Lsﬁ} @J.c =5 GL&LA@@..:JJS
Environmental Stresses In Crop Sciences

22 Journal homepage:
University of Birjand https://escs.birjand.ac.ir Vol. 16, No. 3, pp. 835-851 (Fall 2023)

https://dx.doi.org/10.22077/ESCS.2023.4928.2107

Original article

The influence of terminal heat stress on physiological and yield
characteristics of promising sunflower cultivars in Ahvaz climate
condition

B. Sheikh Mamo?, A. Rahnama2*, P. Hassibiz

1. MSc student, Department of Plant Production and Genetics, Shahid Chamran University of Ahvaz, Iran
2. Associate Professors, Department of Plant Production and Genetics, Shahid Chamran University of Ahvaz, Iran

Received 30 January 2022; Accepted 7 June 2022

Extended abstract

Introduction

Climate change and global warming which are the consequences of rising temperatures, can affect
agriculture in various ways. Heat stress is a serious threat to crop production in the world. Higher mean
temperatures generally result in increased heat stress. This abiotic stress can adversely affect crop
productivity and quality and weaken global food security. With current increased average temperatures,
the occurrence of heat stress could become more intense. Terminal heat stress is the most widespread
heat stress, limiting crop yields. Terminal heat stress during the reproductive stages will have a negative
influence on grain yield and oil quality traits of oil seed crops. Sunflower is an annual oilseed crop with
adaptation to dry land or irrigated cropping systems. It is suited to both spring and summer planting in
most regions and it will be exposed to major climate change and potentially impacted by high mean
temperatures. Therefore, climate change and heat stress is a major production constraint for sunflower
worldwide and it may be severely damaged when exposed to stresses above its tolerance threshold.

Materials and methods

In order to study of agronomic and physiological traits of sunflower cultivars under terminal heat stress,
a field experiment was carried out during 2017-2018 growing season in Ahvaz conditions in a split plot
arrangement in randomized complete blocks design with three replications. Main plots consisted of
three sowing date including; 11th Nov, 11th Dec and 11th Jan, and sub plots consisted of five sunflower
cultivars including; Qasem, Fantasia, Shams, Lakomka and Progress. Sowing date with desired
temperature was considered as control, delayed and late sowing dates were considered as heat stress so
that the flowering and grain filling periods of cultivars exposed to normal condition, moderate and
severe terminal heat stress, respectively. Sunflower cultivars were evaluated under the optimum
temperature (sown in the 11 November) and terminal heat stress condition (sown in 11 December and
11 January to expose the sunflower to higher temperatures than the optimum at the grain filling stage).

Results and discussion

Terminal heat stress in delayed and late sowing date caused a decrease in biological yield, grain yield,
number of seeds per head, 1000-seed weight, head weight, oil yield, chlorophyll index, relative water
content, chlorophyll content and stomatal conductance. There was a significant difference between
cultivars in terms of all traits. Lakomka and Progress had the highest values of grain and oil yield under
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control conditions, respectively. Late sowing date was led to a significant reduction in grain yield of
Qasem, Fantasia, Progress, Lakomka and Shams cultivars by 69, 38, 6, 31 and 14%, respectively,
compared to control. It was equal to 2.2, 1.2, 0.2, 1.1 and 0.4% for each day of sowing delay, respectively.

Conclusion

Lakomka cultivar showed higher oil yield in all three sowing date compared to other cultivars. In delayed
sowing date, Progress cultivar showed higher oil yield due to higher grain yield and oil percentage. Due
to the reduction of grain and oil yield in delayed sowing date, the perspective of sunflower cultivation in
Khuzestan is probably related to its potential adaptation to climate change.

Keywords: Chlorophyll index, Grain yield, Oil percentage, Stomatal conductance
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Table 1. Growth degree day (GDD) of promising sunflower cultivars until maturity under different sowing dates
Growth stages  wiy Lol Sl

Germination _jails> Leaf development Sy g0i
sl b ol WG eSey  WegTY el el WG eSey  KagY  eed
Sowing date Qasem Fantasia Progress Lakomka Shams Qasem Fantasia Progress Lakomka Shams

(P a4 cuils) olo QLT Y.
Desired sowing date

(726 cedls) olo,2T Y 2242 2122 2314 2187 2219 4484 4525 446.7 4525 445.2
Delayed sowing date
(P o cils) ologo ¥

Late sowing date

283.5 2695 2757  286.8 2643 5764  582.1 571.8 5775 584.5

2745 2698 2775  269.8  276.2 549.2 561.5 544.5 551.6 5455

Table 1. Continued alsl.y Jous
Growth stages  wi, Lol Sl
Stem elongation  adlw ool Jigb Head emergence 5.b ;seb
ebls &, el LWL T WegtY el el LWL GeSen gtV eed
Sowing date Qasem Fantasia Progress Lakomka Shams Qasem Fantasia Progress Lakomka Shams

(Pl 4 cubl) oo LT T 858.5 851.5 864.3 8499  856.8 11442 1156.5 11633 11489 1140.5
Desired sowing date

(6ppb el eIV n )t 6668 6795 6558 6839 8985 8857  902.5 8915 9044
Delayed sowing date
('eli;.kﬂé cnls) ahéé Y.

Late sowing date

824.5 831.5 8432 8295 826.8 1097.5 11004 1088.6 1093.8 1103.5

Table 1. Continued alsl.y Jous
Growth stages  wiy Lol Sl
Flowering  »ul5 Development of fruit  og.o goi
ebls &6 B LWL Sen By et el LWL e BeetY el
Sowing date Qasem Fantasia Progress Lakomka Shams Qasem Fantasia Progress Lakomka Shams

(plod 4 cuisls) olo (4L Yo
Desired sowing date

1431.5 14399 14455 14489 1500.5 1721.5 17439 17145 17339 1709.8

(6rpb et eIV 005 11328 11414 11221 11327 13495 13584 13399 13435 13543
Delayed sowing date
(P o cuils) ologo ¥

Late sowing date

13784 1399.1 13785 1394.6 1401.5 16555 16499 16525 16659 1660.1

Table 1. Continued alsl.y Jous
Growth stages  wiy Lol Sl
Maturity  Soww, Senescence s
CuBlS U el LG eSen WessY  peed el LW eSen  KagtY el
Sowing date Qasem Fantasia Progress Lakomka Shams Qasem Fantasia Progress Lakomka Shams

(Pl s cisls) olo LT Yo
Desired sowing date

2007.5 201459 19979 2014.5 2001.9 2271.5 2256.8 22643 22684 2266.5

(726 cedls) olo,2T Ve 1581.5 1599.8 15745 15819 1595.8 1802.5 17959 1793.0 1799.9 1788.5
Delayed sowing date
(P o cuils) ologo ¥

Late sowing date

19289 19349 1922.8 19557 1941.5 22064 2193.0 2201.5 2188.9 21955
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Table 2. Mean square in agronomic and physiological traits of promising sunflower cultivars under terminal heat stress

condition
o @ ) b o ailo olasy als I o9 @b oy °’S"L°'c
Oyt @lio sl «l>0,54ee  Grain number per 1000 grain Head < 9lam
S.0.V Df Grain yield head weight weight Biological yield
ok 2 7435 38678™ 71 209" 17148™
Block
el 899457 915927" 966" 1155 10993218"
Sowing date (SD)
. ol s> 4 12382 19091 55 191 146772
a
. ) 4 1454621 726655 5187 10154™ 27977745
Cultivar (C)
5 tls o G
i 8 154486™ 104783™ 76™ 1051" 624189
CxSD
b = sl 24 12360 9855 41 85 165507
Ol kS g yud 10.2 10.9 8.7 8.4 8.9
C.V (%)
Table 2. Continued alol .Y Jgus
L SR S oI5 el
PR . 3 ,Slos uﬁ" w N dedasls ¢
gy ey ) Jbo s T L1Y) T Total
Ol b 93! oil K] Chlorophyll  Stomatal Sx chlorophyll
S.0.V Df percentage QOil yield index conductance RWC concentration
Sk, 743" 2892ms 0.375m 0.0004" 2,308 0.034m
Block
st 75.1" 67844% 537" 0.067" 269.4" 0.4227
Sowing date(SD)
. el sles 16.7 5909 0.168 0.0009 483 0.03
a
, M4 383%  206824" 52" 0015 7382 05017
Cultivar (C)
5 et
mxESREE 615" 30952+ 5.0 0009  1309" 0.13"
CxSD
b = sl 24 9.5 1770 0.75 0.0012 40.9 0.012
Sl 8.1 10.2 6.2 12.7 8.2 6.4
C.V (%)

S gire e M8 10 v (0l pme i) mhaw )0l et

ns: not significant; *and ** significant at 5% and 1% probability levels, respectively

03,5 ails 0dg 5 S (6,5)k 2 0T wsllasl SISt ks 4y
Chimenti ) 55,5 .o Qb)i.gtl.ﬂ als 5 Sloe jualS o
slabes a5 ous 355 1,51 4> 51 (and Hall, 2001
o, XlidT 60,5 wils adgi (gl ol 5 il az 0 Y2 51 YL
AStiZ ) s aaly3 oalbasl o5 T copllan Ll o ole

.(and Hernandez, 2013
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5 bolidlos § ol i am ST wms i | laplidles 5
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2 60 Sl (e 4 Cenl (Saw 005 il (g5
(Astiz and Hernandez, 2013) ol zals YU slaleo
Slidlos I al> oy o 5 ol a0 YY1 YL slales
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Table 3. Effect of terminal heat stress on some agronomic and physiological traits of promising sunflower cultivars

Gl slad Al eois G o Sres
Lo o & yKhos Grain number 1000 grain Head So5g
Treatments Grain yield per head weight weight Biological yield

Sowing date uils & ,U kg ha' g g kg ha'!

ple & cils 1372 1194+ 82.62 ¢ 141.9% 5503 @
Desired sowing date

C iand 963° 821° 72.14* 99.4° 4304 °
Delayed sowing date

PR R0 cubl0 933" 782°¢ 66.86" 89.7° 3845¢
Late sowing date

cultivars o,

Qasem b 535.5¢ 524 ¢ 56.32¢ 59.34 2012°¢
Fantasia ;L5 1308 ° 12672 56.164 118° 5726%
Progres w59y 1150 °¢ 1100° 67.85°¢ 1382 58562
Lakomka Kogs5Y 1579 848 ¢ 114.45* 1402 57842

Shams o 8714 831°¢ 74.59 ® 96 ° 3374°

Table 3. Continued aldl.Y Jgus
. sl O - GEEETER S aba ks cile
i RETESSY . Judg ks slaiss Syl Total
Lo Oil o9 Chlorophyll Stomatal  Relative water chlorophyll
Treatments percentage  Oil yield index conductance content concentration
Sowing date <ubls & ,b % kg ha' mol ms’! % mg g'FW
PR 4 culld 35.7% 4832 12.2°¢ 0.3272 82 1.7°
Desired sowing date
st 40.2° 398° 13.7° 0.294° 74° 1.7°
Delayed sowing date
ple 0 cubls 382% 350" 15.9° 0.198¢ 75 1.91¢
Late sowing date
cultivars o,

Qasem (uwls 38.44 ¢ 2064 13.7° 0.269 ° 61.6"° 1.7°¢
Fantasia L ;L5 34.77° 441° 14.8 2 0.29 @ 83.8° 2.1°
Progres w,5g 5 40.44° 468 ° 14.3 0.317* 78.52 1.54
Lakomka (Sogsy 38.66 608 ? 12.8°¢ 0.282° 83.2% 1.9°

Shams el 37.88 % 329°¢ 14.1 % 0.207 © 79.22 1.6¢

A o cime IS gl)ls 0030 B mhaw ;0 LSD 5051 b cialejl 1556 1o 5 gt 0 10 Co 4o sl S e gy gl lapSilee
Means followed by the same letters for each trait in each column and each experimental factor using LSD test at 5% probability
level did not differ significantly.
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b yo ails 150 (555 G it Bl 4y SO )3 (Y Jgu)
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Table 4. Interactions of terminal heat stress and promising sunflower cultivars on some agronomic and physiological

traits
Lo lous 39 &l Slass S Slos
Treatments b als 4l 039 S5elem
il f,b Cultivars NEN alo 0, Xee  Grain number 1000 grain &b 09 Biological

Sowing date Grain yield per head weight Head weight yield

kg ha! - g g kg ha''
Qasem 8 1050 © 1123 b 71.1 b4 96.7 3274t
4 <@l pantasia Ll 1722° 13382 63.1 %4 144 ¢ 67342
P2 Progres wSex 1102°¢ 1320 73.3 b4 165° 6709

Desired

SOWinlg date Lakomka ooy 2020 @ 1171 & 125 @ 193 2 6898 @
Shams oy 961 °f 1017 ¢ 80.6 >d 110 ¢ 3897 °f
Qasem Pt 226 ¢ 295 f 453 cc 34,11 1095 "
il casly Fantasia Lkl 1132 ¢ 1231 @ 56.8 < 1264 5969 ®
Delayed  Progres 23 1136 ¢ 1144 b 67.9 b 142 ¢ 5789 °
sowingdate jakomka — SegSY 13192 659 ¢ 113 @ 116 ¢ 5518 b
Shams s 820 °f 774 de 77.8 b 78.5n 3147 ¢
Qasem el 329¢ 151°F 52.5¢¢ 4701 1666 "
< Fantasia Ll 1070 ¢ 1230 @ 48.6 ¢ 86.3 ¢ 4473 de
f‘"‘*"’ﬁf Progres (w595 1034 ¢ 1034 ¢ 62.3 b 106 < 5069 <
LACSOWINE Lakomka  Sess¥  130g¢ 715 de 106 + 110 4 4935 <
Shams s 831°F 702 de 65.3 b 98.9 f 3077¢
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Table 4. Continued alol.f Jgus
L)l . o5 g s cdile
Treatments Lo Calan : Js
e = 1= . oy dos ; . @l (oo
il )b ) (9 oy ] b5 sl4je, B Total
Sowing Cultivars el oil °3)  Chlorophyll  Stomatal S chlorophyll
date percentage  Oil yield index conductance RWC concentration
% kg ha'! - mol m?s! % mg g' FW
s Qasem Pt 38.3 b 399 ¢f 13.0¢¢ 0.350 % 72.74 1.62 ¢f
PPN
' €:a Fantasia FR1E4]t) 28.0¢ 481 «d 13.7 0.3772 90.7 # 2,16
© . g a-c de ef a a-d fg
Desired PTOZFES  oSan 420 460 11.9 0.366 82.6 1.45
sowing Lakomka  BlogSY 37.7¢f 759 @ 1naf 0.306 > 86.4 & 1.47 ¢¢
date  Gpams ek 32.7% 314 a2t 0.236¢ 77.7 b4 140
15 Qasem pow 36.3 4F 829" 12.44f 0.293 <d 522°¢ 1.63 d¢
i, [Fantasia Ll 417 470 ¢ 13.4 ¢ 0.290 ¢ 72.1¢ 211
S § a b b a b-d g
Delayed Progres P9 44.7 588 15.5 0.385 78.4 1.32
sowing Lakomka oSy 40.3 533 be 13.9¢ 0.345 ¢ 86.7 *¢ 1.724
date  Gpams ol 38.00¢ 316¢ 13.7 < 0.158 1 80.5 =4 131¢
P Qasem Pt 40.7 >4 133"h 15.8° 0.165f 59.8¢ 1.79 ¢4
Ein Fantasia Ll 34.7 <f 371 % 17.52 0.204 <f 88.4 1.94 be
" o
F Lat:. Progres o9 34.7¢f 356 f¢ 15.6° 0.201 f 74.3 4 1.64 %
sowing Lakomka o5y 38.0 b 531 be 13.6 < 0.196 °f 76.4 < 2.25¢%
date  Shams e 430 357t 17.4° 0.227°¢ 79.3 b-d 192¢

S glyls 30,0 O Jlaxsl mhaws 3 LSD 5031 5l eslinl b iloj] 15556 1o 5 gt 12 10 Sdo 4o (gl S e By gl gloSilea

RCCTRN o

Means followed by the same letters for each trait in each column and each experimental factor using LSD test at 5% probability

level did not differ significantly.
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Table 5. Correlation coefficient between physiological and agronomical traits of sunflower in desired sowing date

g 1 2 3 4 5 6 7 8 9 10 11
Traits
1 Seigdgm o Sdes
Biological yield
2 wlooyos 603
Grain yield
3 Gk ald sl oo goom
Grain number per head
4 A1 038 g 071m 0.500m 0357 1
1000 grain weight
5 &b 09 0.874™ 0.705™ 0.29™ 0.634" 1
Head weight
6 G920 6 039n 020 L0.077% 0.220™ 02237
Oil percentage
7 09y S5 0.65™ 0.865™ 0.301™ 0.693™ 0.823™ 0.207" 1
Oil yield
8 s sS asls -0.027  0.04™  0.253™ -0.515" -0.311" -0.367° -0.196™ 1
Chlorophyll index
9 140y <ol s 00620 0493 03297 0202 0255° 02077 015
Stomatal conductance
10 @l o sl 0.656™ 0.543" 0.153" 0.178™ 0.602" -0.244" 0.396™ 0.123™ 0.241™ 1
Relative water content
IS gy ls cals
11 Total chlorophyll 0257™ 03527 0.347% -0.456™ -0.706™ -0.559° -0.03™ 0.594" 0.524™ 0.438™ 1

concentration
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Table 6. Correlation coefficient between physiological and agronomical traits of sunflower in late sowing date

elie 1 2 3 4 5 6 7 8 9 10 11
Traits
1 Selglgm oSdes
Biological yield
2 wlooydos g7
Grain yield
3 Geb s ald st op 687 1
Grain number per head
4 10152 039 436 0.659™ -0.058™ 1
1000 grain weight
5 &b 039 0.817™ 0.864" 0.599" 0.566" 1
Head weight
6 0929 5687 0.39™ 051" 0.068™ -033" 1
Qil percentage
7 Rt 2R 0 0.96™ 0.583" 0.744™ 0.81" 0.487™ 1
Oil yield
8 N talitegs -0.35"™ -0.49" 0.149™ -0.861"" -0.34" 0.05° -0.51" 1
Chlorophyll index
9 $laizg) culus 0.292" 0.346™ 0.457° 0.071™ 0.401"" 0.143" 0.473™ 0.22" 1
Stomatal conductance
10 ol i slg 0.617" 0.658"™ 0.855™ 0.032" 0.56" -0.341" 0.609" 0.18" 0.415" 1
Relative water content
J5 Jedgyls clale
11 Total chlorophyll 0.247" 0.576" 0.137™ 0.727" 0.31™ 0.1 0.65™ -0.57" 0.077" 0.34" 1
concentration

Calb X, rald 4 jiiwgd YU sles gl il
Sl ool 8ld Cod Wi g ) (S o Ay 5 (S Hwgid
bls,l s o csls & b, (Haba et al., 2014)
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(Killi et al., 2016) <ol
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