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Abstract

Introduction

Cucumber is one of the most widely cultivated greenhouse vegetables in Iran. It is essential to
properly nourish plants and use elements and compounds that increase yield while maintaining and
improving quality. However, its production is often challenged by environmental stresses that
reduce water and nutrient uptake, directly affecting yield and quality. Salicylic acid serves as a key
plant regulator and stress mitigator, while boron plays a critical role in sugar transport, hormone
regulation, and fruit and leaf formation. This study aimed to evaluate the combined effect of
salicylic acid and boric acid on the growth and yield of greenhouse cucumber (Cucumis sativus cv.
Gohar) under soil-based cultivation.

Materials and Methods

The experiment was conducted using a factorial arrangement based on a randomized complete
block design (RCBD) with three replications. Treatments included foliar spraying of salicylic acid
at three concentrations (0, 0.5 and 1 mM) and boric acid at three concentrations (0, 2 and 4 mM).
Foliar applications were carried out four times at 10-day intervals, starting from the emergence of
the second true leaf. Morphological traits such as plant height, number of leaves, individual leaf
area, and petiole length were recorded. Biochemical parameters, such as chlorophyll a, chlorophyll
b, total chlorophyll, carotenoid, and anthocyanin were analyzed. Fruit quality attributes such as
total sugar, sucrose, glucose and fructose as well as yield-related traits including the number of
fruit and total yield were also measured.
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Results and Discussion

Both salicylic acid and boric acid significantly influenced plant growth, biochemical composition,
and fruit yield. The highest leaf count (47.33) was observed with 0.5 mM salicylic acid and 0 mM
boric acid, while the largest leaf area (306 cm?) was recorded with 0 mM salicylic acid and 2 mM
boric acid. The maximum total chlorophyll content (12.11 and 10.8 mgg-lFW) was achieved with
in 0 and 1 mM salicylic acid, respectively, combined with 2 mM boric acid. The highest sucrose
(226.28 mg g FW-1) and fructose (87.9 mg g FW-1) contents were found in 1 mM salicylic acid
without boric acid, while the highest glucose content (368.71 mg g FW-1) was recorded in 1mM
salicylic acid with 2 mM boric acid. The greatest number of fruits (86.33) and the highest total fruit
yield (9.59 kg plant-1; 21.10 kg m-2) were obtained with 0.5 mM salicylic acid combined with 2
mM boric acid. The lowest number of fruits (44) and yield (3.39 kg plant-1) were recorded in the
control treatment. The lowest plant height of 189.3 cm was associated with 1 mM salicylic acid
and 4 mM boric acid. The results showed that the highest petiole length with 15.66 cm was related
to 0 mM salicylic acid, and 0.5 and 1 mM salicylic acid caused a decrease in petiole length with
14.88 and 14.33 cm, respectively.

Conclusion

Salicylic acid had a stronger effect on plant growth and yield than boric acid. However, their
combined application produced better results than either treatment alone. The most effective
treatment for optimizing cucumber growth and fruit yield was 0.5 mM salicylic acid combined
with 2 mM boric acid.
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Table 1. Variance analysis of the effect of salicylic acid and boric acid on the morphological and
phytochemical traits of greenhouse cucumber cv. Gohar

SOV Jf Anthocyanin  Carotenoid ng?l Chlb Chla Petiole Plfamt Leaf area Leaf
content content content content content length height number
Block 2 0.0004ns 0.07ns 0.35" 0.05"  0.69"  0.56M 32.25m 173.91ns 1.92ns
?Z')'Cy"c ad 5 0.0000%  1.01**  584% 007" 538 403 2332.70%*% 2436.92%* 51.50%*
Boricacid (B) 2 0.001** 0.33**  32.83** 20.45** 1.52* 0.06"  610.03" 762.41ns 5.81ns
AxB 4 0.0006 0.31** 6.21**  7.28** 1.61* 0.98" 1402.75** 4126.33** 43.37**
Error 16 0.0002 0.03 1.17 0.85 0.41 0.54 312.21 561.12 2.009
CV% 11.16 6.46 12.34 18.67  16.99 4.92 7.37 09.9 24.3
=xSignificance at 1%, * Significance at 5%, " not significant.
Table 2. Mean comparison for the effect of salicylic acid and boric acid on morphological and
phytochemical traits of greenhouse cucumber cv. Gohar
Salicylic Boric Anthocyanin  Carotenoid  Total chl Chlb Chla Plant
acid acid content content content content content height Leaf azrea Leaf
(MM)  (mM) (umolg.FW%) (mg.gFW?) (mg.gFW1) (mggFWY) (mg.gFWY)  (m) M) number
0 0.112 be 2.19c 6.85 ef 3.1d 3.74 ab 230 a 243.1 cd 40 ¢
0 2 0.138 ab 3.15ab 12.11a 8.19a 3.92ab 246.3a 306.03a 45.33ab
4 0.10c 240c 8.12 c-e 3.90 cd 422a 2383a 289.1ab 45 ab
0 0.15a 3.17 ab 9.02 b-d 5.02 bc 4 ab 2473a 256.8b-d 47.33a
0.5 2 0.132 a-c 3.20ab 9.63 bc 4.92 be 471a 258.6a 268.8a-c 44.33D
4 0.129 a-c 3.19ab 9.58 bc 481c 477 a 263 a 2215d 46.66ab
0 0.149a 3.36a 542f 2.62d 2.79 bc 2513a 2947ab 46.33ab
1 2 0.119 bc 3.2ab 10.8 ab 6.60 ab 420a 232 a 2255cd  39.66¢C
4 0.1l1c 2.86b 7.36 d-f 5.45 bc 19¢c 189.3b 239.3cd 38¢c

Means followed by similar letter (s) in eachrow are not significantly different by Duncan’s multiple range

test at 5%.
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Figure 1. The effect of salicylic acid on petiole length of greenhouse cucumber cv. Gohar
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Table 3. Variance analysis of the effect of salicylic acid and boric acid on fruit quality and yield of

greenhouse cucumber cv. Gohar

Fruit . Fruit Total

. Yield Fructose Glucose Sucrose
SOV df yield per per m2 number content  content sugar content

plant per plant content
Block 2 0.017nm 0.084m 21927 67.21** 367.4* 501.3** 351.2*%*
Salicylicacid (A) 2 27.32** 132.2* 1845** 1234** 11651** 46225** 11691*
Boric acid (B) 2 3.44** 16.67* 456"  122.2** 3757** 5596**  6733**
AxB 4 3.8*% 1843 286.8** 98.7** 1243** 61.61ns 4434**
Error 16 0.37 1.81 17.80 1.58 31.09 97.06 14.49
CV% 10.15 10.15 6.47 1.86 1.81 3.001 2.48

=«xSignificance at 1%, " not significant.

Table 4. Mean comparison for the effect of salicylic acid and boric acid on fruit quality and yield of

greenhouse cucumber cv. Gohar.

L . . Yield per Yield Fruit Fructose Glucose Sucrose
Salicylic Boric acid plant perm? pumber  content content content
acid (mM) (mM) (kg.plantt)y (k@)  perplant (mg.g.FW?) (mg.g.FW?) (mg.g.FW1)

0 3.39e 746e 44 e 56.89 g 243829  100.25h
0 2 5.06 d 11.13d 5333d  6265f 309.15d 15294
4 5.34 d 1147d 5933cd 51.14h 290.15 e 82.69i
0 77b 17.11b 79.33ab  70.53d 299.48 e 137.82 f
0.5 2 9.59a 2110a 86.33a  61.64f 314.15d  207.17b
4 6.53 ¢C 1437¢ 76 b 64.87 e 266.26f  170.51d
0 5.94 cd 13.08cd  74.33Db 879a 331.71c  226.28a
1 2 5.56 cd 1224cd 61.33c  73.46¢ 368.71a  180.38¢
4 5.03d 11.07d 5266d  7891b 34537b  123.33g

Means followed by similar letter (s) in each row are not significantly different by Duncan’s multiple range

test at 5%.

450 -
> 400 -
350 - b
300 -
250 A
200 1
150 -
100 1

g FWH)

[8)]
o
1

o

0 05 1
Salicylicacid concentration (mM)

Total sugar content (mg

Figure 2. The effect of salicylic acid on total sugar content of greenhouse cucumber cv. Gohar
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Figure 3. The effect of boric acid on total sugar content of greenhouse cucumber cv. Gohar
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