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Comprehensive abstract

Introduction

In arid and semi-arid regions, drought stress particularly during the reproductive and late-season
stages, often accompanied by high temperatures substantially reduces wheat yield. The use of early-
maturing cultivars with shortened growth cycles, which complete development prior to the onset of
stress, represents an effective strategy to mitigate these adverse effects. Evaluating the response of
these cultivars to irrigation cutt-off during reproductive stages facilitates the identification of drought-
tolerant genotypes. This study aimed to investigate the effects of drought stress on morphological,
phenological, and functional traits of early-maturing near-isogenic wheat lines subjected to irrigation
cutt-off during reproductive growth.

Materials and methods

The experiment was carried out in split-plot based on a randomized complete block design with
three replications at the research field of Shahid Chamran University of Ahvaz, Ahvaz, Khuzestan
province, Iran, in 2024-2025 growing season. Irrigation treatments at three levels, including full
irrigation (control), irrigation cut-off from the beginning of flowering to early dough stage (code 61-83
in BBCH scale) and irrigation cut-off from early dough stage to full grain maturity (code 83-92 in
BBCH scale) was considered as main factor, and five bread wheat cultivars and near-isogenic lines,
including Roshan, Mahdavi, Roshan’s near-isogenic line, Mahdavi’s near-isogenic line and Mehregan
cultivar (control) as sub-factor. The measured traits included phenological traits (number of days to
heading and days to maturity), morphological traits (plant height and peduncle length), yield
components (spike weight, number of grains per main spike, spike weight and 1000-grain weight), as
well as biological yield and harvest index which were measured at full maturity. To group the studied
genotypes and traits, cluster analysis method was used and the respective dendrogram was drawn as a
heat map using R-studio ver. 2023 software. Data analysis of variance was conducted using SAS ver.
9.1 software and comparison of means was performed using Duncan’s multiple range test at 5%
probability level.

Research findings

The results of this study indicated that there was a significant difference between cultivars and
near-isogenic lines for most of the evaluated traits. Irrigation cut-off at different growth stages
significantly reduced the number and weight of grains per spike, 1000-grain weight, and days to
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maturity, ultimately leading to decreased grain yield across all cultivars and near-isogenic lines.
However, greater reductions were obsberved in the cultivars compared with their corresponding near-
isogenic lines. Under irrigation cut-off applied at the flowering stage, the grain yield of Roshan and
it’s near-isogenic line, Mahdavi and it’s near-isogenic line, and Mehregan decreased by 33%, 38%,
29%, 29% and 20%, respectively, compared with full irrigation treatment. Corresponding reductions
under irrigation cut-off treatment at the grain-filling stage were 12%, 15%, 15%, 15% and 8%,
respectively. Grain yield in the Mahdavi cultivar and it’s near-isogenic line, as well as in Mehregan
cultivar, was significantly higher than that of the Roshan cultivar and it’s near-isogenic line under all
irrigation cut-off treatments. Across all irrigation cut-off treatments, the number of days from seed
sowing to maturity in near-isogenic lines of Roshan and Mahdavi was 10 to 15 days fewer than their
parental cultivars. This earliness likely contributed to reduced exposure to drought stress during
critical reproductive stages, enhancing yield stability. Furthermore, irrigation cut-off during
reproductive growth stages further truncated the reproductive cycle of both cultivars and near-isogenic
lines by approximately three to five days compared with the full irrigation treatment.

Conclusion

Overall, the findings of this study showed that the the near-isogenic lines outperformed their parent
cultivars in terms of yield and other agronomic traits. The near-isogenic line of Mahdavi, by
employing an earliness strategy and shortening the time to flowering and maturity, achieved the
highest grain yield under both full irrigation and cut-off irrigation treatments. Therefore, similar to the
Mehregan cultivar, it is recommended for cultivation under mild water stress conditions in the
Khuzestan region.
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Table 1. Meteorological information of the experimental site during the 2024-2025 growing season

Month November  December January  February March April May

2024 2024 2025 2025 2025 2025 2025

Maximum temperature (‘C) 25.8 20.5 20.1 19.9 26.7 352 42.5
Minimum temperature (°C) 12.0 5.9 6.5 6.4 12.1 19.3 22.4
Mean daily temperature (°C) 18.9 13.2 13.3 13.7 19.4 27.2 325
Total rainfall (mm) 10.6 3.2 13.7 5.4 13 4 1.5

F3 55 slojlers (oled sl S ez Cogb; oo
TDR iwcash, oS jloolinul b kel 1o g9, 5l
& 5o3lal ProCheck, Decagon Devices, USA)
9250 Caghy oS 0 Jleel Gloj wgllas (55k0l jless s
oolaiwl B Ol sojo Ar Jolro al, axl )0 S o
Oy Sk
sleoed 5 Kb gla Sy (oilel g955 5l G
Sroile Yo U jho Bos jl (g)lo paigai b as )50 S
a5e5] 2l lul s S 5088 slasls ol st S
ey 9 yied (e (2l polie Gl polis S
b b il Blal S 4 a3 leosS g asis

YOA

a5 aln iy s plodl olo,3T aamty g o udlS

2ol e g clle bl 257 B L Sedens I
Ve bshs alolb b e 4w i) (b 59, &5
aw B 9o Bas 30 e e ;0 &g Froo oS15 g e il
JRUTRUR UV A1 BPIU SVESN FUPPRRERVJCON A EpCOygs e
O Aol (izen g (ol &5 50 Aol Lo
Eors b cnls loy jlad 4 s jlas )0 e g9 L)l S5
& S el jelaneas plite jsboar (5 )lul ¢ malS
=l ssel by o sl @y azgi b oad el oS
A b lel kB ianl GlacnY 5 lepd, sud,
b el Y g 68, e 4 bgipe o Al e (285



VEF Gl Tpslez o )lods 2033l 0,90 [ Dladms okl b 4y b pasS w095 o9l slacnY g e, (Sl

a8 Jabd Job o 5 slacile JpuS 0l Bpas 25 Sd JSe 55 S el STV e lade (Y Jgaz) S (905
5 SpSeL) e GlaaisS g5 9 W15 4 4z L e 3l ey 250k A s iy Slad e ae )
Oeiet 5 69,8355 5 e pgans SaS (S0t Sl 058 plpea catS b plojen ey Sllges
Sas g Jleel glasul 4y e85 plwl fiws (g A ey JLSe 50w SelS Ve (riaren a0l 0093l
o5 il g0 e 50 Clly g cdly wells Blles Al L plojed (S5 >0 90 50 bl & j50 4 09l aie

b Ll Qs jsboas 25 (a0 gl g (poddls Jolye 10 Sy & jg0s (6,50 5 A

Sl T b jhe Gos 5o ohalajl aslie S oloarniisSnd slo Sy Y sz
Table 2. Physico-chemical properties of experimental field soil at 0-30 cm depth

Textural pH Electri.ca.l Availgble Available Total Organic Fielc.l P.er.maner.lt
conductivity potassium phosphorus  nitrogen  carbon  capacity wilting point
dS.m'! mg.kg! %
Sandy loam  7.45 3.50 231 11.32 0. 098 0.43 32 13
Jsaz) cils ve2g (g o goe Dol ol Al jo als ooaliw U clls 5l 5e, olaws Jolss SG3e0908 Slao
5o (ae FRIVY) ol dlow ;o als slaws o 5 yies (Y Slas g pSoslail gl wl g pFeslal S Saws,
Sl 53 (ue YY) T 0 ieS 5 b5 okl Slaws S 8dee szl Sl Job g el )| ol Su3elsd )50
e (pizen b ovalie aulS Al e o o)kl g i y3 &ls ()39 9 als sl s Jl5a (59 calinn (359)
Sl b gl sme oglas ails o >0 y0 )kl by 5o eimlesl axly yo 5l Bolas aig Ve slaws o Lol
slaingsy b gumsd laasil o) (F Jyaz) coslas Jals 3 Skae (5 ool pglaiey b cutlsy LS Fa,
P Jab Sl (Sad 45 85 WS e 98T iy Sy 3l mp ebloy el 5 00gicns; o Shas il
seals cads o g ol Sl b el Sae ails slasxs (Slas )y wliie A0 05) Wiy had LU jo bails LS
Gl 216 Lyl jo 0, Slee zals Lol cde als slass Olped bl Bdo 5l s &) e 3l Sl (o, e
(Dolferus et al., 2011; Safhi & Thabet, 2025) e 5l by ol aid )3l s o) paiges bglas
£355 oo 3l sy Lo 839050 ;5 Al 3 ails slass Catlsy Slkee o plosl &S 5l gye yie S Jolas
Bedse et LSS 555k oley b (bl azlin slocnY 5 bed) (Sorw) ol o Sl a4 4 b
S 510 00,5 dils cende 4 o als olaws oS 8,5 Dygo ole e 3V BV Sley a3k 4o (y5e5)]

S gl pe Py Oler jeewsSes Ao g b
Saini & Westgate, 2000; Ji et ) 545 oo o0ls Cod
o955 (Plaut et al., 2004) ., SKea g &M (al., 2011
PG e )ﬁ.,L? PPNV L EWPR L IR S

ild Ay O g G alS L Ll calllas als slass

&oboT Slawlxe
s SAS 53l 5 51 oolizasl b baosls uilylg 43320
b 55 S (53051 L o eSilie dulie g ad plwl A1)
5 LB g celad 4350 LS Ojpo a0 O Jlis]

R-studio /38! o5 5l solazwl L 4T L b 1,5 g,
Sl als | ails Sas e 2Bt e 5hes 2 Ol b bgrye pl)Sgy080

.2 elsl version 2023
Jdsas isnl elagY a5 ols lis asllae ol gl e

ol b ae bl b So5elgd Lkl g (o y0s) oy g gl
b aglge 5118 g (S, 9 (IS Lok, 590 Job Lol Alins 4 41 olass
O 08) & S S5 Al slawi (g lly (S L el slajles o a8 sl Glas il g wies ol

loww 0 Lls OYIYY L Yol (F Jgam) sols o ) . L .
- # e ool s shass 5 51 (sl slacaY 5leed) loaisis 5 )l
S0 ye5 0 (65 s Sl 3l g bl 1y als olawy o 5 s

Yo4



VFF Gl /o lez ojlods [p203l 0590 [OMe Llibms

Blum, ) sy Ll e L3 sl simghy sloasily L a5 col
Jlesl a5 a0 o ylis axdl ! (2011; Fischer, 2011
s sk b S dusa (aulS alepe o ol i
Gl i ge Lagy) el oy calio slos 5 S YL
Slsold Jolis ails ol 5 058 coi aails o35 o sne
Joli ot @l ez el anlis pex 5 ity
Gl 58l Db awdg s S8 —Olawd oo g0l
(Hurkman et al., 2003) oiS o W] als jals 53 0,90
alo ay ey (malS Jotme jliw diwlis cudled ials
ol Jud,e oS Jb o el Ses s kls o
PSR SO NIRRT ST PPN
(Ahmadi & Baker, 2001) 5% oi, a8gs
u&ﬂw‘éw@‘éuwfsjﬁégbéow
oyl was b 5l e ool bl 4 boee
Bl e catwlis 4 3,8l bos yo Lo galdS
ooy 51 (Yang er al., 2004) 545 co odls Cos
sladsbo slasi 4 (Saw wls (39 pds «Sjelgn b
Oy S g Dk g (S3hwgid Slge JUET o yrasgai]
95 50 Sy (Yol 1 oo amlie j3 0l wlo
AR 5 Al G5y R ieS wslnl ekl e
O Vel g opbyy o8, a5 I 0wl 1) o Slee LS
L¢Q5L&J Q—.‘.‘ Aasls QL,.....; |) &ls 9 u,....a:lf PP e
Jozii 5o laqudsly Sglite (Se) Jenily baimsplas
oYsil asle jlal lacasys ol 5 el ol i
alo sl g als (59 G (698 Cude g b g (SKwen
059 oels a8 el T Sl (0= 0.78") Lol dsw o
5 &l dlass ralS x.sLs o Boes ol alows o als
als olaws malS 4 e a5 olse 5 ol 00y alan
50 e beails Sl o9 (el auiies jsbay (ilons
Ot i o plie gleandl aslalnlds

] 00 U’“")‘)f

Y-

oo g 3 Ll

slasi clyeas ol Ga¥snl 5 ey 08, S I 50 g
ool las e g s, plo 4 Cand (505 Al
gl slawi cn St SIS o (Yol ol 0
S YL Jeos g (6,55l sasasylis a5 og o ,Shee LS
S eba il Jlges o liione ple slaaidl
ws S o)iS Banyai et al., 2017) o) Kea 5 L
5 Wog ed,) Ay Cawd (65 i alw jo &l slass gl
5o s olasd ()5 o 08 opizren IS (6 e o ,Sles
(F Jauz) clls s (p¥onl b Sl Lol o
s aily o Slee b Lol dln )0 dils slaw guitins bLS )|
Foe oarld Glyed Sho ol Sueal Sl lacis 0l
o|ro.® G940 asbe J.o.:z_..a beﬁ‘) )| oolazwl ‘Q—.‘.‘f.t-.’
..\)‘5.:‘5‘0 s‘sbd.lf :\.L‘>J.o B o);5=b sé)l...j WL».A S e la
5 ol Ao (o ally slaws o Je g Cute  Swen
Cao w‘ as B o QL...J e (= 0.7**) alo o Slee
eoplpby cwl o Slee 8uisS o Lol Slil 51 SO
L LBk oyog slacnY 5l eolatwl 3 conlis (,Lo!
b wS SeS o Slee gylul a4 Wil o adhais
wls o Shoe 35 a5 Wlos,S 0ST 35 LS sl ingy
als 39 ol 5l e ails slass oIl 5 )b 5l snsS
.(Sadras, 2007; Dolferus et al., 2011) el

ol Al o &8 339
O Gl gre Sglay aS by lias il g 4o s
Oisrl slacnY 5 lopd) e 5 g )lol ald slajles
AV Jgaz) cebls S92y ol Al y5 als (39 15
@ bgye coiia Al 09 Sl (2505 5 2GR
2 A 50 okl gl g (5 VATY) olS (sl e
o 5o a0l azg L og (a5 VFAA) ails s
039 2> Sl SRalS (S Al e o gl el
ol (F Jauz) aid caslice oS (g lol 4 cad ailo
sl GRS 4 ails (Al pe Sl Sl 4z



W b Ip,lez ojlod [pao 3l 0,99 e Slinios bl a4 (b pasS 5995 395 slagnY 5 laed, LiiSTy

el B (sl Lo o3l o puiS uyog; o35 (33l slacnY 5 bl 53,5hes 5 Sajslyidodype Dlaw uilhly 4325 Y Jgo
Table 3. Analysis of variance of morpho-phenological and yield related traits of wheat cultivars and early maturing near-isogenic lines under irrigation cut-off

treatments
Source of variation df Mean square

GY GNS GWS SwW TGW BY HI PH PL DH DM GFP
Block 2 3289017 190™ 0.054™  0.050 "™ 43.9" 5473745  26.4™ 253" 132" 1.75™ 295" 0.28™
Irrigation (A) 2 3939200 262" 0.486™  0.208™ 48.1" 14697705  78.2° 383"  40.9™ 0.822™ 413" 557"

Erorr (a) 4 15035 8.82 0.003 0.003 423 731091 26.7 27.43 4.78 1.68 0.88 4.28

Lines and cultivars (B) 4 1295954 704" 2.05" 1.29" 366" 27330622 471" 2110" 825" 859™ 639"  26.9"
Ax B 8 31880" 1.29 ™ 0.013™ 0.001 "™ 3.21m™ 119755™ 852™ 299" 131™ 0.572™ 2637 250"

Erorr (b) 24 14208 12.1 0.023 0.029 3.69 1068546 21.2 8.6 7.27 1.48 0.772 1.59

CV (%) - 5.85 8.35 8.97 8.31 3.74 11.89 12.65 2.89 8.57 1.37 0.694 5.15

%, * and ™ Not-significant and significant at 5% and 1% probability levels, respectively.
T GY, grain yield; GNS, grain number per spike; GWS, grain weight per spike; SW, spike weight; TGW, thousand grain weight; BY, biological yield; HI, harvest index;
PH, plant height; PL, peduncle length; DH, days to heading; DM, days to maturity; GFP, grain filling period.

Goll 1l sl jlas o oS y055 o035 (3anl oY 5 lapdy o Shee (gl (ke dulio =¥ Jga
Table 4. Comparison of means of yield components of wheat cultivars and early maturing near-isogenic lines under irrigation cut-off treatments

Treatment GNS GWS (g) SW (g) TGW (g) BY (kg.ha'l) HI (%) PL (cm) DH GFP (day)
Irrigation cut-off treatments
Full irrigation 44.73* 1.821* 2.17* 52.8% 9622* 38.52% 32.75a 88* 26.2%
Irrigation cut-off during flowering 36.07° 1.773* 1.94° 51.6° 7649° 33.18° 29.99° 88? 24.87°
Irrigation cut-off during grain-filling 43.27* 1.488° 2.03* 49.3° 8796* 36.67® 32.42° 88? 22.8°
Near isogene lines and cultivars
Roshan 33.67¢ 1.124° 1.70¢ 54.36° 6944° 38.72° 43.81* 102* 23.33°
Near-isogenic line of Roshan 33.11° 1.305¢ 1.62¢ 59.6° 8099° 33.93% 33.83° 89° 23.67°
Mahdavi 39.67° 1.758°¢ 2.45% 48.81¢ 10240° 29.64° 29.57¢ 88° 26°
Near-isogenic line of Mahdavi 52.22% 2.272% 2.37* 51.07¢ 10818? 31.79¢ 32.84° 754 26.67*
Mehregan 49.45% 2.01° 2.11° 42.46° 7342° 47.86% 17.21¢ 85°¢ 22.11°¢

Means followed by samilar letters in each column and each experimental factor are not significantly different by Duncan’s test at 5% probability level.
GNS, grain number per spike; GWS, grain weight per spike (g); SW, spike weight (g); TGW, thousand grain weight (g); BY, biological yield (kg.ha!); HI, harvest index
(%); PL, peduncle length (cm); DH, days to heading; GFP, grain filling period (day).
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Table 5. Correlation coefficients between phenological and yield traits of wheat cultivars and early maturing near-isogenic lines under irrigation cut-off treatments

Traits GY GNS GWS TGW SW PH BY HI PL DH DM GFP
GY 1

GNS 0.70™ 1
GWS 0.58" 0.78" 1
TGW -0.33" -0.49™ -0.48" 1

SW 0.55" 0.58" 0.70* -0.55" 1

PH -0.76™ -0.20™ -0.31° 0.83" -0.50™ 1

BY 0.46™ 0.41™ 0.53" -0.07™ 0.76" -0.03™ 1

HI 0.31" 0.13™ -0.046" -0.29™ -0.30° -0.13" -0.68™ 1

PL -0.34" -0.32° -0.52" 0.65" -0.31° 0.56" -0.02" -0.32° 1

DH -0.50™ -0.66™ -0.81" 0.42* -0.53" 0.10™ -0.44™ 0.04" 0.63" 1

DM -0.041™ -0.63™ -0.77" 0.46" -0.47" 0.13™ -0.38" 0.04"™ 0.62" 0.96" 1

GFP 0.21m™ 0.10™ 0.43* 0.11m™ 0.51" 0.06"™ 0.65" -0.51° 0.1 -0.26ns -0.13 1

», " and ™ Not-significant and significant at 5% and 1% probability levels, respectively.
T GY grain yield; GNS, grain number per spike; GWS, grain weight per spike; SW, spike weight; TGW, thousand grain weight; BY, biological yield; HI, harvest index;
PH, plant height; PL, peduncle length; DH, days to heading; DM, days to maturity; GFP, grain filling period.
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Figure 1. Comparison of means of grain yield in wheat cultivars and early maturing near-isogenic lines under
irrigation cut-off treatments
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Figure 2. Comparison of means of plant height in wheat cultivars and early maturing near-isogenic lines under
irrigation cut-off treatments
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Figure 3. Comparison of means of days to maturity in wheat cultivars and early maturing near-isogenic lines
under irrigation cut-off treatments
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