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ABSTRACT

Introduction: Wheat ranks first among crops regarding cultivated area and production worldwide and in Iran. Drought stress is the most
common abiotic stress that decreases the grain yield of crops. Physiologic characteristics with some traits related to grain yield and its
components are used as indices to evaluate wheat cultivars under drought stress conditions. This experiment aimed to study the grain yield
components and some physiologic characteristics of the flag leaf and their relationship with grain yield in commercial wheat varieties under post-
anthesis drought stress conditions.

Materials and methods: This experiment was conducted at Razi University. The experiment was arranged as a split plot basis on a randomized
complete block design with three replications. Two moisture treatments (no stress and post-anthesis drought stress) were placed in the main plots
and 14 wheat cultivars were considered in the sub-plots. Traits related to grain yield (including biologic, grain and straw yields and harvest
index), grain yield components (including number of spikes per square meter, number of grains per spike and 1000-grains weight) and some
physiologic characteristics of flag leaf (including flag leaf area, chlorophyll a, chlorophyll b, total chlorophyll, chlorophyll a/b ratio and proline
content) were measured.

Results: The effect of drought stress on biological yield, grain yield, harvest index, number of grains per spike, 1000-grain weight, flag leaf area,
chlorophyll a/b ratio and flag leaf proline content was significant, but on straw yield, number of spikes per square meter, chlorophyll a,
chlorophyll b, and total chlorophyll was not significant. Wheat cultivars significantly differed in the mentioned characteristics (except for
chlorophyll a, chlorophyll b and total chlorophyll). The damage of post-anthesis drought stress on the grain yield reduction was more than straw
yield (41 vs. 9% reduction). Among the grain yield components, 1000-grain weight had greater damage than the number of grains per spike (35
vs. 11% reduction) in response to drought stress. Drought stress decreased the amount of chlorophyll but increased the chlorophyll a/b ratio and
proline content of the flag leaf. Correlation analysis showed that under normal moisture conditions, harvest index and chlorophyll content in flag
leaf had the highest positive correlation with grain yield. While, under post-anthesis drought stress conditions, the highest positive correlation
belonged to the proline content of flag leaf and 1000-grain weight.

Conclusion: Some physiologic characteristics of flag leaf (such as proline) with grain yield components (such as 1000-grain weight) could be
used to evaluate wheat cultivars under post-anthesis drought stress conditions.Keywords: 1000-grain weight, flag leaf area, harvest index, proline.
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Table 1- Minimum, maximum and average of temperature and relative humidity and rainfall
during 2010-11

S, s Zagb; Relative humidity (%) Les Temperature (°C) obs
Rainfall (mm) s i aas S anhy 4 Month
Average Maximum Minimum Average Maximum  Minimum
1.0 29.8 46.6 13.2 20.4 30.3 10.6 October .
31.0 44.8 66.8 22.8 13.2 219 45 November L
24.0 445 62.4 26.5 7.7 16.8 -1.5 December ,31
50.0 69.1 91.0 471 3.7 9.6 2.2 January s
65.0 73.2 94.2 52.1 2.7 8.0 -2.7 February  yeq
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47.0 51.7 78.8 24.6 12.3 20.1 4.5 APril o3s,s,8
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Table 1- Characteristics of the farm soil

Sal el iR eelty Fd oS o e o <l Gos
Lime (%) pH N K20 P205 ocC Sand Silt Clay Texture Depth
() (ppm)  (ppm) (%) (*0) () (%) (cm)

33 7.5 0.11 410 8.6 11 2 46 52 Clay-Silty 0-30

33 75 011 390 7.8 1.1 1 44 55  Clay-Silty  30-60
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Table 3- Mean squares the effects of drought stress and wheat cultivars on grain yield and its

components
alo e 59 o dbb ol alcw sl oy asls ols" o, Slos als o,Slas S50 gm0 0, Slos FESN Ol aolio
1000-_ grain al EJURCOR I—!arvest Straw yield G_rain Biological yield &l S.0O.V.
weight Grain/spike  Spike/m? index yield df
33.0m 371.5™ 190277 430.6" 183614" 2092"s 1009204m 2 Replication | s
4180.2™ 4793" 1312 1687.4" 223990"  1301811™ 24891185" 1 Sas s
Drought (D)
95.8 119.7 9084 78.6 89216 5894.9 359100 2 Error s
107.0™ 124.5™ 20085™ 237.1" 95387 64232™ 409540™ 13 Cultivar (C) 3,
32.0m 49.6" 8242ns 81.1m 17556" 23933™ 79421 13 DxC b Sas
27.3 27.7 6156 47.7 11499 1340 58275 52 Error s
15.8 13.4 17.7 20.5 10.9 7.6 16.5 CV  &lpss oo
(%)
By S g i ezl s [0l gire o S g oS 5 4 KT T NS
ns, * and **: non-significant, significant at 5 and 1%, respectively.
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Table 4- Mean comparison the effects of drought stress and wheat cultivars on grain yield and its

components
als e 59 5o ails slass alow slaws ol ols o Slos &l o Slas > Sles
1000 grain ol U R Straw Grain So3elg
weight Grain/spike  Spike/m? Harvest y|/elrii yI/eIczi Biological
©) index (%) (@™) @M% yield (¢/m?)
39.92 41.42 447 38.12 10242 6052 1629° Jbs Ll Lyl
Normal .
25.8° 36.6° 4302 26.2° 9292 356° 1285P S A ‘f.”b)
' ' : <= Moisture
Drought  conditions
28.9% 49.8° 4100%f 42,0% 829¢fe 564¢ 1393bc Cobdg e
Marvdasht
34,00 39.7¢ 349f 35.50¢ 7839 4231 1206° RS
Zarin
30.8% 36.3 390¢f 33.3« 84349 416N 1260° Sl5ss
Niknejad
30.1¢de 37.1« 433¢f 34.7b¢ 909¢f 484% 1393P¢ 9o
Mahdavi
25.3¢ 41.40 4180 23.4¢ 948¢de 2811 1230° TS
Shahriar
29.10de 39.3¢ 461%¢ 26.5% 1024¢ 386" 1410bc P
Toos
32.5bcd 40.8" 4130 31.4¢de 86349 380" 1243¢ s NER
Shiraz
33,30« 36.5¢ 48234 32.3« 926¢f 447¢ 1373P¢ e Cultivars
Bahar
32,50 31.8¢ 532% 31.9« 998° 441° 144Qbc oo
Pishtaz
43.1° 36.1% 467°¢ 36.72¢ 967 576 1543° L]
Arya
35.1P¢ 46.2% 4100t 41.5% 8157 567¢ 1383b¢ Lo
Dena
34.4bcd 38.3¢ 394def 33.3¢ 86749 612% 1480bc alSiy
Pishgam
34,3bcd 37.7¢ 519%c 43.9? 1282b 6512 19332 b
Parsi
36.9° 35.4« 5432 23.9¢ 16172 496 2113¢ Wge
Sivand

5,105l gime glis auspo iy Jletisl mlans 50 LSD (03T bl aslie Ggym (g1)1s (slapuSlen « B8l Loz 50 (pa g (ygim ,B 00
Means with the same letters in each column and between two horizontal lines are not significantly different by LSD test at the
5% probability level.
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Table 5- Mean comparison the interaction effect of drought stress x wheat
cultivars on measured characteristics

oo w7 n S n g ails 5 Shos kot sk, balys

Proline Flag leaf area Grain yield Wheat cultivars Moisture
(mMol/g dry weight) (cm?) (g/m?) conditions

0.011% 65.9% 687¢ Marvdasht — cussg e Jloys Lyl

0.019% 65.4% 4015 Zarin o3 Normal

0.027ik 4551 5079 Niknejad ol

0.035ik 52.8° 664 Mahdavi — psee

0.043i 53.7¢ 342m Shahriar e

0.05191 70.28 54510 Toos s

0.059 59.3%¢ 5517 Shiraz e

0.067¢" 46.40m 6249 Bahar e

0.075%9 54,78 582 Pishtaz et

0.083¢ 56.9% 761° Arya Ll

0.091%¢ 51.3¢ 661° Dena s

0.090%4 49,710 767° Pishgam iy

0.1002 40.7'm 834 Parsi ok

0.115% 53.7¢ 540 Sivand Ngaaw

0.0932¢ 61.1bcd 4411k Marvdasht = c.ssg,e S S

0.0769 64,42 345/ Zarin o Drought

0.048¢" 41.9%n 326m" Niknejad sl Stress

0.090%¢ 53.3% 304™ Mahdavi S9N

0.084¢F 37.8" 221°0 Shahriar by

0.0860f 38.5Mn 226% Toos Y

0.083¢ 46.4mm 209° Shiraz Fw

0.100%4 43.9in 270 Bahar e

0.083¢f 4471 301™ Pishtaz jleem

0.0892¢ 49,75 3904 Arya L,l

0.100%4 48,09 475h Dena [

0.099% 43.3% 458 Pishgam o5,

0.108%¢ 3g.7m 467" Parsi ol

0.1312 40.5'm 452N Sivand Ngomw

55 lo sire gl s ys gy Jlail o ;0 LSD 9031 ol ailine g, (sl (slapuSilos oygimm p2 50
Means with the same letters in each column are not significantly different by LSD test at the 5%
probability level.
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Table 6- Correlation coefficients of grain yield with measured traits
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Biol. Straw HI Spike/  Grain/ Leaf Chla Chlb Total Chl a/b
Yield Yield m? spike area Chl

Juy kl,s 0677 031" 0717 0547 -0.22"

Normal
Drought

0.48™  0.28™ 070"  0.03™  0.21™

0.46™  0.69™  -0.19™  0.06™ 0.49 0.46™

0.18™  0.26™  -0.20™  -0.15™  0.36™ 0.74™

Aoy S g iy Jleizl e [0l pme o cixe puf oS 5 4 T F NS

ns, * and **: non-significant, significant at 5 and 1 % probability levels, respectively.

o Slas b )b‘g'uu 9 Cude M shls ails Sl 59
Sgy (Sas i byl b s ails

a2 S 0S5 b S

5 S 5 esle bl aS sls las ib)ly 45
pzn Sroahe p ol Mlae S guzmes 5 o8,
o plite J1 Sl anolie (Y Jg92) S0 jlo gine
Rl 55y i A Sl as ol plas 68, ¢ (Sas
229 (oS H9) (RS 9 08, 50 prp S p
J9az) o9 (Gl woys YO) jlade o yiden (wes o,
plol s cal paiS 0 S p VL aS o2 S0 (0
bl Ses s lylid jo 0ed o0 S S
5 Lol mrgd )5 (55570 (LB oz Sy b

Sy als o Skes hSes Wl 5 kS slag e o

Olas o po a5 ol ol S ol aulxe
(GRS Gl sl il o QT izl g alo 0, Slese & bgsje
O,fles b (Kiad 0 3YL sl clils i cas
5o dils o Slee b Ko 0 YL S Jb> j0 04 als
als e Gj9 4 GLadles I 5l (Sid 5 Llys
LSl dwlie ;0 (Fim (F Joaz) clly sl
ilo o Slae lizl s jo a5l ooy lid (F Jgux)
S s bls sl o ls i als e 5
@lopd; dejo0 S 4l pl 0ges 4y Jad (slocl
(Sladlos 3 5l (Sas s lyld o a8 susS
Las a0l aasl asils ails Jlia 39 40 (6 yeS Lials
OHBes g st i)15T 0 e amales ails o Slae

PS50 aS wb canlis 3o (Naghavai et al., 2015)



el e PS5 (65l sl )0 v S il b o Sy By ol Gl ils o Slee

Jsiuns Oy o sl o> (Sharma et al., 2015)
Jub sladiss adgs @b ) gt (25 oo
e ot 3 Ml IS 50 o35 22 (ROS) (5]
Ot YU slos o @y Jeds)lS sl JsSUse ool ] @do
3dsi 058 0 ROS wlgi 4y jonie 45 0uls S50 0
sleioe oS L Sy 6y onld e zsos 4 ROS

(Chen et al., 2012)

Joos b Ysano S 2 (Sattar et al., 2020)
Sa> g5 b LS i ales Sl olpen LS 5
ghw Sy slagy, olae gy 2 ze JB sk @
Aol Grae QI 5 (o2 Sy ghw oga) Sy
Zandalinas et ) wj o paa 1, olS ol Loy, § arslss
e i Lt bl s @l 2018
bl adse lo) Sae (g9) Orizan (g yiimgid

2 S Sgde s (b She p padS eyl g (SiS JS FT Olapo (Kb -V Joua
Table 7- Mean squares the effects of drought stress and wheat cultivars on physiologic

characteristics of flag leaf

O JedelS e S )l b sy ls a Jes,5 prnSrpghe Ay Ot @l
Proline a/b Total Chlorophyllb ~ Chlorophylla  Flag leaf area 131 S.0.V.
Chlorophyll  Chlorophyll df
a/b ratio

0.001" 0.044ns 1077 1371 21.24m 484198" 2 Replication S
0.14™ 0.078" 3932"s 5092"s 87.34" 8043632™ 1 Drought (D) S5 s
0.001 0.003 1529 2101 58.17 11995 2 Error s
0.003™ 0.026™ 63.6™ 68.2" 3.63™ 3024729™ 13 Cultivar (C) o5,
0.003™ 0.003"s 154" 169.1™ 4.86™ 1510536™" 13 DxC o8 X St
0.001 0.002 92.3 116.5 5.44 244116 52 Error s

23.2 8.8 13.1 221 9.8 9.7 CV (%) Ol oy

Aoy S g gy Jliol mhaw j0 o pme gl Sl s 5 4 KK o F NS

ns, * and **: non-significant, significant at 5 and 1 % probability levels, respectively.
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Table 8- Mean comparison the effects of drought stress and wheat cultivars on physiologic

characteristics of flag leaf

s Jedols o U5 JBo)ls b Jeds,ls a Jodg 15 S g
Proline alb Total Chlorophyll b Chlorophyll a PO
(mMol/g Chlorophyll Chlorophyll  (pg/g dry w) (ug/g dry w) FIaQ Iéaf

dry w) a/b ratio (ug/g dry w) area (cm?)

0.063° 0.40° 80.0% 56.5° 22.78 532 Normal L, Lol Lyl

0.0892 0.612 66.32 40.52 24.82 47° Drought e s k)
Moisture
conditions

0.05¢" 0.45P 77.02 52.62 23.6° 632 Marvdasht c.iss e

0.04¢9 0.50% 66.2% 43.6% 21.92 642 Zarin ., 3

0.03" 0.48% 73.22 49.02 23.52 43¢ Niknejad sl5s

0.06¢f9 0.45P 75.92 51.92 23.22 53° Mahdavi .sguge

0.06°f 0.50% 73.6% 48.52 24.32 45¢ Shahriar b e

0.06¢" 0.45P 77.12 52.78 23.52 54b ToOS g

0.07¢f 0.47% 73.92 49.92 23.22 52b Shiraz ;. NN

0.08bcd 0.51% 72.32 47.32 24.22 450 Bahar . Cultivars

0.07bd 0.45P 76.32 52.0? 23.62 4gbe Pishtaz ;t:

0.08% 0.54% 70.02 44.92 24.42 53° Arya ]

0.09% 0.51% 72.22 47.42 24.12 4gbe Dena ts

0.09% 0.592 68.82 42.92 25.22 46% Pishgam ez

0.102 0.522% 71.82 46.72 24.42 39¢ Parsi b

0.112 0.44° 76.32 52.32 23.22 47¢d Sivand wgew

Al pre @glas wo s ety Jleis| mlas o LSD (yg051 olesl  aolie gy (shls slacnuSilon ¢ il Las 90 Crar g ooy 50 40
Means with the same letters in each column and between two horizontal lines are not significantly different by LSD test at the
5% probability level.
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