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Figure 1- Average temperature and precipitation in the months of the growing season
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Table 2- Combined analysis of variance of traits of day to physiological maturity, grain filling period, yield and yield components.
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Figure 2- Comparison of different genotypes in terms of number of days to physiological maturity in water stress treatments (means based

on water stress with and without zinc consumption). Common letters in the columns indicate no significant difference (Duncan 5 %6).



Ol 5 051 ool

-

3o Lol plasl sgz 4 Can opl i ] lade o seS
o) Ll o kel osn lulyd e pusS o8, 1 anlis
=150 e 50 Cugi 90 50 (oxSe o 10+ (gLl 5 (s,
A M ot ob pasie (wadle (ol Jisb 5 (Jlisles 5
Joine Solis sls bals 53,5 5 Loty 5 090 Jobo

(Zhang et al., 2017) wog

aby deye jo (A A Waliae ez 5l 6k

Sedise Lalls al y oyes Jsb rals el pass il
(Pradhan et al., 2012; Mahrookashani et al., 2017)
Sae Job Sl 5 Gheghy cnl jo ool eolitul bacadsi
G5 5 Pl o8, (0 JS2) wog Sl laails ol
YYIO o YY/Q aly o 5 ooye0 Jsb b s 5 4 WS-82-9

59 VUA &l (ol 5y 0)90 Job b gl o8, 5 (i 5,

24 -
d
— 23
N B
1% 4]
A oo
£ 2] b
.5
T._-_": 19
13 T 1
VTHF_TIY ITAVC 1TAA
2017-2018 2018-2019
JL..A
Year

(00,0 B 5S518) Cawl Yl S Wgled pae JFily b ygiw j0 S yiio B9 po .Calicio Jlw 90 50 ails ol 1 0,90 Job -V JCo
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no significant difference (Duncan 5 %).



™ posS byl 5l (B g 50 (Slid S Ol Jsaxi 9y ais (Sl Jeloe G

;.)""':\_ |cd

¥ e

| :

| ab

iyl
Genotype
A

| cd

o | be

peees | he

| de

o | b

18 18|.5 1I9 19l.5 2IIJ QDI.S 2I1 21I.5 2I2 2235 2I3 2?:.5
I aily R
Gram filing period (day)
(00y0 B 5SG10) Cawl {10 Sro glad pue Sl b ygtiw )0 I pidio Bgyo . Aild (youd 33 0,90 Job i jI Cilizko g gi) dunlio -0 JSC&
Figure 5- Comparison of different genotypes in terms of grain filling period. Common letters in the columns indicate no significant

difference (Duncan 5 %).

5 (Hera et al., 2018) (5,5,0 SJgple slaoisld aglas
P 90k 5 Oisr leglSge 5 oz 58U Grizes
Iy sk, i luls (Cakmak, 2008) o5, slaails
b puiS Glise a2y sy ol b uled e Jpows
Oglite (Sas 55 byt Jass o o] GRS 5 g, omels
G5 g oudg) Sl LiiSen , (Ghasal et al., 2017) el
O 5oz o Jlosime )bl Sl 5l ails Jlie 3 5 (susb,
Srae b9 by G5 Ao dls e o5y <l G it
Cigil 90 0 by A g duo,d YUY o YAA Jolee (s,
A5 A 50 65 (Bl gloe s S ealie Sl Olg e
32 Ojs x5S Sl s el by ase jo (Sugb,
Joo plocssl )3 59, Blhdslme (P Jgaz) ab ails
ol 4 e i 4 Wl g Gy, S S Gl
Lol 4 G 4l Jl5m 35 (gaumyd Yo/O g VAIE YV
D 59y Brac (g (AT
S S I UL IS S e e .
Beigzadeh ) el 43,5 )15 aST 8,50 5,500 slo gy

3 Slos <l 3ol g 3 Slos
OSle (V Jgu2) 09 Jlogine ailo o Slae pn Jlo 51
BOOY i ) 39 gl Jlw 5l i pgo Jlw 5o alo & Shae
bolyds glis 4 1) ol lgiee o5 (LS o 0, S5LS #YTA 4
5 sk Gl AiSan ol s Jlo 90 2lsm 5
J9az) 05yl gime oy Syl )5 ails o Shee i
& S s 3 Shas SRS wos aS 5 i (Y
o) @ bgrye i S a5 003 YEIV 5 OF/) plp wals les
Sran b (i jled (V) Joaz) 05 WS-82-9 (nl 5 (59
Lol gals 1) o Slee cdl as o laial) den 10 (59, 985
95 09y S Se Gl olg) w3550 )0 Lald S92
Ao 4 S (59) Span g (55 3929 Sl 50 5 Shee Wil
(Vo) catls Jlogae all (55, Spae pae g 25
Sl 5 oy S S Glan o) A 9 Shee S5
Al i A gy Sran e Cashy G5 Ll a4 cos
Soged 3l g9, Hb ele 09 doyo VO g VFIA N VY

5ol ool 5 5 slaplail 4 ol I (65l e Cilisee



Yy

RULCER TSR

b ol als alonil Slsal o aST _imgs o (€t al., 2013

s

D32 059 2 89 wobdslon Sude 53U gl Wakine (padize

SLidles S al e o sb 5 it 5 s Soy 59

PBlam= «lo

99

oy

S50 (sl sl

S

|

FHIAN 5l pasS ails 5o 39 Sgmpe 9 35 Sl 51 baws cely

(El-Dahshouri, 2018)

& (Monjezi et al,, 2013) os o5 VPP & )5

(24,) ssams 1ojeM
0] pareduros oWz + ssans Em
JO 2ye)s Ay Ul pla1k pasearou]

Sy §0¢ VL s 'l 8l e Lcl 61 99 'L (i 69 i by e (i
70 €0 o <€ qpo 0
(%) [0nu0d 0) pareduros
SSOI)S IDJEM UT PAIK PIsLaIda(]
Sle o€ I've 09¢ vee '€ vie 8LE €¢¢ 8'8¢ 8ve Ceqér™ oo by o
e 600 ot e o o 0
JUI7 +5SITS IBA)
qvle nomw nv»m qcre nEcm q 661 amfm ﬁ_v_m g q01e g« Pt kit
SSOIIS IDJEA\
nﬁom 5061 nwﬁm _“,OMN mow_ 5891 awmm 5681 anom m_n.m_ aﬁ:m 0 (qEe
[onuoy
LT6T 66T L TEE L, 6°SE L L6T L VST L8TE L POE L0TE LTTE LTTE v
ueysoy
UEpUEy  pueAly  weSysg  uegsoy g1y SSOIDNIBY  saeg  Zeyysid  OwI[ pT-98-SAA aul[ 6-Z8-SA\
. UBAJIS adSyouany
res iréee Frad i e hia ae?  Fl RO PI98SM o R 6T8SM o
. 3 b s
bl
JySom ueid g1 2y uo odKjoudd pue ssons 19jem Jo uosLedurod uedjy - d[qR],
b - omyire oY Farngrn o oo (™ € (b oni & 600 o opee
(24,) Sso;s 19jem
0] paredwod SUIZ + $SIIIS IdJeM
0 JJB)S JY) UL P[IIA PasLIdU
VL 0's1 s €5 7L gl 6L LT 6 09 9'L JO IS 2 W PR P 1
e o (e
(510 worste of qpo o (b (69
(v) [0nuOod 0} paredwod
SSOI)S I2JeM UT P[IIA PASEAIA(]
I've 008 I'ts £y ¥'SS 1294 068 L'ty 6ty £'8p T9¢ & e
qvF T o qpn 7 (qfa® e
JUIZ +SSoIS IJE A
q 98Tk q 086¥ q ¥S1S q 880% q ey q L8SY q oy q ¥90S q 020s q s q 1908 0 (b 065
$SaI)S 10Je AN
q T66¢ 5 0£Er q 8681 q £88¢ q 656€ 5 S66€ q LbLE 5 SESY q 1784 q stor q SOLY 0 (g
jonuo)
¢ 00L8 ¢ 9886 80001 2 0L69 8988 ¢ FOE8 ¢ SE16 o VE88 o LSV8 ¢ 7ES6 o ILEL P
ueysoy
uepyely  puesly wedysiy ueysoy  Say  sseadyaeg Isaed ZBUsid QW FI-98-SM ATIS Ul 6-78-SAM adfyous
Frees e Frgd 0 o b a‘e Pl ROPIO8SM g KT 6T8SM e
ek

PIaIX utes3 oy uo 2dK10usT pue ssans 10)em Jo uoseduiod uBd -¢ dqe],

ErE[ |- e st Kemer |

€ o €

a6 (6 oS H oo oy



Yy posS byl 5l (B g 50 (Slid S Ol Jsaxi 9y ais (Sl Jeloe G

el 5 4l slass il el (55, 0TS B 2k e
i el 51 o ins g5 lanll e s A BVIYS & FYIBY
(Ghasal et al., 2017) cusls s954
o g jsbay &S cuul Slas Koo 5l alaw Job
e 3 s Job (Y Jguz) <85 3 ush, (25 56
4 o5 Ll g sy Brae G sk, 5 led bl
odee AV G AN e o1l s 4 g5y b pes ol yan
o Sl )3 (65, Brae S s als Job (A S5 o
SGs) O ke 20,3 TIV (55, Bras pas Sl 4 S
Gl S8 Djse @ o megh cpl 4o ead colaiul sl
it Jgo b gl i (4 JS5) g i g ki
e o b ol 13, 5 (et S ek 11IIY
Vol amtls |y alie Jsb a8 ele AVIY
$9) Syas oglley shsb, (i ulyd o Al Job gae)o
Hera ) coul oo o )lil o ighy (5,0 Slidlos 5 yloj 4o
35 pasS iduagal pl b adllae (o (et al., 2018

Ghasal et ) 5o 5 U ez, alw Job al38l el o4,

als Sasi jy coig) g sk R il piSen ez S

olyen 4y sk, A5 Lalpd 5o (Js (V Jgo2) 090 losine
09N i Hlowd 4y Cannd (6 5ieS alS ails Sl (gg, B e
Slows o alw o ailbs dlaws rals (P Sl ey (59, B pae

S 595 b sl ogllay (gusb) 25 Jless 5 (Susb) 5
&S5 ol adl og 2o 0 FIV g A ply cud g dals [les &
olasy Cas Hhai il lacigiy S ol a5 clbls ax gy Wb 5
med g a0 dils slasy (Y JSE) 09 Dglate b jo als
bowis plo 5l i Jlogine jobas woll 5 plliy o ol
il Sl (5 S5l el (59 o (gl A mlpd )0 09
252l (glaslllas o Jlio laie 4y 058 o0 oS Liulj slaplul
> 3 6y rare Shdelre usb, 5 Ll
Ol el T G ran pas a4y Sl 50l g Sladles
5o dile slaws gasys YV moll alow Job (g, V¥
Hera ) coul ool paus «ils 5o 59 e, § iol58l g alow
oialidl s bUs 5les,5 slaails e (5,9, T AL, 2018
ok G5 Ll o 6y (SAhsbre b alw o ails slass

.@l., 2017 56 ctwgn ,o (Cakmak, 2008) el ouds sols ansis
42 4 d
41 -
b
3 2 40
S
42
3 5 30
" oy
I~ ¢
;3- 5 38+
37 A
36 . ' !
aals wotaloy S Sy Bt Lugley AT
Control Water stress Water stress + 7n
Iy Loy
Treattments

Sl 10 Fxo Wglds pae HKly by ygiw 0 S pidio By .alcw 50 aild dlai Ll 3l wald g (Jugby (wid (g jlows dwy i - IS
(000 & (SSIo)
Figure 6- Comparison of water stress and control treatments in terms of seeds per spike. Common letters in the columns indicate no

significant difference (Duncan 5 %o).
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Table 5- Comparison of responses of different wheat genotypes to zinc application under water stress conditions
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Abstract

Introduction :Wheat (Triticum aestivum L.), one of the most important crops in Iran during the
2018-2019 crop year, occupied more than 5,864,000 ha of the country's agricultural lands, of which
1,932,000 ha were irrigated. Wheat cultivation in various regions of the world is impacted by a
variety of abiotic stresses, among which drought stress (particularly after the pollination stage) is
regarded as one of the most significant factors. In the majority of regions of Iran, there is typically
sufficient moisture and suitable temperature for wheat growth in autumn and winter, but high
temperatures and a lack of water are typical in spring, coinciding with wheat reproduction.
Approximately 50% of the world's grain-growing lands are zinc-deficient. Considering the
importance of grains in providing the daily calories required by humans, the zinc deficiency in these
lands results in a zinc-deficient diet.

Materials and Methods: The present study was conducted at the Kabootarabad Agricultural
Research Station in Isfahan to determine the effect of drought stress in the pollination stage, with
and without zinc spraying, in the two cropping years 2017-2018 and 2018-2019. For the study, a
split plot experiment with a randomized complete block design and three replications was
employed. The primary factor consisted of three irrigation levels (full irrigation, and stop irrigation
at the pollination stage with and without zinc foliar application), while the secondary factor was
comprised of 11 wheat genotypes (two lines and 9 cultivars). In both years, the test site was chosen
in areas of the station that had been fallow the year before. The land preparation process included
plowing, discing, and leveling. Using a furrower, furrows with a stack distance of 60 cm were
created during the final phase of land preparation. In accordance with the soil analysis, 100 kg ha*
of potassium fertilizer (in the form of potassium sulfate) and 100 kg ha™ of phosphorus fertilizer (in
the form of triple superphosphate) were applied. Before planting, stemming, and before the
emergence of spikes, 280 kg ha™ of nitrogen fertilizer (in the form of urea) was applied in equal
proportions at three separate stages. This study measured the number of days to physiological
maturity, the duration of the grain filling period, grain yield, number of spikes per unit area, number
of seeds per spike, weight of 1,000 seeds, and zinc element efficiency. SAS were used to perform
statistical analsysis, while Excel and Word were utilized to create graphs and tables. The means of
the studied characteristics were statistically compared using Duncan's multi-range test at the 1% and
5% probability levels.

Results and Discussion: The interaction of stress and genotype on the number of days to
physiological maturity, grain yield, and 1000-grain weight (at 1% level), as well as the effect of
moisture stress on spike length at 1% level were significant. In three genotypes of Pishtaz,
Backcross Roshan, and Alvand, zinc foliar application increased yield by 11.7%, 14.8%, and 15%,
respectively, compared to moisture stress conditions without zinc consumption. Compared to the
control treatment, the grain filling period was 33 and 30.6% shorter in the water stress treatment
without zinc consumption and with zinc consumption, respectively. Among genotypes, zinc
consumption efficiency ranged from 86.95% to 95.03%. This study revealed that under drought
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stress, foliar application of zinc can mitigate the negative effects of stress, but the response of
various cultivars varies in this regard.

Conclusion: According to the findings of this study, zinc foliar spraying can enhance plant
performance and mitigate unfavorable conditions caused by moisture stress. Nevertheless,
genotypes react differently in this field. In this regard, genotypes such as Pishtaz, Backcross
Roshan, and Alvand performed better. The increase in spike length and number of seeds per spike in
response to zinc foliar application under stressful conditions were the primary causes of the yield
enhancement. In drought-stressed conditions, zinc foliar application also contributed to an increase
in seed yield due to a higher 1000-seed weight. Additionally, it should be noted that the effects of
drought stress are closely related to ambient temperature and heat stress, and that additional
experiments considering the combination of these two factors can yield more accurate results.

Keywords: Physiological maturity, Spike length, Yield, Zinc efficiency



