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ABSTRACT

This investigation was performed to evaluate 21gmatotypes and varieties based on agronomic teaitsdrought
tolerance indices under rainfed and irrigated cdiadis in Kermanshah, Iran during 2009-2010 croppssgson. A
randomized complete blocks design with three rapbios was used for each environment. Drought &wviee

indices i.e., stress tolerance index (STI), steessceptibility index (SSI), tolerance index (TQhgan productivity
(MP), harmonic mean(HAM) and geometric mean progitgt(GMP) were calculated. The results of anadysf

variance for cell membran stability, grain yieldpnass, straw yield, plant height, 1000 seed weighmber of
panicles and number of grains per panicle in raéhfend supplemental irrigation conditions indicatéuat

differences among genotypic were highly significgp0.01). The combined ANOVA indicated the sigaift

differences among genotypes for all traits. A pesiand significant correlation was observed betwggain yield

under rainfed(Ys) and irrigated (Yp) with MP, GMPIAM, STI indicated that these indices are thetnsaitable
indices to screen genotypes in drought stress tiondiBrusher and Tarahumara had the highest MP,GBM®P and
HAM. Therefor, they could be know as the drouglgrémt varieties. Principal component analysis otduced two
components. First vector showed 78.68 percent oatans and the second PCA explained 20.98% ofttia!

variability. It separates the stress—tolerant gemas from non-stress tolerant ones. Cluster analgkissified the
genotypes into three groups. In conclusion, thisgdgtshowed that drought stress reduced the yieldoofie
genotypes while others were tolerant to droughgg®asting genetic variability of drought tolerance these
materials. Therefore, breeders can select tolexanieties of oat genotypes based on MP,GMP,ST |-l

Keywords: oat, drought tolerance indices, principal compuaramalysis, cluster analysis, Iran.

Abbreviations: PH — plant height, BIO — biomass, NE — number afigas, NG — number of grains per panicle, TSW -0100
seed weight, GY — grain yield, Yp — grain yield undeated conditions, Ys — grain yield under réa conditions, STI — stress
tolerance index, SSI — stress susceptibility inde@L — tolerance index, MP — mean productivity, GMRjeometric mean
productivity, HAM-harmonic mean .

INTERODUCTION

Oat (Avena sativpis one of the important forage cereals in temigeageas and economically is ranked as one of the
eight important crops in the world [32]. Oat is nokvn crop for farmers in Iran and in FAO statistiebsite no data
can be found for oat production in Iran. Besid#ere are very limited studies about oat speciibught tolerance

in oat in Iran. Therefore, regarding to the impoce of oat as multi-purpose crop, the researcthisncrop to
develop or introduce new superior genotypes oretias would be of value. Drought stress is on¢hefmajor
causes of crop loss worldwide specially in arid aathiarid regions with mediteranean climate, reaycaverage
yields for most major crop plants by more than 53%. Drought stress may reduce all yield composiémtwheat
particularly the number of fertile spikelet pertusmiea and the number of grains per panicle [18]il&é\seed weight

is negatively influenced by high temperatures amlight during grain filling periogB]. In dry and semi-dry areas,
the most important factor to limit economical yiéédwater and its availibility in critical growtheges of different
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agricultural plants [9,10]. Drought stress may a@cttuoughout the growing season, early or late mgabut its
effect on yield reduction is highest when it occafter anthesi$4]. Drought tolerance in crop plants is different
from wild species when crop plant encounters seweter deficit, it dies or seriously loses yieldil@hwild plants
survive better and give less yield loss [19]. Gieneariation among genotypes is very importantgtant breeding
[31]. Understanding plant responses to drought is oftgiegortance and also a fundamental part of dewetp
crop stress tolerant [27,36]. The relative yieldf@enance of genotypes in drought-stressed and réénNe
environments seems to be a common starting poitténidentification of desirable genotypes for udliaable
rainfed conditiong21]. Some researchers believe in selection under fal@@ndition[3]. Selection in the target
stress condition has been highly recommended t6p Bbme researchers have chosen a mid —way areVdoéh
selection under both favorable and stress condifteln

Drought tolerance consists of the ability of crimpgrow and produce under water deficit conditi¢hg]. To
differentiate drought resistance genotypes sewedaktion indices tolerance (TOL), mean produgtiP), stress
susceptibility index (SSI), Geometric Mean (GMRjess tolerance index (STI), Harmonic Mean (HAMyé&een
employed under various conditions. TOL has beerfingd as the differences in yield between the strasd
irrigated environments and MP as the average yéldgenotypes under irrigated and rainfed conditif?g&. SSI
has been suggested for measurement of yield s$yathiéit calculated the changes in both potentidl @tual yields
in variable environments [14,24]. Fernanq&992) defined a new advanced index ,the STI whih be used to
identify genotypes that produce high yield undethbsiressd and non-stressed conditions [11]. Theroyield
based estimates of drought resistance are GMP hvidioften used by breeders interested in relgiarformance,
since, drought stress can vary in severity in fiefdlironment over years [25]. Akcura and Ceri (20duggested
that an STI, GMP, MP and HAM could be used to idgrgenotypes that produce high yield under botlssted
and non-stressed conditions [2]. Selection of diifé genotypes under environmental stress condii@one of the
main tasks of plant breeders for exploiting gengtdation to improve stress-tolerant cultivars. [6he present
study was undertaken to assess the selectionigriterdentify drought tolerance in oat genotypss that suitable
genotypes or varieties can be recommanded fowatithn in drought-prone areas of Iran.

MATERIALSAND METHODS

21 oat Avena sativd.) genotypes and varieties from different parthe world (Table 1) were selected among 50
oat genotypes obtained from South Australian Rebeand Development Institute (SARDI). These genetywere
selected based on the results of initial experimeatried out in Kermanshah, Iran (Unpublished )d&speriments
were conducted at the Research Farm of the Campusgriculture and Natural Resources, Razi univegrsit
Kermanshah in 2009-2010. The characteristics ofahm is latitude 34 21 north, longitude 47 9 eakttude 1319

m above the sea level, soil with silt-loam textaral the average annual precipitation between 45048 The
precipitation at the cropping season of the expemimwas about 490 mm. Experimental layout was in a
Randomized Complete Blocks Design (RCBD) with thre@ications. Each plot consisting of five rows2oh and
0.20m row spacing at 450frseeding rate. Supplemental irrigation was perforimece in the non-stressed site at
the begining of grain filling stage. For the purpasf this study, CMS (cell membrane stability) wesdimated
according to the method adopted by Zarei et al {(8#}g the following equation:

CMS(%)=100-{1-(1-T1/T2)/(1-C1/C2)*100}

The total dry weight, grain yield (Kg/ha), and theusand seed weight(TSW) were measured at croyrityat-ive
plants were randomly chosen from each plot to nreathe number of grains per panicle (NG) and plaight
(PH). The number of panicles (NP) pef was determind at maturity from a sample of 1 ra e&ntral row on each
plot. Drought tolerance indices were calculates\gishe following equations:

STI=(Ys)( YR) (YD) 2[11]
SSI=(1-(Ys/YR)) /S| , SI=1-¥S'Yp) [14]

Where Ysis the yield of genotype under stress; W yield of genotype under irrigated conditiors &hd Yp are

the mean yields of all genotypes under stressedhanestressed conditions, respectively , and YISI(Y_p) is the

stress intensity. The irrigated experiment was ictamed to be a non-stressed condition in orderaweha better
estimation of the optimum environment.

TOL=(YP-YS)[28]
MP=(YR+YS)/2  [28]
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Ypi )(YSi

amp=VCPCS)

HM = 2(YpixYs) / (Ypi+Ys) [7]

Data were analyzed using MSTAT-C to analyse vaga(&NOVA) and mean comparison of traits. Principal
component analysis (PCA) was used to classify theesiing methods as well as the genotypes. In dodgroup

genotypes, we used cluster analysis based on isgmiftraits in ANOVA according to standardizedaland by
WARD method. All statistical analysis were carriat using SPSS software version 16.0 (SPSS,2007).

Table 1. Name, origin and genotypic code of evaluated genotypes

No Code/Name Origin

1 Ozark Arkansas (USA)
2  UPF775456 Brazil

3 Wallaroo SARDI (Aus)

4  Euro SARDI (Aus)

5  Wintaroo SARDI (Aus)

6  GA Mitchell Georgia (USA)

7  Potoroo SARDI (Aus)

8  13Zop95 Saskatchewan (Canada)
9  Mortlock WADA (Aus)

10 OH1022 Ohio (USA)

11 1A91098-2 lowa (USA)

12 4Zop9s Saskatchewan (Canada)
13 Swan WA (Aus)

14  Kalott Sweden

15 Tarahumara Mexico

16 C1/130 Minnesota (USA)
17 UFRGS 948886 Brazil

18 Nasta Finland

19 Brusher SARDI (Aus)

20 Amold = --eeee-

21  Quoll SA (Aus)

RESULTSAND DISCUSSION

The results of combined analysis of variance fbtraits in rainfed and irrigated conditions indied that genotypic
differences were highly significant (Table 2). Thiglicates existence of genetic variation and (migsi of
selection for favorable genotypes in both environteeln both environments, Brusher, Tarahumara Rwttroo
performed better grain yield than others. Althoutte, average of grain yield in both conditions wenech higher
than what previously reported in Isfahan and offaats of the world with similar annual rainfall [25, 34] but this
increase in grain yield in drought-stressed coaditivas higher which could be because of low stigEnsity
and/or Kermanshah conditions. Table 2. showedgéabtype x environment interaction is not significéor grain
and biological yield, number of panicles, numbegrdins per panicle and 1000-seed weight. Thisritndmeans
that genotypes in both environments did the simi&mponse. The data reported by Jazayeri and R22a6)
showed the similar results for G*E interaction fain yield [15]. Kalott, Arnold and Mortlock witB5, 31 and 31
percentage of grain yield reduction were the Istasble and Wintaroo and Wallaroo with 4 and 6% c&do were
the most stable varieties. Brusher, TarahumaraPartdroo were the best in both conditions and thegueage of
reductions were about 27, 21 and 18 (Table 3). GntEraction always is a serious problem in cropdpiction
while recommending a variety for some region/akgaiironment for commerical cultivation cannot beweed but
genotype can be modified by hybridization and leichhology methods to suit to available soil anthate related
environmental conditions. For this purpose, bregdee always collecting and creating genetic vianah crops to
develop varieties suitable for diverse agro-climatines. One cultivar cannot be grown all overcihntry having
multitude of environments. Crop outcome is a proadiche genotype and the environment in which drap been
grown. Ideal variety is always one, which prosseggmeral adoptation with higher yield potentid@][But, in mild
drought stress no significant interaction was fofordnost of the traits. Thus, it could be possiioleecommend an
oat variety to different drought stress conditions.

Environments were significantly differ for graindabiological yield of genotypes (Table 2). This icates that
drought stress significantly reduced both grain kintbgical yield.
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Table 2. Mean squaresfor yield and related traits of oat genotypes

SOV df M ean of Squares
GY PH BIO SY NP NG TSW
Environment| 1| 43653778.9* 14575 | 104352810.71 **| 1301919278 | 180578.6 | 582.0" 91.8*
Replication 4 502174.1 26.9 1975728.0 19995018 1534 | 682.2 14.4
Genotype 20| 11126141.6*F 1799.7* 20045676.8 *f 28885.9** | 56581.0** | 14.7**| 178.2**
E*G 20 650352.3 235.5** 4780880.6° 3049636.3* 101636 | 101.0¢ 12.2¢
Error 80 717776.2 105.6 2841658.1 15846732 12207.8101.6 8.2
CV% 16.64 9.74 12.78 15.54 26.60 22.19 9.19
GY; grain yield, PH; plant height, BIO; biomas¥/;Straw yield, NP; number of paniclé/nNG; number of grains per panicle, TSW; 1000-seed
weight,

To assess drought tolerance of oat genotypes aretiga Ys, Yp, STI, GMP, MP, TOL, SSI and HAM were
calculated based on grain yield in stressed anestressed environment.

The drought stress intensity was 0.21 which is milought stress. The reason was raining at theeaistime (two
weeks before giving stress). The results revediadl Brusher, Tarahumara and Potoroo were the rotstant
varieties with STIs equal to 2.11,1.81 and 1.54&spectively and 1A91098-2, Kalott and Arnold wehe tmost
suscptible varieties with STIs equal to 0.35, (aBfl 0.40, respectively (Table 3). According to,S%intaroo and
Kalott were the most tolerant and susceptible ti@sgrespectively. High value of TOL

index shows the susceptibility of the variety, #fere the tolerant genotypes are selected basédwilOL. As

shown in Table 3, the highest and lowest TOL wasutated for Brusher and Wintaroo, respectivelyncsi
genotypes which had lower amounts of this indebentiified as tolerant genotypes, selection genatgoeording to
this index lead to choosing genotypes which hadh lyrain yield in drought stress conditions and lgeld in

normal irrigation condition, so this index and S@In not be helpful to identify tolerant genotyp@9][ Two

varieties with low/high yield may have equal SSkra both conditions, so selection process onbtss of this
index cause to breeders to make a mistake [2Zvierall, highest STI, GMP, MP, and HAM indices vedsserved
in Brusher (= 9700.22, ¥= 7010.76 Kg/ha) and the least values was in |281D (Y= 3579.78, ¥= 3188.36
Kg/ha).

Table 3. Resistance indices of oat genotypes under rainfed and irrigated conditions

Genotype | Ys(Kg/ha) (Kg/; o | STI| owP MP ToL | ssi| Hawm | Reduction%
Ozark 370431 | 5302.71 062 448555 454851 150847 | 4423.46]  28.45
UPF775456 3550.82| 388430 043 3718)52 3722.06 4824.040| 3714.09 8.35
Wallaroo 450591 | 4906.84 0.70 474883 4751138  @0.90.31| 4746.29 6.34
Euro 5504.13 | 686551 1.0 6197.80 622082 1271389 D 6164.96]  18.52
Wintaroo 471449 | 491240 0.72 481243 481345 197.90.19| 481141 403
GA Mitchell 5436.93 | 5912.34 1.00 5669.46 567465 547 | 0.39] 566464 8.04
Potoroo 634038 | 7837.4p 184 7054p7 7093940 1488.0.92| 701536  18.99
1370p95 203480 | 5330.6D 067 464158 468720 1804.8.18| 4596.40  24.44
Mortlock 3082.44 | 579311 0.7l 480320 4887|778 1@A0. 151| 472009  31.26
OH1022 501573 | 668300 1.04 579005 584982 166B.120| 5730.90  24.96
1A91098-2 3188.36 | 3579.78 0.35 337840 338407 /01 053| 337279  10.93
4Z0p95 449476 | 54754p 0.16  4960.02 498509 980.6786 | 4936.86]  17.91
Swan 3730.96 | 5201.6h 0.60 4410.66 4470,80 1461.686 |14351.33]  28.10
Kalott 2861.02 | 441920 0.30 355516 3640|111 1558.1870 | 3473.36  35.6
Tarahumara 6783.87] 860702 1B1 7641126 769545 3.162 1.02| 758746 2118
C1/130 3813.02 | 453920 054 416054 417616 728.4677 | 414458 1599
UFRGS048886  4330.09] 471311 053 4517|564 4521.603.038 0.39] 451349 8.13
Nasta 3200.15 | 4460.8% 046 383607 3880.00 1161626 | 3793.04]  26.04
Brusher 7010.76 | 97002p 211 824657 835949 2680.4.34| 8139.07  27.73
Arnold 205413 | 432084 04D 3572.12 3637149 1366.7153 | 3500.11] 3163
Quoll 5020.66 | 6839.60 106 5860.02 5930]18 1819.0328 | 5790.68 _ 26.59

Yp; grain yield under irrigated conditions, Ys; @Grgield under rainfed conditions, STI ;stress tatece index, GMP; geometric mean
productivity, MP; mean productivity, TOL; tolerance index, SSiress susceptibility index, HAM; harmonic mean

This study indicated that STI, GMP, MP and HAM wesignificantly correlated with grain yield in batbnditions
(Table 4). These indices are suitable to screengtfotolerant and high yielding genotypes (Gena$8el5,7) in
rainfed and irrigated conditions. Similar resultsre/reported by some researchers [21,31]. The&VIR and MP
were used in different plants for screening droughdrant high yielding genotypes in the both ctinds[12, 21].

Grain vyield under stressed conditiong(¥ad significantly positive correlation (r=0.928with grain yield under
irrigated condition (%) showing that the stress intensity was low. Tranefindirect selection in mild drought stress
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will be efficient based on the results of irrigateshdition for oat varieties [2]. This finding ditbt confirm the
results of the other reported studies [11,21]oltld be due to high stress intensity in their expents.

Table 4. Simple correlation between different drought tolerance indices (n=21)

Ys Yp STI GMP MP TOL| SSI| HAM
Ys 1
Yp 923 1
STI | .964 | .98T 1

GMP | 979 | .987" | .997 1
MP | .975 | .986" | .997 17 1
TOL | .388 | .713 | 597" | 566 | .584 1
SSi -150 | .234 .076 .048 069 833 1

HAM |.984" | 977 | .99T" | 1" | .999" | .548 | .027 1

Yp; grain yield under irrigated conditions, Ys; @mgield under rainfed conditions, STl;stress talece index, GMP; geometric mean

productivity, MP; mean productivity, TOL; tolerance index, SSiress susceptibility index, HAM; harmonic mean

STI, GMP, MP, HAM had a positive correlation withSNcell membrane stability (CMS) and GY under both
conditions, which indicates that these parametersaitable to select tolerant and highyield véegein conditions.
In this study Genotype 19 (Brusher) had the higl@stvalue. This genotype had the highest NE and Givi&
lowest plant height. A significant positive corrtidda was found between CMS and STI, GMP, MP, HANlfle 5)
showing that the higher CMS could be used as digator to differentiate the tolerant verietiedda et al (2006)
evaluated the response of seven varieties of bwdaght to drought stress and found that there riegative
correlation between percentage of damage to cethionanes with grain yield [18They concluded that the grain
yield will be higher when cell membrane maintaitegrity under the drought stress. CMS is a measemérof
resistance induced in plants that are exposed s@aiion created artifically by polyethylene gli/¢80]. The
mentioned indices had a negative correlation with dhder rainfed condition, which indicates thastharameter
are not suitable for rainfed condition. In the caf®H, a negative correlation was observed betwhisntrait and
STI,MP,GMP,HAM in both condition (Table 5).

Table5. Simple correlation coefficients between resistance indices and plant height, biomass, number of panicle, number
of grain per panicle and grain yield of oat genotypesin irrigated (i) and rainfed (r) conditions.

STI GMP | TOL | SSI HAM MP
BYi 518 .502 257 | -.038] .504 499
BYr | .708" | 707 | .705 | 424 | .699 715

SYi -.209 -.238 -.010{ .105 -.239 -.237
SYr .077 .074 .348 410 .067 .081
TSWi .305 .379 -.010] -.24 .384 .374
TSWr .338 .399 .093| -.156 401 .397

NPi 567 | 564 426 .106 .559 568
NPr | 558 | 558" | .256 | -.091| .558 | .557
NGi -.227 -.274 .064 .251 -.278] -.27(
NGr | -407 | -465] -.055 | .233] -469 | -461
PHi [ -685 | -719" | -271 [ .152] -721*| -716*
PHr -414 | -453 | -236 | .001| -452*] -.454*
CMsS | 666 | 687 | .329 | -.03| .688* | .685*
Yp; grain yield under irrigated conditions, Ys; @ngield under rainfed conditions, STI ;stress tatece index, GMP; geometric mean
productivity, MP; mean productivity, TOL; tolerance index, SSiress susceptibility index, HAM; harmonic mean; pPldnt height, BIO;
biomass, SY; straw yield, NP; number of paniclésifB; number of grains per panicle, TSW; 1000-sgeight, CMS; cell membrane stability.

A better approach than a correlation analysis sisch biplot is needed to identify superior genadyfjoe both stress
and non-stressed environments, as the genotypdspiat analysis are compareed simultaneously fortte
attributes. The first two principal component asaly (PCAs) accounted for about 99.65% of totaktian of data
set. Therefore, the first two PCs were employegietoerate biplot. PCA indicated that the indicedatdiscriminate
the oat genotypes. Biplot analysis (Figure 1) coméid correlation analysis between all studied ieslicPCA
revealed that the first PCA explained 78.68% of ¥heation with Ys,Yp, STI, GMP, MP and HAM. Therdt
dimension can be named as the yield potential aodgtht tolerance [2]. The second PCA explained &%.9f the
total variability. The second component can be mha® stress- tolerant dimension and it separaestress—
tolerant genotypes from non-stress tolerant on8k [Pherefore, selection of genotypes that havé REALl and
low PCA2 are suitable for both stress and non ste@sironment [29]. Thus, genotypes 4 (Euro), 6 (@ifchell), 7
(Potoroo) and15 (Tarahumara) with higher PCAL1 awaet PCA2 are superior genotypes under both stlemisé
non-stressed conditions (Figure 1). These genotliypes stable performance in the circumstancesvosknsitivity
to water stress and drought.These genotypes atschitgh Yp,Ys, GMP, MP, STl and HAM. These indices are able
to separate and identify genotypes with high gngeld in both conditiong11]. Genotype 10 (OH1022), 19
(Brusher) and 21 (Quoll) had the highest valuesSot, GMP, MP, HAM,Y; and Y while their TOL were the
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highest . These genotypes are suitable for irrtyatndition. Semi-drought tolerant genotypes gré®zark),8(
13Z0p95),9 (Mortlock),13 (Swan),14 (Kalott),18 (f&sand 20 (Arnold). Genotypes 2 (UPF775456), 3l(@0),

5( Wintaroo), 11 (IA91098-2), 12 (4Zop95), 16 (C30) and 17 (UFRGS948886) had a relatively low yield
potential, but they were more stable genotypes tiamther groups.

Biplot of Ys; ...; SSI
14 o
=] 20
[ ] 9.'
ssI
=14 18 @ 1j ™
§ 8 o 021 194
) 10.
£ Yp
8 01 12 U
° 16 STlgmp 15¢
c ® 4@ Vs
S 11 e
Q )
n -1
20
17 o
)
. 3 6e
5e
T T T T T
-4 -2 0 2 4 6
Frst Component

Figure 1. Principal Component analysis of drought tolerant indices.

Label Num +--------- e e e R +
1.00 1 —
13. 00 13 —
8.00 8
9. 00 9 —
14. 00 14 —
20. 00 20
18. 00 18 —
2.00 2
11. 00 11 :|
12. 00 12 —
16. 00 16 —
3.00 3
5.00 5 —
17. 00 17 —
6. 00 6 —
10. 00 10 —
21.00 21
4.00 4 —
7.00 7
15. 00 15 :l_
19. 00 19 —_

Fig 2. Dendrogram using average Ward method showing grouping of genotypes based on tolerant indices (The dotted line
represents grouping based on discriminate analysis). The X-axisisarescaled distance cluster combined.

Cluster analysis has been widely used for desoriptbf genetic diversity and grouping based on simil
characteristic§l7, 20]. In this study, cluster analysis showeat tihe genotypes tended to be categorintathree
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groups based on STI, GMP, MP, HAM, SSI and TOL (Fég2). In this analysis ,the third group (Genoty/f6, 21,
4,7, 15, 19) had the highest STI,GMP,MP,HAM and waus considered to be the most desirable clémtdyoth
conditions. The second group (Genotypes 2,11,123,67,6) had the lowest STI, GMP, MP, HAM and lineest
SSI,TOL. Therefore, the genotypes of this groupevemnsidered to be stable in rainfed conditioe first group
(Genotypes 1,13,8,9,14,20,18) had the lowest STR@MP,HAM and highest SSI and TOL. Thus, they were
susceptible to drought and only suitable for inéghconditions.

CONCLUSION

Considering the results of this study as a firpore of growing oat in Kermanshah, we can say tithas a good
potential to give the acceptable and well perforoaain rainfed and irrigated conditions when comgacethe grain
yield obtained in the other parts of the world watilar annual rainfall [2, 34]. In mild droughtress, there was no
significant interaction between genotype and emwitent which could help to select genotypes eadiée.
concluded that STI, GMP, MP and HAM were signifittg correlated with grain yield in both stressedl anon-
stressed conditions and therefore, these indi@suatable to screen drought tolerant and higtdifigl genotypes in
rainfed and irrigated conditions. Based on the mert indices, Potoroo, Tarahumara and Brusher wherenost
tolerant varieties when the stress intensity isdmiiccording to biplot analysis Euro, GA MitcheRotoroo and
Tarahumara were superior varieties. The other trésafl we need to insist on is a significant pusittorrelation that
was found between CMS and STI, GMP, MP, HAM indigathat the higher CMS could be used as an indida
know the tolerant verieties.
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