzymes play a part in the plant redox
homeostasis (Foyer and Noctor, 2005).

Results of the present study reveal that in case of KW,
PBW 343 and UP 2752 activities of POX and GR showed
an increase with the increase in the duration of water
stress whereas activities of CAT, SOD and APOX declined
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after an initial increase. When compared to these varieties
S0 and LV showed either a decrease in activities at all days
of water stress (CAT and SOD) or a lower increase in the
activity of these antioxidative enzymes, following water
stress and the severity of stress. These results indicate
that, among the five varieties, antioxidant mechanisms in
terms of antioxidative enzymes are enhanced in three of
the varieties which can be considered potentially tolerant.

H,0,, resulting from the action of SOD, is toxic to cells.
Therefore, it is important that H,0, be scavenged rapidly by
the antioxidative defense system to water and oxygen (Guo
etal., 2006). The over-expression of SOD, if accompanied
by enhanced H,0, scavenging mechanisms, like CAT
and POD enzyme activities, has been considered as an
important anti-drought mechanism to cope with oxidative
stress during water deficit conditions. SOD is the first
enzyme which is expressed in the antioxidant mechanism
and it increased initially in the more tolerant varieties and
was also involved in contribution to the initial accumulation
of H,0,. However, following increase in the severity or
days of water stress, SOD activity declined even in the
tolerant varieties and POX metabolized the H,0, produced,
thus, a synergic activity of various enzymes is required
for the attainment of tolerance (Chakraborty and Pradhan,
2011). It was observed in our study that though all
antioxidative enzymes increased initially, POX and GR
activities could be maintained at higher levels in the tolerant
varieties and hence contributed to the defense response.
This result is similar to the results as obtained by Abedi
and Pakniyat (2010) who reported enhanced activities
of SOD and decreased CAT activity. Enhancement of GR
activity in tolerant varieties indicated that tolerant plants
exhibit a more active ascorbate-glutathione cycle than
the less tolerant cultivars. This cycle has been implicated
in mitigating the effects of ROS (Molina et al., 2002;
Mandhania et al., 2006). In the present study, POX showed
a much pronounced or greater role in mechanism for
imparting tolerance compared to CAT following increase
in the degree of water stress. This was in accordance with
the results obtained by Chakraborty et al. (2002) in their
study on tea cultivars. However, in the study of Igbal and
Bano (2009) a greater increase in POD and CAT activities
in wheat accessions was reported in both tolerant and
susceptible plants following water stress.

Varieties which were less tolerant accumulated higher
amount of H,0, and the increase in the lipid peroxidation
were remarkably higher in case susceptible varieties than
the tolerant ones. Various previous workers reported
similar results (Chai et al., 2005; Zlatev et al., 2006) as
we obtained. The decline in CAT activity was in correlation

with the increase in the accumulation of H,0, following
water stress as well as increased lipid peroxidation in all
varieties. The enhanced H,0, levels under water deficit
would be alleviated through the combined action of CAT
and APX. Foyer and Noctor (2012) have suggested that
serious problems persist in our ability to actively extract,
assay and accurately quantify H,0, in tissues or extracts
which are fraught with ambiguities. Such problems,
according to him may be addressed by the development of
biochemically suitable staining techniques. In our studies
the detection of cellular levels of H,0, was done by DAB
staining method and our results shows a clear difference
in the degree of staining achieved in the control and the
stressed plant.

Lipid peroxidation in the cell membranes is said to
be one of the most challenging and detrimental effect of
water stress in the membranes of all the cells exposed
to varied degree of stress as quoted by Thankamani et
al. (2003) and the degree of lipid peroxidation measured
in terms of MDA content is one of the determinants
which indicates the severity of stress experienced by any
plant. Other workers like Tatar and Gevrek (2008) have
also reported increase in MDA content with increase in
the degree of stress in wheat. In addition, Tiirkan et al.
(2005) found that MDA content was lower in the leaves of
drought-tolerant Phaseolus acutifolius Gray. than that in
drought-sensitive P vulgaris L. Sairam and Srivastava
(2001) reported that the drought-tolerant genotypes of
wheat showed lower lipid peroxidation level and higher
MSI value than the susceptible ones which is in conformity
with the present findings.

Small antioxidants such as ascorbate and carotenoids
also increased in tolerant varieties. According to Nair
etal. (2008) there was a decrease in ascorbate content in
susceptible varieties of cowpea when the degree of water
stress increased. Increased ascorbate accumulation
was reported by Jaleel (2009) in his study in Withania
somnifera following water stress. Enhancement in the
accumulation of ascorbic acid and increase in GR hints
to the occurrence of ascorbate-glutathione cycle as a
predominant mechanism of ROS detoxification. The
overall antioxidant activity of all varieties showed an
initial increase in all varieties, which was still high even
after 9 days of stress in the tolerant varieties but, in the
other two varieties, the total antioxidant activity declined
after 6 days.

Decrease in chlorophyll content and an increase in

proline accumulation was observed in the present study.
Several workers have reported higher proline levels in
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plants subjected to water stress conditions. Hsu et al.
(2003) studied the effect of PEG-induced water stress
at -1.5 MPa and observed accumulation of proline and
its precursor’s glutamic acid, ornithine and arginine
in rice leaves. The high correlation between proline
accumulation and drought-tolerance increase has also
been described; however, such accumulation can be only
a stress effect (Parida and Das, 2005). Several workers
like Vendruscolo et al. (2007), Tatar and Gevrek (2008)
have considered proline as an osmotolerant whose
accumulation in the cell system suggests its active
involvement the scavenging of free radicals thus by
reducing damage caused by various kinds of oxidative
stress. In our study it was determines that in KW, UP
2752 and PBW 343, phenol contents increased with
increase in the duration of the stress, though in the other
two varieties the accumulation of total phenol decline
or remained unchanged during the 9" day. Leinhos
and Bergman (1995) had studied the plant defense
system against various types of stress with respect to
the involvement of polyphenols as a response to stress,
also other workers such as Chakraborty et al. (2002) had
studied and reported that the accumulation of phenols
was greater in case of tolerant cultivars of tea.

It was indicated by the results of our study that
water stress was responsible for the induction of
oxidative stress and thus related damage as shown
by RWC decrease, increase in the MDA content (i.e.,
lipid peroxidation), H,0, accumulation, degradation of
chlorophyll molecule, enhanced antioxidative responses
as evident in the differential or varied levels of antioxidative
enzyme activities, accumulation of different antioxidants
like carotenoids, ascorbate, phenols and osmolytes such
as soluble sugars. Out of the five varieties taken for the
study, KW, UP 2752 and PBW 343 showed a much more
pronounced antioxidative mechanisms after the induction
of water stress and hence, they seem to be protected from
the detrimental effects or damage caused by oxidative
stress as a result of water stress even at the longer duration
and increased severity of stress. CMS as well as difference
in the percent relative injury among the varieties served
as important criteria to study the effects of water stress
and also to determine the susceptible and tolerant variety.
Considering all the above data our study showed that
KW, Up 2752 and PBW 343 were more tolerant varieties,
whereas LV and SO were less tolerant or, in other words,
more susceptible to water stress.
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