Available online awww.scholarsresearchlibrary.com

vology
0 9lc,,
© P
o ®
Scholars Research ‘é §
cnolars .
Scholars Research Library % <
Annals of Biological Research, 2012, 3 (3):1322-1333 Library

(http://scholarsresearchlibrary.com/archive.html) | SSN 0976-1233

CODEN (USA): ABRNBW
Using different indices for selection of resistant
wheat cultivarsto post anthesis water deficit in thewest of Iran
Abdoli M. and Saeidi M*

Department of Agronomy and Plant Breeding, Campusgaiculture and Natural Resources,
Razi University, Iran

ABSTRACT

Water deficitisa major cause in reduction of cmpduction. Evaluate of
phonological and morphological traits and resistanindices to post anthesis water deficit can help t
identify strategies for selection of resistant imalts and increased crop yield production. To s, an
experiment was laid out in a split-plot arrangedanrandomized complete blocks design with three
replications during 2011-2012 season in researemfaf Razi university in Iran. The results showeat t
post anthesis water deficit significantly decreageain yield, biomass, grain weight and grain numbe
per spick, days to maturity and grain filling ped® among different traits in cultivars. Under water
deficiency and control treatments, cultivars innter of all evaluated traits had significant diffeces.
Correlation analysis between grain yield (under evatleficiency and control treatments) with diffdren
drought resistance indices showed that STI (Sffedesrance Index), GMP (Geometric Mean production)
and MP (Mean Production) indices were appropriatdicators for identification of cultivars with high
grain yield in both water deficiency and contradatments. Based on these indicators, Sivand and DN-
11 had the highest grain yield in both moisturatneents. And based on SSI and TOL (Tolerance)
indices, Chamran was the most resistant cultivateurpost anthesis water deficit stress. According
to the results, cultivation of DN-11 and Sivandtigars in such regions is associated with lowekris
Chamran cultivar also is appropriate for physiologi studies to discover the mechanisms of drought
tolerance to transfer them to susceptible cultivars

Keywords: Wheat, Water deficiency, Resistance indices, PlogiypIMorphology.

INTRODUCTION

Plant Breeders and physiologists that studied drbtajerance in plants for years are argued that
crop yield affected by environmental conditions)&ec structure and their interactions. Among
the various forms of environmental stresses, dibsgess is the most important factor that
limiting growth and economic yield production@bps such as wheat [8, 11] via reducing leaf
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growth [10, 17, 18], chlorophyll concentration [Bpluble protein concentration [37], stomatal
conductants [26], accelerating senescence of |d&%sand reducing the rate of photosynthesis
[55]. Of course amount of damage to the plant pctdo depends on the severity and duration
of stress application, plant resistance and pleowi stage [50].

Due to the geographical situation, Iran's climat®lediterranean and with respect to average
participation (240 mm), is considered as dry andis#ry regions of the world [23]. Flowering
and grain filling of wheat are the most sensitit&gges to environmental stresses such as water
deficit [55]. Water stress in such areas often o&during these periods. Under such
conditions, provide of carbohydrates that's neddedrain filling to formation of economical
yield is very important. In general, several soargeovide carbohydrate during grain filling.
Such sources are included, current photosynthesid aarbohydrates that stored in
the stems before and after flowering [19, 9]. Galtyer much of the grains reserves are made
after flowering. So their construction at this stag strongly affected by the drought [2].

Due to the importance of damages that caused hy@athesis water deficit, evaluation
of plant responses to this situation is highly rdgd [32]. In this condition grain yield and its
stability considered as two important indices felesting and producing of wheat cultivars [51].
Under different climatic conditions, an extensi\genetic variation have been reported
for traits such as; grain and biological yieldivest index and 1000 grain’s weight between
different wheat genotypes [2, 3, 12, 53]. In nuzdes, cultivars that in both water stress and
non-water stress conditions have greater graindyier at leasta little grain yield
difference are selected [41]. In most experimentdtivars based on different various indices
such as stress sensitivity and stress toleranceakated [15, 34]. Usually based on these
indices, genotypes are fitted in the four grougse first group will produce a high yield in
both environments, the second and third group®imal and stress conditions respectively are
produced high grain yield. The grain yield of fadugroup in both conditions is low [15].

Despite of numerous investigations in connectioth whe detection of resistant and susceptible
cultivars under environmental stresses in otheditimms and with respect to the importance of
environmental effects on plant productivity, themaiof this study was to evaluate the
physiological characteristics and sensitivity aesistance indices under post-anthesis water
deficit in the main improved wheat cultivars theg aultivated in the west of Iran.

MATERIALSAND METHODS

The present study was conducted during 2010-20%herfield research of Razi university in
Kermanshah state in the west of Iran (47E;84°, 2¥ N), 1319 meter elevated from sea level.
The research was in a field where the previous srapa corn. The soil was a clay loam (36.1%
clay, 30.7% silt) and the experiment was laid outai split—plot arranged in a randomized
complete blocks design with three replications. |&ated treatments were included that
moisture regimes and different improved bread wheattivars {riticum aestivum L.).
Two levels of moisture regimes (includes: Irrigatia all stages of plant growth normally and
post-anthesis water deficiency with withholding iofgation) as the main-plot and different
improved cultivars (includes: Bahar, Parsi, Pisht®&shgam, Chamran, Zarin, Sivand,
Marvdasht, DN-11) as sub-plot were considered. &leestivars were chosen because of their
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contrasting grain yield productivity and the highasea under cultivation in the west of Iran.
Also, occurred almost every year of post-anthesitendeficit in cultivated area in these regions,
was the most reason for selection of these treatm&ate of anthesis was determined from
middle rows in each plot when 50% of the spikes dreduded anthers [9]. Each plot included 54
rows 20 cm apart, 4 meter long, 4 and 3 meter ntissm were taken between test plots and
replicates, respectively. Seeds were sown at dtgl@fsto0 seeds fion 12" October. Based on
soil analysis, nitrogenous fertilizer as urea (CB{)N) was applied prior to planting, as
topdressing at tillering stage and at floweringets80kg N/ha in each stage.

Taking notes during the growing season to estirtteenumber of days to 50% flowering, days
to physiological maturity and grain filling periacas performed. Biomass and grain yield for
each cultivar were measured by harvesting’@fithe central part of each plot at crop maturity.
Harvest index was measured by dividing grain yigddbiomass production. In order to
measuring grain yield components such as: no ofingraper spick, fertile and
infertile spikelet number, grain  weight, spike ldng peduncle and stem length, 10
plants randomly selected and measurements wererpexd.

In order to estimates the sensitivity and toleeamedices in post anthesis water deficit in
different improved wheat cultivars, the relatioqmhthat proposed by Fischer and Maurer [16],
Rosielle and Hamblin [38] and Fernandez [15] wesedu These indices are includes:

Stress Susceptibility Index (SSI) SSI=[1-(YYp)l/SI

Stress Index (SI) SI= 1¥s)(Yp)

Tolerance Index (TOL) TOL= ¥-Ys

Mean Production (MP) MP= (¥+Y)/2

Geometric Mean Production (GMP) GMP=_/(¥s)(Yp)

Stress Tolerance Index (STI) STI= (Ys)(Yp)/Tp)?
Harmonic Mean (HARM) HARM= 2<(Y9)(Yp)/(YstYy)

In the above formulas, abbreviations are as follows
Y, and Ys Grain yield of each cultivars under Control anatev deficit respectively» and¥s:

Means of grain yield of each cultivars under cordired water deficit respectively.

Statistical analyses were performed using MSTAT@ &AS soft wares. Mean comparisons
were also performed using LSD at 5% level. Humidity and moderate
temperatures during the crop season is presenteabie 1.

RESULT AND DISCUSSION

Effects of water regimeson yield and its components and agronomic traits

The results obtained from mean comparison analykigrain yield and its components are
shown in Table 2. showed that post anthesis wag8ciency stress caused 34 and 27 percent
reduction in grain yield and grain weight in avexagspectively, but had no significant effect on
no of grain spick and no of spick . The averages of grain yield and grain weightitierent
cultivars in controlled condition were 701 gnand 42.4 g respectively, while under water
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deficiency stress these values significantly redume463 grif and 31.2 g. The findings from
[40], when they imposed water deficit at differstdges of grain growth separately, showed that
significant reduction in grain yield productiontimese conditions may be result of reducing the
production of photo-assimilates (source limitatiéor) grain filling, reducing the sink power to
absorb of photo-assimilates and reducing the gfiling duration. They also reported that
probably, the early processes of grain growth (defision and formation of sink size) are less
affected by water deficiency. Therefore, grain wagignd grain yield reduction under post
anthesis water deficiency may be more reflectsldbk of photo-assimilates supply for grain
filling. These findings also are in agreement withah and Paulsen [43], Yang and Zang [55],
Ehdaie [9] and [2]

Table 1. Minimum, Maximum and M ean of temperature and relative humidity also precipitation in the
Kermanshah region in the west of Iran during 2010-2011

Mintemp Maxtemp Meantemp Precipitation Min RH Max RH Mean RH

Month () () () (mm) (%) (%) (%)
QOct. 10.6 30.3 20.4 1 13.2 46.4 29.8
Nov. 4.5 21.9 13.2 31 22.8 66.8 44.8
Dec. -1.5 16.8 7.7 24 26.5 62.4 44.5
Jan. 2.2 9.6 3.7 50 47.1 91.0 69.1
Feb. 2.7 8.0 2.7 65 52.1 94.2 73.2
Mar. 0.6 15.4 8 21 28.1 82.0 55
Apr. 4.5 20.1 12.3 47 24.6 78.8 51.7
May. 95 23.6 16.5 128 33.6 87.4 60.5
Jun. 12.8 33.8 23.3 0 11.3 51.1 31.2
Jul. 17.1 38.5 27.8 0 6.6 32.1 19.4

Under control treatment, Chamran (561 gneultivar had the lowest and Sivand and DN-11
cultivars (783 and 750 gmrespectively) had the highest grain yield (Tabje Under Post
anthesis water deficiency, the lowest and highigsiifscant reductions in grain yield were seen
in Chamran (20%) and Zarin (38%) cultivars respetyi Minimum grain yield production
under post anthesis water deficiency was relatethéoMarvdasht cultivar (410 g So,
planting of Marvdasht cultivar in such area whdmneré¢ is potential for occurrence of post
anthesis water deficit may be associated with high

In post anthesis water deficiency, the highest ¢edn in grain weight was seen in Parsi and
Marvdasht cultivars and lowest reduction was seeDN-11 and Chamran cultivars (Table 2).
There was a significant positive correlation betwee of spick rif and grain yield and also
between no of spick fnand biomass (Table 4). Probably increasing the ®eurobspikes i
was due to more property of tillering in cultivaihis property increases the number of the
grains n¥ and thus increases the grain yield.

Between control and post anthesis water deficieneylitions, in terms of number of spick&€m
and grain number spickwere no significant differences (Table 3). Thisule is probably
because the potential of these components are @olbatore spick initiation, so post anthesis
water deficiency stress has no significant inflleenn them [4, 24, 43, 49].
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Table 2. Mean comparisons of grain yield and its components and some mor phological and phonological
traitsin different improved wheat cultivars under post anthesiswater deficiency in thewest of Iran

Grain Yield Decrease Biomass Harvest Index 1000 Grain Decrease
Number Cultivars (g/n?) “ (9%) (g/m?) (%) Weight (g) %)
Watel Stres: Watel Stres: Watel Stress  Watel Stres:
1 Bahar 724 474 -34.4 1203 933 60.2 50.9 42.1 31.9-24.4
2 Parsi 692 437 -36.8 1230 880 56.3 49.7 45.4 29.8-34.3
3 Pishtas 70& 49¢€ -29.5 119¢ 93: 58.¢ 53.2 46.€ 32.2 -30.¢
4 Pishgam 717 445 -37.9 1120 790 64.1 56.4 43.2 4 32. -249
5 Chamran 561 447 -20.4 1016 800 55.3 55.9 43.2 2 36. -16.0
6 Zarin 724 447 -38.2 1253 976 57.8 45.8 39.2 27.7 -29.4
7 Sivanc 782 49¢€ -36.€ 123¢ 98( 63.2 50.7 45k 32.7 -28.2
8 Marvdasht 656 410 -37.4 1063 870 61.7 47.2 36.7452 -334
9 DN-11 75C 51F -31.2 128¢ 93¢ 58.2 55.C 39.¢ 33.7 -15.€
Mear 701.¢ 463.F -33.¢ 1178t 900.( 59.t 51.€ 42 .4 31.2 -26.£
LSD(%5) 154.4 164.23 8.41 6.07
CV(%) 13.03 10.99 3.89 5.4
Continued table 2.
Number of Grain Number of Spike Per  Spike Length Peduncle Length  Plant Height
Number Cultivars Per Spike m? (cm) (cm) (cm)
Water Stress Water Stress Water Stress Water Stre$¥ater  Stress
1 Bahar 45.2 51.2 516 425 9.4 9.8 33.7 34.0 84.3 .7 85
2 Parsi 37.2 40.5 502 423 8.5 8.2 31.2 29.7 82.7 .6 80
3 Pishtase 38.3 38.1 503 427 8.8 8.4 35.0 34.8 86.382.3
4 Pishgam 52.0 52.6 444 351 8.4 8.8 33.7 33.0 77.077.3
5 Chamran 32.6 35.4 437 436 8.0 8.2 29.3 275 84.679.9
6 Zarin 575 56.3 467 400 10.8 10.8 38.2 38.3 100 7.09
7 Sivand 38.8 39.6 523 450 8.4 8.3 325 31.3 83.50.28
8 Marvdasht 56.5 55.2 404 427 8.9 8.8 30.5 29.7 584. 82.9
9 DN-11 44.9 45.0 512 408 9.3 9.3 315 31.7 87.8 .786
Mean 44.8 46.0 479.1 416.7 8.9 9.0 32.8 32.2 85.783.6
LSD(%5) 8.79 105.5 0.48 1.33 1.8
CV(%) 9.51 9.24 4.13 4.3 2.48
Continued table 2.
Days to A .
Number Cultivars Days to Flowering Ph'\)//gtoulcr)ig/ical GraFlr;rlizolI(Ijmg Fertile Spikelet Isn;?l:gll:t
Water Stress Water Stress Water Stress Water Stradgter  Stress
1 Baha 17C 171 207 19¢ 37.7 27.1 17.C 18.1 2.3 1.8
2 Pars 167 16¢ 204 19t 37.2 26.2 15.2 15.t 3.2 2.3
3 Pishtase 169 170 209 200 39.7 30.0 15.0 14.6 3.02.4
4 Pishgam 168 169 207 198 39.3 29.7 16.8 17.7 18 3 1
5 Chamrai 167 167 20z 194 36.C 26.2 14.t 15.t 4.C 3.7
6 Zarin 170 170 206 197 35.7 27.0 18.0 18.2 1.8 1.4
7 Sivand 168 169 206 197 38.0 28.3 15.4 15.2 28 4 2.
8 Marvdasht 170 169 208 199 37.7 29.7 17.8 18.6 1.01.0
9 DN-11 167 167 203 194 36.0 26.7 16.4 16.5 2.3 2.1
Mean 168.7 169.2 206.1 197.1 375 28.0 16.2 166 5 2 21
LSD(%5) 1.56 0 1.56 1.51 0.94
CV(%) 0.32 0.2 2.13 6.28 18.35
*In each column, compared to the 5% level of LSDhatkis used.
**percentage decrease down control when water dedicigas applied at post anthesis.
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Table 3. The effect of water deficiency and cultivar treatmentson grain yield and its components and some
mor phological and phonological traitsin improved wheat cultivarsunder post anthesis water deficiency in

west of Iran
* 1000
Y B HI GW NGS NSP SL PL PH DTF DPM GFP FS NFS
Irrigation
Water 701a 1178a 44.6a 42.4a 44.7a 479 a 8.9a 32.8a 85.78686a 206a 37.4a 16.2a 2.4a
Stress 463b 900b 38.6a 31.2b 45.9a 416 a 8.9a 32.2a 83.61698a 197b 27.9b 16.6a 2.0a
Decrees (%) -33.9 -23.6 -135 -26.4 2.7 -13.0 0.3 -1.9 -2.4 0.3 44 -25.4 2.6 -6.3
Cultivars
Bahar 599ab 1068ab 41.7b 37.0bc 48.2bc  470ab 9.5b 33.815.0b8 170a 203b 32.6¢ 17.5ab 2.0de
Parsi 564abc  1055ab 39.5cd 37.5abc 38.8de 462abc 8.3de4de30 81.7 e 168d 199d 31.8d 15.4cd 2.7b

Pishtase 601ab 1065ab 41.9b 39.4a 38.2de  465ab 8.6cd 34.88#.3cd 169b 204a 34.8a 14.8d 2.6b
Pishgam 58labc  955bc 45.1a  37.8abc 52.3ab 397d 8.6cd 33.3pt1f 168c 203b 345a 17.2ab 1.5e

Chamran 504c 908c 41.8b 39.7a 34.0e 437bcd  8.1e 28.4f 82.2d167e 198e 31.1d 14.9d 3.8a
Zarin 585abc 1115a 38.7d 33.4d 56.8a 433bcd 10.8a 38.28.8a9 170a 201c 31.3d 18.0a 1.5e
Sivand 639a 1108a 42.4b 39.1ab 39.1d 486a 8.3de 31.9cd8e 81. 168c 201c 33.1bc 15.2cd 2.6bc
Marvdasht  533bc 966bc 40.8bc 30.6 e 55.8a 416¢d 8.8¢ 30.0e .7c@8 169b 203b  33.6b 18.2a 1.0f
DN-11 632a 1111a 423b  36.7c 44.9c 460abc  9.3b  31.5de3b87. 167e 198e 31.3d 16.4bc  2.1cd

*Y: Grain Yield (g/rf), B: Biomass (g/f), HI: Harvest Index (%), 1000GW: 1000 Grain Wei@h), NGS: Number
of Grain Per Spike, NSP: Number of Spike P&r$h: Spike Length (cm), PL: Peduncle Length (&, Plant
Height (cm), DTF: Days to Flowering, DPM: Days tbygiological Maturity, GFP: Grain Filling Period, &:
Fertile Spikelet, NFS: Non Fertile Spikelet.
Mean values followed by the same letter (a-e) atesignificantly different according to LSD (P<0)05

It can be seen from the data in Table 2. that Sagmt differences were found among cultivars in
terms of grains spikeand spike M. In term of the number grains spikZarin and Marvdasht
cultivars had the highest (56.8 and 55.8 grainkshicespectively) and Chamran cultivar (34
grain spick) had the lowest values. In term of the spické umder control condition, Sivand
and DN-11 cultivars had the highest (523 and 5lgkspm?) and Marvdasht had the lowest
values (351 spicks #). Under post anthesis water deficiency stressr@ia50 spicks ) and
Pishgam cultivars had the highest (450 spick3 amd lowest (351 spicks fhvalues. In control
and stress conditions, a negative correlation wasd between grain weight and grain number
spick* (Table 4). The findings of the current study arasistent with those of Moral et al., [30]
who found that also negative correlation betwearsehtwo traits. They concluded that this
negative correlation is related to compensatioactfbf yield components on each other. In this
situation, by increasing the number grain spicllants cannot fill all of them and then this is
caused shrinking of grains and finally caused weliggs of the grains. This phenomenon is more
serious under water deficiency stress.

The harvest index can be expressed as ability arfitplto allocate photosynthetic material to
produce economic yield. In terms of this trait undentrol and post anthesis water deficiency
stress, there was significant variation betweemtivars. Post anthesis water stress significantly
decreased harvest index in most cultivars (Tahlén2gontrol condition, Pishgam and Chamran
cultivars had the highest (64.1%) and the lowest3%) harvest index and in post anthesis water
deficiency stress Pishgam and Zarin cultivars ledhighest (56.4%) and the lowest (45.8%)
harvest index. Significant reduction in harvestexdinder post anthesis water deficiency stress
showed that dehydration stress as shown in Takikl@rgely due to more significant reduction
in grain yield production than biomass productid@][ In 2002, Richards et al., demonstrated
that for this reason that harvest index is indicatf the genetic potential of plant to produce
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economic yield, high harvest index under contreatment can be accompanied with high grain
yield under water stress. The findings of the qurstudy are consistent with those of Reynolds
et al., [35] who found wheat cultivars that havghhbiological yield and harvest index, most
likely have high grain yield under stress and aantonditions. A point to note in this
connection was that Chamran cultivar under podtesns water deficiency with lowest reduction
in harvest index had also the lowest reductionraingyield production and Sivand, Zarin and
Marvdasht with highest reduction in harvest indexl lalso the higher reduction in grain yield
production. In post anthesis water deficiency, sitpe correlation was found between grain
weight and harvest index. It means that increa®hggrain weight is accompanied with
increasing harvest index [25].

In order to determinate the effect of post anthegter deficiency on plants height, average
height of all cultivars in both conditions were quamed. The results showed that, post anthesis
water deficiency reduced the average height fro8® 7o 6.83 cm (2.5% reduction) (Table 3).
Mitra, [29] interpreted the same result as a meisato evade plants from water stress. In terms
of plant height in controlled conditions Zarin ¢udtr with about 100 cm had the largest and
Pishgam with about 77 cm had the lowest plant leigkeduction in plant height under post
anthesis water deficiency is probably because dfigion in peduncle internode length with
respect to its growth completion after pollinatidn. this situation also Zarin and Pishgam
cultivar had the highest (97 cm) and lowest (77 ptant height respectively.

Post anthesis water deficiency stress had no gignif effect on peduncle and penultimate
height (Despite of insignificant reduction in masises in the length of the peduncle) (Table 3)
but there were significant differences betweeniwans for these traits. Under both conditions,
Zarin cultivar had maximum spick length (10.8 cmy geduncle length (38.3 cm) and Chamran
the minimum spick length (8.1 cm) and maximum petitength (28.4 cm) (Table 3). Post
anthesis water deficit had no significant effecttio®m number of fertile and infertile spicklets but
in terms of these properties a wide range of vianain different cultivars was observed. In
terms of fertile spicklets in each spick, Marvdaahtl Zarin cultivars had the highest (18.1 and
18.2 respectively) and Chamran and Pishtaz cudtiiad the lowest (14.8 and 14.9 respectively)
values. Zarin and Pishgam cultivar had the lowésh @nd 1.6 respectively) and Chamran
cultivar the highest (3.88) values of infertile dpets in each spick (Table 3). The competition
between spike and stem for absorb of leaf prodpbedo-assimilates initiates from beginning of
terminal spicklet production, at anthesis and wtienupper stem internodes are in growth and
development stage in their structure reaches itarman. Wheat cultivars that have the greater
spick should have more power to maintain floretréase number of grain, grain yield and
harvest index [35]. In contrast to the number @firgg per spike, there was a significant negative
correlation between grain weight and fertile sptkbnd a significant positive correlation
between grain weight and infertile spicklet. Of x®) high grain weight and number of fertile
spicklets are very effective in increasing graielgi[33].
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Table 4. Corréation coefficients among grain yield and its components with some mor phological and phonological traitsin improved wheat cultivars
under post anthesiswater deficiency.

Parametrs® Condition Y B HI 1000GW NGS NSF SL PL PH DTF DPM GFF FS NFS
v Water 1
Stress 1
B Water 0.84** 1
Stress 0.5t 1
HI Water 0.53 -0.01 1
Stress 0.36 -0.58 1
Water 0.1z 0.1¢ -0.0€ 1
1000GW  giess 0,59 021 084% 1
NGS Water 0.26 0.05 0.46 -0.76** 1
Stress -0.42 0.07 -0.46 -0.69* 1
NSP Water 0.67* 0.82** -0.07 0.5¢ -0.4& 1
Stress 0.20 0.41 -0.28 0.05 -0.55 1
SL Water 0.3¢ 0.5¢ -0.1C -0.52 0.64 0.1z2 1
Stress -0.02 0.44 -0.45 -0.36 0.74* -0.33 1
PL Water 0.50 0.51 0.16 0.01 0.47 0.23 0.77* 1
Stress 0.25 0.57 -0.35 -0.24 0.50 -0.37 0.75** 1
PH Water 0.1C 0.4C -0.4% -0.4C 0.3t 0.0¢ 0.87* 0.61 1
Stress 0.06 0.63 -0.59 -0.38 0.50 -0.04 0.90** 0.70* 1
DTF Water 0.18 0.01 0.36 -0.43 0.70* -0.22 0.63 0.63 0.44
Stress -0.1& 0.4C -0.5€ -0.47 0.4¢€ -0.01 0.47 0.67* 0.37 1
DPM Water 0.27 -0.07 0.65* 0.0< 0.4z -0.1C 0.1 050 -0.1C 0.77* 1
Stress -0.12 0.15 -0.27 -0.45 0.42 -0.16 0.11 0.50 -0.02 779 1
GEP Water 0.24 -0.11 0.6: 0.51 -0.0t 0.07 -0.42 0.1z2 -0.62 0.1¢€ 0.75** 1
Stress -0.0€ -0.0¢ 0.04 -0.3C 0.2¢ -0.2¢ -0.2C 0.21 -0.32 0.3¢ 0.87** 1
Fs Water 0.28 0.12 0.39 -0.81** 0.97** -0.33 0.71* 0.44 0.38 0.72* 0.37 -0.16 1
Stress -0.50 -0.07 -0.37 -0.60 0.96** -0.47 0.70* 0.31 D4 0.38 0.29 0.14 1
NFS Water -0.37 -0.0¢ -0.61 0.72* -0.95** 0.3t -0.51 -0.32 -0.1¢€ -0.67* -0.52 -0.11 -0.93** 1
Stress 0.31 -0.17 0.50 0.77** -0.91** 0.51 -0.53 -0.49 30. -0.49 -0.58 -0.48 -0.79** 1

“Y: Grain Yield (g/M), B: Biomass (g/f), HI: Harvest Index (%), 1000GW: 1000 Grain Wei¢h), NGS: Number of Grain Per Spike, NSP: Numli&pike
Per nf, SL: Spike Length (cm), PL: Peduncle Length (&), Plant Height (cm), DTF: Days to Flowering, DPNdays to Physiological Maturity, GFP: Grain
Filling Period, FS: Fertile Spikelet, NFS: Non FégtSpikelet.
* And **Significant at the 5 and 1 percent levels, respetfiand another no significant.
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Peduncle length had significant and positive catieh with spick length, plant height, number
of grains spiké and spikelet fertility and also under post anthesater deficiency, there were
significant and positive correlation between pedeifeight with plant height and days from
sowing till anthesis.

The findings of the current study are consisterthwhose of Mir-Akhuri, [28] who found that
there were positive and significant correlationwmen grain yield and spike length, awn length,
number of grains spike number of spicklets spikeand grain weight. But in present study,
there were no significant relationship betweenrgyaeld and spike length of studied cultivars.
Between control and post anthesis water deficiaayditions In terms of days from sowing
until to maturity and grain filling period there weesignificant differences. Post anthesis water
deficiency decreased days from sowing until to migtand grain filling period (Tables 2, 3).
Water deficit reduced duration of growth in diffeteultivars an average from 206 days under
control treatment to 197 days in water deficierinyaddition water deficiency caused shortening
of grain growth duration from 38 days in contra@atment to 28 days. Probably one of the main
reasons for reduction of grain weight and gaindyiehder post anthesis water deficiency was
reduction in grain growth duration. Reduction odigrgrowth duration and thereby reduction in
grain weight and yield production under post anthester deficiency previously reported by
Gooding et al, [21] and Koocheki et al, [25]. Imms of plant growth duration, Pishtaz cultivar
had the highest (204 days) and Chamran cultivarthadowest (198 days) values. In terms of
grain growth duration, Pishtaz and Pishgam culéivzad the longest (35 days) and Chamran,
Zarin and DN-11 had the shortest (31 day) durafi@ble 2, 3).

Assessment of drought resistance indices

In order to study different cultivars in terms dfeir drought tolerances based on drought
tolerance indices , to determine the best index @ad drought-tolerant cultivars, grain yield
under control and post anthesis water deficiencyewsed (Table 5). Evaluation of cultivars by
using Stress Susceptibility Index (SSI) test materilassified based only upon of resistance and
susceptibility to stress. In the other words, bingshese indices can be select sensitive and
tolerant cultivars regardless of their yield pot@intinder control and water deficit. Then, this
index has a very high efficiency to find toleranttivars [20, 31, 46, 48].

Table5. Estimation of tolerance and susceptibility indicesfor grain yield in different improved wheat
cultivars under post anthesiswater deficiency in the west of Iran

Number  Cultivars Yp Ys SSI STI GMP TOL MP HARM
1 Bahar 724.0 474.9 1.014 0.699 586.38 249.06 599.4 573.58
2 Parsi 692.3 437.3 1.086 0.615 550.22 255.07 564.8 536.00
3 Pishtase 705.2 496.8 0.871 0.712 591.91 208.37 1.060 582.95
4 Pishgam 717.6 445.8 1.116 0.650 565.63 271.77 .7381 549.98
5 Chamran 561.9 447.0 0.602 0.510 501.17 114.88 .4504 497.91
6 Zarin 724.0 447.5 1.125 0.658 569.21 276.45 BB5.7 553.14
7 Sivand 782.7 496.5 1.078 0.789 623.36 286.23  5839. 607.56
8 Marvdasht 656.1 410.8 1.102 0.548 519.18 245.28 33.49 505.28
9 DN-11 750.2 515.1 0.923 0.785 621.64 235.04 @32.6 610.82

Mean 701.6 463.5 0.991 0.663 569.86 238.02 582.54 57.4%

*Yp: Potential Yield (g/m2), Ys: Stress Yield (g/88I: Stress Susceptibility Index, STI: Streser@inte Index,
GMP: Geometric Mean Productivity, TOL: Tolerance? MMean Productivity.
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Researchers believe that the best index for sargestiess tolerant cultivars for farmers, It is an
indicator that in both control and stress condgigelect high yielding cultivars [6, 14]. Thus, by

using correlation coefficient between grain yietltlar water deficiency stress and control with
results of stress tolerance indices can be evathata and select the best index and cultivar for
production of high yield in both situation. The uts of correlation coefficients between indices

and grain yield under stress and control treatmamshown in Table 6.

The obtained results showed that highest correlatlietween higher grain yield under water
stress and indices in this study there are witimiéaic Mean (HARM), Stress Tolerance Index
(STI) and the Geometric Mean Performance (GMP)ciesli This finding is in agreement with
Sadeghzade-Ahari [39], Aghaee-Sarbarzeh and Roftheed Talebi et al, [48]. The results of
the correlation coefficients between grain yieldgler control treatment with studied indices
showed that Mean Production (MP), Geometric MeatfioReance (GMP) and Stress Tolerance
Index (STI) had the highest correlation coefficeewith high grain yield under control treatment
(Table 6). So there are positive and significantalations between grain yields of cultivars in
controlled and post anthesis water deficit condgiaith STI, GMP and MP indices. The results
of this study show that mentioned indices haveitgbib detect and identify high yielding
cultivars in both control and post anthesis watdiciency stress environment. Therefore, these
indices can be introduced as the best indicatars\faluating resistant cultivar for practical use.
This study produced results which corroborate theirigs of a great deal of the previous work
in this field such as: Farshadfar et al. [13], Aahiket al, [5], Talebi et al, [48], Shiri et al, 9§
and Gravandi et al, [22].

Table 6. Correlation coefficients among drought tolerance and susceptibility indicesand grain yield for
investigated improved wheat cultivarsin thewest of Iran

Ys* Yp SSI STI GMP TOL MP HARM
Ys 1
Yp 0.572 1
SSi -0.229 0.664* 1
STI 0.866** 0.906** 0.286 1
GMP 0.856** 0.914** 0.306 0.999** 1
TOL 0.040 0.842 0.960** 0.534 0.551 1
MP 0.805** 0.947** 0.391 0.993** 0.996** 0.625 1
HARM 0.901** 0.871** 0.215 0.997** 0.995** 0.469 082** 1

*Yp: Potential Yield, Ys: Stress Yield, SSI: StBssceptibility Index, STI: Stress Tolerance In@GMP:
Geometric Mean Productivity, TOL: Tolerance, MP:aieProductivity.
* and **: Significant at the 5 and 1 percent levealsspectively.

According to the results were told, under both omnand post anthesis water deficiency the
highest MP was belonging to the Sivand and DN-1lkivews with 640 and 633 g/fn
respectively. Based on the results, Chamran, Pmshgad DN-11 cultivars had the lowest
amount of SSI. So these cultivars have the lowessisvity or the highest resistance to post
anthesis water deficiency in this experiment. Clamuultivar had the lowest value of the TOL
index. Therefore among evaluated cultivars, basethese indices probably Chamran cultivar
was the most tolerant cultivars to post anthesiemaeficit [43] and is appropriate for using in
physiological research and breeding programs tmtige mechanisms of resistance to
dehydration stress and transfer them to cultivaith \Wwigh production potential in control
conditions, but sensitive to water deficit (Table Based on this concept which, whenever in
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terms of the MP, STI and GMP indices is superinrpoth control and stress treatments has
higher grain yield, on this basis Sivand cultivargrobably the best and its cultivation by
farming in these situation with possibility of ocoence post anthesis water deficiency stress in
addition to producing a higher grain yield thanestbultivars also associated with a lower risk.
In this respect the DN-11 cultivar is in the nextk.
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