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ABSTRACT

In order to identify drought tolerant genotypesboéad wheat landraces (Triticum aestivum L.) twpegiments
were carried out in the Agricultural College, Ramiiversity, Kermunshah, Iran, during 2009-2011. &xment 1
was conducted in the field in a randomized comgikiek design with three replications under twdetiént rainfed
and irrigated conditions. Experiment 2 was carrimat in the in vitro conditions using mature embuoydtures in a
completely randomized design (CRD) with six repide for callus induction and a 20 x 2 factoriakperiment
with three replications for response of genotypemtvitro drought stress. The results of analysfissariance for
grain yield under irrigated (Yp) and rainfed (Y9)nalitions exhibited the presence of a considergj@notypic
variation among the genotypes (P < 0.01) indicatihg possibility of discriminating drought toleralandraces in
the field conditions. Based on drought toleranaiein (STI) genotypes No. 2, 5, 10, 15 and 18 idedtis drought
tolerant. Statical analysis also revealed highlgrsficant differences between the genotypes fargraage of callus
induction (PCI), callus growth rate (CGR), relatifeesh weight growth (RFWG), relative growth ralRQR),
relative water content (RWC), percentage of caltiiorosis (PCC) and proline content (PC) indicatitgh
genotypic variation and possible selection of diwutplerant genotypes at in vitro level. Genotypesre also
different for in vitro indicators of drought tolemae such as: in vitro tolerance index (INTOL), aallgrowth index
(CGI), percentage relative tolerance (Rt%) and pettage reduction (R%). To determine the most delsira
drought tolerant genotypes according to all indice®an rank and standard deviation of ranks ofrallitro and in
vivo drought tolerance criteria were calculated apaised on these two criteria the most desirablaight tolerant
genotypes were identified as genotypes no. 2 (WEH430 (WC — 47399) and 18 (WC — 4931). Correlatio
analysis between in vivo and in vitro charactedstof drought tolerance also gave the same results

Key words: Iranian landraces of bread wheat, embryo culturgjvio and in vitro indices of drought tolerance

INTRODUCTION

Cereal crops belonging ®raminaefamily produce large edible grains which providmat one-half of mas food
calories and a major portion of his nutrient regoients. WheafT¢iticum aestivurnl.) is foremost among cereals
and indeed among all crops, as direct source af foo human environmental limitations of crop protivty
throughout the world [1]JAbout two thirds of the world populations live omeat grain [2].

The maximum potential of agricultural crops is s&id attained because of limitations on morphologizad
physiological processes imposed by stressse [4].

Drought is one of the most important and earligstdied abiotic stresses and one of the major it
environmental factors for plant development andicke plant mass production. Plant defense agaiatgrvdeficit
is a complex endeavour that the plant undertakesaiect itself [3, 33]
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Crops exposed to this stressful environment arergbd initially to have reduced growth rates. Iftevastress is
more severe the response is manifested visuadyniamber of specific and recognizable symptoms [5]

In the absence of an understanding of the spe@ahamisms of tolerance the quantification of drauglerance
should be based on the grain yield in both stradsn@n-stress environments that can lead to sefeofihigh yield
genotypes under stress condition since, the respofisselection under non-stress condition is makiarad
heritability of the yield under these conditionsigh [6, 7, 33]

In order to identify drought-tolerant genotypegtie field, several selection criteria have beayppsed based on
grain yield under stressed and non-stressed conditiThese indices are either based on droughatae or on the
susceptibility of genotypes [8]. Fernandez [9] defl a new stress tolerance index (STI) and divittesl
manifestation of plants into the four groups of €1genotypes that express uniform superiority in-magated and
irrigated conditions (group A), (2) - genotypes gfperform favorably only in non-stress conditiggsoup B), (3)
- genotypes which yield relatively higher only itmess conditions (group C) and (4) - genotypes kiperform
poorly in non-irrigated and irrigated conditionsdgp D). Therefore, as Fernandez stated, the bdekifor stress
tolerance selection is one that can be able torapgroup A from others.

Breeding for drought tolerance by selecting sofelygrain yield is difficult because the heritabyjilof yield under
drought conditions is low, due to small genotypéciance or due to the large variances in the g@esgnvironment
interaction [10, 11, 12]

In addition to the classical method of breedingdern technologies such as biotechnology and geeetjineering
have been developed in support of the classicaiding method in research on plant tolerance toghrb[8].On of
such biotechnological techniques is the plant &éssulture. Tissue culture techniques are becomiogeasingly
popular as an alternative means of plant vegetgbiapagation, mass production of chemicals, andetien
engineering [13]. Resent progress in genetic mdatijp;m of plant cells has opened new possibiliiescrop
improvement .Callus culture are used asnavitro technique for biochemical and physiological stadieresponse
to stress at the cellular level [14].

Mature wheat embryos have a high frequency of salhduction [15].Wheat-breeding programs have been
struggling to improve the drought tolerance usingpaventional approach of trailing breeding linesler drought
field conditions. However, several attempts havenbmade to obtain drought tolerant varieties usisgye culture
techniques to select the adapted genotypes of wheiaties to water stress [16] for direct gen@sfarmation and
generation of genetic variable plants [17].

The drought stress could be induced in the plahtatures by adding different compounds to thériemt medium
such as, polyethylene glycol (PEG) which stimulateger stress by acting as osmotic agent whichcedbe
potential of the medium in where the cell are grapfi18]

PEG of high molecular weight is a non-penetratingri osmoticum lowering the water potential of rmautt
solutions without being taken up or being phytotopdi9]. The culturing of an embryo isolated from %eed and
ovules of higher plants in special medium is defims embryo culture. Through embryo culture, either plant
develops directly from the embryo, or first calfesmation is stimulated and then shoots and rootaio(indirect
organogenesis), so a lot of plants are obtainad fust one embryo.

The most important aspect of embryo culture ismigitging a culture medium that will provide the réyugrowth

of embryos that were cultured in different sizestriénts required by embryos vary depending on gmhage. In

short, while mature embryos can develop in a simpeium, embryos in the early development stageadermore
complex medium [20].The objectives of the presenestigations were to: (i) screen land races ohdreheat
genotypes for drought tolerance underivo andin vitro conditions (ii) evaluate the ability of genotypgesnduce

callus using mature embryo culture and (iii) asskescorrelation bewedn vitro andin vivo predictors of drought
tolerance.

MATERIALS AND METHODS

In vivo experiment

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

of the College of Agriculture, Razi University, Keanshah, Iran (47° 201, 34° 20 E and 1351 m above sea level).
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Mean precipitation in 2010-2011 was 509.50 mm.. $bi of experimental field was clay loam with pH7.
Sowing was done by hand in plots with three rows i length and 20 cm apart. The seeding rate Wasséeds
per nf for all plots. At the rainfed experiment, wateress was imposed after anthesis. Non-stressed whots
irrigated three times after anthesis, while strégdets received no water. At harvest time, yietdeptial (Yp) and
stress yield (Ys) were measured from 3 rows 1 tarigth.

Stress tolerance index (STI) was calculated ugieddllowing formula [9].stress tolerance index =

Y. XY
STl = S_—ZP
P
where Yp and Ys are the yield of a given genotypérigated and rainfed conditions respectivelyd é:_lg is the

mean vyield for all genotypes in irrigated condition

In vitro experiment

In order to evaluate the response of the same gee®tof bread wheaf (iticum aestivuni.) (Table 1) to callus
induction andn vitro drought stress, an experiment was carried outcasrgletely randomized design (CRD) with
six replications for callus induction and a 20 %a2torial experiment based on CRD design with thegdications
was conducted for response of genotypes tatro drought stress.

The genotypes were exposed to different conceatrainf PEG 6000 (Merck, Germany) (0 as control Hsfib) for
14 days. The growing morphogenic calli derived frorature embryos were also exposed to MurashigeSandg
(MS) medium containing different concentrationd®&G (0 and 15%). Mature seeds were surface-statiliz 70%
(v/v) ethanol for 5 min, rinsed twice with sterdestilled water, incubated further in commerciadth (5% sodium
hypochlorite) for 20 min, and rinsed several tinmesterile distilled water. All the operations aimdculation were
performed under strict aseptic conditions in a femiairflow cabinet. The surface-sterilized seedsavincubated at
33°C for 2 h in sterile distilled water for imbiliih to occur. The mature embryos were easily séparfaom the
endosperm in imbibed seeds and placed scutellumnullS medium supplemented with 30 g/l sucrose aad w
adjusted to PH 5.7, solidified with 8g/l agar and 2ng/l 2,4-dichlorophenoxy acetic acid (2,4-D)(ker
Germany). The medium was autoclaved at 121°C fam20and incubated at 25°C for 28 days in growtarsher
and in the darkness. Callus was maintained by siitbhring every 21-28 days on the same MS mediundréught
stress conditions the cultures were kept in anbatwr without any light. The following callus chateristics were
measured under stress conditions:

Percentage of callus induction (PCI)PCI was evaluated 4 weeks (suitable for sub-anlgyirafter embryo culture
in Petri dishes as [21]: (number of seeds producailys)/(number of seeds plated in Petri dishes).

Relative fresh weight growth (RFWG): RFWG = [(We-W,)][/W 1 [22]

where W is the weight of callus before treatment angtié final weight of callus after two weeks of treant.,
respectively.

Relative growth rate (RGR): RGR = [LnW,-LnW,]J/GP [23]

where W is the weight of callus before treatment angdtidé final weight of callus after two weeks of treant and
GP is the growth period, respectively. The timetiwnal between two consecutive measurements waays d

Callus growth rate (CGR): CGR (mm/day) of cultured embryos on stress mediere measured at 4, 8, 12 and
16 days after transferring of calli to the medi®&R was calculated using the following formulas]{24

CGR.-d,/4, CGR = d; /4, CGR=d;J/4, CGR, =d,¢/4
CGR = (CGR+ CGR, + CGR; + CGR) / 4

where d, ds, di», dis, Were diameter of callus in days 4, 8, 12 andrd€pectively. Diameter of callus was calculated
as: diameter of callus = DCVfengthxwidth

Percentage of callus chlorosis (PCCPCC was determined visually as percentage of tieaallus, 16 days after
moving callus to the PEG containing medium [21].
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Relative water content (RWC): callus samples of known fresh weight were driednnoven set at 70°C for 24 h
and RWC was calculated by the following formula]f25

RWC= [(FW-DW)/DW]*100

where FW and DW are the callus fresh and dry wsjglespectively.

In vitro tolerance (INTOL): INTOL was calculated according to the followingrfaula [26]:
INTOL= RGReatmen! RGReontrol

where RGR = relative growth rate amds measured by the formula of Birsin and Ozgei [23

Callus growth index (CGI): or increasing value of callus fresh weight wasulated as: CGl= (\WWg)/W, [27]:
where W is the weight of callus before treatment and thé final weight of callus after two weeks of traant.
Callus growth index was calculated for two level$?&G (0 and 15%) and the average of two levels weasl for
calculation.

Relative tolerance (R#6): percentage of Rt was calculated for each genaigpe the following formula [27]:
Rt % = [(value under stress)/ (value under nomess)] x 100

Reduction percentage (R%): R% was calculated for the two stress (15%) and-stss level (0) using the
following formula [27]:
(value under 15% stress level - value at 0% stexss).

Proline content (PC): Extraction and estimation of free proline contemre done according to the procedure
described by Errabii et al. [25].

Statistical analysis

Analysis of variance, mean comparison using Durscamyltiple 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 STATISTIGX.\8. Standard deviation of ranks (SDR) was measu
as:

N B )2
z (RJ - R)
2 _ j=l
3 -1
where R is the rank of in vitro drought tolerance indicator aﬁ_Z;JI is the mean rank across il vitro drought
tolerance indicators for the ith genotype and SHER°>.

Rank sum (RS) = Rank meaR() + Standard deviation of rank (SDR).
RESULTS AND DISCUSSION

In vivo experiment
The results of analysis of variance for grain yialtler irrigated (Yp) and rainfed (Ys) conditiomslicated the
presence of a considerable genotypic variation gritwe genotypes under rainfed and irrigat®d<( 0.01)
conditions Table 2).

STI showed that genotypes 18, 15, 5, 2 and 10 therenost, whereas genotypes 17 and 6 the leattzectalerant
genotypesTable 6).

Fernandez [9], divided the manifestation of plaint® the four groups of (1) — genotypes that expresiform
superiority in non-irrigated and irrigated conditso(group A), (2) - genotypes which perform favdyabnly in

nonstress conditions (group B), (3) - genotypeschulyield relatively higher only in stress conditofgroup C) and
(4) - genotypes which perform poorly in non-irrigatand irrigated conditions (group D). A three-dnsienal
representation of Ys, Yp and STl is shown in Figlr&he area of the 3D plot was divided into 4 oegi A, B, C
and D [22]. Genotypes 2, 5, 10, 15 and 18 wereeplaie a region of the plot which had the highest, § and Yp

(Fig. 1).
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Correlation analysis (Table 5) showed that STI pasitively correlated with Ys and Yp. These resutiplied that
STI was able to identify genotypes with high gragield under both rainfed and irrigated conditionsd ao

differentiate drought-tolerant from drought-senstgenotypes. The observed relationships betweeandpy's with
STI are in consistent with those reported by Fedeari9] for mungbean, Sio Se Marde et al. [28]Hmrad wheat

and Mohammadi et al. [29] for wheat.

In vitro experiment
Callus induction

Analysis of varianceTable 3) revealed significant differences between gendatyfoe PCl, CGR, RFWG, RGR,
RWC, PCC and PC indicting different resposes obtygres to callus induction characteristics.

Mean comparison using Duncan’s multiple range @MRT) (Table 4) revealed that genotypes influenced callus
induction frequency so that the range of PCI wasvben 73.33-100; genotypes 5, 6, 8, 11, 16 andxh&ited

100% callus induction while genotypes

17 and 9 thadleast PCI. These results confirmed that catldaction is

genotype dependant. Ozgenal. [15] in winter wheat, Arzani and Mirodjaghl] in durum wheat, Grigoryeva and
Shletser [30] in durum and bread wheat, and Shath. ¢13] in bread wheat also reported that cailhgiiction is

genotype dependent.

Table 1. Genotypes name and codes.

Genotype Code Genotype Code
WC - 5047 1 WC - 47636 11
WC - 4530 2 WC - 4584 12
WC - 4780 3 WC - 46697 — 11 13
WC — 4566 4 WC - 4823 14

WC - 47360 5 Pishtaz 15
WC - 4640 6 WC- 47341 16
WC — 47456 7 WC - 47619 17
WC - 47628 8 WC - 4931 18
WC - 47367 9 WC - 47381 19
WC — 47399 10 WC - 5053 20

Table 2. Analysis of variance for grain yield underainfed and irrigated conditions.

Mean squares

grain yield
S.0.V. df rainfed irrigated
Replication 2 3650.52* 6951.14**
Genotype 19 22584.23* 21851.37**
Error 38 1064.62 1049.19
C.V.% 11.43 8.06

*and **: Significant at 1% and 5% level of probity respectively; S.O.V: Source of

variation, d.f: Degree of freedom.

Table 3. Analysis of variance for ature embryos callus characters under stress condtiin.

Mean squares

S.0.V PCI CGR RFWG RGR RWC PCC PC
Genotype(G) 0.010  0.12T 0.07T 0.004 140.13T 0.055 0.684"
Drought(D) - 1.126 0.421" 0.014 3190.971 5.607 11.102
DxG - 0.016°  0.018" 0.002¢ 81.198 0.013*  0.247
Error 0.002 0.011 0.011 0.001 3.811 0.015 0.004
CV% 2.33 7.92 9.77 3.37 2.29 8.87 3.87

Ns; **: Non-significant and significant at 1% levef probability,respectively.
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Table 4. Mean comparison ofn vitro and in vivo indicators of drought tolerance in wheat.

Genotype code  Yield, gffrainfed) Yield, g/nf  PCI CGR RFWG RGR RWC PCC PC
(irrigated)
1 267.79 cd 377.71 de 93.33 ab 1.287 bcd 0.7349 0.0350 ab 87.03 abc 19.58 de 2.7579 fgh
2 413.84 ab 507.12 ab 81.67 bc 1.4 abcd 41.2abcd 0.0476 a 88.07 a 19.12 cde 6.9338 a
3 242.38 cde 370.39 def 93.33 ab 1.218 d -0.0&igh -0.0042 ab 87.31 abc 32.52 abcde 2.6494
4 228.25 cde 301.39 gh 91.67 ab 1.009 e -0.G971 -0.0072 ab 87.5 abc 39.88 ab 1.5388 j
5 410.82 ab 516.40 ab 100 a 1.048 e -0.0afefgh 0.0014 ab 85.54 bc 20 e 3.6442 d
6 199.27 ef 279.75 gh 100 a 1.251 bcd  -0.06fgh -0.0054 ab  85.59 abc 30.07 bcde  4.1G89
7 286.43 ¢ 388.17 de 91.67 ab 1.277 bcd  0.68B4 0.0303 ab 8544 c 24.33 bcde  3.9001 cd
8 248.29 cde 317.46 fg 100 a 1513 a -0.1483 -0.0634 c 87.15 abc 33.85 abc 4.4346 ©
9 254.33 cde 372.61def 75 c 1.404 abcd 400.0 cdefgh 0.0059 ah 8531 c 30.79 bcde 22.64i
10 383.88b 472.81 bc 95 ab 1.367 abcd 0.6@b 0.0289 ab 86.96 abc 26.32 bcde 4.1034
11 266.85 cd 400.34d 100 a 1.396 abcd 0.0B68efgh 0.0005 ab 86.91 abc 28.33 bcde 3.998
12 230.31 cde 429.76 cd 93.33 ab 1.426 abc 0.180@defg 0.0087 ab 86.88 abc 31.82 akcd 42.8hi
13 251.76 cde 401.62d 95 ab 1551 a 0.53aptde 0.023 ab 86.13 aoc 31.67 abcd 2.30BiL
14 259.01 cde 391.74 de 93.33 ab  1.377 abcd ®.1@8cdefg 0.0074 ab 85.37 ¢ 26.93 bcde  2.568
15 435.24 ab 560.58 a 96.67 b 1543 a 0.38Bcdef 0.0142 ab 85.33 c 26.67 bcde 3.2152 e
16 227.71 cde 404.84d 100 a 1.379 abcd 0.3@BeEdef 0.0176 ab 86.95 abc 24.4 bcde 4.138
17 150.29 f 250.78 h 73.33 ¢ 1.385 akcd -0.2B29 -0.0196 bc 69.58 e 49.47 a 1.4681 j
18 464.29 a 547.87 a 100 a 1.439 ab 0.55%%¢d a 0.0247 ab 88.97 ab  25.21 bcde  2.3937 i
19 267.41 cd 406.95d 95 ab 1.318 bcd  0.4800de 0.0192 ab 88.01 abc 28.75 bcde 2.8948
20 219.42 de 337.35 efg 95 ab 1.247 cd -B 050 -0.0067 ab 73.69 d 31.79 abcde 1.3230 i
Note: Means followed by the same letter(s) in eathmn are not significantly different.
Table 5. Association betweeim vivo and in vitro indicators of drought tolerance in wheat.
CGR RFWG RGR RWC INTOL PCC PC CGlI Rt% R% Ys Yp STI
CGR 1
RFWG 0.252 1
RGR 0.205 0.944* 1
RWC 0.019 0.452* 0.457* 1
INTOL 0.072 0.497* 0.483* 0.311 1
PCC 0.000 -0.712** -0.679* -0.614** -0.812** 1
PC 0.122 0.604** 0.522* 0.504* 0.365 -0.576* 1
CGlI 0.293 0.962** 0.933**  0.497* 0.526* -0.696** 0.560* 1
Rt% -0.275 -0.479* -0.478* 0.206 0.096 0.000 -0.232 -0.406 1
R% 0.204 0.247 0.266 -0.029 0.323 -0.352 0.195 0.291 -0.233 1
Ys 0.129 0.571*  0.544* 0.426* 0.550* -0.661** 0435 0.632* 0.050 0.050 1
Yp 0.243 0.588** 0.578** 0.475* 0.666**  -0.695** 0.383 0.654** 0.135 0.100 0.924** 1
STI 0.172 0.546* 0.525* 0.412 0.560* -0.628** 0.394 0.607** 0.079 0.051 0.990** 0.951* 1
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Table 6. Ranks, mean ranks, standard deviation ofanks and rank sum of in vitro andin vivo indices of callus induction and drought tolerancén wheat.

Genotype no.  Ys (g/n) R Yr (g/n) R STl R CGR R RFWG R RGR R RWC R
1 267.79 7 377.71 13 0.62 10 1.2865 14 0.7749 2 0.035 2 87.0484 6
2 413.84 3 507.12 4 1.30 4 1.3995 7 1.2338 1 0.0476 1 89.0746 1
3 242.38 14  370.39 15 0.56 15 1.2182 18 -0.0542 16 -0.0042 14 86.4752 9
4 228.25 16 301.39 18 0.43 18 1.0092 20 -0.0971 18 -0.0072 17 88.0172 3
5 410.82 4 516.4 3 1.31 3 1.0477 19 0.0994 13 0.0014 13 85.6081 13
6 199.27 19 279.75 19 0.35 19 1.2512 16 -0.0644 17 -0.0054 15 85.2214 17
7 286.43 6 388.17 12 0.69 6 1.2768 15 0.6874 3 0.0303 3 85.8047 12
8 248.29 13 317.46 17 0.49 16 1.5133 3 -0.1133 19 -0.0121 18 87.2462 4
9 254.33 11 372.61 14 0.59 3 1.4042 6 0.1323 12 0.0059 12 85.4568 15
10 383.88 5 472.81 5 1.12 5 1.3671 12 0.6010 4 0.0288 4 86.4727 10
11 266.85 9 400.34 10 0.66 8 1.3957 8 0.0758 14 -0.0235 20 86.7087 8
12 230.31 15  429.76 6 0.60 12 1.4259 5 0.1506 11 0.0084 10 86.4262 11
13 251.76 12 401.62 9 0.61 11 1.5507 1 0.5328 6 0.0229 6 85.1046 18
14 259.01 10 391.74 11 0.63 9 1.3768 11 0.1652 10 0.0074 11 85.4973 14
15 435.24 2 560.58 1 1.51 2 1.5427 2 0.3069 9 0.0142 9 85.2286 16
16 227.71 17 404.84 8 0.57 14 1.3791 10 0.3737 8 0.0176 8 87.0933 5
17 150.29 20 250.78 20 0.23 20 1.3854 9 -0.2229 20 -0.0196 19 69.5837 20
18 464.29 1 547.87 2 1.58 1 1.4388 4 0.5569 5 0.0246 5 88.9182 2
19 267.41 8 406.95 7 0.67 7 1.3175 13 0.4007 7 0.0192 7 86.7771 7
20 219.42 18 337.35 16 0.46 17 1.2472 17 -0.0303 15 -0.0067 16 73.7484 19
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Genotype PCC PC R CGl R Rt% RY INTOL ﬁ SDR RS
no.
1 19.5833 2 2.7579 13 0.2701 6 48.6414 16 7.75 12 1.0716 2 8.07 5.18 13.25
2 19.119 1 6.9338 1 0.5355 1 41.5611 19 11.08 19 0.8386 3 5.00 6.46 11.46
3 3252 17 2.6494 14 -0.0717 15 81.9639 3 2 3 -23.9629 18 13.15 5.04 18.19
4 39.875 19 1.5388 18 -0.1144 19 74.1275 6 2.15 4 -26.0431 19 15.00 6.19 21.19
5 20.00 3 3.6442 7 -0.0045 13 92.7325 1 3 5 19.5696 1 7.53 5.89 13.42
6 30.0702 12 4.1039 5 -0.0782 17 67.1083 9 8.29 14 -2.8074 14 14.84 4.16 19.00
7 24.3283 4 3.9002 6 0.2184 7 35.9843 20 1.67 2 0.747¢ 5 7.76 5.38 13.14
8 33.8533 18 4.4346 3 -0.1269 18 48.5309 17 6.15 11 -17.0975 17 13.38 6.13 19.51
9 30.7857 13 2.6421 15 0.0589 10 78.1181 4 8.83 17 -5.1248 16 12.15 3.76 15.91
10 26.3153 6 4.7034 2 0.3379 2 56.8453 13 4.84 9 0.6832 6 6.38 3.54 9.92
11 28.3333 10 2.9985 9 -0.0242 14 87.6387 2 3.7 6 -0.3607 13 10.07 4.42 14.49
12 31.82 16 2.8142 11 0.0032 12 63.866 10 4.32 8 0.2154 9 10.46 3.09 13.55
13 31.6666 14 2.8031 12 0.2777 5 59.7171 11 5.3 10 -0.0119 12 9.76 4.39 14.15
14 26.9333 9 2.5685 16 0.0352 11 76.3587 5 8.47 16 0.0407 11 11.07 2.95 14.02
15 26.6666 8 3.2152 8 0.1343 8 72.2899 7 8.15 13 0.385 8 7.15 4.46 11.61
16 26.4047 7 4.1334 4 0.0956 9 67.2232 8 8.4 15 0.4807 7 9.23 3.85 13.08
17 49.4666 20 1.4681 19 -0.2311 20 49.7627 15 0.5 1 -26.095z 20 17.15 5.80 22.95
18 25.1452 5 2.3937 17 0.2929 3 57.7282 12 4.22 7 0.7824 4 5.23 4.58 9.81
19 28.75 11 2.8918 10 0.2802 4 50.2958 14 9.82 18 0.1477 10 9.46 3.77 13.23
20 31.7914 15 1.323 20 -0.0747 16 48.2352 18 14.54 20 -3.287 15 17.07 1.80 18.87
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Fig.1. Three-dimensional plot between Yp, Ys and ST
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Fig.2. Biplot analysis of in vitro and in vivo indicators of drought tolerance

Effect of drought stress on the characters

Analysis of variance for callus growth rate (CGRlative fresh weight growth (RFWG), relative growtate
(RGR), relative water content (RWC), percent ofusakhlorosis (PCC) and proline content (PC) intdidahighly
significant differences (P<0.01) among the genayfig all the characters in the stress conditiocB%§1PEG)
(Table 3). The analysis of variance also showed significhffiérences among levels of (0, 15%) PEG concéntra
and genotype x drought interaction for RWC and P& results obtained from comparison of means éelilthat

the highest amount of CGR, RFWG, RGR, RWC, PC lggldnto genotypes no.13, 2, 2, 2 and 2, respectively
While the lowest amount of CGR, RFWG, RGR, RWCPAhwas attributed to genotypes no. Tal{le 4). The
highest PCC and the lowest PCC were related totgpes 17 and 2, respectively. The results indictttatl CGR,
RFWG, RGR and RWC decreased in the stress conditéh5 PEG. level) as compared with non-stress itiond
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(0% PEG. Level). PC and PCC were increased in %85 vel as compared with 0% PEG level. Abdulaid

Bahrany [31] studied the callus to varing degre@afethylene glycol (PEG)-induced water stresseyThtudied
callus growth, water content and proline accumaiatiTheir results revealed that increasing watesstinduced by
increasing concentration of PEG caused a progregsiduction in callus fresh weight. Significant wetion in

callus weight was recorded in response to 50g/l PiE@easing with a progressive reduction in caluster

content, which caused increase in proline accuomaeaching significant increase over the control.

In vitro indicators of drought tolerance

The amount of callus growth was expressedinawitro tolerance (INTOL) to eliminate inherent differesce
associated with the relative growth rate (RGR) tbe genotypes in response to induced drought skhe$3EG.
Based on INTOL genotype no.5 exhibited the highBStOL (Table 6). Callus growth index (CGI) exhibited
remarkable differences among the genotypes in thans of increasing value of selected calli. Germtyp.2
showed the highest callus increasing valleb{e 6). The highest amount of relative tolerance (Rtfadhie induced
drought stress condition was attributed to genotyp® (Table 6), while the lowest amount of reduction percentage
(R%) from 0.0 to 15% PEG belonged to genotype aodthe highest amount of R% was shown by genatgpe
(Table 6). With regard to callus (resulted from mature eyolsj increasing value, percentage of relative tolee
(Rt%), the amount of reduction percentage (R%) BMILIOL genotypes no. 2 and 5 were selected as thgt mo
drought tolerant ain vitro condition {Table 6). Abdelsamad et al. [27] reported that significdifferences of
genotypic responses were observed for the four tmpeaotypes at 10 and 20% PEG for callus inductatius
fresh weight, growth index, relative water contendl relative tolerance percentage.

Screeningin vitro and in vivio indicators of drought tolerance

The relationships among different indices are giegly displayed in a biplot of PCAL and PCARiq. 2). The first
and second components justified 66.66% of totalatians among the genotypes. The PCA1 and PCA2 Iynain
distinguished the indices in different groups. Gmeresting interpretation of biplot is that thesite of the angle
between the vectors of two indices approximatestheelation coefficient between them. The cosifithe angles
does not precisely translate into correlation doiefiits, since the biplot does not explain all lné wariation in a
data set. Nevertheless, the angles are informaiaigh to allow a whole picture about the intetieteships
among the drought indices [32]. CGR and R% we refgroup 1= G1. The PCs axes separated RFWG, RGR,
PC, INTOL, RWC, Ys, Yp and STI in a single group2)GRt% and PCC were separated as groups (G3), (G
The vector view of the biplotHg. 2) provides a summary of the interrelationships agnthrein vitro andin vivo
indicators. The cosine of the angle between théoveof two indices approximates the correlatiotwleen them.
For example, G2 indices were positively correlataal acute angle), while G2 was negatively corrdlatéh G4
indices.

A significant correlation coefficient was found angpstress tolerance index (STI) with relative frestight growth
(RFWG), relative growth rate (RGR), tolerance ingTOL), callus growth index (CGI) and negativereation
coefficient was found between stress tolerancexiiél) and proline content (PC)dble 5).

Screening drought tolerant genotypes

The estimates ah vitro andin vivo indicators of drought toleranc&dble 7) indicated that the identification of
drought-tolerant genotypes based on a single imitewas contradictory. For example, according t@d O\, the
desirable drought-tolerant genotype was WC — 4713§0WC — 5047 (1), while according to RFWG, RGR t
desirable drought-tolerant genotype was WC — 4330a0d with stress tolerance index (STI), genotyypeé —
4931(18) was the most drought tolerant. To detezntie most desirable drought tolerant genotypesrdig to
the allin vitro andin vivo indicators of drought tolerance, mean rank andddrd deviation of ranks of afl vitro
andin vivo drought tolerance criteria were caculated and dasethese two criteria the most desirable drought
tolerant genotypes were identified. In consideratmall indices, genotypes (18), (10), (2) and) @owed the best
mean rank and low standard deviation of ranksri@sstcondition, hence they were identified as tlhstrdrought
tolerant genotypes, while genotypes (17), (4) &)d$ the most sensitive to drought.
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