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Comprehensive abstract

Introduction

Drought stress is one of the most important environmental stresses in different regions of the
world, which causes the instability of crop production. More than 20% of the world's agricultural lands
are affected by moderate to severe drought stress. The seed filling stage is the last stage in the plant
development and the most important stage in the accumulation of dry matter in the seed. Seed filling
rate and period and the effect of various environmental and agronomical factors on these two
important parameters affecting seed weight can be predicted using the mathematical models.
Quadratic, polynomial cubic, and logistic models are among the mathematical models that have been
used efficiently to predict the grain growth process. The purpose of this research was to investigate the
grain growth process and the accumulation of photosynthetic substances in the grain of different wheat
cultivars under non-stress (control) and late season drought stress conditions using mathematical
models and to investigate the effect of grain growth parameters on grain yield.

Materials and methods

This experiment was conducted as split plots based on randomized complete block design with four
replications in the research field of Faculty of Agriculture, University of Zanjan, Zanjan, Iran, in 2018-
2019. Normal irrigation (control) and drought stress after flowering were considered as main factor
and four wheat cultivars (Shiraz, Marvdasht, Azar2 and Roshan) as sub-factor. Drought stress was
applied by interrupt irrigation until the soil water potential reached about -2 MPa. To investigate the
grain growth process, samples were taken from the main spikes after flowering every week. After
drying the spikes, the grains were separated from the spike, the weight of single-grain was calculated,
and the grain growth process was investigated using different mathematical models. To determine the
best model, various statistical indices including root mean square error (RMSE), corrected Akaike
(AICc) and Ai were used, and the model with the lowest values of these indices was selected as the
best model. Then, maximum and average grain filling rate, and grain filling period was estimated
using the best selected model. The traits of plant height, main spike length, grain yield, biological
yield and harvest index were also measured in addition to the grain growth process.

Research findings

Comparison of different models using RMSE, AICc and iA indices showed that Darroch and Baker
model (model number one) was the best model to evaluate seeds growth process in this research.
Investigating the growth of grains with this model showed that the final grain weight decreased in all
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cultivars under drought stress conditions, and according to the prediction of this model, the lowest and
highest final grain weight was belonged to Azar2 and Shiraz, respectively. Grain filling period
decreased by 9.3% under drought stress conditions, and Shiraz (42.3 days) and Azar2 (34.4 days) had
the highest and lowest grain filling period, respectively. Drought stress also reduced photosynthetic
rate, leaf area durability, and number of grains per spike, but average and maximum grain filling rate
were not affected by drought stress, which is probably due to the increase in the remobilization of
photosynthetic materials under drought stress conditions. A positive and significant correlation was
observed between grain filling period and grain yield under drought stress (r=0.375) and control
(r=0.634) conditions. It can be concluded that the grain filling period was more important than the
grain filling rate in this research. Drought stress decreased 1000-grain weight of the studied varieties
by 18.3%, and Azar2 (47.70 g) and Marvdasht (33.50 g) had the highest and lowest 1000-grain
weight, respectively. Grain yield and harvest index of the studied varieties also decreased by 40.8%
and 22.4% under drought stress conditions, respectively, and Shiraz (4747.4 kg) and Azar2 (3179 kg)
varieties produced the highest and lowest grain yield. Decrease in the harvest index indicated that
drought stress reduced the grain yield more than the biological yield, which is probably due to the
reducing of the grain filling period as well as disturbance in the grain filling process.

Conclusion

The results of this experiment showed that late season drought stress significantly reduced the
photosynthetic rate, leaf area durability, number of grains per spike, 1000-grain weight and grain
filling period, and finally led to a decrease in grain yield of the studied cultivars.
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Figure 2. Grain dry matter accumulation of wheat cultivars under control and drought stress conditions
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Table 4. Analysis of variance for the studied traits in wheat cultivars under control and drought stress conditions

Mean square

szlrllr:tfoif Plant height No. of tiller O Of grains  1000-grain o 0 iq Biological yield  1arvest  Grain filling — Maximum grain - Average grain
per spike weight index period filling rate filling rate
Replication (R) 3 13.44 ™ 0.08 ™ 14.49 1.27m 611178.61 ™ 1003286.38 ™ 23.05™  122.01414™ 2.87785™ 3.34276™
Irrigation (I) 1 477.09 ™ 0.18™ 107.31™ 533.75™ 35315372.86 ™ 83043731.47™  577.61 " 112.84032 ™ ™ 5.74376 2.21678™
E. (RxI) 3 24.01 0.03 65.80 11.62 152421.60 786422.13 17.25 2.14016 6.95749 1.36597
Cultivar (C) 3 398.41™ 0.51* 52722 256.75 3604186.11 ™ 5357726.52 " 125.65™  260.25984 ** 1.34055 ™ 8.56356 ™
CxI 3 224 0.01 18.67 ™ 4.59 479453.63 ™ 1900661.97 ™ 25.96 ™ 6.47399 ™ 4.63666 ™ 1.03973 ™
E, 18 343.09 1.58 606.76 113.76 3717041.57 25086063.9 165.75 156.43831 7.98828 1.10362
CV (%) - 4.78 35.43 14.64 6.19 11.07 10.89 8.17 7.66 10.47 6.14

s, " and ™ Not-significant and significant at 5% and 1% probability levels, respectively.

‘éw w 9 ol JQJ‘)..»J 99 e 9 axlllas Sy90 r&.\.of flﬁ)‘ BN X Lg)jo)‘..\a‘ Slaw u.a.f.tLa.o MLO.Q -0 Jj..\}
Table 5. Comparisons of means of the measured traits in the studied wheat cultivars and between control and drought stress conditions

Maximum grain Average grain

Treatment Plarztcr};e)lght No. of tiller N(;)'e;)fsgiﬂ:ns Sggﬁr?gl;l G(rl?;nh}:?)l d Bwl&gglizjl};leld irlljiir)jf(:‘s?ga) Sgﬁgldfzg;r;{;’ filling rate filling rate
i ) (g/day) (g/day)
Irrigation Control 95.03 # 091¢% 41.46 ¢ 44.66 ¢ 5152.2¢% 12450 * 41.38¢ 40.345* 0.00199 # 0.00127 #
Stress 87.30° 0.76 * 37.80% 36.49° 3051.1° 9228.1° 32.88° 36.589° 0.00202 * 0.00127 #
Azar2 101.53 ¢ 1.20* 29.37°¢ 47.07% 3179°¢ 9632.9° 32.69° 34.416°¢ 0.00235 * 0.00152 ¢
Cultivar Shiraz 89.74° 0.65° 44.55¢ 39.47°¢ 4747.4° 11266.7 * 41.36* 42.305* 0.00181° 0.00112 ¢
Marvdasht 86.84° 0.67° 47.50¢ 33.5049 4090.1° 11413.3* 35.06° 39.401 = 0.00197° 0.00113 ¢
Roshan 86.55° 0.82° 37.10° 42.25° 4390 ® 11043.3 ¢ 39.41°% 37.748 ° 0.00191° 0.00132°

Means followed by similar letter in each columns are not significantly different based on Duncan’s multiple range test at 5% probability level.

V-4



VFoY Glasli [pg0 o )l /00 s 0,98 /D Olaubos

RUL OV Py

ol L as el K0Sy o Slee glizl Sl Ol
Al oo prals o Slae K0 532 izl 5 S

&ils & Sloc

ool il as ols lad eools il )ly ayjes mlis
dos S Jlaio b o als 0 Slas o8, 5 55k
Sl duslin Joaz 4 azgi b (T Jguz) 09 o sine
2 i b Jad lenl (Sas (0 Jpaz) Laosls
aglie ;0 ao,s /A L) o] lade g cudls ails o Shee
3l ails o Slee als ol pals als Lyls L
a5 (GeizS onl 5o el s Shee sl alS
slass alS Jg s als i g o ce el cely
o8l ialS (D Jguz) de o Sre aliw jo ails
s eies Lags b sl (Si 5 1 o s
Kirigwi et al., 2004; Rajala ) el oo i 135 50
5 Pzl olyl el (Sas o Jleel (et al., 2009
Ehdaie ef al., ) 53 o0 olS (5)l> jiwgs anld
» el a5 Slbhues S el axis ,o 5 (2008
Sl Fiwgd 5l Jel> ple &b 5l Al ol
Sl g9o90 (nl Cules o g oud PUST lard gl oo
sl jo oass Jlesl slo im0 0 Slos syl rals
ol ;5 (Shah and Paulsenl, 2003) 545 oo Juad
s i g 90 Job S b (K A (3o
als o,Slee als cel g ols uals 1) wils ol o359
bet =t IFY) (sl 5 Sute (Sian
565 0l camline ails jad 0,90 Job ¢ ails o ,Sles
a5 Wo,S Lo (Gonzalez et al., 2010) ., Ken 4
oo Jobo 5 s i Rl B 5l (Si5 i
5o alls slasd oS aile ol S 0aisS jiwgd glacél
@l 3 5bee i sl 5l as ]y als e (59 9 Ak
Gl 4 e Soled 0 g dede el s
Al ails o Slas 1Sk duslio 0l o wils 5 Slos
e 03, 9 0l Glas |y gl gme Dol (o) 9550
YAVA) o inS Y31 5 (a,5shS FYEVIE) o5 i
Fo5 B Jsaz) azmtls |, als o Shae ol (o 55k
Sys0 plB)l den pu 0 V31 (3, als o Sles 0y
Conl b 50 o S aly slawi a4 bgye anllas
B Jga=)

b as ol Glas (s o Shee (illy 4525 gl
Skl bl g s plB)) o g 30 cov ccao

VY.

Alasols plas ails e 03 ouibyly 428 s
gl ;3 o ol 5yl e U o8 5 5yl ool
oSl dwslin (F Jouz) ails sy S sl
oealS cely (Sas i as ol glis als e 3
ad sals luls 4 cad als e 59 oy VAN
Al 1 Gl ails e o5 SRS 0 Jsaz)
55T LYo 5 sus sanlie ilisee Slalllas o ¢ fuad
elS 4 plsie alex a5 sl oad ole T @l
sladsbe slaxi 2alS 4 e oS Joke o
P 8 (3gid Slge adse Al 05 s p gl
35 g0 gl sla sl jo il Fiwge (Lol 4y
cdld jelS 55 5 (Ahmadi and Baker, 2001)
Fwger 50 0,5 o)Ll arlts rwse o Fise slags ]
o ol 5 &5 Wl oo B | (i ailas
Morell ) 5 8 o,LzI SBE 4 SSS AGPase « ls5 o
a5 el ool lis calise Gldllase (ef al., 2001
ol Cllad 55 5 b 3T cnl 0aiiS 50, sl et e
e gl (S a5l cod ey
Hurkman et al., 2003; Saeedipour, 2011; Bing )
bolueg,S s uals il (ef al., 2014
S GRS iy o5 5L 352 slacasgaze foa
209> Jeb el g b, by sladils jo anulas
OelS0sd o Hd ojlal ralS el ol jo wls s
@l Gadpn o) 5o (Sad s Fl s als e 5
5 Sho Sliiss 5 ol g4y doys YEIF 5 VY 5
Gherw g Joe 9 Malek et al., 2019) .,Ken
el 0als 5,155 5.5 (Abdoli and Saeidi, 2012)
i L5 logyuSiles dnlie 5 udl s 25 ol
wls e 03 Sk 5l asdlhas 590 Bl s cre Dglis
(p,5 TVIV+) Y)ST 08y (smyp 0590 eyl Gy g
S G3s rpeS (S YVIB:) Selogre o) 9 (o S
Cdte (S b5 132 559 (O Jgaz) auils 1) asls
balpl poal pad p Ce e xSl L) )l o s
S ol las @@ =2 /VO0 ) wals g (@ =-/AVY ) i
Ll Ko BT Ll as 5 by Gow a5 J>
Sl ails pad p Sepe IRl CES Gl cnlnle
Son s e 59 S9d oo Wl e 55 Gl
alo slawy g o, 8les K0 532 L) (g)lo sixe g shin
all o (= -1FVe) b lld g0 o 40 aaw yo
G bae e Sawen ool ol slas = -+/AYA)



VEY Glasl [pg0 o )l /00 s 0,98 /D Olauaos

i e byl i con paiS pB1 wls wll ) Wig ) asdllas

Oliee 2 ipS Cabdgpe g V)31 (slapd, 5 cn e
(O Jsaz) disls olas |y caslo y asls

2l sladas 5leslaul b als aly Wi, owyyp
s asli oy o b aulg oo o cpl a5 sl ol
FHK) uM 2 0,99 Jjjo 9 L)M)" C,&).w dsbe casls u\.»:))
Jsb coss 3,515 sl aslis Gy p0 WS (St |
olid wls o Slee b 095 (Souon ails al 5 090
g Pl QB o plgiee el cnl 5l cnlplin g ol
2,5 eoliial adg Gl Cur (ol Ll e
O 0ysd Job el Kl Joe (i e
58 (59 095 Jldsa a8 og (Sis 1 bl d o ails
paS slond, o ol rals 1) ails o Slee g ails
‘Sibpmuﬂmowé)&isv)siws)wmum
039 PR 9 SIS (Al S (TN (Sl
JNy QT als ol 090 Job Jg s |y asls ol
5 ale olawi og Hub cdeds g 0g bpd, plu
a3l 305 50 o wls (aleg o 8kes oy ol o adigs
D 00l dalllas 0 o3,

28lw ol

Cle )0 iz (pl aS 08 e anl (OB) s
slas lsiear wlgi oo a5 Jlo b )5 Lalg, 4is5 ,o
el 00t ool 398 yeeas o5l gl

P50 @M eale,

Ao ol 55 o a8 S oo oMel () odis gl
Dy e g3 B a1 23 BT 51 JalS slony
ilos S (g9, ilfge Jlixl g Jlu)l b g ools e
5 035 ool Gl )5 G Jol dllie (pl (izren
Loy g 05 ) e @ Jel5 poba 95 b
Slasl gl 5 soladl s g ooid piiine 5 Gl siolen
Wl g 48K Dyge chalen boam w0 o
Ao Ll ojl!

s Syg0 a4 Al (pl Ol b (OB) eiays

do Jgoz dgize 5l oolaiwl 358> aJS g 00 5 cadblge ;L
.).Mf‘so)l.)f‘ﬁfwbébl) o)&gu))w sLibJ.iM)

\BR!

(F Jgoz) canl a8 3 18 aoyo SO Jlio ! maw o
P50 gy 0 Sles a5 0l Lid 5o b Sl dulie
Wbl &4 Cons doye YO (b ST Sas i
Barzegari ) ;),Ken 5 5,550 (0 Jgaz) ils ials
A Sas 15 Jleel aS ais ST 5155 (et al., 2020
YY Jmols cel paiS jo dls ol 5 al> ey Juad
OSes 5 Jlites ol Sy o Sbes 0 ghe)0
plol g SbxaY o>l o (Dastfal er al., 2011)
5 j4 35 (Ahmadi Lahijani and Emam, 2013)
Iy s 0,5hes (6003 YYIO 5 sao,s VYV tals
DS oy Slighos o Jad Bl (Sas sl
ol (Zhang et al., 2023) ) Ken o S5 .ais,S
S g () 3Shes o (oorinne b, 45T sl
byl o ey o Ses alS g o) g2y sy
dmlie Sl piwgs palf 5l AL (Sas A
©5) 9 (RFCRn Sbdgye p8, a5 ol plas el (Sl
J9oz) axils 1) gy 9,8kes e (S V53
@l oladgos 0 a8l s o, Sles B (O
@i sla She 4 DSl g cnl sal 3,155
5 g gl sy slasd iwgd Cepw il )
o A (S5 Dppoty Ygexa oS b Fhy Ko
Wy oo JLE 58 olS ab) lae ;36 cod g wisd
Golipour et al., 2016, ) cwul oo ools s
(Ahmadizadeh et al., 2011
Ll g pl)l 536 a8 ol lis Gyl 4520 @l
deyn K Jlisl mhe je clley asle p s k!
Ol 5 bosls ( Kilbee uulin (F Jguz) 09 lo sine
(Jad ol Sis s bl o cdley e ls oS ol
Joaz) cél pals vals bld 4 s s, YY/F
odips lis s bl jo ey asls rels (0
o Sles 5l G 1) ails o Sl St 15 a5 cewl oyl
ool obsS Jdoa Yt a8 ol sols el i
Sl &ls ol s aild o LS g &l ol 0,90
Nasiri Khalilelahi et ) ;Ko 5 o)l Jud5 (5 ymas
Abdolshahi et ) ,5ea 5 olilloc 4 (@l., 2020
i a5 WS el vg5 sla 15 s (al., 2010
ol aalS il o ,Shee ke 5 b Jab (sle
ol lis 50 b Sl duslin o)l Jlisay | cuils
poS slaed; clsy ald m )losine Dol oS
OS5y 9 et slad, 5 SBls dezy adllas o)



VEY bl [pgo o)l /o208 jau 0,90 [de Sliudos ohHlen 5 WSg

References

Abdoli, M. and Saeidi, M. 2012. Using different indices for selection of resistant wheat cultivars to
post anthesis water deficit in the west of Iran. Annals of Biological Research, 3(3), pp. 1322-1333.

Abdolshahi, R.A., Taleii, A., Omidi, M. and Yazdi Samadi, B. 2010. Study of Physiological and
Morphological Traits Related to Drought Tolerance in Bread Wheat. Iranian Journal of Field Crop
Science, 41(2), pp. 247-258. [In Persian]. https://dorl.net/dor/20.1001.1.20084811.1389.41.2.5.6

Acquaah, G. 2012. Principles of Plant Genetics and Breeding. Second Edition. Hoboken, NJ. Wiley.

Ahmadi, A. and Baker, D.A. 2001. The effect of water stress on grain filling processes in wheat.
Journal of Agricultural Science, 136, pp. 257-269. https://doi.org/10.1017/S0021859601008772.

Ahmadi, A., Joodi, M. and Janmohammdi, M. 2009. Late defoliation and wheat yield: Little
evidence of post anthesis source limitation. Field Crops Research, 113, pp. 90-93.
https://doi.org/10.1016/].fcr.2009.04.010.

Ahmadizadeh, M., Shahbazi, H., Valizadeh, M. and Zaefizadeh, M. 2011. Genetic diversity of
durum wheat landraces using multivariate analysis under normal irrigation and drought stress
conditions.  African  Jouwrnal of Agricultural  Research, 6(10), pp. 2294-2302.
https://doi.org/10.5897/AJAR11.157.

Ahmadi Lahijani, M.J. and Emam, Y. 2013. Response of wheat genotypes to terminal drought stress
using physiological indices. Journal of Crop Production and Processing, 3(9), pp. 163-176. [In
Persian]. https://dorl.net/dor/20.1001.1.22518517.1392.3.9.13.6.

Araus, J.L., Slafer, G.A., Reynolds, M.P. and Royo, C. 2002. Plant breeding and drought in C3
cereals: What should we breed for?. Annals of Botany, 89, pp. 925-940.
https://doi.org/10.1093/aob/mcf049.

Baghban Khalil Abad, S., Khazaee, H.R. and Kafi, M. 2019. Effect of deficit irrigation on kernel
yield, yield components and some physiological traits of different varieties of bread wheat and
durum wheat. Applied Field Crops Research, 32(1), pp. 1-12. [In Persian]
https://doi.org/10.22092/AJ.2018.116367.1220.

Barzegari, M., Emam, Y. and Zamani, A. 2020. Yield components and grain yield responses of four
wheat cultivars to growth retardant cycocel under terminal drought stress conditions. Journal of
Crop Production and Processing, 10(3), PP- 139-156. [In Persian].
https://doi.org/10.47176/jcpp.10.3.20124.

Bauer, A., Frank, A.B. and Black A.L. 1985. Estimation of spring wheat grain dry matter
assimilation  from air temperature. = Agronomy  Journal, T77(5), pp. 743-752.
https://doi.org/10.2134/agronj1985.00021962007700050019x.

Brdar, M., Kobiljski, B. and Balali¢-Kraljevié, M. 2006. Grain filling parameters and yield
components in wheat. Genetika, 38(3), pp. 175-181. https://doi.org/10.2298/GENSR0603175B.
Bruckner, P.L. and Frohberg, R.C. 1987. Stress tolerance and adaptation in spring wheat. Crop

Science, 27, pp. 31-36. https://doi.org/10.2135/cropsci1987.0011183X002700010008x.

Cao, L., Shi, P.-J., Li, L. and Chen, G. 2019. A new flexible sigmoidal growth model. Symmetry, 11,
204. https://doi.org/10.3390/sym11020204.

Darroch, B.A. and Baker, R.J. 1990. Grain filling in three spring wheat genotypes: statistical
analysis. Crop Science, 30, Pp- 525-529.
https://doi.org/10.2135/cropsci1990.0011183X003000030009x.

Dastfal, M., Brati, V., Emam, Y., Haghighatnia, H. and Ramazanpour, M. 2011. Evaluation of
grain yield and its components in wheat genotypes under terminal drought stress conditions in
Darab region. Seed and Plant Production Journal, 27(2), pp. 195-217. [In Persian].
https://doi.org/10.22092/SPPJ.2017.110432.

Dastoor, A., Asghari-Zakaria, R. and Shahbazi, H. 2014. Evaluation of wheat genotypes for yield
and grain-filling rate of wheat genotypes under non stress and post anthesis drought stress
conditions. Journal of  Agroecology, 6(3), Pp- 561-570. [In Persian].
https://doi.org/10.22067/JAG.V6I3.23874.

Duguid, S.D. and Briilé-Babel, A.L. 1994. Rate and duration of grain filling in five spring wheat

(Triticum aestivum L.) genotypes. Canadian Journal of Plant Science, 74, pp. 681-686.

https://doi.org/10.4141/cjps94-123.

Ehdaie, B., Alloush, G.A. and Waines, J.G. 2008. Genotypic variation in linear rate of grain growth
and contribution of stem reserves to grain yield in wheat. Field Crops Research, 106(1), pp. 34-43.
https://doi.org/10.1016/j.fcr.2007.10.012.

Wy



VF-V bali fpge oylods /om0 juuw 0,98 [DE Slindod i e byl i con paiS pB1 wls wll ) Wig ) asdllas

Engel, R.E., Long, D.S. and Carlson, G.R. 2003. Predicting straw yield of hard red spring wheat.
Agronomy Journal, 95(6), pp. 1454-1460. https://doi.org/10.1016/j.fcr.2007.10.012.

FAO. 2021. FAOSTAT agriculture. Food and Agriculture Organization of United Nations. From
http://fao.org/crop/statistics.

Gebeyehou, G., Knott, D.R. and Baker R.]J. 1982. Rate and duration of grain filling in durum wheat

cultivars. Crop Science, 22(2), pp- 337-340.

https://doi.org/10.2135/cropscil982.0011183X002200020033x.

Ghasemi Maham, S., Torabi, B. and Dadrasi, A. 2016. Modeling growth and yield of winter wheat
in Hamadan province. Journal of EcoPhysiology, 10(33), pp. 186-199. [In Persian].
https://dorl.net/dor/20.1001.1.20085958.1397.10.33.17 4.

Golipour, S., Ebadi, A. and parmoon, G. 2016. Components of different genotypes of grain of bread
wheat. Crop Physiology Journal, 8(31), Pp- 111-128. [In Persian].
https://dorl.net/dor/20.1001.1.2008403.1395.8.31.7.1.

Gonzalez, A., Bermejo, V. and Gimeno. B. S. 2010. Effect of different physiological traits on grain
yield in barley grown under irrigated and terminal water deficit conditions. The Journal of
Agricultural Science, 148(3), pp. 319-328. https://doi.org/10.1017/S0021859610000031.

Guttieri, M.]J., Stark, J.C., O'Brien, K. and Souza, E. 2001. Relative sensitivity of spring wheat

grain yield and quality parameters to moisture deficit. Crop Science, 41(2), pp. 327-335.

https://doi.org/10.2135/cropsci2001.412327x.

Honar, T., Sabet-Sarvestani, A., Sepaskhah, A., Kamgar-Haghighil, A.A. and Shams, Sh. 2012.
Simulation of soil water content and yield of canola using CRPSM. Journal of Water and Soil
Science, 16(59), pp. 45-57. [In Persian]. https://doi.org/20.1001.1.24763594.1391.16.59.4.7.

Kimurto, P.K., Kinyua, M.G. and Nijoroge, M.J. 2003. Response of bread wheat genotypes to
drought stimulation under a mobile rain shelter in Kenya. African Crop Science Journal, 11(3), pp.
225-234. https://doi.org/10.4314/acsj.v11i3.27572.

Kirigwi, F.M., Van Ginkel, M., Trethowan, R., Sears, R.G., Rajaram, S. and Paulsen, G.M. 2004.
Evaluation of selection strategies for wheat adaptation across water regimes. Euphytica, 135, pp.
361-371. https://doi.org/10.1023/B:EUPH.0000013375.66104.04.

Kogan, F., Guo, W. and Yang, W. 2019. Drought and food security prediction from NOAA new
generation of operational satellites. Geomatics, Natural Hazards and Risk Journal, 10(1), pp.
651-666. https://doi.org/10.1080/19475705.2018.1541257.

Li, A., Hou, Y. and Trent, A. 2001. Effects of elevated atmospheric CO2 and drought stress on
individual grain filling rates and durations of the main stem in spring wheat. Agricultural and
Forest Meteorology, 106, pp. 289-301. https://doi.org/10.1016/S0168-1923(00)00221-5.

Malek, M.M., Galavi, M., Ramroudi, M. and Nakhzari Moghaddam, A. 2019. Evaluation of
drought tolerance of wheat cultivars under water deficiency stress after flowering. Journal of Crop
Production, 12(2), pp. 123-136. [In Persian]. https://doi.org/10.22069/EJCP.2019.15545.2161.

Meskini Vishkaei, F., Mohammadi, M.H., Neishabouri, M.R. and Shekari, F. 2017. A model to
estimate soil water depletion coefficient using plant and soil properties. Iranian Journal of Soil and
Water Research, 49(4), Pp. 749-758. [In Persian].
https://doi.org/10.22059/1JSWR.2017.212087.667505.

Mohammadi Gonbad, R., Esfahani, M., Roustaei, M. and Sabouri, H. 2016. Effect of planting
dates on grain filling of bread wheat genotypes under rainfed condition of Gonbad-e-Qabus
region. Cereal Research, 6(3), PP- 307-321. [In Persian].
https://dorl.net/dor/20.1001.1.22520163.1395.6.3.4.6.

Nabipour, A.R., Yazdi-Samadi, B., Zali, A.A. and Poustini, K. 2002. Effect of morphological traits
and their relations to stress susceptibility index in several wheat genotypes. Desert Journal, 7(1),
pp- 31-48. [In Persian].

Naderi, A., Hashemi Dezfouli, A., Rezaie, A., Majidi Heravan, E., Nourmohammadi, G. and
Yarmohammadi, M. 2000. Exponential model parameters evaluation of dry matter and nitrogen
accumulation trends in grain of spring wheat genotypes using linear regression method. Seed and
Plant Journal, 16(4), pp. 471-480. [In Persian]. https://doi.org/10.22092/SP1J.2017.110920.

Nasiri Khalilelahi, S., Sasani, S., Ahmadi, G.H. and Daneshvar, M. 2020. Effect of terminal
drought stress on some agronomic traits of 20 elite bread wheat genotypes. Environmental Stresses
in Crop Sciences, 13(3), pp. 683-699. [In Persian]. https://doi.org/10.22077/escs.2020.2226.1564.

Ny



VEY bl [pgo o)l /o208 jau 0,90 [de Sliudos ohHlen 5 WSg

Nass, H.G. and Reiser, B. 1975. Grain filling period and grain yield relationships in spring wheat.
Canadian Journal of Plant Science, 55, pp. 673-678. https://doi.org/10.4141/cjps75-107.

Olivares-Villegas, J.J., Reynolds, M.P. and McDonald, G.K. 2007. Drought adaptive attributes in
the Seri/Babax hexaploid wheat population. Functional Plant Biology, 34, pp. 189-203.
https://doi.org/10.1071/FP06148.

Pourreza, J., Soltani, A., Naderi, A. and Aynehband, A. 2009. Modeling leaf production and
senescence in wheat. American-Eurasian Journal of Agricultural and Environmental Sciences,
6(5), pp- 498-507.

Rajala, A., Hakala, K., Makela, P., Muurinen, S. and Peltonen-Sainio, P. 2009. Spring wheat
response to timing of water deficit through sink and grain filling capacity. Field Crops Research,
114(2), pp. 263-271. https://doi.org/10.1016/.fcr.2009.08.007.

Richards, F.J. 1959. A flexible growth functions for empirical use. Journal of Experimenral Botany,
10(2), pp- 290-301. https://doi.org/10.1093/jxb/10.2.290.

Riedesel, L., Mo ller, M., Horney, P., Golla, B., Piepho, H.-P., Kautz, T. and Feike, T. 2023.
Timing and intensity of heat and drought stress determine wheat yield losses in Germany. PLoS
ONE 18(7), e0288202. https://doi.org/10.1371/journal.pone.0288202.

Sanjari, P.A. and Yazdansepas, A. 2008. Evaluation of wheat (Triticum aestivum L.) genotypes
under pre- and post-anthesis drought stress conditions. Journal of Agricultural Science and
Technology, 10(2), pp. 109-121. https://doi.org/ 20.1001.1.16807073.2008.10.2.1.5.

Sehgal, A., Sita, K., Siddique, K.H.M., Kumar, R., Bhogireddy, S., Varshney, R.K.,
HanumanthaRao, B., Nair, R.M., Prasad, P.V. and Nayyar, H. 2018. Drought or/and heat-stress
effects on seed filling in food crops: Impacts on functional biochemistry, seed yields, and
nutritional quality. Frontiers in Plant Science, 9, 1705. https://doi.org/10.3389/fpls.2018.01705.

Shah, N.H. and Paulsenl, G.M. 2003. Interaction of drought and high temperature on photosynthesis
and grain-filling of wheat. Plant and Soil, 257, Pp- 219-226.
https://doi.org/10.1023/A:1026237816578.

Shahbazi, H., Arzani, A. and Esmaelzadeh Moghaddam, M. 2016. Effects of drought stress on
physiological characteristics in wheat recombinant inbred lines. Journal of Plant Process and
Function, 5(15), pp. 123-132. [In Persian]. https://doi.org/20.1001.1.23222727.1395.5.15.1.4.

Tavakoli, A., Ahmadi, A. and Alizadeh, H. 2009. A study of some physiological aspects of yield in
drought tolerant vs susceptible wheat (Triticum aestivum L.) cultivars under post anthesis drought
stress conditions. Iranian Journal of Field Crop Science, 40(1), pp. 197-211. [In Persian].
https://doi.org/20.1001.1.20084811.1388.40.1.19.1.

Yang, J., Zhang, J., Wang, Z., Xu, G. and Zhu, Q. 2004. Activities of key enzymes in sucrose-to-
starch conversion in wheat grains subjected to water deficit during grain filling. Plant Physiology,
135, pp. 1621-1629. https://doi.org/10.1104/pp.104.041038.

Yu, S.M., Lo, S.F. and Ho, T.H.D. 2015. Source-sink communication: Regulated by hormone,
nutrient, and stress cross-signaling. Trends in Plant Science, 20, pp. 844-857.
https://doi.org/10.1016/j.tplants.2015.10.009.

Zavieh Mavadat, L. 2018. Timing of nitrogen application effect on source-sink limitation in wheat
cultivars under terminal water deficid stress. Ph.D. Dissertation. Urmia University. Iran. [In Persian].

Zhang, L., Chang, Q., Hou, X., Wang, J., Chen, S. and Zhang, Q., Wang, Z., Yin, Y. and Liu, J.
2023. The effect of high-temperature stress on the physiological indexes, chloroplast ultrastructure,
and photosystems of two herbaceous peony cultivars. Journal of Plant Growth Regulation, 42, pp.
1631-1646. https://doi.org/10.1007/s00344-022-10647-9.

WY



