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Abstract

Introduction

Strawberry is a globally valued fruit, and enhancing its quality without reliance on harmful
chemicals is a critical goal. Gamma-aminobutyric acid (GABA), a non-protein amino acid,
influences plant growth, the tricarboxylic acid cycle, and both primary and secondary metabolism
while improving responses to biotic and abiotic stresses. Plant growth regulators such as
cytokinins, including synthetic compounds like forchlorfenuron (CPPU), can enhance
photosynthesis, cell division, and overall plant performance, particularly if applied during early
fruit development.

Materials and Methods

This study evaluated the effects of foliar applications of GABA (0, 10, 20 mM) and CPPU (0, 5,
10 mg 1) on Camarosa strawberry plantlets, grown in Ramian County, Golestan province, Iran
(UTM: 318446, 4092385) in October 2022. Treatments were applied at flowering and repeated
10 days later for GABA, and once at flowering for CPPU, using a randomized complete blocks
design with three replications. Fruits were harvested at 75% surface redness and assessed for root
volume and weight, total sugar, leaf photosynthetic pigments, fruit dimensions and shape,
malformed fruit percentage, firmness, color, yield, and endogenous cytokinin. Data were
analyzed by ANOVA (SAS 9.1), and means were compared using Duncan's multiple range test (p
<0.01).

Results and Discussion
GABA application, particularly at 20 mM, significantly increased root volume and weight, leaf
carotenoid content, chlorophyll b content, fruit firmness and the total harvested fruit weight at the
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1% significance level. It also significantly enhanced total leaf chlorophyll and reduced the
percentage of malformed fruits at the 5% significance level. Specifically, 20 mM GABA
increased total harvested fruit weight by 17%. However, GABA had no significant effect on leaf
area, chlorophyll a content, total leaf sugar, or most fruit dimensional indices.

CPPU application significantly increased root volume and weight, leaf area, carotenoid content,
fruit length, firmness, and reduced malformed fruit percentage (p< 0.01), and also affected
chlorophyll a, total chlorophyll, and fruit length-to-diameter ratio at the 5% level, sugar, or most
fruit dimensional indices. Notably, 10 mg L™ CPPU enhanced root volume and weight by 107 %
and 59 %, respectively, versus control. The highest fruit length (6551 mm) and fruit length-to-

diameter ratio (1.69) were obtained in plants sprayed with 10 mg L™ CPPU. The highest fruit
firmness (1.96 Ncm™) was observed in the 20 mM GABA treatment. Both GABA and CPPU
increased total leaf chlorophyll, with maxima in 20 mM GABA (1.384 mg g”) and 10 mg L™
CPPU (1.430 mg g™1). Malformed fruit incidence was lowest with 10 mg L™ CPPU. Both GABA
and CPPU treatments significantly improved fruit color brightness and total sugar content.

Conclusion

Foliar applications of GABAand CPPU act as regulators of growth and development in
strawberry, enhancing yield and fruit quality. Applying 20 mM GABA and 10 mg L™ CPPU to
Camarosa strawberries is recommended to produce high-quality, well-formed, and long-lasting
fruit.

Keywords: Cytokinin, Fruit firmness, Fruit total sugar, Photosynthetic pigments
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Table 1. Analysis of variance for the effect of preharvest GABA and CPPU application on the root and leaf

characteristics of strawberry cv. Camarosa

S.0.v df  Root volume Root weight Root density Leaf area Leaf total sugar

GABA

Block 2 55" 0.76™ 0.0002" 10.3" 0.000113"™

GABA 2 173.16™ 20.64” 0.0325™ 121.3" 0.000004"

Error 4 6.27 091 0.0004 49.6 0.000309

CV.(%) - 8.81 6.01 3.89 3.49 462
CPPU

Block 2 13" 8.5"™ 0.005™ 58" 0.0009"™

CPPU 2 456" 667.7" 0.0215™ 202™ 0.0006"

Error 4 2 08 0.0006 14 0.0007

C.V.(%) - 3.97 4.45 407 1.86 7.33

*kx X ns

.J;:.MAM):&Q)@dk::-\c}la‘»):)l:g&.a}‘_g)lzswr.\.c‘_gtugg.‘.;;@: P
ns, * and **: Non significant and significant at the 5% and 1% probability levels, respectively.
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Table 2. The effect of preharvest GABA and CPPU application on the root and leaf characteristics of

strawberry cv. Camarosa

Root volume Root weight (g) Root density Leaf area Leaf total sugar

(cm®) (gcm™) (cm?) (mgg™)
GABA (mM)
P value 0.004 0.006 <0.001 0.202 0.985
0 22.63b 15.64b 0.692 a 195a 0.120a
10 25.63 b 13.35¢ 0.521b 202 a 0.120 a
20 37.03a 18.85a 0.503 b 207 a 0.122 a
CPPU (mg I'})
P value <0.001 <0.001 0.002 0.015 1
0 22.63¢ 15.64 ¢ 0.693 a 195 b 0.120a
5 38.70 b 22.26 b 0.521b 205 a 0.121a
10 46.86 a 24.86 a 0.503 b 211a 0.120a

ol SSs (glaials A 3 g03T el sl gme (Lo 5l siasOlis Sogline o5 ¢ S 35 2 sl
For each trait, different letters indicate significant differences according to Duncan's multiple range test.
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Figure 1. The effect of preharvest GABA and CPPU application on the root volume of strawberry cv. Camarosa
(a: cotrol, b: GABA 10mM, c¢: GABA 20mM, d: control, e: CPPU 5 mg I}, f: CPPU 10 mg I'%)
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Table 3. Analysis of variance for the effect of preharvest GABA application on the leaf pigments of
strawberry cv. Camarosa

SYOAY) df Chlorophyll a Chlorophyll b Total Total carotenoid
content content chlorophyll content
content
Block 2 0.0006™ 0.00005™ 0.0007™ 0.0003™
GABA 2 0.0115™ 0.01246™ 0.046825" 0.007"
Error 4 0.0051 0.00048 0.0078 0.0002
C.V. - 8.89 4.63 6.91 2.93

Kk KX ns

..\.::‘..AA.a):eﬁlj@JWlC}kM):J,I:@MJL;)IA@r.\;L;tNg;‘,.;J;m’. P
ns, * and **: Non significant and significant at the 5% and 1% probability levels, respectively.
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Figure 2. The effect of preharvest GABA application on the leaf pigments of strawberry cv. Camarosa
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Table 4. Analysis of variance for the effect of preharvest CPPU application on the leaf pigments of

strawberry cv. Camarosa

S.0.vV df Chlorophyll a Chlorophyllb  Total chlorophyll Total carotenoid
content content content content
Block 2 0.0008™ 0.0008™ 0.0014™ 0.0005™
CPPU 2 0.028" 0.0095™ 0.0686" 0.0851"
Error 4 0.0036 0.0078 0.0019
C.V.(%) - 757 7.03 10.39

**x X ns

.MM))&{.:}@JL&‘C}LN)J)‘A&M}‘_;)‘AGL’JCJ&&\JMQb‘..;j‘\{: P
ns, * and **: Non significant and significant at the 5% and 1% probability levels, respectively.
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Figure 3. The effect of preharvest CPPU application on the leaf pigments of strawberry cv. Camarosa
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Table 5. Analysis of variance of the changes of some physicochemical characteristics of strawberry fruit cv.
Camarosa in response to preharvest GABA and CPPU application

SHOAY) df Fruit Fruit Fruit Fruit The total weight ~ Malformed  Cytokinin
length diameter length/ firmness  of harvested fruit fruits content
diameter
GABA
Block 2 29.62"™ 0.61™ 0.0321™ 0.07" 19" 0.0078 ™ -
GABA 2 32.05™ 0.92" 0.0482"™ 0.703" 10391 0.4444" -
Error 4 11.88 0.27 0.0129 0.003 909 0.0277 -
CV.(%) - 7.99 1.73 7.9 3.94 4.12 13.63 -
CPPU
Block 2 26™ 2.9™ 0.056™ 0.0033™ 1670™ 0.0009™ 5.28"™
CPPU 2 113" 0.3"™ 0.114" 0.0744™ 637" 2.0833" 88.68™
Error 4 22 49 0.024 0.0008 1986 0.0003 0.42
C.V.(%) - 10.36 7.34 10.35 247 6.49 2.34 3.69
RUCIN Y MJQ&‘_Q_"@ Jle| CPJDJ‘JG;&A}LSJ‘J@M pele Sl 4 5 S5 F* 4% s

ns, * and **: Non significant and significant at the 5% and 1% probability levels, respectively.

Table 5. (Continued)

(%fa) -0 Jguer

S.0.v df Fruit total sugar L Value b Value

GABA

Block 2 0.111"™ 0.333™ 7"

GABA 2 1.007" 21" 25.33"

Error 4 0.077 1.833 9.33

CV.(%) - 3.525 4.89 15.02
CPPU

Block 2 0267™ 5.777™ 23.111"™

CPPU 2 0.067" 52.777" 66.777"

Error 4 0.056 4.777 6.777

C.V.(%) - 2.916 7.654 12.331

Aed Loy dii) e Jlea| C_,la..»)sjlzslm} Sold g pe 5 S :**;* <ns

ns, * and **: Non significant and significant at the 5% and 1% probability

levels, respectively.



v

VP b oF o)led FA W (ol Sl g

CPPUg GABA il 3 31 oy 35587 4 5719 5 Luglols” 085 (5 A95 0gm0 (oo 3 (S T 319 (F 3 Wl -1 Jguir
Table 6. The changes of some physicochemical characteristics of strawberry fruit cv. Camarosa in response to
preharvest GABA and CPPU application

Fruit Fruit Fruit Fruit The total Fruit total L Value b

length diameter length/ firmness  weight of  sugar (mg Value

(mm) (mm) diameter (N/cm?) harvested gh

fruit (g)

GABA (mM)
P value 0.181 0.138 0.121 <0.0001 0.022 0.009 0.022 0.180
0 39.37a 30.47 a 129a 1.00c 680 b 746b 24.66 b 23.67 a
10 4470 a 30.41a 147a 143b 717b 7.70b 28.66 a 18.33a
20 4531 a 29.48 a 154a 196 a 795 a 8.56 a 29.66 a 19.00 a
CPPU (mg 1Y)
P value 0.078 0.939 0.088 <0.001 0.742 0.009 0.024 0.028
0 37.39b 30.47 a 1.30b 1.00c 680 a 746b 24.66 b 23.67a
5 45.14 ab 29.97a 151 ab 1.23b 702a 8.63a 33.00a 24.00 a
10 65.51a 30.58 a 1.69a 1.30a 675a 8.26 a 28.00b 15.67b

ol Sl (ghaiels i O 50T el ol me (Glacs sl stiasOLES Coglie g o ¢ S 30s o (sl
For each trait, different letters indicate significant differences according to Duncan's multiple range test.

a P <0.001
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Figure 4. The effect of preharvest GABA and CPPU application on the malformed fruit of strawberry cv.
Camarosa
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Figure 5. The effect of preharvest CPPU application on the fruit cytokinin content of strawberry cv. Camarosa
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