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Abstract

To investigate the effects of auxin and gibberellin on the vegetative and reproductive growth of
cucumber (Cucumis sativus L. cv. supernia F1), a factorial experiment was conducted using a
randomized complete block design with 9 treatments and 3 replications. The treatments
included auxin in the form of naphthalene acetic acid (NAA) at concentrations of 0, 50, and 100
mg L and gibberellic acid (GAs) at concentrations of 0, 25, and 50 mg L, which were applied
as foliar sprays every ten days from the 4- to 6-leaf stage until the end of flowering. The results
indicated that treatment T9 (NAA at 100 mg L combined with GAs at 50 mg L) resulted in
the lowest number of nodes, shortest internode length, and, consequently, the lowest plant
height and leaf number compared to the control. The highest female flowers were observed in
treatment T8 (NAA at 100 mg L™ combined with GAzat 25 mg L) and T9. Although treatment
T9 exhibited the shortest height and fewest leaves, it also had the highest number of female
flowers. The control plants showed the most significant height, leaf number, and male flower
count. The highest fruit yield was obtained in treatment T8. Both treatments, T8 and T9,
positively influenced plant yield and the conversion of female flowers into fruits. Therefore,
simultaneous application of NAA at 100 mg L™ and GA3 at 25 or 50 mg L can increase yield in
cucumber.
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Introduction

Cucumbers (Cucumis sativus L.) are a globally valuable crop in the Cucurbitaceae family and are
essential for nutrition and economic stability. Their improvement in yield and fruit quality is a priority for
research. Cucumber sex expression in terms of hermaphroditism, monoecy, gynoecy, and androecy is
genotypically and hormonally complex and is influenced by gibberellins (GAs) and auxins. While
gibberellins (GAs) and ethylene are known to play roles in sex expression—promoting maleness and
femaleness, respectively—auxins are also implicated in this process. Earlier research has found that NAA
inhibits male flower formation, and GA; induces cell division. This research investigates the combined
effects of NAA and GAs on cucumber sex expression. What is the effect of foliar sprays of NAA and GAs
separately and in combination on cucumber's vegetative growth, sex expression, and yield components? This
research evaluates these effects on the Cucumis sativus L. Supernia F1 cultivar. The findings are of practical
significance for enhanced fruit production in protected conditions. The hypotheses are that NAA increases
female flowers, GAs increases plant height but perhaps at the cost of female flowers, and the NAA/GA;
combination maximizes sex expression for higher yields.

Materials and Methods

The cucumber (Cucumis sativus L. cv. supernia F1) seeds germinated under greenhouse conditions. The
experiment was a randomized, complete block design with nine treatments and three replications. The
treatments included NAA at 0, 50, and 100 mg Lt and GAs at 0, 25, and 50 mg L. Foliar sprays of NAA
and GA; started at growth stages 4-6 and were repeated every ten days until flowering termination with a
handheld sprayer in the evenings. The plant growth parameters (plant height, leaf number, node number,
internode length) were measured every 7 days, and reproductive growth parameters (female flower number,
male flower number, fruit number) were measured every 3 days.

The data were analyzed with SPSS software version 26 and compared by Duncan's multiple range test at
a level of 5%.

Results and Discussion

The T9 treatment had the lowest nodes (16.25), shortest internode length (3 cm), lowest height (48.66 cm),
and lowest leaves (38.33), and the control exhibited the opposite trend (21.41 nodes, 3.81 cm internode
length, 81.50 cm height, 61.08 leaves). T5 treatment (NAA 50 mg L+ GA; 25 mg L) possessed the
maximum stem diameter (8.83 cm), and control possessed the minimum value (6.66 cm).

T8 and T9 produced the maximum number of female flowers (14.5) and had a minimum in the control
(10). The control had a maximum male flower number (122.26), and T9 had a minimum of 72.30. T8
provided a maximum fruit number (12.66) and fruit set percentage (87.28%), while that of control was 7.16
fruits and 71.94% fruit set. Treatment T9 positively affected fruit yield (12), and its effect was slightly lower
than that of T8. The control had a minimum number of fruits, only 7.16 per plant. These findings reveal that
hormonal balance is essential for fruit sets and that T8 treatment is the most appropriate combination for a
maximum fruit yield under these specific experimental conditions.

The results of this research corroborate the "one hormone” hypothesis of sex determination in
cucumbers, suggesting that one hormone possesses both male and female cellular receptors, which suppress
one sex while enhancing the other. Gibberellins have a dual role in suppressing femaleness and enhancing
maleness, while ethylene promotes femaleness and suppresses maleness. There is a balance between stem
cell self-renewal and differentiation in floral organ primordia development. Treatment with GA3 suppresses
ethylene biosynthesis, consequently suppresses female flower formation and induces male flower formation.
GA:; induces proteolysis of CsGAIP, eliminating transcriptional repression of class- B floral homeotic genes
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and resulting in stamen formation. Auxins positively influence genes that initiate ethylene biosynthesis and
enhance female flower formation.

Conclusion
The use of NAA and GA; together has been reported to regulate cucumber sex expression, vegetative
growth, and production. Optimal concentrations of both hormones can promote female flower formation and
improve fruit set and, ultimately, cucumber production. These findings provide insight into the hormonal
regulation of sex expression in cucumbers and have implications for maximizing cucumber production in
greenhouses.
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Figure 1- Cucumber conditions. A) Cucumber female flower
with large ovary, B) Male flower, C) Cucumber seedling
cultivation 15 days after seed germination, D) Roped plants
at the beginning of treatment.

Aol Sl S 4 ST Jals b les
Gl S e Ve 500 ) lackile 55 (NAA)

ol J& S L 35 a5l 03 5 8 SRl
Qutamanee et al., 1994) sjlul o L=t < 1)
GA3 5 IAA 5T ., L Iranbakhsh et al. (2007)
(8 s o i & Al > LIS 554 L )
LS o bl |y esle & sl o 2 5 3L Jsb )

o5d oo o8 5 Shes il o

s dy 4 oS K S WK
ek A (D gh g8 3 gdome LS o .,\:JJSKL;%:L:L;LAJ?
Il 4 e g esle plal I S )
Wy Sl b a ) olE b o) a5l easd as)l
sl st olE 53 o8 ST 3l sls 21 5 esle gla S
S8 s ess esle S 5l ak; akes 5 g S
S5 ST Jgama Oln gy Lipd ol ole o S
Sleslizal LG sg 0T 5 50 bl Jiass 53 objyls
5 (NAA) ST das 1 s olf.u;f‘._)a;:)'l o
S35 2 Bl s Spe 4 (GAY) Sy !
.>J§L,.c— Q‘k}aﬁﬁ&o)bWQ‘chag
3)5n Aals DS b anlie 55 OWLE 45 5 s
Sy 63,0 shes 4 b3S 5 L) s e
NG GO IR PPN PPN K S S W A P

by w9y 9 3lg0
2 5 S Osmosm 53 Olajen b gy S
o3, (Cucumis sativus L) ,ls 1) 5 shas) &)
A B s s O 5o =l 5T SuperniaF1l
S 3 ST a5 Sl A L ol olST glacSTh
Dot 53 ) HIS5 Glaslass b plowil sly 5 55 Gteo
S 53 5 sl Gl w53 Hady Ll el esls 0L )
(18 51 S, 10 s aslS S s s ule
13 355 5 b e S glls) OIS 4 baelss
(1C JS8) Wz Jazte (p g 5 S 4 0k 0k



VY ad ol 85l (eas s e (aLE au S ple

21

slaas/esle L;UEJ.? sldas ) XV e 0= o J.:g.:: Loy

(olS 2 )3 05

olST Gl e a0 Dlie Guilsly 4

Jlize 5 o3l S0 & o (a5 Klo aglin 5 fo5 556

o5 b Aoy 0 Jlal mhaw o oSSl 0505T L layles
2 ol SPSS 131

Fal's

9 My S e

Jole on 6l S sl s dle o Sl sl
2l Sb w05, g 6l el oS ol
b oSl mhasl o8 sl 51 Sioles o Sl sl
A el (il Sy "olE )" ST oS sl
cobe 3,8 S sl Ol b esls uiboly 4
Se amglin 13 g s sma 10 o 53 GAG Cilisee
o, Sla Sldw o i Ad Laie (YUsds) b esls
I S 5 YV/FY 0 S0ke b dale Hles 4 by e

B de VY0 5 SKke L To Jlas 4 by e o Sl

ke 00 5 Y0 @) clackls 55 (GAZ) Al S

5303 A S P N do o 51 sy (3 5o S
Aol (2L Jsloee b 6 5 595 A 0L b LS

Lg.i:l.éd}lmjb NAA) GA3 O}A)}Awuéh)w—Z\ J}Jo-
o=

Table 1- Foliar treatments of GAsz and NAA hormones in
Cucumber

mglh T1 T2 T3 T4 T5 T6 T7 T8 T9

1

NAA 0 0 0 50 50 50 100 100 100
GA; 0 25 50 0 25 50 0 25 50
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Table 2 - Source of variation of traits in the experiment

Source of Internode Internode Pl_ant Leaves female male Fruit Fruit set

A df length height flowers flowers
variation No (cm) (cm) No. No No No %

R 2 20.6* 0.15 135.0 463.8** 50.6** 300.2* 34.4%* 461
GA; 2 21.8* 0.13 495.1* 229.5* 8.5** 1373.7** 13.4** 127.04**
NAA 2 8.6 0.70** 632.2** 183.2* 12.7%* 885.2** 17.7%* 168.9**

GAxNAA 4 1.2 0.03 40.08 59 3.09** 166.9 0.80* 21.15*
Error 16 4.8 0.07 84.8 198.9 0.34 63.98 0.26 5.89
cv 115 8.2 14.4 125 4.4 8.6 4.9 5.91

zn 7Y 70 ezt = glaws 53 5 4 s e Dl 35 ocias O e

* ** show significant differences in simple and interaction effects of treatments, respectively.

S 3 po S VA Sile b dals jlag s 0 il
sl 35 o Sl ¥ oKl b To Sles 5o b

Calideo C}.E..» JJ.:)K LgtA e u‘“;tf.)‘ﬁ A.ifrﬁ
s s s 1Y e 53 0 il b i NAA
b it Lnls Ol (Ysue) LKl 4o



oY 5T o gama 5 g Loy [ sl 3 Shoe 13l 5 Cpmior (a2 1300552 ol Sl (IG5 ol S o 5T

b Ossn 93 » ale ChE S Ts Hled 4 by e Sl
Bl s o Sy e gl MAF (ke b ooy 1l
shws oSl o o /59 ke b dals jls 4 by e
o bl sy Ay glaerls S S,
64 s odalie Laesls il ls @20 51 Jeol> =k
1 o 53 8 slass 5 NAA 5 GAs Caliee £ o
Sl o Jst) b ks dslin gl 3 5l (e
bals 5les & byye o8, olas o 2 oS 5y OT
Sl 4 by e 68 slas o 2S5 3de $V/0A Kl
348 YA - Sla b Ogaysm 93 8 Ol o 2t b To
@l Ty Ts lajles i 5 4 dald Hlad 5l des 2
Cte ,5b edias OlEs ol 5 Ly <5 Sluw o i

s S sl 213 GAS YO 2 4 8 e

Sl Db s 4t LB (e GA
o, Sle Jsb s ks ials NAA chle il
gyl Caliee slaslag b o sl 28 sl
..uzaﬁ,w,gaﬁwi)usucb;\tw)mgf
g 3,8 A Ledeie b oesls uibly 4
2o N 51D sk 55 5 4 NAA 5 GAs Caliee
313 LS (Y i) s 05l Kk anlie s s gyl
3 fo Sl A/B ke b dals 53 g Job o i
Osoosm 55 A Olpe (p e b Sl gli)) o 28

g e Sl FAFF Sl L (To)

b sl oles Sl ks gl esls byl 4 e
o) g Jele 53 e 315 GAs Caliies - s Jles!

s i dsls Ol (Y Jgdr) s ol S0k 4 lie

NAA)GAS @f}f@bﬁcjkﬁ)}w)ﬂé)ﬁQwshwéLfW'ULA—V d).\:—
Table 3- Comparison of mean values of investigated traits at different hormonal levels of

GAsz and NAA
- Stem
treatment Internode length  Plant height diameter Leaves Male flowers
(cm) (cm) (cm) no. no.

T1 3.81+0.11° 81.5+12.3? 6.7+0.3 ¢ 61.1+11.8% 122.345.9?
T2 3.5740.21% 72.7£3.4 % 7.240.3 58.5+8.7 2 97.945.5%
T3 3.51+0.33%¢ 61.0£11.3% 7.7£0.8 % 48.9+10.1%® 80.8+9.2 «
T4 3.45+0.44%¢ 70.0+18.2% 7.0+0 b° 53.844.0%® 103.7#19.5°
T5 3.32+0.36 ** 68.249.0% 8.8+1.0° 57.2+4.32 96.23+7.9
T6 3.09+0.26 ™ 56.7+1.3 7.240.6 54.6+7.4%® 89.9+47.5%®
T7 3.060.43 % 56.3+8.4 o 6.7£0.8°¢ 54.5+17.8 ® 90.949.2 b
T8 3.17+0.28 ™ 60.2+5.8 8.0+1.0%® 50.949.7 ® 81.6+5.4
T9 3.0040.34°¢ 48.7+1.8° 6.8+0.3 ™ 38.3x1.2° 72.3+7.34
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Figure 3- Comparison of GAs and NAA interaction on fruit set percentage per plant. Values are mean + SD of three replications
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