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EFFECT OF PEG-INDUCED DROUGHT STRESS ON
SEED GERMINATION AND INITIAL GROWTH OF
THREE CUCUMBER CULTIVARS

ABSTRACT: As the most common abiotic stress, drought seriously affects crop produc-
tion. Since the impact of drought stress varies among species, this study aims to evaluate drought
tolerance of domestic cucumber cultivars in the initial stages of growth under PEG-induced
drought conditions. The germination assay was performed using three different cucumber
varieties (Tajfun, Suncani Potok and NS Kir) at four different drought levels (0, -0.15, -0.49,
and -1.03 MPa). The results demonstrated that all the tested cucumber cultivars are sensitive
to drought during germination and initial plant growth, while the osmotic potential of -0.49
MPa can be considered the tolerance threshold for cucumber.

KEYWORDS: Cucumis sativus L., initial seedling growth, PEG-induced drought,
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INTRODUCTION

Drought is one of the most common abiotic stresses that adversely affect
agriculture and food security in the era of climate change. Due to global warming,
water loss occurs both in the soil and at the plant level (Seleiman et al., 2021).
According to current estimates, one-fifth of the world’s population will be af-
fected by a serious water deficit as the air temperature increases by an esti-
mated 2 °C above the current level (Ray et al., 2019; Seleiman et al., 2021). The
severity of drought is determined by many factors, including the amount of
rainfall and its distribution, soil moisture-holding capacity and evaporative
requirements (Khan et al., 2018). According to Radi¢ et al. (2018), up to 70% of
the total arable land is affected by drought.
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The impact of drought on crop production depends on the plant species and
the growth stage. Many crops are highly vulnerable to water deficit if it occurs
at germination or seedling growth. Since seed germination is related to vegeta-
tive and generative plant growth in later stages, low moisture availability during
seed germination impedes plant distribution and diversity (Lu et al., 2022). Pre-
vious studies demonstrated that drought may have detrimental effects on the
seed germination and vegetative growth of rice (Evamoni et al., 2023), maize
(Radic et al., 2018), wheat (Bayoumi et al., 2008), carrot and watermelon (Steiner
and Zuffo, 2018) and other species, with significant differences between the
tested varieties. Different taxa may exhibit distinct adaptation methods of
survival under drought stress (Bhatt et al., 2020; 2022). Assessment of plant
drought tolerance during seed germination can give insights into the patterns
of population persistence and community assembly, as well as clarifying the
potential effects of climate change on these attributes (Bhatt et al., 2022).

However, establishing and preserving pure water potential in soil, in order
to assess drought tolerance, is almost impossible (Hellal et al., 2018). One of the
most effective ways to examine the effects of drought stress on germination is
to induce osmotic potential using various osmotic materials, such as polyethylene
glycol (PEG), mannitol or salt treatments. Polyethylene glycol (PEG-6000), a
harmless, non-ionic polymer with a defined molecular weight, causes drought
stress without affecting cells or causing physiological injuries (Qi et al., 2023).
PEG 6000 is often used in this type of research because it has excellent water-
absorbing properties and may simulate drought stress by dehydrating plant cells
(Murillo-Amador et al., 2002).

Cucumber (Cucumis sativus L.) is one of the most significant vegetable
crops in the world. According to Campobenedetto et al. (2020) and Das et al. (2024),
cucumber is the most cultivated vegetable globally and the fourth vegetable
most frequently consumed in salads. As reported by Liu et al. (2016) and Kim
et al. (2019), cucumbers have a high transpiration rate and sensitivity to drought.
Plant growth and fruit yield of cucumbers are adversely affected by exposure
to soil water deficits, which may also result in decreased fruit quality (Farag
et al., 2019). Different osmotic potentials of PEG solution, which represent the
tolerance threshold of cucumber, vary depending on the genotypes and range
from 0.5% to 10% PEG solution (De Suoza Neta et al., 2024; Li et al., 2022).
In Serbia, information about drought sensitivity and drought tolerance threshold
for domestic cucumber cultivars is currently lacking. The study aims to iden-
tify the tolerance thresholds for domestic cucumber cultivars and investigate
their susceptibility to drought.

MATERIALS AND METHODS
Experimental (Plant) materials

The seeds of three different cucumber cultivars (Tajfun, Suncani Potok,
and NS Kir) were obtained from the Department of Vegetable and Alternative
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Crops, Institute of Field and Vegetable Crops, National Institute of the Republic
of Serbia, Novi Sad. Seeds of all the examined cucumber cultivars were produced
at the Rimski Sancevi experimental field of the Institute of Field and Vegetable
Crops, Novi Sad, in 2023.

PEG-induced drought

Three different polyethylene glycol (PEG 6000) (Sigma Aldrich, St. Louis,
MO, USA) treatments, -0.15, -0.49, and -1.03 MPa, were used to assess the
response of cucumber cultivars to artificial drought. The respective solutions
were prepared according to the procedures set by Money et al., (1989). Distilled
water was used as a control.

Germination assay

Prior to the germination test, cucumber seeds were disinfected with 5%
(v/v) sodium hypochlorite for 5 minutes and then rinsed thoroughly with distilled
water thrice. Working samples consisted of 3 x 100 seeds. The cucumber seeds
were placed in plastic boxes (240 x 150 mm) with filter paper moistened with
the respective solutions. The samples were incubated for eight days in a germi-
nation chamber at 25 °C (ISTA, 2024). Germination energy, i.e. germination first
count, was determined four days after seed placement in the germination cham-
ber by counting the normal seedlings with well-developed essential structures.
Final germination, abnormal seedlings, shoot and root length, and fresh seed-
ling weight of the 10 normal seedlings were determined eight days after seed
placement in the germination chamber (Conviron CMP 4030, Winnipeg, Canada).
Dry weight of the cucumber seedlings was determined after drying the seedlings
in an oven at 80 °C for 24 hours (Tamindzic¢ et al., 2023).

The seedling vigour index (SVI) was determined according to the procedure
of Abdul-Baki and Anderson (1973) and calculated using the following formula:

SVI = Final Germination (%) x Seedling Length (cm)

Following the procedure of Channaoui et al. (2019), the shoot elongation
rate (SER) and root elongation rate (RER) were determined using the following
formulas:

Shoot length on the 8" day — Shoot length on the 4™ day

SER = . .
Time duration between two measurements (days)

Root length on the 8" day — Root length on the 4™ day

RER = - .
Time duration between two measurements (days)
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Statistical analysis

The statistical software Statistica 10 (StatSoft, Inc., 2007) was used to
perform an analysis of variance. Duncan’s multiple range test was employed
to separate the mean values at the probability level of p<0.05.

RESULTS AND DISCUSSION

The results showed that cucumber cultivars differed in their response to
drought stress (Table 1). As confirmed by the analysis of variance, drought
level significantly altered all the tested parameters of the different cucumber
cultivars. Moreover, all the tested parameters were significantly affected by
the cultivar and cultivar x drought interaction.

Table 1. Two-way analysis of variance for the examined parameters of three cucumber
cultivars under different artificial drought conditions

Trait Cultivar Drought level Cultivar x drought level
Germination Energy 0.0000%** 0.0000%** 0.0000%**
Final Germination 0.0000%** 0.0000%** 0.0000%**
Abnormal Seedlings 0.0000%** 0.0000%** 0.0003***
Shoot Length 0.0000%*%* 0.0000%** 0.0000%**
Root Length 0.0000%** 0.0000%** 0.0000%**
Fresh Seedlings Weight 0.0000%** 0.0000%** 0.0000%**
Dry Seedlings Weight 0.0000%** 0.0000%** 0.0000%**
Seedling Vigour Index 0.0000%** 0.0000%** 0.0000%**
Shoot Elongation Rate 0.0000%** 0.0000%** 0.0000%**
Root Elongation Rate 0.0000%** 0.0000%** 0.0000%**

*p<0.05, ** p<0.01, *** p <0.001, ns — non-significant

In general, drought caused a decrease in all the examined parameters at
a certain level (Table 2; Table 3). The control groups of the examined cucumber
cultivars showed differences in germination energy, which ranged between 87.7%
and 93.0%. The decrease in osmotic potential led to a decrease in germination
energy compared to the control. A significant decrease was observed in cv.
Tajfun and cv. Sunc¢ani Potok at -0.49 MPa, while a significant decrease in ger-
mination energy occurred in cv. NS Kir at an osmotic potential of -1.03 MPa.
Cucumber cultivars differed in their final germination as well; cv. Suncani
Potok had the lowest germination percentage of 88.0% in control, while the
highest final germination was recorded in cv. NS Kir (96.0%). Final germina-
tion decreased in all the tested cultivars with the decrease in osmotic potential.

74



Compared to the control, a significant decrease in final germination was observed
under drought at an osmotic potential of -0.49 MPa, while the greatest decrease
was recorded at an osmotic potential of -1.03 MPa, which was significantly
lower compared to control and at other tested drought levels. A similar pattern
was also observed in the abnormal seedling occurrence. A significant increase
in abnormal seedlings was noted under moderate drought (-0.49 MPa), while
the highest was observed under severe drought (-1.03 MPa). Numerous studies
confirmed the detrimental effects of drought on seed germination of different
crops, such as carrot and eggplant (Steiner and Zuffo, 2018), pea (Petrovic et al.,
2021), maize (Radi¢ et al., 2018), tomato (Esan et al., 2018) and spinach (Zargar
et al., 2023), which is in agreement with the results obtained in the study. Germi-
nation is reduced under drought conditions due to reduced water infusibility
via the seed coat and hampered water absorption (Channaoui et al., 2019; Hossain
et al., 2024). Various factors, such as decreased water availability which im-
pedes reserve mobilization, hormonal and enzymatic activities, respiration and
protoplasm dilution required for effective embryonic growth, are considered
responsible for the decrease in germination percentage (Li et al., 2021; Hossain
et al., 2024).

Furthermore, initial growth was also affected by drought (Table 2). How-
ever, the response of cucumber cultivars to drought levels varied in terms of the
shoot or root length. Shoot length of cv. Tajfun significantly decreased with the
decrease of osmotic potential at -0.49 MPa and -1.03 MPa, while shoot length
decreased gradually with the decrease of osmotic potential in cv. Sun¢ani Potok
and cv. NS Kir. A similar pattern of root length decrease was observed in cv.
Suncani Potok and cv. NS Kir, where a significant reduction of root length was
observed at -0.49 MPa and -1.03 MPa, compared to the control. In contrast,
root length of cv. Tajfun decreased gradually with the decrease of osmotic
potential. Shoot and root length of the tested cucumber cultivars, as crucial
indicators of drought resistance, demonstrated that these cultivars are drought-
sensitive, especially at a lower osmotic potential of PEG-induced drought. Cu-
cumber cultivars also differed in their response to different levels of osmotic
stress, indicating different levels of resistance. These findings corroborate the
previous studies conducted on wheat (Persi¢ et al., 2022), maize (Mustamu et
al., 2023) and tartary buckwheat (Hossain et al., 2024), indicating that seedling
growth gradually declines as PEG concentration increases.
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Table 2. Germination and initial plant growth parameters of cucumber cultivars under
different artificial drought conditions

Germination Final Abnormal Shoot Root

Cucumber  Drought E L dli Leneth Lenoth
cultivar Level nergy Germination  Seedlings engt engt
(o) (o) (o) (mm) (mm)

Tajfun Control 877+15a 933+12a 50+15c 477+17a 780+2.0a
-0.1I5MPa  867+12a 930+1.0a 63+06bc 46.8+16a 752+1.0Db
-049MPa 737+12b 783+£06b 8.0+1.0b 292+£03b 503+1.0c
-1.03MPa 700+1.0c 723+£25c 123+06a 278+03b 473+0.8d

p 0.0000 0.0000 0.0000 0.0000 0.0000

Sf,‘;‘fo‘"‘l?‘ Control  823+21a 880+10a 57+12c 632+17a 577+18a
0.15MPa 820+15a 87.3+£06a 63+06c 587+13b 57.0+17a
049MPa 707+21b 743+06b 11.0+10b 393+06c 520+13b
SL03MPa  720+1.0b 727+06c¢ 147+12a 255+05d 480+13c

p 0.0000 0.0000 0.0000 0.0000 0.0000

NS Kir Control 93.0+2.0a 960+17a 17+£06b 742+08a 1143+08a
-0.15MPa  93.0+£00a 953+12a 20+10b 693+08b 113.0+10a
049MPa 903+12a 917+15b 43+06a 463+13c 707+2.6b
J1.03MPa 863+15b 90.0+10c 53+06a 38.0+£05d 583+20c

p 0.0000 0.0000 0.0000 0.0000 0.0000

Data are presented as Means + SD (n=3). Means within each trait followed by the same
letters are not significantly different (Duncan’s multiple range test, p < 0.05).

Regarding biomass accumulation, in cv. Tajfun and cv. NS Kir, an osmotic
potential of -1.03 MPa, followed by -0.49 MPa significantly reduced fresh and
dry seedling weight compared to the control (Table 3). In cv. Suncani Potok,
fresh seedling weight decreased gradually with the decreased osmotic potential,
while dry seedling weight was reduced only at -1.03 MPa. Lower reduction in
biomass accumulation during drought suggests that a genotype is more resistant
to drought. Similar results were also obtained on tartary buckwheat (Hossain
et al., 2024).

Seedling vigour index decreased gradually with the decrease in osmotic
potential in all tested cultivars (Table 3). Hellal et al. (2018) also pointed out that
seedling vigour index decreases with an increase in drought stress, which is in
accordance with our results. Additionally, Magar et al. (2019) reported that PEG
treatment up to -1.5 MPa reduced maize seedling vigour index, while Hellal
et al. (2018) also observed the same reduction in barley.

The tested cultivars responded differently to osmotic stress in terms of
the shoot elongation rate (SER) (Table 3). A significant decrease in SER was
observed in cv. Sunc¢ani Potok at -0.15 MPa and lower and in cv. Tajfun and cv.
NS Kir at -0.49 MPa and -1.03 MPa, respectively. Contrary to this, all tested
cultivars had a significantly decreased root elongation rate (RER) at an osmotic
potential of -0.49 MPa and lower compared to the control, while no significant
decrease was observed at mild stress levels. In this regard, PEG concentration
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proved to have a major impact on the histological size variations of root tissues,
including the cortex, stele and epidermis (Mustamu et al., 2023). According to
Zeid and Shedeed (2006), plant growth is a complex process of cell division and
cell growth. It is considered one of the most drought-sensitive physiological
processes due to the reduction of turgor pressure. The reduction in growth occurs
due to impaired mitosis, cell elongation and expansion caused by drought
(Wach and Skowron, 2022). Despite differences in cultivar response to certain
drought stress levels, the results of shoot and root elongation rate confirmed
drought sensitivity in all the tested cucumber cultivars.

Table 3. Biomass accumulation and growth-related parameters of cucumber cultivars
under different artificial drought conditions

Cucumber  Drought Fresh Dry Sec}dling Shoot. Root‘
Cultivar Level Sef:dllng Sef:dhng Vigour Elongation Elongation
Weight (g) Weight (g) Index (SVI) Rate (SER) Rate (RER)
Tajfun Control ~ 2.84+0.04a 0294+0001a 11729+222a 858+0.6a 12.69+0.6a
-0.15MPa  2.82+0.05a 0292+0.003a 1134.6+232b 851+03a 1204+04a
-049MPa 187+0.04b 0.185+0.001b 6228+91c 491+0.1b  748+04b
-1.03MPa  1.71+0.03¢ 0.176+0.005¢ 543.7+20.7d 4.58+0.1b 6.83+0.2b
p 0.0000 0.0000 0.0000 0.0000 0.0000
Sggf;?‘ Control  2.66+0.05a 0.206+0003a 10634=243a 125+03a 825+0.5a
-0.15MPa  2.54+0.04b 0.207+0.006a 1010.1+240b 114+03b 842+03a
-049MPa  228+0.01c 0.198+0.006a 6789+177¢ 7.60+0.1¢ 592+0.5b
-1.03MPa  1.62+0.03d 0.174+0.005b 5353+11.2d 456+01d 510£0.5b
p 0.0000 0.0000 0.0000 0.0000 0.0000
NSKir  Control  296+0.03a 0.286+0.003a 1809.5+2l.6a 979+04b 11.68+04a
-0.15MPa  2.89+0.02a 0284+0.003a 17383+198b 11.17+0.6a 1142+04a
-049MPa 2.80+0.07b 0.264+0.008b 1072.7+469¢ 827+02¢ 483x1lb
-1.03MPa  247+0.01¢ 0.224+£0.003c¢ 867.1+£227d 707+0.2d 375+03b
p 0.0000 0.0000 0.0000 0.0000 0.0000

Data are presented as Means = SD (n=3). Means within each trait followed by the same
letters are not significantly different (Duncan’s multiple range test, p < 0.05).

CONCLUSION

Based on the obtained results, it can be concluded that domestic cucumber
cultivars are susceptible to drought. All tested cultivars can withstand mild
drought in the initial phase of plant growth, such as seed germination and
initial seedling growth. However, all examined parameters of the tested cucum-
ber cultivars declined at an osmotic potential of -0.49 MPa (moderate drought),
which can be considered as the tolerance threshold for cucumber.
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OPUTMHAJIHU YJIAHAK
[pumisen: 25. 6. 2024.
ITpuxsahen: 15. 10. 2024.

YTULAJ ITET-MH/IYKOBAHE CYIIE HA KIIMJABOCT CEMEHA
W ITOYETHU ITOPACT BMJbAKA TP COPTE KPACTABIIA

T'opnana /. TAMI/IHLH/ITl1 CrobomaH A. BJ'IAJI/IT12 Byxamun B. HOHOBI/IB2
Hparana B. MUJbAKOBUR?, Jymmna JI. JOBUUNR', Z[paraHaH MI/IJ'IOIJ_IEBI/IB1
Maja B. UTHLATOB!

"MucTuTyT 32 patapcTBO M NOBPTApCTBO, JlaGopaTopuja 3a HCIUTHBAME CEMEHA,

MaKCI/IMa T'opkor 30, Hou Cazx 21101, Cpbuja

2MHCTUTYT 3a PaTapcTBO U TIOBPTAPCTBO,
Onesbeme 3a MOBPTAPCKE U alITepHATHBHE OMJbHE BPCTE,
Maxkcuma 'opkor 30, Hoeu Cag 21101, Cpouja
3 IHCTUTYT 3a paTapcTBO M MOBPTAPCTBO, O,uen,eH,e 3a JISTYMUHO3E,

Oicex 32 MUKPOOHOJIONIKE ITperapare,

Maxcuma 'opkor 30, Hosu Caz 21101, Cpouja

CAXETAK: Kao Hajuenthu abHOTHYKH CTpec, Cyia 030M/bHO yTHYE Ha TPOU3-
Boamy ycesa. C 0031upoM Ja yTHLaj cTpeca 0f cylue Bapupa Mel)y Bpcrama, oBa CTy/uja
je nMmana 3a IuJb 1a MPOLCHHU ToJepaHIMjy JoMahiuX cOpTH KpacTaBla Ha CYIIy Y I0-
4eTHUM (azama pacTa y ycJIOBHMA BelITauke cymie. JJabopaTopujcKo UCITUTHBAE je
U3BeNICHO KopuIThemeM TpH paznunante copre kpacrasia (Tajgyn, CyHuaHN TOTOK 1
HC Kup) u uwetupu paznuuura Husoa cyiue (0, -0,15, -0,49 u -1,03 MPa). Pezyararu cy
TIOKa3aJIx J]a Cy CBE HCIUTHBAHE COPTE KPAacTaBIla OCETIFHBE Ha CYITy Y (ha3u Kirjama
Y IIOYETHOT TIopacTta Oujpaka, Kao  Jia ce OCMOTCKH noteHujan ox -0,49 MPa moxe
CMaTpaTH IParoM TOJIEPAHIIHje 3a KpacTaBail.

KIJBYUHE PEYU: Cucumis sativus L., iHJIeKC BUTOpaA CEMEHA, KJIMjaBOCT CEMEHa,
rnoyeTHU nopact uznanaka, PEG-unaykoBana cyma
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