[ Downloaded from agrobreedjournal.ir on 2024-03-20 ]

"o gl o pale 455"
\1f.¥ ).’:’..lf. o ylos ‘ﬂ?ﬁé),j Mu\l’

w9y Yo
DOR: 20.1001.1.23223243.2021.19.1.29.0

& w519 yo (Helianthus annuss L.) o1 SUET pB 51 418 8 Shos 9 (2 bowiign Slao b 35
gl dakue 30 fad slgi! Slo 5 gl
Evaluation of biochemical traits and seed yield of sunflower (Helianthus annuss L.)

cultivars in response to terminal heat stress in Ahvaz, Iran

" s Olag 5 Tl Ol 31 sanied g

ol

- k4

sl S x5 4 1815 s (Helianthus annuus L) ols ST o6yl als 5, Shee 5 glosdgn Slio b0 T (g 2 9 iy .l o gmngind
TYO- YAV (F) YO .0l pl (o0 pole 4 pii L5l pal adlata 55 fuad (slgz!

DI (0 1oL 903 9 by 3 9 00k OBLS 53 (J9Tg0 9 (K591 38« mamign Dl 3l Slegacme 593 b bo 5T
=133 JLu 35 s zo SalodT Ol ;BLBT LB 4510 5 o 9 (londgn Dlho p fuod Slel Slo ™ A0 J1 (32 sgtibedy
ug=ds OIS (53 79Lls™ 0usTlild O 5 (T dow 30 AL fol” (Sdes gly & b LB Jo oud 8 B SAD §T D j504 AY-1TAS
(o359 5 ot S (il 1D SIS (b y gy 9 (ol (S 7 98 (S8 ¥+ 9 )3T Vo (ObT Ve Culls” ool dw .l 121 31981 Ol yor
Obod 9 ALY Uil gmicdes Cmuilio (03 Ll 50 b (Wgllae) PICAe Sl Cilo) ks 4B 7 L5 50 (£ 9 SBD 7 33 ot § Kogs™y
i L 4018 O 9 9 (AN 093 T 13 457 Wil 48 F 55 50 Wil 9 awgio Slo 7 T Olgaedy fmxaggsxé-i?‘suwlf
sl PIORY Culs” b duslio 53 PSR 15 9 (S y b s 58 fud (Sleil (Slo ™ il 457 318 VLS o 091 4190 b (Sl Slo 5~
YA 9 VA Cif 5409) 4510 3-89 9 (Mo Y'Y 91+ i §d) 418 & Khos (A0 10 OF 9 TV i j4) Bdgii g 3l (Slgicno 518 Jxo _pddls”
o §40) 3690mud M1 g (M0 33 OF 91 +Y L §0) 31T (Mo 33 B0 9 FY iy 1) SYBI (o 5T dld gia1 381 9 (o3
Oyt At (A3 AN 9 FF i §4) AT (60 gllo § (o3 ¥'e 9 VA i §4) Jalomo (SO )b gr 7 (Slgicmo § (o yd £Y 9 FY
95 So s 3 (SLB L slidin oy gy L (0gs™Y (183 .ol 3929 ddllbae 8 yg0 Dlao L35 31 (5518 e g OIS ST 6
Slgiomo o 705" 9 Jg-tomo GLAS g 7 Slgiome 9 (it T (BT Sl 5T b (g 457 (Slgions Wilo el (glowge
39 a5 95 0y Dgm (KSR 33 o Fols” £oA) 410 5895 9 (SR 30 p F g™ 10YA) 4ild 3 Khos (g1 Wb (51510 WSNT 88 Uglko
9418 8y Shos yln JBLS af yde LCogs™Y 08 Sl g 58 (SllB 1) (5295 9 4318 & Ko g™ Ao 30 (g3 5o o 5~ ¥ Lyl 4
PLSi 23 9 55U (PSR SLACI (815t 9 410 (S 7531 (=790 1) & ol B 0o dus 0 93 (55 Ll 55 (29
ygo J4 F b

Jakmo SO g 7 9  lowasT (T Cadled i1 (595 do F il (OIS LT s suuds”™ (Slae3lg

A5l (o ) 85585 A5 ) gl IS sl O Sz iee Al oy VEY O s eyl VYN0 S8 53 e st
Ol Glaal 51 anl Ol ez g o&tils (65518 0aSltils byl pualis )87 st 5T 2ils -

(@.rahnama@scu.ac.ir :es s S o) (kxS 45180) 01l Glsal hsal O jomr g ol (655518 0uSdls HLisls —Y

Ol Glgal Gl sal O o g o8l (6555287 0aKiils HLESS-Y

rYo


http://dorl.net/dor/20.1001.1.23223243.2021.19.1.29.0
http://agrobreedjournal.ir/article-1-1323-fa.html

[ Downloaded from agrobreedjournal.ir on 2024-03-20 ]

\F"'}il.;gr'a)knigrqd;ﬁ}%dl?g"Q\_}i‘gb)'rjk—A{fii"

Evaluation of biochemical traits and seed yield of sunflower (Helianthus annussL.)
cultivars in response to terminal heat stress in Ahvaz, Iran

Sheikh Mamo, B.1, A. Rahnama? and P. Hassibi?®

ABSTRACT

Sheikh Mamo, B., A. Rahnama and P. Hassibi. 2023. Evaluation of biochemical traits and seed yield of sunflower
(Helianthus annuus L.) cultivars in response to terminal heat stress in Ahvaz, Iran. Iranian Journal of Crop Sciences. 25(3):
275-293. (In Persian).

Introduction: Climate change is a very serious threat to crops production in all regions around the world. Heat
stress is a consequence of climate change that affects biochemical, physiological and molecular processes of crop
plants, causing alterations in crop growth, development, and productivity. Terminal heat stress is the most
widespread and type of heat stress in the world that limits crop productivity and ultimately food security. Sunflower
is moderately tolerant to heat stress. It can tolerate higher temperatures without suffering from heat stress. However,
sunflower is more susceptible to heat stress from early flowering to grain filling. Hence, it may be severely
damaged when exposed to terminal heat stress. Biochemical and physiological responses in crop plants are
modified under heat stress. It has been shown that tolerance to heat stress in crop plants is associated with an
increase in antioxidant enzyme activities. The physiological and biochemical responses to heat stress vary among
crop plant species and genotypes which can be used for development of cultivars with high temperature tolerance in
crop plants.

Materials and Methods: This experiment was carried out in 2017-2018 growing season in Ahvaz, Iran, using as
split-plot arrangement in randomized complete block design with three replications. Main plots consisted of three
sowing date including; 11" November, 11" December and 11" Janauary, and five sunflower cultivars including;
Qasem, Fantasia, Shams, Lakomka and Progress were randomized in sublpots. Sowing on 11" November was
considered as normal sowing date, and sowing on 11" December and 11" January were delayed and late sowing
dates, respectively. In the two latter sowing dates, flowering and grain filling periods were exposed to moderate and
severe terminal heat stress.

Results: Terminal heat stress in delayed and late sowing dates caused significant reduction in carotenoid content
(27% and 56%, respectively), seed yield (30% and 32%, respectively) and oil yield (18% and 28%, respectively),
but increased catalase (63% and 55%, respectively), peroxidase (107% and 56%, respectively) and superoxide
dismutase (43% and 67%, respectively) enzyme activities, carbohydrate concentrations (18% and 30%,
respectively) and malondialdehyde concentration (46% and 98%, respectively), when compared to normal sowing
date. There was significant differences among sunflower cultivars for most of studied traits. Lakomka cultivar with
the highest values of biochemical and physiological indices such as chlorophylle content, antioxidant enzyme
activities and carbohydrates concentration and with the lowest malondialdehyde concentration had the highest seed
yield (1579 kg.ha'?) and oil yield (608 kg.ha*) under terminal heat stress.

Conclusion: Exposure to moderate and severe terminal heat stress differently influenced physiological and
biochemical traits in sunflower cultivars. The severity of terminal heat stress played an important role in the
cultivars responses. Progress cultivar had the lowest reduction in oil and seed yield under terminal heat stress,
however, cv. Lakomka showed highest seed and oil yield in all three sowing dates. Therefore, it can be concluded
that cv. Lakomka is suitable for being sown in normal, delayed and late sowing dates due to least variability in its
seed yield.
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Table 1. Mean comparison for biochemical traits, seed yield and oil content of sunflower cultivars in sowing time treatments

Sshaay S
IS Jos 5 Jone LS g dasSle b by, > Slas
a s b ss & Total sk 55 5,8 Soluble 5Y6s ST, 36 g > LT 04l Seed Qil s
Chlorophylla  Chlorophyllb  chlorophyll Carotenoids  carbohydrate CAT activity POD activity SOD activity Malondialdehyde yield content Oil yield

Treatments SlsTebles  (Mgg'FW)  (mg.g'FW)  (mg.g'FwW)  (mgg'FW)  (mg.g'FwW) (U.mglprotein)  (U.mg?protein)  (U.mg? protein) (mmol.g*Fw) (kg.ha®) (%) (kg ha')

Sowing time a0l

Optimum KW 0.83b 0.89a 1.72ab 0.77a 26.9c 0.0036b 0.0145¢c 33.9¢c 0.119c 1372a 36.8b 505a
Delayed ey 0.91a 0.88a 1.79 0.56b 31.9b 0.0059a 0.0301a 48.6b 0.174b 963b 40.2a 398b
Late oKa s 0.81b 0.79b 159 0.34c 35.1a 0.0056a 0.0226 b 56.6a 0.236a 933b 38.2ab 350b
Sunflower A EraT e

cultivars Yo ST 6

Qasem N 0.79c 0.92b 1.71c 0.65a 34.1a 0.0045b 0.0297a 37.4b 0.190b 535e 38.4a 206d
Fantasia L5k 0.76¢c 1.30a 2.06a 0.68a 33.5a 0.0062a 0.0225h 51.5a 0.148 ¢ 1308b 34.7b 441b
Progress R e 0.76c 0.71c 1.47d 0.64a 3lla 0.0048b 0.0189c 46.5a 0.187b 1150c 40.4a 468b
Lakomka K sy 1.07a 0.73c 1.80b 0.46b 31.5a 0.0046b 0.0209bc 46.9a 0.138c 1579 38.6a 608a
Shams ) 0.86b 0.61c 147d 0.38c 26.2b 0.0050b 0.0198bc 49.5a 0.217a 871d 37.8a 329¢c

ol 8513 e gl A 55 ety ezl pebas 5 € LSD) s sine CoMstl Jolim O 05T bl s iz &S 2n o ‘5\)\365\,&@@\?0}@,&):
Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using LSD test
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Table 2. Mean comparison for biochemical traits, seed yield and oil content of sunflower cultivars in interaction of sowing time and cultivar treatments
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sl lles shohusy S
Treatments a s )5 b s s 05 Jes i Jslows LS PR
Chlorophylla Chlorophyllb Total Lats 559,87 Soluble SV ST b yes LT ol G135 ,Shee Oil SaraS
ORI Sunflower concentration  concentration chlorophyll Carotenoids carbohydrate CAT activity POD activity SOD activity Malondialdehyde Seed yield content Oil yield
Sowing time  cultivars ols KT, (mg.gt FW) (mg.g*FW)  (mg.g*FW)  (mg.glFW) (mg.g*FW)  (U.mg*protein)  (U.mg?protein)  (U.mg* protein) (mmol.g™*Fw) (kg.hat) (%) (kg.ha)
Qasem pon 0.68f 1.04b 1.72bc 0.746a 30.9bc 0.0023g 0.0217cd 28.4f 0.133ef 1050e 38.3b-e 399ef
o Fantasia L3kt 0.82de 1.34a 2.16a 0.875ab 29.1c 0.0050bc 0.0214cd 44.7df 0999 1722b 28.8g 495¢cd
O;;timdm Progress S 0.76e 0.69de 1.45¢ 0.836b 28.5¢ 0.0033d-f 0.0179de 32.8f 0.127f 1102e 42.0a-c 460de
Lakomka sy 0.98bc 0.75de 1.47de 0.661c 27.3c 0.0042f 0.0073f 28.8f 0.929 2020a 37.7c-f 759
Shams ) 0.89d 0.64ef 1.40e 0.553d 18.9d 0.0032fg 0.0040f 35.1ef 0.143e 961ef 37.2c-f 314g
Qasem JOR ] 0.86de 0.96bc 1.83b 0.583cd 33.7a-c 0.0054bc 0.0371a 36.4ef 0.198cd 2269 36.3d-f 82.9h
e Fantasia L5l 0.83de 1.29 2.11a 0.832b 32.2a-c 0.0071a 0.0244c 56.1a-c 0.139% 1132de 41.7a-c 470c-e
D‘esl“;:/ ed Progress R an 0.75e 0.67ef 1.42e 0.624cd 29.7c 0.0062ab 0.0237c 47.2cd 0.190c 1136e 44.7a 588b
Lakomka a8y 1.18a 0.87b-d 1.72bc 0.403ef 30.0c 0.0044de 0.0325ab 51.6b-d 0.131ef 1319a 40.3a-d 533bc
Shams pas 0.95bc 0.62ef 1.31ef 0.368ef 34.0a-c 0.0066a 0.0318ab 51.7b-d 0.211c 820ef 38.0b-e 304g
Qasem pon 0.83de 0.77de 1.60cd 0.416ef 37.8ab 0.0060a-c 0.0302b 47.4cd 0.241b 3299 40.7a-d 133h
- Fantasia L3kl 0.65fg 1.27a 1.94ab 0.328f 39.2a 0.0066a 0.0219cd 53.9a-d 0.208c 1070e 34.7ef 371fg
ff;g’ Progress R an 0.78e 0.75c-e 1.54d 0.450e 37.7ab 0.0050cd 0.0147e 59.6ab 0.243b 1034e 34.7ef 356fg
Lakomka K Sy 1.05b 0.57f 1.63cd 0.328f 37.2ab 0.0052b-d 0.0210cd 60.3ab 0.191a 1398a 38.0b-e 531bc
Shams ) 0.73ef 0.54f 1.27f 0.222g 25.8b 0.0053b-d 0.0247¢ 61.9a 0.298a 831f 43.0ab 357fg
Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using LSD test L5145 (5513 gnn sl 53 gy aionl o 53 (LSD) fgime 3D [ohtom 35037 sl s &5 220 U sl 87 oo ol O 5
YAY
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Table 3. Cumulative temperature (GDD) of development stages of sunflower cultivars in sowing time treatments
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Table 4. Correlation coefficients between biochemical traits, seed yield and oil content of sunflower cultivars in optimum sowing time

Plant traits 2 Sl SY ocC oYy Chla Chlb Total Chl Car SC CAT POD SOD MD
Seed yield (SY) als 3 Shas 1
Oil content (OC) gl ey, -0.29% 1
QOil yield (OY) ey 3 Shes 0.865™ 0.207™ 1
Chla a Jss i 0.445™  -0.253" 0.346" 1
Chlb b Jss i 0.132™  -0.392" -0.156™  -0.474™ 1
Total chl 0 Jss s 0.432" 0.559"  -0.030™ 0.090™ 0.919" 1
Carotenoids (Car) by, -0.014™ 0.193™ -0.100™  -0.749™ 0.774™ 0.539" 1
Soluble carbohydrates (SC) Jlows Slailydn s S 0.296™  -0.060™ 0.218™  -0.525" 0.407"™ 0.227"™ 0.515" 1
CAT activity 5Y6s 0.049™  -0.550" 0.432™  -0.542" -0.238™  -0.513" -0.144" -0.080" 1
POD activity SIS, 0.640" -0.010" -0.180™  -0.735™  -0.821™  -0.559" -0.938™ 0.664™  0.068" 1
SOD activity 36 e ST, -0.0327 0.547" -0.242™  -0.623" -0.579"  -0.079™  -0.657" 0.403"™  0.407™ 06627 1
Malondialdehyde (MD) e ol -0.5427 0.322"s  -0.648™  -0.510" -0.595™  -0.611"  -0.570" 0.631"  0.641™  0.262"%  -0.556"" 1
ns, * and **: Not significant and significant at 5% and 1% probability levels, respectively Lo y3 &S 5 gy dlel sl 3 s fnn I3 e b o iy e 5 % (NS
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Table 5. Correlation coefficients between biochemical traits, seed yield and oil content of sunflower cultivars in late sowing time
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Plant traits S Sl SY ocC oy Chla Chlb Total Chl Car SC CAT POD SOD MD
Seed yield (SY) als s> Slas 1
Oil content (OC) als by, -0.390™ 1
Oil yield (OY) s Ses 09607  -0.150™ 1
Chla a o i 0.459"™ -0.295™ 0.590" 1
Chlb b Jss 8 0.006™ -0.284"™ -0.080™  -0.596" 1
Total chl JS Jis s 0.576" 0.100"™ 0.650™ 0.696™ 0.160™ 1
Carotenoids (Car) lauts 455,18 -0.194" -0.250"™ -0.310™  -0.301™ -0.090" -0.460™ 1
Soluble carbohydrates (SC) Jslous il 5 S 0.137™ 0.560" -0.340™  -0.669™ 0.513™ -0.365™ 0.558" 1
CAT activity SV 0.145™ -0.248™ -0.219™  -0.480" -0.694™ -0.030™ -0.470™ 0.290™ 1
POD activity ST, 0.663™ 0.398™ -0.576" -0.330™ -0.485" -0.212™ -0.307™ -0.111™ 0.359™ 1
SOD activity Usamgs 4T, 0210™ 0149 -0.211  -0.554" -0.413"  -0.475"  -0.137™  -0.050™  0.150™ 0.106"™ 1
Malondialdehyde (MD) LT s o Jb -0.662”  0.308"* -0.751™  -0.613" -0.691™  -0.821™  -0.550" 0.838™  -0.743™ 0.242"  -0.591™ 1
ns, * and **: Not significant and significant at 5% and 1% probability levels, respectively Loy &Sy 5 gty dlel sl 53 s fmn 13 gme b 54y ek 5 2 (NS
YAQ


http://agrobreedjournal.ir/article-1-1323-fa.html

[ Downloaded from agrobreedjournal.ir on 2024-03-20 ]

\F"'}il.;gr'a)knigrqd;ﬁ}%dl?g"Q\_}i‘gb)'rjk—A{fii"

S gl gee 5 VU (635> LS 5 50 ses
LS b e LG SY (55 LT (650 e
56U Cals Ll b s i) 5 als > See iy
385558 Slaat i 5o 55 o oBs
NP O O P L T PE=V N N B 1 g O W
0Pl glsmome 035 S 5 SISt (BT (sla 5T
el il i SIS Ol a0 s lT 6o
Sl s Sl (5 by sl s, Shas bl
JoB ol s 5 6 U oK oS Ll 3
255 tbondin 5 S5 P55 Dl sl 4o 5
GRS Je2 53 (e A G (2] 03 (25
pLil STy 4 BT camls ol ST el 55 L8
25 s e b 55l il s andllas 5 ) e

3 Dbt (6354 B ik 5 Lo e sle § 2

Sl Rl
a&&?b &J}L;éj&bjj_; C,._;)L'.A)" d:dﬂﬁu\.’

&ldlﬁlgﬁjlwdj\}_a\d‘ﬁw
SCU.AA98.96 o lai aila g3y sls 0,8 511, tagsn

34 o Lgilsj.\éjjg,ij s S J_.;\s

References

C ™

b gl 8 55 o sls 0l Gl s
S S5 g bz HBT p&n s 5 6 b
235 eils 013 KT b1 pbond g 5 &5 0 58
iy kol oo OLT 55 0ls ST p6ias oo
lales L baasls Ol 1 5 Gk ) o4 Al o o5 94
L Gl e S B g 0t 4l e o gl
ST LS gl 0ds 5 ol slapll
ez dls g 5V ails 3, Sas Ll 5 K6 SY (3,
CilS 3 030 g0 “L_J“»lf).aj_d-:l_?l_zdél_a-)a
ujibfjsa}l)@c‘l:_?u&bAJti\}él)rli;aﬁ:
Waasls a9 dby 090 0ad oL oS Lo Ll
S Ll s b alST ey, s 4l s Ses
tt_s)\ﬂujfu;;_:;,)\_,,;‘&ﬁ;\_:”\iag
g S pB)l e s Ko SY 5 0 8y
Q\,ru)\ﬁpjl,;;ﬁv_s,,bﬁiﬁ;g,p
AT ol 5 S5 58 sl e s
YL (gl oms le (e 5 205 Janni (6
s s GLalia s S dads 555,18 ¢ by IS
LS| g ST sl 5T YL ol

oolalwl 3590 b

Ariano, S., Bartolomeo, D., Cristos, X. and Andras, M. 2005. Antioxidant defences in olive tree during drought
stress changes in activity of some antioxidant enzymes. Functional Plant Biology, 32(1), pp.45-53.
https://doi.org/10.1071/FP04003

Asada, K. 2006. Production and scavenging of reactive oxygen species in chloroplasts and their functions. Plant
Physiology, 141(2), pp.391-396. https://doi.org/10.1104/pp.106.082040

Bears, R. F. and Sizer, 1. W. 1952. A spectrophotometric method for measuring the breakdown of hydrogen
peroxide by catalase. Journal of Biological Chemistry, 195, pp.133-140. https://doi.org/10.1016/S0021-
9258(19)50881-X

Chen, Z., Cuin, T. A, Zhou, M., Twomey, A. Naidu,B. P. and Shabala, S.2007. Compatible solute
accumulation and stress-mitigating effects in barley genotypes contrasting in their salt tolerance. Journal of
Experimental Botany, 58, pp.4245-4255. https://doi.org/10.1093/jxb/erm284

Chimenti, C. A. and Hall, A. J. 2001. Grain number responds to temperature during floret differentiation in

ra.


https://doi.org/10.1104/pp.106.082040
https://doi.org/10.1016/S0021-9258\(19\)50881-X
https://doi.org/10.1016/S0021-9258\(19\)50881-X
http://agrobreedjournal.ir/article-1-1323-fa.html

[ Downloaded from agrobreedjournal.ir on 2024-03-20 ]

"YVO-YAY NP Y (O, 5 oot cnols LT el 4wl 3 Skt 5 oland sy Slio bj,1"

sunflower. Field Crops Research, 72 (2), pp.177-184. https://doi.org/10.1016/S0378-4290(01)00175-7

Chimenti, C. A, Hall, A. J. and Sol L6pez, M. 2001. Embryo-growth rate and duration in sunflower as affected
by temperature. Field Crops Research, 69, pp.81-88. https://doi.org/10.1016/S0378-4290(00)00135-0

Cui, L., Li, J,, Fan, Y., Xu, S. and Zhang, Z. 2006. High temperature effects on photosynthesis, PS) functionality
and antioxidant activity of two Festuca arundinacea cultivars with different heat susceptibility. Botanical
Studies, 47, pp.61-69.

De la Vega, A. J. and Hall, A. J. 2002. Effects of planting date, genotype, and their interactions on sunflower
yield. Crop Science, 42(4), pp.1191-1201. https://doi.org/10.2135/cropsci2002.1191

Haba, P. D., Mata, D. L., Molina, E. and Aglera, E. 2014. High temperature promotes early senescence in
primary leaves of sunflower (Helianthus annus L.) plants. Canadian Journal of Plant Science, 94(4), pp.659-
669. https://doi.org/10.4141/cjps2013-276

Hasanuzzaman, M., Nahar, K. and Fujita, M. 2013. Extreme temperatures, oxidative stress and antioxidant
defense in plants, In: Abiotic Stress—Plant Responses and Applications in Agriculture, Vahdati, K. and Leslie,
C. (Eds.) (Rijeka: InTech), 169-205.-669. https://doi.org/10.5772/54833

Hernandez, F., Poverene, M. and Presotto, A. 2018. Heat stress effects on reproductive traits in cultivated
and wild sunflower (Helianthus annuusL.): evidence for local adaptation within the wild
germplasm. Euphytica, 214, pp.146. https://doi.org/10.1007/s10681-018-2227-y

Kalantar Ahmadi, S. A. 2023. Effect of autumn sowing date on growth and seed yield of sunflower (Helianthus
annuus L.) cultivars under environmental conditions of the north of Khuzestan province, Iran. Iranian Journal
of Crop Sciences, 24(4), pp.335-354. [In Persian]. http://agrobreedjournal.ir/article-1-1271-fa.html

Kalyar, T., Rauf, S., Teixeira Da Silva, J. A. and Shahzad, M. 2014. Handling Sunflower (Helianthus annus L.)
populations under heat stress. Archives of Agronomy and Soil Science, 60(5), pp.655-672.
https://doi.org/10.1080/03650340.2013.799276

Killi, D., Raschi, A., and Bussotti, F. 2020. Lipid peroxidation and chlorophyll fluorescence of
photosystem Il performance during drought and heat stress is associated with the antioxidant capacities of
Cs sunflower and Cs maize varieties. International Journal of Molecular Sciences, 21, pp.4846.
https://doi.org/10.3390/ijms21144846

Kumar, S., Kaur, R., Kaur, N., Bhandhari, K., Kaushal, N., Gupta, K., Bains, T. S. and Nayyar, H. 2011.
Heat-stress induced inhibition in growth and chlorosis in mungbean (Phaseolus aureus Roxb.) is partly
mitigated by ascorbic acid application and is related to reduction in oxidative stress. Acta Physiologiae
Plantarum, 33, pp.2091-2101. https://doi.org/10.1007/s11738-011-0748-2

Meier, U. 2018. Growth stages of mono and dicotyledonous plants: BBCH Monograph. Open Agrar Repositorium,
Quedlinburg. https://doi.org/10.5073/20180906-074619

Lee, D. G., Ahsan, N., Lee, S. H. and Kang, K. Y. 2004. A proteomic approach in analyzing heat-responsive

ra


https://doi.org/10.1016/S0378-4290\(01\)00175-7
https://doi.org/10.1016/S0378-4290\(00\)00135-0
https://doi.org/10.2135/cropsci2002.1191
https://doi.org/10.4141/cjps2013-276
https://doi.org/10.1007/s10681-018-2227-y
http://agrobreedjournal.ir/article-1-1271-fa.html
https://doi.org/10.5073/20180906-074619
http://agrobreedjournal.ir/article-1-1323-fa.html

[ Downloaded from agrobreedjournal.ir on 2024-03-20 ]

\F"'}il.;gr'a)knigrqd;ﬁ}%dl?g"Q\_}i‘gb)'rjk—A{fii"

proteins in rice leaves. Proteomics, 7, pp.3369-3383. https://doi.org/10.1002/pmic.200700266

Lichtenthaler, H. K. 1987. Chlorophylls and carotenoids: pigments of photosynthetic biomembranes. Methods in
Enzymology, 148, pp.350-382. https://doi.org/10.1016/0076-6879(87)48036-1

Mashkina, E. V., Markin, N. V., Usatov, A. V. and Gus’kov, E. P. 2001. Response of mutant sunflower lines to
heat shock. Russian Journal of Plant Physiology, 48, pp.788-792. https://doi.org/10.1023/A:1012512725926

Mittler, R. 2002. Oxidative stress, antioxidants and stress tolerance. Trends in Plant Science, 7, pp.405-410.
https://doi.org/10.1016/51360-1385(02)02312-9

Mohammed, A. R. and Tarpley, L. 2010. Effects of high night temperature and spikelet position on yield-related
parameters of rice (Oryza sativa L.) plants. European Journal of Agronomy, 33, pp.117-123.
https://doi.org/10.1016/j.eja.2009.11.006

Nakano, Y. and Asada, K. 1981. Hydrogen peroxide is scavenged by ascorbate-specific peroxidase in spinach
chloroplasts. Plant and Cell Physiology, 22, pp.867-880. https://doi.org/10.1093/oxfordjournals.pcp.a076232

Rondanini, D., Mantese, A., Savin, R. and Hall, A. J. 2006. Responses of sunflower yield and grain quality to
alternating day/night high temperature regimes during grain filling: effects of timing, duration and intensity of
exposure to stress. Field Crops Research, 96, pp.48-62. https://doi.org/10.1016/j.fcr.2005.05.006

Salehi, F., Rahnama, A., Meskarbashee, M., Mehdi Khanlou, K. and Ghorbanpour, M. 2023. Physiological
and metabolic changes of safflower (Carthamus tinctorius L.) cultivars in response to terminal heat stress.
Journal of Plant Growth Regulation, 42, pp.6585-6600. https://doi.org/10.1007/s00344-023-10911-6

Sheligl, H. Q. 1986. Die verwertung orgngischer souren durch chlorella lincht. Planta, pp.47-51. DOI:
10.1007/BF01935418

Silveria, J. A. G,, Sandro, S. A. M., Lima, J. P. M. S. and viegas, R. A. 2009. Roots and leaves display
contrasting osmotic adjustment mechanisms in response to NaCl-salinity in Atriplex nummularia.
Environmental and Experimental Botany, 66(1), pp.1-8. https://doi.org/10.1016/j.envexpbot.2008.12.015

Slauenwhite, K. L. I. and Qaderi, M. M. 2013. Single and interactive effects of temperature and light
quality on four canola -cultivars. Journal of Agronomy and Crop Science, 199, pp.286-298.
https://doi.org/10.1111/jac.12014

Smith, 1., Vierheller, T. V. and Thorne, C. A. 1988. Assay of glutathione reductase in crude tissue homogenates
using 5, 5-Dithiobis (2-nitrobenzoic Acid). Analytical Biochemistry, 175, pp.408-413. https://doi.org/
10.1016/0003-2697(88)90564-7

Soengas, P., Rodriguez, V. M., Velasco, P. and Cartea, M. E. 2018. Effect of temperature stress on antioxidant
defenses in Brassica oleracea. ACS Omega, 3(5), pp.5237-5243. httpps://doi.org/10.1021/acsomega.8b00242

Stewart, R. C. and Bewley, J. D. 1980. Lipid peroxidation associated with accelerated aging of soybean axes.
Plant Physiology, 65, pp.245-248. https://doi.org/10.1104/pp.65.2.245

Wilson, R. A., Sangha, M. K., Banga, S. S., Atwal, A. K. and Gupta, S. 2014. Heat stress tolerance in relation to

rav


https://www.sciencedirect.com/science/article/pii/0076687987480361#!
https://www.sciencedirect.com/science/journal/00766879/148/supp/C
https://doi.org/10.1016/0076-6879\(87\)48036-1
https://doi.org/10.1023/A:1012512725926
https://doi.org/10.1016/j.eja.2009.11.006
https://doi.org/10.1093/oxfordjournals.pcp.a076232
https://doi.org/10.1016/j.fcr.2005.05.006
https://doi.org/10.1007/s00344-023-10911-6
https://doi.org/10.1016/j.envexpbot.2008.12.015
https://doi.org/10.1104/pp.65.2.245
http://agrobreedjournal.ir/article-1-1323-fa.html

[ Downloaded from agrobreedjournal.ir on 2024-03-20 ]

"YVO-YAY NP Y (O, 5 oot cnols LT el 4wl 3 Skt 5 oland sy Slio bj,1"

oxidative stress and antioxidants in Brassica juncea. Journal of Environmental Biology, 35, pp.383-387. PMID:
24665766

Zhang, J., Jiang, F., Yang, P., Li, J., Yan, G. and Hu, L. 2015. Responses of canola (Brassica napus L.)
cultivars under contrasting temperature regimes during early seedling growth stage as revealed by multiple

physiological criteria. Acta Physiologiae Plantarum, 37, pp.7. https://doi.org/10.1007/s11738-014-1748-9

rayr


http://agrobreedjournal.ir/article-1-1323-fa.html
http://www.tcpdf.org

