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ABSTRACT

In order to select drought tolerant wheat genotypes, an experiment was conducted in a randomized complete block
design (RCBD) with three replications under two different rainfed and irrigated conditions during the growing
season 2010-2011. Principal component analysis (PCA) showed that integrated selection index (1S9) was correlated
with chlorophyll a (Chl a), chlorophyll b (Chl b), chlorophyll total (Chl T), relative chlorophyll content (RCC),
relative water content (RWC), proline concentration (PC) and excised leaf water retention (ELWR) indicating that
these screening techniques can be useful for selecting drought tolerant genotypes. Screening drought tolerant
genotypes using mean rank, standard deviation of ranks and rank sum discriminated genotypes (18), (11) and (15)
as the most drought tolerant. Therefore, they are recommended to be used as parents for genetic analysis, gene
mapping and improvement of drought tolerance in common wheat.
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INTRODUCTION

Plants are exposed to numerous stress factorsgdthair lives, which is of a significant effect ¢ime growth of
plants. Biotic (pathogen, competition with othergamisms) and abiotic (drought, salinity, radiatidmgh
temperature or freezing etc.) stresses cause changaormal physiological functions of all planiscluding
economically important cereals as well. All thesesses reduce biosynthetic capacity of plantsraight cause
some destructive damages on plants [1]. Droughssthas the highest percentage (26%) when theeused#s on
the earth are classified in view of stress facttirss followed by mineral stress with 20% part]dc@and freezing
stress with 15% part. Whole the other stresse@#t part whereas only 10% area is not exposed yos@ass
factor [2].

Therefore, drought stress is one of the most widegb environmental stresses, which affect growing a
productivity, it induces many physiological, biochieal and molecular responses on plants, so tlatplare able
to develop tolerance mechanisms which will providldoe adapted to limited environmental conditioBk YWheat
(Triticum aestivum) is the worlds widely adapted crop, providing one-third of therld population with more than
half of their calories and nearly half of their f@m. Wheat is mainly grown on rainfed lands andu85% of the
area of developing countries consists of semianiirenments in which available moisture constituseprimary
constraint on wheat production. Climatic variakiiih these marginal environments causes large afilogguations
in yield. Selection of wheat genotypes with betidaptation to drought stress should increase theéuptivity of
rainfed wheat [4]. Improvement of wheat producyiviior this abiotic stress is therefore an importebjective of
plant breeding program. Most of cereal plants redptm water stress through a range of morpho-plogiical
adaptations or processes. However, these physialogittributes could be used as reliable indicaforsthe
selection of genotypes/cultivars for drought totee [5, 6, 7].
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However, the physiological basis of their stredsrtoce is not well understood. An understanding@# plants
respond to water deficits and in certain instanegs,able to tolerate them should lead us evegttallvays of
optimizing plant productivity in marginal environmts [8]. In the frame of “physiological window” ndildrought
induces in plants regulation of water loss and kmtallowing maintenance of their leaf relative watentent
(RWC) within the limits where photosynthetic capacand quantum yield show little or no change [@jater
deficient was found to reduce the relative waterteot (RWC) in plant leaves. The high RWC and lowiged leaf
water loss (RWL) have been suggested as importatitators of water status [10, 11]. Rong_Hua et[H2]
concluded that chlorophyll content (SPAD) couldcbesidered as a reliable indicator in screenintepagenotypes
for drought tolerance. Proline accumulates generaltesponse to drought stress and plays theamkn osmolyte
for osmotic adjustment. Proline accumulation varigth the degree of plant drought tolerance. Thaeefproline
could be used for the evaluation of plant drouglérance or sensitivity [10]. Photosynthesis, whigithe most
significant process influence crop production, lisoainhibited by drought stress. Studies have shthat the
photosynthetic rate (Pn) of leaves of both C3 aAdplants decreases as relative water content (R&vi@)water
potential ) decrease [13].

The objective of this study was to determine aeatife and reliable selection index for screemrmgught tolerant
genotypes of bread wheat.

MATERIALS AND METHODS

Twenty landraces of bread whedtrificum aestivum L.) listed in Table 1 were provided from Seed a&Mdnt
Improvement Institute of Karaj, Iran. They wereess®d using a randomized complete block design thite
replications under two irrigated and rainfed coioti$ during 2010-2011 growing season in the expanmtal field

of College of Agriculture, Razi University, Kermdyah, Iran (47° 9N, 34° 21 E and 1319 m above sea level).
Mean precipitation in 2010-2011 was 509.50 mm. gdikof experimental field was clay loam with pH7Sowing
was done by hand in plots with three rows 2 m iigth and 20 cm apart. The seeding rate was 406 geedn for

all plots. At the rainfed experiment, water stress imposed after anthesis. Non-stressed plots iwéegated three
times after anthesis, while stressed plots recenedvater. At harvest time, yield potential (Yp)dastress yield
(Ys) were measured from 2 rows 1 m in length. ToloWwing physiologic and metabolic characters walso
measured in the stress condition.

Relative chlorophyll content (RCC)

The chlorophyll content in the flag leaf was detigxed using a chlorophyll meter (SPAD-502, Japamye Flag
leaves of each genotype grown in rainfed conditi@ne measured after anthesis stage. Three measiseimdhe
middle of the flag leaf were made randomly for eplaint, and the average sample was used for asalysi

Relative water content (RWC)

Relative water content was determined accordirifutmer [14], where fresh leaves were taken fronhegmotype
and each replication after anthesis stage and wdighmediately to record fresh weight (FW). Theaythvere
placed in distilled water for 4 h and weighed againecord turgid weight (TW). After that subject®doven drying
at 70°C for 24 h to record dry weight (DW). The RWi@s calculated using the following equation:

RWC = ((FW - DW)/(TW - DW)) x 100

Relative water loss (RWL)

Five young fully expanded leaves were sampled &mheof three replications at anthesis stage. Takesamples
were weighed (FW), wilted for 4 hour at 35°C, regéeid (W4h), and oven dried for 24 h at 72°C to iobtky
weight (DW). The RWL was calculated using the faling formula [15]:

RWL (%) = [(FM - W4h)/(FW - DW)] x 100

Excised leaf water retention (ELWR)

Excised leaf water retention was determined acogrtth Farshadfar et al [16], where the youngestdsdefore
anthesis stage were collected and weighed (FW){de# h, then wilted at 20°C and reweighed (WHL)WR was
calculated using the following formula:

ELWR (%) = [1 - ((FW - W4h)/FW))] x 100
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Proline concentration (PC)

The PC was determined according to the method td<sBet al. [17]. Plant material (0.5 g) after asthestage was
grinded with 10 ml of 3% sulfosalicylic acid. Therhogenate was filtered and 1 ml of glacial acetid and 1 ml

acid ninhydrin reagent were added to a 1 ml ofafit. Then the mixture was shaken by hand and atedbin

boiling water bath for 1 h. After that, it was ted@rred to ice bath and warmed to room temperafural toluene
was added to the mixture and the upper toluene lagie measured at 520 nm using UV spectrophotometer

Chlorophyll a, b and total (Chl a, Chl b, Chl T)

Chlorophyllsa andb were measured by the method described by Horil. 18] with a slight modification after
anthesis stage. 3 ml of 99.5% methanol was add#tketteaf tissue (50 mg) and incubated in darkefbr Samples
were homogenized and centrifuged at 10000 rpm@amnih. Absorbance of the samples at 650 nm anch@®®was
measured by the UV spectrophotometer. Absolute ameth(99.5%) was used as a blank. @hChlb and Chl T
content were calculated using following equations:

Chlorophyll a (ug/mL) = 16.5% &s— 8.3 x Aso
Chlorophyll b (ug/mL) = 33.8 x &g— 12.5 X Ags
Total chlorophyll (ug/mL) = 25.8 x g+ 4.0 X Ays

Integrated selection index (ISI)

Based on factor analysis of physiological traitslemwater deficit and the following three formuldS] was
calculated:

(1) §= (Xij —w)/ o

(2) MP; = (§d + Sw)/2

(3) ISk = byMPy; + BLMPy, +...+ QMPU

where § = standardized physiological value of trait j (1o 10, i.e. RWC, PC, RWL, ELWR, RCC, Chl a, @hl
Chl' T, Yp and Ys) in genotype i under irrigatediairought conditions, X= physiological value of genotype i on
trait j, i = mean value of trait j in all genotypes,= the standard deviation of trait j, P the mean productivity
of trait j on genotype i,;lihe weight value of trait j, bj was populated fréime average contribution to factor 1 and
ISI = integrated selection index.

Formula (1) standardizes the value of differenttdréao the same unit of measure; formula (2) evakiahe
appearance of genotypes for each trait; and forif8)lantegrates the appearance of genotypes fdraiis. When
defining weight values for each trait, average gbuation of factor 1 to 10 major traits relateddmught resistance
at irrigated and rainfed conditions in the factoalgsis were considered asand trait had negative functions in the
final result (Table 2). Using physiological dataiofgated and rainfed conditions, the formerly posed selection
index related to drought resistance was calculated.

Statistical analysis

Analysis of variance, mean comparison using Duscamnltiple range test (DMRT), correlation analylsetween
mean of the characters measured and principal coemp@nalysis (PCA), based on the rank correlatiatrix were
performed by MSTAT-C, SPSS ver. 16 and STATISTIG&.\8. Standard deviation of ranks (SDR) was nrealsu
as:

>R -R)’
S

where R is the rank ofin vivo drought tolerance indicator aﬁ_Zp[ is the mean rank across #llvivo drought
tolerance indicators for the ith genotype and SHER°>.

Rank sum (RS)= Rank mea§() + Standard deviation of rank (SDR) [19].
RESULTS AND DISCUSSION

The results of analysis of variance (ANOVA) showséghificant differences for all the characters stigated in the
rainfed condition Table 3). Theresults revealed that water stress decreasedafi@dl genotypes significantly.

1183
Pelagia Research Library



Ezatollah Farshadfaret al Euro. J. Exp. Bio., 2012, 2 (4):1181-1187

Table 1. Genotype codes
Genotype Code Genotype Code
WC-47560 1 WC-4860 11

WC-4506 WC-47620 12
WC-47632 WC-4992 13
WC-47574 WC-4973 14

WC-47407 WC-47358 16
WC-4827 WC-4573 17

Azar 2 WC-47536 18
WC-47392 WC-47572 19
WC-4978 10 WC-4953S 20

2
3
4
WC-47481 5 WC-47374 15
6
7
8
9

Table 2. Contribution of factors 1 to 9 of major taits related to drought tolerance under rainfed ar irrigated conditions.

Trait rainfed irrigated
Grain yield (Y) -0.213 0.453
RCC 0.431 0.132
ELWR 0.927 -0.403
RWC 0.092 0.590
RWL -0.959 0.057
Chla 0.176 -0.808
Chlb -0.034 0.864
Chl T 0.172 -0.017
PC -0.200 0.419

Table 3. Analysis of variance for physiological tris

Mean squares

grain yield RWC PC RWL ELWR
S.0.V. df rainfed irrigated rainfed irrigated rainfed irrigated rainfed irrigated rainfed irrigated
Replication 2 46591*  19442* 462533 70476  0.034 0.026 1203 1994 928 6860
Genotype 19 16743*  33976* 231266.8** 15251* 0.019* 0.043 601.9* 107.97 464.3* 19.6
Error 38 4581334 581992.7 539365 238285 0.533 0.983 7118 3808 4333 810.8

* and **: Sgnificant at 1% and 5% level of probability respectively; S.O.V: Source of variation, d.f: Degree of freedom.

Table 3 continued

Mean squares
RCC Chla Chlb Chl T
S.0.V. df rainfed irrigated rainfed irrigated rainfed irrigated rainfed irrigated

Replication 2 46.62 17.7 6.5 0.082 3.3 0.215 3.24 0.331

Genotype 19 26* 652.16 3.2* 1.943 0.5* 0.987 1.6* 1.248*
Error 38 594 94.699 55.17 60.58 17.28 23.2 1.3 18.64

Maximum decrease in yield was observed in genatyand 12. Nevertheless, the yield values weneased
after drought stress in genotypes 4, 13 and 15sgather varieties in the same conditidalfle 4).

Persistence in RWC content of cultivars in watezsst conditions may serve as good indicator ofgimbtolerance.
Genotypes no.20 and 11 had higher RWC content wggletypes no. 6, 10 and 2 displayed lower RWC wunde
water stressTable 4). Merah [20] reported that RWC % was an importadicator of water stress in leaves. RWC
is closely related to cell volume, therefore it nragre closely reflect the balance between wateplyup the leaf
and transpiration rate [21]. Sairam and Saxena f[@Rbrted that relative water content (RWC) invesaof wheat
cultivars under irrigated and stress conditionsasftba decreasing trend with age in all genotypés. decrease of
RWC in stressed plants might be associated witlildoeease in plant vigour as was observed in mimt ppecies
[23, 24]. Relative water content had been iderttifis potential physiological marker for droughetahce in many
crop plants such as barlesidrdium Vulgare L.) [25], sunflower Halianthus annus L.) [26], sugarcaneSaccharum
officinarum L.) [27], durum wheatTriticum durum) [20], wheat and its wild relatives (28). Genotyp®.4, 8 and
16 had higher RWL, while genotypes 15, 18 andntiated lower RWL under water stress (Table 45eAsment
of excised leaf water loss (ELWL) is an importaeatestion criterion for water stress tolerance iangs [29, 30].
This trait is moderately heritable [31] and carelsily estimated in a large population [32]. In study, genotypes
8 and 4 displayed the lowest and genotypes ndl8and 12 the highest values for ELWL.
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Chlorophyll maintenance is essential for photosgsith under drought stress. Higher Chl content angd percent
decrease under stress in tolerant genotype of wizat also been reported [33, 34]. Proline conaéatr is linked
with plant anti drought under drought stress caodif35]. Under rainfed conditions, some of drougblerant
genotypes accumulated more proline in the flag ksdfues when compared to drought sensitive gemetyp
Genotypes no. 20, 4 and 18 had higher PC conteift wlnotypes 10 and 2 showed lower PC under veitess
(Table 4). The results exhibited that the high@sbant of RCC was attributed to genotypes no. 18né 13. The
highest Chl a, Chl b and Chl T belonged to genatype 15, 11 and 15 respectiveliaple 4).

Table 7: Ranks (R), ranks mean R ) and standard deviation of ranks (SDR) of physiolgical indicators of drought
tolerance

Genotype ELWR R RCC R PC R
code
5512 4 4660 11 03336 8

50.65 9 4326 19 0.1766 19

Ys R Yp R RWC% R RWL%

1 138 15 179 12 65.79 6 72.05

2 090 20 1.88 10 46.80 18 74.44

3 121 18 1.41 17 61.55 9 78.58 46.88 17 44.16 17 0.2263 13
4 188 5 161 15 56.54 12 98.54 40.49 19 4393 18 0694 2
5 152 13 1.60 16 71.37 4 80.23 10 4835 14 5164 2 04053 4
6
7
8
9

N
ooomc_n;u

180 7 235 6 3767 20 8599 17 4847 13 4245 20 0.3463 7
196 4 251 4 62.78 8 8430 15 5278 7 49588 5 0.186 18
167 11 280 2 71.89 3 9290 19 3524 20 46.00 12 0.206 16
188 6 216 8 49.65 14 79.18 9 4774 15 48.03 7 0.189%6 17

10 139 14 183 11 4132 19 7174 4 5280 6 46.64 9 0.174 20
11 169 10 221 7 75.68 2 84.15 14 49.07 12 48.03 8 0327 9
12 1.03 19 1.40 18 5458 13 66.80 3 55.13 3 4547 16 0.2313 11
13 204 2 179 13 59.58 10 78.47 7 50.66 8 5156 3 0.23 12
14 198 3 257 3 4777 17 8559 16 5291 5 4567 14 0317 10
15 1.60 12 094 20 64.86 7 56.06 1 6554 1 4664 10 0351 6
16 122 17 134 19 4836 14 8931 18 4316 18 4555 15 0.3676 5
17 132 16 173 14 4834 16 8360 12 4931 11 4997 4 0.2196 14
18 177 8 283 1 69.84 5 65.49 2 6153 2 5363 1 05036 3
19 1.70 9 191 9 57.13 11 8396 13 47.10 16 4571 13 0.2126 15
20 226 1 238 5 86.09 1 81.33 11 5021 10 4914 6 08726 1

Table 4 continued
Genotype Chl R Chl R Chl R ISI R ﬁ SDR RS
code a b T
1 3.4 6 1.4 16 491 9 0.6594 4 8.72 4.26 12.98
2 27 11 19 4 46 10 -0.7102 17 13.00 5.74 18.74
3 3.3 7 1.2 18 4.5 12 -0.5499 15 13.72 4.17 17.89
4 30 10 15 11 45 13 -04781 13 1254 557 18.11
5 2.7 12 1.4 17 4.2 15 0.0151 11 10.72 5.19 15.91
6
7
8
9

19 19 19 5 3.8 19 0.6404 5 1254 6.57 19.11
25 15 15 12 40 16 0.3664 6 10.00 5.29 15.29
26 14 18 6 44 14 -0.7013 16 12.09 6.09 18.18
21 17 18 7 40 17 -05349 14 1190 450 16.4

10 20 18 25 3 46 11 0.3535 7 11.09 6.00 17.09
11 27 13 31 1 5.8 2 1.8824 1 7.18 4.95 12.13
12 3.1 9 09 20 40 18 -1.1295 20 13.63 6.39 20.02
13 18 20 16 10 34 20 -0.7704 18 11.18 6.22 17.4
14 3.6 3 15 13 51 4 -0.0576 12 9.09 559 14.68
15 4.2 1 18 8 6.0 1 0.6699 3 6.36 6.00 12.36
16 36 4 15 14 52 3 -1.0519 19 1327 6.23 195
17 23 16 28 2 51 5 0.325 8 10.72 517 15.89
18 3.2 8 18 9 5.1 6 1.7331 2 4.27 3.03 7.3
19 3.6 5 15 15 51 7 0.0815 10 11.18 3.54 14.72
20 386 2 12 19 51 8 0.0862 9 6.63 5.57 12.2

An integrated selection index for drought resistan@s proposed and used to identify drought toteganotypes.
In this index, ten traits including relative wamsntent (RWC%), proline concentration (PC), relativater loss
(RWL%), excised leaf water retention (ELWR), chiphgll a (Chl a), chlorophyll b (Chl b), chlorophytal (Chl

T), relative chlorophyll content (RCC) and graireldi under rainfed and irrigated conditions weresgn as the
most relevant factors related to drought resistarase determined by multivariate statistical analyéfactor

analysis). In our study, genotypes no 12, 16 amtid@ayed the lowest and genotypes no. 11, 18larttie highest
values for ISI.
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The integrated selection index was correlated gitiin yield under rainfed and irrigated conditiooklorophyll a
(Chl a), chlorophyll b (Chl b), chlorophyll totaChl T), relative chlorophyll content (RCC), relaiwater content
(RWC%), proline concentration (PC) and excised Veatier retention (ELWR)Hig. 1).

Screening physiological indicators and drought t@rant genotypes

(i) Biplot analysis method

To better understand the relationships, similazitiad dissimilarities among the physiological iatlics of drought
tolerance, principal component analysis (PCA), basethe rank correlation matrix was used. The ragvantage
of using PCA over cluster analysis is that eactissies can be assigned to one group only [36]. fhationships
among different indices are graphically displayed ibiplot of PCA and PCA (Fig. 1). The PCA and PCA axes
which justify 49.83% of total variation, mainly tiisguish the indices in different groups. One iatting
interpretation of biplot is that the cosine of tegle between the vectors of two indices approxasittie correlation
coefficient between them. The cosine of the andtes not precisely translate into correlation doigfifits, since the
biplot does not explain all of the variation in ataket. Nevertheless, the angles are informativaginto allow a
whole picture about the interrelationships amorainhvivo indices [37]. ELWR, Chl a, Chl T and ISI we refer
group 1= G1 indices. The PCs axes separated RW@E, RC, Chl b, Ys, Yp and ISl in the second groGg)(
and RWL in a single group (G3). As the cosine & #mgle between the vectors of timdices approximates the
correlation between them therefore, G1 indices wewdtivelycorrelated (an acute angle), the same conclusien wa
obtained for the G2 indices, while G1 waegatively correlated with G3 indices (an obtusgign

Fig. 1.Biplot analysis of physiological indicators of draight tolerance
Principal components analysis (POA)

Factor 2 : 22 20%

-1.0 05 0o 0s 1.0
Factor 1 : 27 37%

(i) Ranking method

The estimates of indicators of drought toleran€abl{e 4) indicated that the identification of drought-t@at
genotypes based on a single criterion was contaglicFor example, according to PC, the desirabteught-
tolerant genotype was (20), while according to ELWMR desirable drought-tolerant genotype was ). (lo have
an overall judgement the following ranking methodswused. To determine the most desirable droudgrtara
genotype according to the all indices mean rank staddard deviation of ranks of all drought tolesarmriteria
were calculated and based on these two criteriaribst desirable drought tolerant genotypes weratifiied. In
consideration to all indices, genotypes (18), @id (15) showed the best mean rank and low start#asidtion of
ranks in stress condition, hence they were idedtifis the most drought tolerant genotypes whidh @omplete
agreement with the results of our new index (I&hile genotypes (12), (16) and (6) as the mostiseas

Biplot analysis and ranking methods have been fisedcreening drought tolerant genotypes by Farfsinaahd
Elyasi in wheat [19], Farshadfar et al. in chickjjg8] and Farshadfar et al. [39] in bread wheat
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