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Extended abstract

Introduction

Water deficit stress is one of the most important factors that reduce crop yields. Under drought stress
conditions, various molecular; biochemical, physiological, morphological, and quality-related processes
are disrupted (Narimani et.al., 2019). Supplementary irrigation is a crucial strategy for mitigating the
negative impacts of drought stressiin crops. Early implementation of supplementary irrigation during
dry years or at critical growth stages can help stabilize crop yields (Alkatb, 2022). Considering the role
of wheat as a major source of calories and protein for the Iranian population, the relatively low yield of
wheat in rainfed farming systems, and the large proportion of wheat cultivation under rainfed conditions
in Iran, it is necessary to investigate strategies for increasing wheat productivity per unit area. The use
of plant growth regulators can mitigate the adverse effects of abiotic stresses on agricultural production
in arid and semi-arid regions (Nezamdoost et al., 2023). Selenium is a non-essential element for most
plants but an essential mieronutrient for animals and humans (Lanza et al., 2021). Ascorbic acid is a
natural antioxidant and plant growth regulator that can enhance grain yield, yield components, and
water use efficiency in wheat (Amin et al., 2008). Methanol is considered a readily absorbed carbon
source for plants, and its application can enhance the growth and yield of C3 species (Huve et al., 2007).
Therefore, this study was conducted to evaluate the effects of supplementary irrigation and selected
growth regulators, including selenium, ascorbic acid, and methanol, on wheat growth and yield

Materials and methods

To investigate the effects of three irrigation regimes (supplementary irrigation at the flowering stage,
supplementary irrigation at the grain filling stage, and rainfed conditions) and four plant growth
regulator treatments (foliar application of selenium, ascorbic acid, methanol, and water as the control)
on the quantitative and qualitative characteristics of wheat, a split plot experiment based on a
randomized complete block design with three replications was conducted during 2023—2024 at the
Research Farm of the Faculty of Agriculture, Lorestan University. Foliar application of the growth
regulators was performed at the 4—6 leaf and stem elongation stages.

Results and discussion
The results indicated that drought stress reduced grain yield, morphological traits, chlorophyll a,
chlorophyll b, total chlorophyll, carotenoids, grain-filling rate, and grain-filling period, whereas foliar
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application of plant growth regulators enhanced these traits. The maximum levels of chlorophyll a (8.8
mg g1 FW), total chlorophyll (11.13 mg g-1 FW), and carotenoids (4.45 mg g1 FW) were observed with
the application of ascorbic acid, selenium, and selenium or ascorbic acid, respectively, under
supplementary irrigation at the flowering stage. Methanol application under non-irrigated conditions
resulted in the highest grain filling rate (2.66 g day 1), whereas foliar application of ascorbic acid under
irrigation at the grain filling stage resulted in the longest grain filling period (44.02 days) and an effective
grain filling period (36.43 days). Supplementary irrigation at the grain filling stage and ascorbic acid
application produced the highest grain yields (1920.58 and 1882.78 kg ha1, respectively). Grain yield
increased by 5.9% and 12.6% under supplementary irrigation at the flowering and grain filling stages,
respectively, compared with non-irrigated conditions. Likewise, foliar application of selenium, ascorbic
acid, and methanol increased grain yield by 1.1%, 8.3%, and 7.1%, respectively, compared with the
control.

Conclusion

Foliar application of plant growth regulators combined with supplementary irrigationimay mitigate the
adverse effects of water deficit stress by improving photosynthetic pigments and grain filling traits.
Therefore, the combined use of these growth regulators and supplementary irrigation can improve wheat
growth and yield under rainfed conditions.
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Table 1. Average monthly temperature and rainfall of the experiment area during the growing

season in the 2023-2024 crop year
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Fig. 1. Mean comparison of the effect of growth regulator on chlorophyll b content of wheat
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content of wheat
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Means with similar letters in each column base on LSD5% show non-significant difference
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Fig. 2. Grain filling process of wheat under supplementary irrigation conditions and growth regulators
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Table 4. Mean comparison the effects of irrigation x growth regulators on grain filling components of wheat
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Means with similar letters in each column base on LSD5% show:non-significant difference
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Table 5. Analysis of variance (mean squares) of irrigation and growth regulator on some morphological traits of

wheat
N 5o dbcaw slaxy 30 &l slawy odlo é’s'l'w
- &g Al ails o Slos 5 Ss
520! Spikes per  Grain per Grainyield ~ 1otaldry
df . matter
S.0.V ©ltl pbe plant spike yield
Block Sgb 2 0.527" 0.861"™ 60671.36™ 114916.77™
Irrigation (1) sl 2 0.361" 103.36™ 139925.44™  912186.77"
Error a A i lol sl 4 0.194 0.694 37998.52 64854.06
Growthregulator (GR) o) oussS el 3 2.175™ 14,91 47361.52" 137398.32™
IxGR oy oS wliid x gl 6 0.287" 18.25™ 12959ns 54290.18™
Errorb b islojl oloci! 18 0.305 1.63 9353.1 13299.45
C.V. % Ol S g b - 16.44 3.88 5.34 3.17

® NS
B

2oy Sy g Jliml gl 5o b pe g gyt i i 4™
ns, * and **: non-significant and significant at the 5% and 1% probability level, respectively

5 Sl oolo o Slos g dild o ,Slos
o0 Sles g awls o Slae oS ol lis b Sl auslas
5 @5 ol 0 (LS5 )bl ooy Ssglen
GlrooisS odas 55,5 puzmen 8L oliEl ganasle
Ol Glgiome oS mal Srae pae b anlie 3w,

kel Sl omyn b (P Jgoz) siidn g |y o aslis
Lyl o cod il 0,8les o 5 e 45 A adtie Lg)lﬁ.ﬂ
2 AL Gl a5eS 5 omails al e )5 (LSS (5L
aS ols plis @ls (F Jsoz) ol ol g Lol e Lyl
dlio ;0 Ganaily g (pulS al> oy LeSS 6okt pll



s IS 55 5l o LS gl pegd JalS
Pireivatloum ) sgi oo olS g0l Sis oole Lzals

Lyls cov als o Shee zals LYo 5l (et al., 2010
Slezme Suals g code miSIl s iolidl a4 (Sis i
Mohammadkhani and ) cel eas o)l Lsy,lS
Ui A el sals 515 umee (Heidari, 2007
5 2dx 0 Py I gl alf @b ) (Sas
9 ob‘b w.{bls |) 00)9).; \515.0 4.»4)9 ‘LS"“ )..ol...c JLQ.».“
(Yang et al., 2003) 53 o ails o,See zals Cge
alo o Sles ioli8l Coge poaids a5 Conl oals 5158
(Lanza and Reis, 2021; Wu et al., 2024) o pu0s5
Soete 5o powbe 1 @ Glgie 1) o Shee Rl
slaisS 0,8 s g JlaST ST slag Bl cls
Sldlas (Glover et al., 2014) sls cos oyunS] b
5 S ys5] sl 5L Jslone a5 Cenl o0l yLas 5556
So 25 abor 5l (Suigdnnd slaan]d 8t Gk
w}ﬂ slodls 5 Jolo s owiis glace]led
El-Hamed et ) sgi 0 posS ails 5,Sloe iol58] o
oo Qavadietal., 2022) o, Sea 5 s0ls>.@l., 2004
il s doys VY Jilie L il Joloo a8 ol

A aols 4y Cas le KoLBT & Sl 5 ails Ll 59

aloow jorailo slaxi g digs yo alicw olaws
Slawi 1y 3 e a5 ST paseiine ) caiiS pudais Lol il
s b oS wel clis 4 paithe 9,5 L dig 0 alsw
D95 Lo sl Bl 51 sl ine glés Jgilie B pan
Iy agys aliw Slaws (S 50 cauiS pudas 0,5 sae
s olaws, 8L Jelre pae 4 s Jgilie g S j98]
oy oldl Moo YY o F/V XTIV oy a4 |y wg o
(F Jgo=)

Ol 5l Sl oy sanS s jo g kol iSenyy Sl
Gl oS5 3l alw jo alb sl sSlas as el
al> o 50 (oSS (55lol bl o pgibie (56 Jgle
Solowd eS 5 1y el cpl JBlas el cass 4 pulS
a olol e bl ph Cow ol saiS el 0 )15 sae
O buls 5o sgule Baas b aS ol plas! sg>
il (o8l Jsboa 5 0aiiS it 3,105 e 55 5 5 el

2o, VYIE 04 1 als o Shee s Lol s Lol b
Al 3,0 ) 5L wlo o Slae (5 o (F Jgoz) ols il 38l
I3 sima DS Jgilio 3 )5 L a5 s Juol> S y95l
Og hulpd Cod p5 dils o Shee (n S i Juls )

(F Jguz) s Jol> ooS wulass 5l oolaiu!

Wy oS el 9 (65ll (ol T paRilno dumnlio 5 Jgurr
pUF Aild o JSlos g digs o abdow Slowi

Table 6. Mean comparison of the effects of irrigation and
growth regulator on spikes per plant and grain yield of
wheat
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Means with similar letters in each column and for each factor
base on LSD5% show non-significant difference.
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Table 3. Mean comparison of the effect of irrigationx growth regulator on total dry matter yield and grain per spike of
wheat. Means with similar letters in each column base on LSD5% show non-significant difference
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