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Extended Abstract
1. Introduction: Cucumber (Cucumis sativus L.) is one of the most important horticultural crops in the

world and especially in Iran. In arid and semi-arid regions, water deficit stress is a major limiting factor
for crop growth and yield. Increases in water scarcity with climate change reduce plant growth and
development, thereby decreasing plant production in agricultural systems. Due to their high leaf area/root
ratio and high transpiration rate, cucumber plants are sensitive to water-deficit stress. It is well known
that water deficit causes oxidative stress by increasing the production of reactive oxygen species in
different cellular organelles, thus affecting membrane stability, lipid peroxidation, and other biological
and physiological processes. Various agricultural methods are used to increase plant resistance to
environmental stresses. Auxin is one of the important plant growth regulators that play multiple
physiological roles in promoting cell elongation and division, seed germination, fruit development, and
plant stress responses. Naphthalene acetic acid (NAA) has frequently been demonstrated to enhance
growth parameters and productivity in vegetable and other crops. From this standpoint, this research was
conducted to study the effect of foliar spraying with different concentrations of NAA on the physiological
properties and fruit yield of cucumber under water deficit stress.

Materials and Methods: This experiment was conducted at the Research Farm of the Agriculture Faculty
(University of Zanjan, Iran) in 2023 using a split plot based on a randomized complete block design with
three replicates. The experimental treatments consisted of three different irrigation regimes (70, 85, and
100% ETc) as the main plot and foliar spray of NAA at three levels (0, 50, and 100 mg L") as a sub-plot.
Kish F1 hybrid cucumber seeds (US Agriseeds Company) were sown at a distance of 50 cm in rows and
120 cm between rows. Different levels of NAA foliar spraying started at 45 true leaf stage and were
repeated two times with an interval of 15 days using a mechanical mist sprayer. Irrigation was calculated
based on actual evapotranspiration (ETc%) rates. All necessary management practices, such as weed
control, were performed according to the recommended package of practices during crop growth. During
the growth period and after crop harvest, fruit yield, chlorophyll content, relative water content (RWC),
proline, phenolic compounds, electrolyte leakage, malondialdehyde (MDA), H,O, contents, and
antioxidant enzyme activity were evaluated.

Results and Discussion: Drought affects all aspects of plant physiology, including a reduction of
photosynthesis rate and overproduction of reactive oxygen species, resulting in retarded plant growth and
significant crop losses. The results showed that deficit irrigation significantly increased the proline
content, ion leakage, catalase, and superoxide dismutase enzyme activity. In contrast, deficit irrigation
reduced leaf RWC, chlorophyll content, and fruit yield. Foliar application of NAA improved the fruit
yield with increasing chlorophyll and proline contents, leaf relative water content, and antioxidant
enzyme activity, and decreasing ion leakage, MDA, and H>O, accumulation. Plants have developed an
antioxidant defense system that consists of enzymatic (SOD, CAT, POX, etc.) and non-enzymatic
(ascorbate, phenolics, proline, etc.) components, which change significantly in response to different
stresses, including drought. It was reported that after moderate or severe drought, proline content
increased to a different extent in maize hybrids depending on their tolerance. The accumulation of proline
under water deficit conditions could contribute to a plant’s drought tolerance or could be a stress-injury
indicator depending on plant species and the severity of the stress. According to the results, the highest
chlorophyll content (2.25 mg g"'FW) and fruit yield (42693.7 kg ha!) were obtained with the application
of NAA 50 mg L' under irrigation 100 ETc%. Also, the maximum RWC, and minimum ion leakage,
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MDA, and H,O» accumulation were obtained in the plant treated with NAA 100 mg L' under irrigation
100 ETc%. The highest value of superoxide dismutase activity (1.67 U mg'protein) and proline content
was observed in irrigation 50 ETc% with application of NAA 100 and 50 mg L', respectively. The
preliminary application of auxin compounds before drought treatment led to the adjustment of CAT and
POX activities, and also suggested that the auxin compounds play an essential role in balancing H,O,
levels.

4. Conclusion: According to the results of the experiment, it can be stated that the cucumber plant is a
sensitive plant to water deficit stress. Under water deficit, fruit yield decreased. Finally, NAA increased
the yield by modulating the negative effects of water deficit stress in cucumber plants. Therefore,
according to the results, application of NAA 50 mg L' can be proposed to improve the growth and yield
of cucumber under normal and deficit irrigation conditions.
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Table 1- Physical and chemical characteristics of experimental soil.
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Table 2- Average meteorological parameters of university of Zanjan synoptic station during the cucumber plant
growth period

R e R i o
Month Average wind Sunny hours Average Total rainfall Minimum Maximum
B N temperature temperature
speed (m S) humidity (%) (mm) o o
0 0
ols >
2.1 9.7 44.1 40.2 12.0 29.2
June
.l 2.3 12.3 34.0 8.2 14.9 33.1
July
.)‘b),A
2.2 10.3 28.8 2.2 15.1 34.8
Aguste
A 23 10.9 36.3 0.9 12.3 31.8
September
L)l 890 wlas
*VI(W (V) abal

SS9, 5= [7.6(A480) -1.49(A510)] x 1000)
Sp ol o Slyime a0 gpSoslul sl
o8 EW) o3 Sy 5l 0,5 S sl (RWC)
03,5 jgabse shaie Ol (y9p0 Celo VF Soe 4y
5ol g pSoilul (TW) sy elisl (5 loooxe
slo b gl g0 celo Y G a1y o5y colys
LS, Sas 59 g ools 1,8 o 5 il ax 0 Ve
S ol cd Glgme Colgs o el Cuss 4 (DW)
Ritchie and ) wo 5 acwlxe ¥ alal, 5l oolaul b

.(Nguyen, 1990

(F) ala
RWC= (FW-DW)/(TW-DW) x 100

S 8L (BL) Sg ot a0 (6 S 0jlail gl
sloalg) 10 g ood ated Hhie OI L Sy a5 S
@ laalg ias ools 13 Jlaie Ol ) L Ve (g9l
oS il ax 0 Fr 0,5 Ol pla ;0 ai 8o Ve G
Oy 3y 3l e LT (SGSU Colam g ias ool I8
gl s (EC1) 0l 18 mwcslan oKiws
o5 il azp0 Ve v Ol ples )0 4B Ye o 4

99 0 )l Esb al> o 0 Wmoges iy 0598 Jobo 5o
sybiie 4 Sl ol el L U LS, Gy, 4w b
S8kas 50159 05 Sl 693l L oo, Slee L)
2 0y50p S o 0SS O jgma S

By 3l oolaal b adgis )55 JS 39l (slgee
L bdiges 51 0,5 /) o 5 u50;lail (YA£Y) Arnon
S o 5 0ab Kad amys A sl i e Ve
S (e a8 B Do 4y Fee v 90 b oy il
(RS232) ;iogiby Sl olfiass 5l oolizasl s Jslono
FHY 5 FF0 slagss sk ,» SAFAS MONACO
Slr Sl FA-g OVe 5 L39)lS slp gl
oy ol slgie Coled jo ol C8lE ases IS
dloe ¥ g ¥kl Sl oolitul b o8 5 oS s
ojlas ol pm Kb (V) alaly ol jo a5 0y )8
F039 W) eaa ;s Ae gl ;5 035557 5 Juds 18
et gaedsb )0 iz (A) g p)F sy diged
RVIgR

(V) akal,

[20.2(A645)+8.02(A63)]xV/( W x 1000)

IS edg,l5-



va VFef Gl 9 3l oF o)l A 0,90 A Jlw b g juw pole code dolladge

Foleo jo dads ;o 90 V0 -+ L dado Ve Sun
Sl (sl 2305 53 il o F il a0
S35 ragidy Sl olSwd laml GYBLS (0 357 colad
Aol b g aids So (b Do 5 yegili VT - zge Jobo
3 bdiges 88 gl ol bt adl &y Sl
Sl g See YA ol pon> b STy bglos
VO lhwd ppnly o BL e St VAL
ojbas S VO 5 3gye weSy Sl e
L 59,0 deS Ty dy o ol oolaw! S p s
il ar s et Sl Y 50 Job )0 Qi ials
Zhang ) o ol el ojlac ;0 (ptign o5 5o
eyl cdld o oes (et al., 2013
L yegl 07 zoadsb ;5 jBgemns 9eSlngm
a5 23 oigle oY sl yiesiby S
.(Giannopolitis and Ries, 1977)
V9.3 Jl58le 5 5l oolil b Jol> slaosls 5.JUT
aiz ogesl Bkl besls (5 Sls auslie 5 SAS

9qydo)ym)o&9&ch~)o§lod‘mb

RUCER SN S N BYWEE:

Ut ere

o8 les g oleS i Jleel bl wlal
Oodbas 05 5 cal palS glo cae jebas ogue
9 0L Gs—lpf u’““" g_:‘).a‘ J.)AA.? (W, M‘M‘
aald jlad 4 Cond (6,10 se Hobas 1) 0900 o Slos
Wl Hlis osls (1lee duslin () o) ols yiol58l
i ol ol Gl ey Ve gl Llys
aals ol b auslie ;0 a5 ael Candds ogus o, Slos
Qo) Yo IVY Giolidl a pomie duo o Voo g ol cow
o sl o () USE) o S ogue JS 0 Ses o
P pSeke Voo sled ol 5l asye 00 6)LeleS
21y cate b ity el Sl b 2
usls L o Sles S

ol)en g 03,

3l g Ll (S Sl gl g diads (6l
Gk 5l Sa et oo ol 5o (EC) ab il 3
2 (EC1) oyl oSS Clan oo b iy
1 dslee (BC2) 0550 slo sk (S 2501 ol
(Chen et al., 2008)

(B)ak,

EL=(EC1/EC2)x100

L Sy 0 wedleopdl aex olie

—o3lail (TBA) sl SO 9i0,baus g, 5l oolaiul
Ol 5 Ois eSS 5o JsessSes el 29 605
oS Gl ouizmed (Y1 et al., 2009) ws )5
OhiSen g Alexieva (i, (bl 2 ST 555 000
b s deaSTn lgioe b 6 S ojlusl (V- +))
sleadale sloael caws 4 o lasbinl o 5l eolazul
P55 2 dsessSes ©)go & (59 Sy alisee
b el 5 s

—o3ll i gy 5l eolaiwl b Sy gy
sldigas 51,5 <10 Bates et al., 1973) i 5,5
¥ Sehedlosdlon sonl pd e Ve 0 5 Sy
98 .0 Blo odw] Caws o lac g oad Kad oo
99 4 Crydeinl il (dee 93 9 Sitlanl i (s
2 Jsloo 0t Lol oty Lo oyl ol 51 2 Lo
sles o 5 ol plom o el S S 4 sl s
Syt ol 5l ey b 00l JE g 4 yn Ve
S S 0950 Giles] gladlg) STy 28l oL
dof o @ Gl pd e ez g w85 3
Sl OV zoasb ;o a5, Jsloee i 0l sl
oyailinl pmie @ daxei b oColes o 9wl cal)d
PR ke e o n i slacdile I ol
S Ao 5059 05 2

¥ 30 Sy diged 05 G ol ojlas ags sl
WVoasheo B0 Dland ol glizinl b ) dee
%oy Y gEDTA Nga oo + /Y (s5l> (PH=7.8)

@ e 9 0dd (Sen (PVP) (padyrn g b



el 050 8 5das 9 (K3 5elgn b S ASLE 1 ol Sl il Sl Jplmo 5T A

50000 -
p
40000 -
_ d
230000 - f ©
g;‘ - O Control
o
® 3 20000 - ; BNAA 50 mg/l
g ENAA 100 mg/l
10000 -
0 : :
100

6)@." Tk

Irrigation levels (ETc%)
09031 bl S e By 5 kTS byl o axd )l 090 0 yShas ol Seustawl s 51— S
W9,105 (6510 S BT wuo yo B Jlosa ! b o Sl (glasals v

Figure 1- The effect of NAA on the fruit yield of cucumber under deficit irrigation. Similar letters indicate
non-significant differences between treatments (Duncan’s multiple range test at p < 0.05).
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significant differences between treatments (Duncan’s multiple range test at p < 0.05).
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