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Summary
A study was conducted to investigate
the effect of pre-sowing seed hardening on
certain yield traits of eleven spring wheat
accessions from the CIMMYT collection
(Eswyt-1 to Eswyt-11) and two local wheat
varieties, E’zoz and Qayraqtosh, under irri-
gated and non-irrigated conditions. The re-
sults showed that, based on the effect of pre-
sowing hardening, the studied wheat acces-
sions could be classified into three main
groups: positive, neutral, and negative, in
both irrigated and non-irrigated conditions.
In some accessions, pre-sowing treatment
exhibited an indifferent response under irri-
gated conditions, whereas under non-
irrigated  conditions, most accessions
demonstrated an increase in the studied
traits compared to the control variants.
Keywords: hardening, seeds, wheat,
grain, spike, control, moisture

Introduction. The yield of agricultur-
al crops depends on favorable agroecologi-
cal conditions and sufficient water availabil-
ity. In most regions of Central Asia, agricul-
ture is impossible without irrigation, as
crops suffer from water shortages and
drought. In desert areas, air temperatures
often reach 45°C. Water deficiency is one of
the main limiting factors affecting crop
yield. Studies have shown [1,2] that water
scarcity 1s a major factor restricting agricul-
tural productivity, and its impact on global
crop losses significantly exceeds losses
caused by other biotic and abiotic factors.
Plant life processes occur through the con-
tinuous absorption and utilization of water.
A lack of water in plants leads to disruptions
in physiological processes, including slowed
cell division, inhibited growth, suppressed
photosynthesis, increased respiration, and

accelerated breakdown of organic com-
pounds. These disturbances become more
severe as cellular dehydration intensifies [3].
In the search for ways to increase agricultur-
al production under modern agroecological
stress conditions, one of the most important
directions is the development of strategies
that enhance plants' ability to withstand var-
ious extreme environmental factors, regard-
less of growing conditions. Strengthening
plant resilience to such stressors will con-
tribute to the transition toward a sustainable
agriculture strategy.

High-quality wheat seed material is
one of the key factors influencing both the
quality and quantity of the harvest. One of
the simplest methods to improve seed quali-
ty and increase grain yield is pre-sowing
seed treatment. A wide range of pre-sowing
treatment methods has been developed and
proposed for implementation.The method of
pre-sowing hardening of seeds against
drought, developed by P. A. Henkeland, S.
S. Kolotovain 1934-1936 [4], involves
soaking the seeds in water at a specific seed-
to-water ratio, followed by drying them
back to their original moisture content.
When the soaked seeds swell and slightly
germinate, they are spread in a thin layer
and dried, essentially simulating drought
conditions. The physiological and biochemi-
cal basis of this method is that seed germi-
nation activates enzymes, leading to an in-
crease in metabolic activity, which can be
directed in a desired way at this stage. When
seeds are dried back to their original mois-
ture content—effectively undergoing artifi-
cial drought—deep physiological changes
occur in the embryo, leading to the develop-
ment of new traits in the emerging plant.
These traits are characteristic of plants with
enhanced drought resistance.
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Plants grown from such seeds exhibit
xeromorphic morphological traits, which
correlate with greater drought tolerance.
The positive effects of pre-sowing seed
soaking in solutions of various salts and
chemical compounds, followed by drying,
have also been studied in the works of other
researchers [5]. Such treatments have been
found to enhance growth and development
processes in subsequent stages.

In the present study, research was con-
ducted to examine the effect of pre-sowing
seed hardening against drought on certain
quantitative traits of eleven spring wheat
accessions from the CIMMYT collection
and two local varieties.

Materials and Methods. The study
utilized seeds from eleven spring wheat ac-
cessions from the CIMMYT collection
(Eswyt-1 to Eswyt-11) and two local wheat
varieties, E zoz and Qayraqtosh. Hardening
was performed according to the method de-
scribed in [4], by soaking the seeds in tap
water in a thermostat at 24°C for 24 hours,
followed by drying the germinated seeds at
room temperature.The experiments were
conducted at the experimental field of the
Institute in Durmen, Kibray District, Tash-
kent Region. Sowing was carried out in
early March. In the irrigated experiments, in
addition to natural rainfall (which occurred

three times), irrigation was applied four
times.

Results and Discussion. The conducted
study revealed that the examined wheat va-
rieties exhibited higher quantitative trait
values under irrigated conditions compared
to non-irrigated conditions (Table 1). The
wheat accessions were categorized into dif-
ferent groups based on their response to pre
-sowing seed hardening under varying irri-
gation conditions (Table 2).Under irrigated
conditions, the accessions Eswyt-3, Eswyt-
5, Eswyt-9, Eswyt-11, and the variety Qay-
raqtosh exhibited a positive response to pre-
sowing hardening. Accessions Eswyt-2,
Eswyt-4, and Eswyt-6 showed a neutral re-
sponse, while accessions Eswyt-1, Eswyt-6,
Eswyt-7, Eswyt-8, Eswyt-10, and the varie-
ty E’zoz displayed a negative re-
sponse.Under non-irrigated conditions, ac-
cessions Eswyt-2, Eswyt-3, Eswyt-4, Eswyt
-8, Eswyt-10, and the variety E’zoz demon-
strated a positive response. Accessions
Eswyt-6, Eswyt-7, Eswyt-8, Eswyt-9,
Eswyt-11, and the variety Qayraqtosh ex-
hibited a neutral response, whereas acces-
sions Eswyt-1, Eswyt-5, Eswyt-9, Eswyt-
10, and the varieties E’zoz and Qayraqtosh
showed a negative response to pre-sowing
seed treatment.

Table 1. Minimum and Maximum Values of Certain Traits in the Studied Wheat Acces-
sions Under Different Irrigation Systems During Pre-Sowing Hardening

Irrigated Non-Irrigated
T ’t . .

ol Control WithHardenin Control WithHardening
Numb(;rc"sf?plkes 12,05-1533 | 12,67-1540 | 11.45-13.25 10,53-14.,00
SpikeWeight (g) 1,73-2,38 1,76-3,35 1,42-1,80 1,31-2,37
Numb(;rc"sf?rams 26,95-42.77 27,60-40,80 24.22-33,60 24.23-37.35
GrainWeight (g) 1,28-2,14 1,30-1,73 1,00-1,73 0,96-1,53

1000-Grain 33.44-6625 | 4073-59,78 | 34.40-51,49 31,04-47,51
Weight (g)
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Some accessions exhibited a positive re-
sponse to pre-sowing hardening under nor-
mal irrigation conditions, particularly Eswyt
-3 and Eswyt-5. In contrast, Eswyt-1 did not
show any positive impact of seed hardening
on its yield-related traits, while Eswyt-2 ex-
hibited an increase in grain number under
non-irrigated conditions. A similar pattern
was observed in other wheat accessions.The
1000-grain weight among the studied acces-
sions ranged from 39.1 g (Eswyt-2) to 65.3 g
(Eswyt-7). Wheat yield depends on the num-
ber of spikes, grain count, and 1000-grain
weight.

A positive effect of pre-sowing hard-
ening on 1000-grain weight under irrigated
conditions was observed in accessions
Eswyt-1, Eswyt-4, Eswyt-5, Eswyt-6, Eswyt
-9, Eswyt-11, E’zoz, and Qayraqtosh, while
a negative effect was noted in Eswyt-3,
Eswyt-7, Eswyt-8, and Eswyt-10.Under non
-irrigated conditions, a positive effect of
hardening was observed in Eswyt-6, Eswyt-
7, Eswyt-8, Eswyt-10, Eswyt-11, and E’zoz,
whereas a negative effect was found in
Eswyt-1, Eswyt-3, Eswyt-5, Eswyt-9, E’zoz,
and Qayraqtosh.The number of grains in-
creased under irrigated conditions after seed
hardening in Eswyt-3, Eswyt-5, Eswyt-10,
and Eswyt-11, but decreased in Eswyt-1,
Eswyt-7, Eswyt-8, and Eswyt-9.Under non-
irrigated conditions, a positive effect on
grain number was observed in Eswyt-2,
Eswyt-3, Eswyt-4, Eswyt-8, Eswyt-9, Eswyt
-11, E’zoz, and Qayraqtosh, while a negative
effect was noted in Eswyt-5, Eswyt-6, and
Eswyt-10. The obtained data indicate that
pre-sowing seed treatment had an indifferent
effect on certain accessions under irrigated
conditions. However, under non-irrigated
conditions, most accessions showed an in-
crease in quantitative traits compared to the
control.A similar pattern of neutrality and
indifference to pre-sowing seed hardening
was also observed in studies conducted on
various cotton varieties [6].In the Eswyt-1
accession under irrigated conditions, all
studied traits, except for 1000-grain weight,
were higher compared to non-irrigated con-
ditions. However, in the hardened variants,
these traits were reduced compared to the
control.For Eswyt-2, these traits remained
almost unchanged.In Eswyt-3, under irrigat-
ed conditions, all traits except for 1000-grain

weight increased in the hardened variant. A
similar trend was observed under non-
irrigated conditions, although there was a
slight decrease compared to the irrigated tri-
als.For Eswyt-4, under irrigated conditions,
no significant differences were observed be-
tween the control and hardened variants.
However, under non-irrigated conditions,
the hardened variants showed higher values
compared to the control.In Eswyt-5, the
hardened seeds exhibited higher values un-
der irrigation compared to the control,
whereas under non-irrigated conditions, the
hardened variants had relatively lower val-
ues than the control.The Eswyt-6 accession
displayed indifference to pre-sowing harden-
ing in both irrigated and non-irrigated condi-
tions.For Eswyt-7, a slight decrease in the
hardened variant was observed under irrigat-
ed conditions. However, under non-irrigated
conditions, there were no differences be-
tween the control and hardened variants, ex-
cept for 1000-grain weight, which increased
in the hardened samples. Similar results
were obtained for Eswyt-8. In Eswyt-9, un-
der irrigated conditions, a slight decrease in
trait values was observed, except for 1000-
grain weight, which increased in the hard-
ened variant. Under non-irrigated condi-
tions, no significant differences were found
between the control and hardened vari-
ants.The Eswyt-10 accession showed indif-
ference between control and hardened vari-
ants under irrigated conditions. However,
under non-irrigated conditions, an increase
was observed only in 1000-grain weight.For
Eswyt-11, a slight increase in traits was not-
ed in the hardened variant under irrigated
conditions, while no significant differences
were observed under non-irrigated condi-
tions. In the E’zoz variety, no major differ-
ences were observed between studied vari-
ants under irrigated conditions. However,
under non-irrigated conditions, some traits
increased in the hardened variant, although
1000-grain weight significantly decreased.
In the Qayraqtosh variety, no significant dif-
ferences were observed between control and
hardened variants.

A previous study [7] showed that under
unfavorable conditions with limited water
availability, all studied cotton varieties expe-
rienced a sharp decline in productivity, but
this decline was not proportional.
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The yields of Tashkent-I and Express-I
varieties decreased significantly, whereas
I75-F and 108-F varieties were more adap-
tive to unfavorable conditions. The adaptive
abilities of these varieties were inherited by
first-generation hybrids.Another study [8]
noted that pre-sowing treatment of seeds us-
ing P.A. Henkel’s method [4] did not pro-
duce positive results, which could be at-

tributed to agroecological cultivation condi-
tions. Numerous studies have confirmed that
the location where seeds are grown also in-
fluences their sowing quality [9-11].

Thus, our study on pre-sowing harden-
ing of spring wheat seeds demonstrated that
some varieties responded positively to dif-
ferent irrigation regimes, while others re-
mained neutral or showed a negative re-
sponse to such treatment.

Table 2. Some Quantitative Traits of Spring Wheat Under the Influence of Pre-Sowing

Hardening
Indicators
Wheat | Irrigation . . . . . 1000-
Varicti | Condition NumberofSpi | SpikeWeig | NumberofG | GrainWei Grain
os s kes (pcs.) ht (g) rains (pcs.) ght (g) Weight
ControlHard (2)
ening

) control 14,40+0,20 2,04+0,05 34,65+0,45 1,48+0,08 42.71

Irrigated
Eswyt Hardening 12,90+0,50 1,81%0,08 29,85+1,25 1,30%0,07 43,55
-1 Non- control 12,40+1,20 1,44+0,07 24,27+0,57 | 1,00%0,09 41,20
Irrigated | pardening | 10,94+0,64 | 1,35:0,12 | 24,60+2,50 | 0,96+0,08 | 39,02
control 14,50+1,10 2,38+0,47 39,00£2,50 | 1,74+0,36 44,62

Irrigated
Eswyt Hardening 13,85+1,25 2,28+0,11 38,50+£2,30 | 1,70+0,05 44,16
-2 Non- control 12,10+£0,50 1,60%0,29 29,15+1,55 1,14+0,25 39,11
Irrigated Hardening 12,50+1,33 1,87+0,13 | 34,30+2,33 | 1,36+0,10 | 39,65
control 12,05+1,05 1,73+0,47 26,95+1,65 1,28+0,34 47,50

Irrigated
Eswyt Hardening 13,75+0,05 2,17+0,13 34,00£1,40 | 1,57+0,07 46,18
-3 Non- control 11,45+0,65 1,58+0,15 25,40£1,60 | 1,13+0,12 44,49
Irrigated Hardening 12,30+0,87 1,81+0,26 | 30,57+2,38 | 1,34+0,20 | 43,83
control 14,53+0,18 2,20+0,13 37,50£1,80 | 1,69+0,09 45,07

Irrigated
Eswyt Hardening 14,65+0,25 335£1,40 | 37,40£1,00 | 1,73+£0,01 | 46,26
-4 Non- control 11,65+0,15 1,460,03 | 26,85+2,05 | 1,08£0,05 | 40,22
Irrigated | fardening 14,00£1,00 | 2,37+035 | 37,35+3,57 | 1,530,225 | 40,96
control 13,63+0,51 1,93¢021 | 35,10£1,84 | 1,45+0,13 | 41,31

Irrigated
Eswyt Hardening 14,13+0,64 | 2,13+0,11 | 37,331,64 | 1,62+0,08 | 43,40
-3 Non- control 12,40+0,10 1,80£0,01 | 33,60+1,30 | 1,73£0,37 | 51,49
Irrigated | fardening 11,53+0,22 1,31£0,10 | 24,23+1,98 | 0,98+0,07 | 40,45
Irrigated control 13,23+0,29 1,81£0,12 | 31,67+1,64 | 1,29+0,08 | 40,73
Non- Hardening 12,67+1,24 1,80+0,14 | 31,77+2,89 | 1,32+0,10 | 41,55

Eswyt | Irrigated
-6 Irrigated control 12,00+0,00 1,42+0,10 26,45+0,95 1,01+0,07 38,19
Non- Hardening 11,30+0,53 1,44+0,09 | 25,83+1,44 | 1,05£0,07 | 40.65

Irrigated

11
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Table 1 (continued)

Irrigated control 13,03+0,11 2,10£0,13 | 32,30+2,07 | 2,14+0,86 | 66,25
Non- Hardening 12,87+0,62 2,0240,06 | 30,13+0,84 | 1,49+0,06 | 49,45

Eswyt | lIrrigated
-7 Irrigated control 11,15+0,55 1,64+0,07 27,20+0,70 | 1,20+0,04 44,12
I Non- Hardening 11,22+0,52 1,64+0,12 | 26,47+1,76 | 1,21£0,09 | 47,51

rrigated
Irrigated control 13,83+0,62 2,00£0,20 | 35,30+3,13 | 1,49+0,14 | 42,21
Non- Hardening 12,90+1,07 1,83+0,48 | 32,33+2,76 | 1,35+£0,33 | 41,76

Eswyt | Irrigated
-8 Irrigated control 12,60+0,20 1,50+0,11 29,25+1,45 1,06+0,11 36,24
I Non- Hardening 11,90+0,33 1,63£0,07 | 30,23+0,76 | 1,20+0,07 | 39,70

rrigated
Irrigated control 13,95+0,80 2,2340,07 | 34,03+2.42 | 1,58+0,04 | 46,43
Non- Hardening 12,83+0,04 1,76£0,08 | 27,60+1,07 | 1,65+0,61 | 59,78

Eswyt | Irrigated
-9 Irrigated control 11,45+0,25 1,50+£0,03 | 24,95+0,25 | 1,00+0,03 | 40,08
o | Hardening | 11836064 | 1542005 | 26304147 | 1024004 | 38.78

rrigated
Irrigated control 14,80+0,73 2,16£0,11 | 34,68+3.22 | 1,61+0,10 | 46,42
Non- Hardening 13,90+0,33 2,2240,09 | 36,87+0,42 | 1,67+0,06 | 45,29

Eswyt | Irrigated
101 frrigated control 12,0040,30 | 1,58+0,02 | 28,75+0,65 | 1,15+0,01 | 40,00
I Non- Hardening 10,53+0,51 1,48+0,16 | 24,80+1,53 | 1,11+0,14 | 44,76

rrigated
control 15,33+0,62 1,99+0,18 | 37,87+2,18 | 1,51+0,16 | 39,87

Irrigated
Eswyt Hardening 15,40+0,33 2,2740,07 | 39,93+1,98 | 1,71+0,05 | 42,83
-1 Non- control 13,25+0,85 1,59+0,05 | 30,55+0,75 | 1,19+0,00 | 38,95
Irrigated Hardening 13,75+0,35 1,73+0,15 | 33,40+1,90 | 1,29+0,10 | 38,62
control 14,23+0,69 2,2840,31 | 37,50+2.93 | 1,64+0,17 | 43,73

Irrigated
Hardening 12,87+1,71 2,00£0,44 | 34234322 | 1,51+0,33 | 44,11
E’zoz Non- control 11,75+0,05 1,73£0,09 | 32,30+0,70 | 1,30+0,06 | 40,25
Irrigated Hardening 12,33+0,16 1,51+0,12 | 34,47+1,36 | 1,07+0,11 | 31,04
control 14,77+0,18 2,01+0,15 | 42,7742.89 | 1,43+0,14 | 33,44

Irrigated
Qay- Hardening 14,73+0,36 2,1740,07 | 40,80+1,87 | 1,59+0,00 | 39,00
raqtos Non- control 12,10+0,40 1,4840,19 | 31,40+£2,80 | 1,08+0,16 | 34,40

h

Irrigated | fardening 12,3340,16 1,510,12 | 34,47+136 | 1,07£0,11 | 31,04

Thus, our study on pre-sowing harden-
ing of spring wheat seeds demonstrated that
some varieties responded positively to dif-
ferent irrigation regimes, while others re-
mained neutral or showed a negative re-
sponse to such treatment.
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Anoamna

Maxkanaoa I1.A. 'enxensv 20ici Ootivin-
wa e2y anovlHOaebl MYKbIMOApObl Uibl-
noikmuipyovly  CUMMUT  xanvikapansix
monmamacuvina sxcamamoin 11 dcazovix Ou-
oail yneici MeH JHcepeinikmi celekyusmbly 2-
copmuinbly (Dv303, Kaupakmac) enimoinik
beneinepine acepi sepmmendi. 3epmmeynep
CYapmManvl HcaHe CyapblIMAatimvlH A2pOIKO-
JOSUSILIK — JHCAR0AUNapoa  HCYpeizinoi.
Tooicipube 6apvicvinOa MYKLIMOApOvl Al-
ObIH alla WBIHBIKMBIPYObIH MACAKMARbL 0dH
CAHbIHA, MACAK CAIMAbIHA, OCIMOIKMIY
JHcannvl OHIMOINIZIHE JiCOHE KYPRAKUIBLIbIK
JcagoaliviHa  Oellimoeny epexuienikmepine
bIKNAIbL 0A2ANAHObL. AnbiHeaH Hamudicenep
buoaii  eeHOMUNMEPIHIY  WBLIHLIKMbIPYEA
apmypni  Oeneetide cayan  OepemiHin
Kepcemmi, coHbly He2i3iHOe onap oH, beli-
mapan JicaHe mepic peaxkyusi MmonmapwvlHa
acikmenoi. Cyapmanel dcazoauda Keuobip
yreinepoe OHIM KepCcemKiumepiHiy
MypaKkmauysvl Oaukaica, CyapbliMatimsliH
Jrcagoaiioa zepmmenicen yacinepoiy 6acvim
benicinde 6Oaxvliay HYCKACbIMEH Calbl-
CMbIPEAHOA MACAKMAZbL 09H CAHbL MEH Mda-
CaK CalMAablHblY APMKAHbL AHLIKMAIObI.
Byn myxeimowl e2y andvinoagvl wblHbIKMbI-
Py MOCLIHIY  KYPRAKWbLILIKKA — Me3iM-
Oinikmi apmmuipyoa J4cane Hcazoblk buoati-
OblH OHIMOINIK dneyemin cakmayoa muimoi
azpomexHukanvlk 20ic  601a  anamulHbIH
Kepcemedi.

Tyuinoi cozoep: UWLIHLIKMBIPY,
myKeimoap, ouoail, 0aH, Macak, OaKwviiay,
bLIEANIOBLIBIK.

Mamepuan 6acnaza 05.02.26 mycmi
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Annomauyusn

B pabome nposedeno ucciedosanue
BIUAHUSA NPEONOCEe8HOU 3aKAIKU CeMAH Ha
HeKomopvle  NoKazamenu  YportCarHoCmu
00uUHHaOyamu 0opasyo8 Apoeol NUUEeHUYbL U3
MeNHCOYHAPOOHOU — KOJLIeKYUU
(Eswyt-1 — Eswyt-11), a maxoce 08yx mecm-
HbIX copmoe nuteHuyvl — E’zoz u Qayra-
qtosh. Hccneoosanus npoeoounuce  pasiuu-
HbIX A2POIKONIOSUYECKUX YCIO0BUAX: NPU OpPO-
weHuu u 8 ycrosusax deguyuma eracu 0Oe3
opowenus. B xo0e sKkcnepumenma oyeHusa-
JI0Cb BUAHUE NPEeOnoCce8Hol 0bpabomku ce-
MAH Ha hopmuposanue 21eMeHmo8 NPooyK-
MUBHOCMU PACMEHUU, 8KAIOYASL KOIUYECTNBO
3epeH 6 KoJoce, Maccy Koioca u obwue no-
Kazamenu ypooscatinocmu. Ilonyuennuvle pe-

3YIbMAmuvl NOKA3AAU, YMO Peaxkyusi uccieoy-
eMbIX 2eHOMUNO08 NUEeHUYbl HA Npeonoces-
HYI0 3aKAIKY CywecmeenHo pasnudanacs. Ha
OCHOBe Xapakmepa U3MEeHeHUll U3VUYeHHble
00pasyvl ObLIU YCIO0BHO PA30eleHbl HA MPU
OCHOBHble 2pYNNbL: € NOJOACUMETLHOLU,
HeUMpAanbHOU U OMPUYaAmenbHoU peaxyueu
Ha 00pabomKy Kaxk 6 YCI08UAX OpOUleHus,
mak u 6e3 opowenus. Y uacmu 06pasyos
npeonoce8Hast 3aKaiKa 8 YCI08UAX OPOULEHUs
He OKA3a/a 8bIPANCEHHO20 BIUAHUSL HA NOKA-
3amenu NpOOYKMUSBHOCMU U XAPAKMePU308a-
Jack HeumpanvHou peakyuel. B mo oice epe-
Ms 8 YClosusx 0e3 opouleHus 60NbUUHCINGO
UCCTIE008AHHBIX 0OPA3Y08 NPOOEMOHCMPUPO-
sanu ygeiuyeHue u3yyaemvlx nokazameineu
N0 CPABHEHUI0 ¢ KOHMPOIbHbIMU 8APUAHMA-
mu. Ilonyuennvie danHvle ceudemenbCmayom
0 NepcneKmMuBHOCMU NPUMEHEeHUs. Npeono-

CIMMYT CEBHOU 3aKAIKU CeMAH 8 Kayecmee azpomex-

HU4YeCKoeco npuema 0I5l NOBbIUEHUSA yCI’I’lOIZ-
queocmu }lp0601/7 nuwerHuysbl K 3acyulliu6bim
YCHo8UAM U COXPAHREHUS YPOGBGHA ypODfCCllZHO-
cmu.

Knroueswie cnosa: 3aKkaiueavue, ceme-

Ha, NWeHuya, 3epHo, KOJIOC, KOHMPOIb,

BIIAHCHOCMb
Mamepuan nocmynun ¢ pedakyuio
05.02.2026

14

Authors' contribution. The largest
contribution is distributed as follows:

Sh. Yunuskhanov— conceptualization,
methodology, and general supervision.

Z.L. Abdurazakova— Data collection
and formal analysis.

S.K. Meliev — Investigation, drafting the
manuscript, and corresponding with the jour-
nal.

M.R. Mardonova —Formal analysis and
validation.

T.A. Bozorov — Resources and visuali-
zation.

Conflict of interest. The authors
declare no conflict of interest.




