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Abstract

Introduction

The limequat a member of the Rutaceae, boasts numerous benefits and holds significant potential
for agricultural production. Cultivating limequat in controlled greenhouse environments not only
addresses the internal market demands but also opens avenues for exporting this fruit, thus
generating economic advantages for local farmers. Despite its promising prospects, managing the
vegetative growth of limequats in greenhouses presents challenges that necessitate innovative
solutions. One effective approach is the use of growth retardants, which can not only regulate

vegetative growth but also influence the phytochemical properties of the plants.

Materials and Methods

This study investigates the effects of growth retardants on the phytochemical characteristics of
limequat. The experiment was conducted in a commercial high tunnel located in the village of
Khormakla, Qaemshahr, during 2022-2023. The limequat (cv. Tavares) chosen for this research
were 20 months old and grafted onto citrange rootstocks. The greenhouse setup comprised three
rows, each containing 20 limequat trees. The experiment followed a factorial layout designed as a
completely randomized design, involving two growth retardants: paclobutrazol and uniconazole.
Paclobutrazol was applied at four different concentrations: 0, 300, 600, and 900 mg of the active
ingredient per liter, derived from the commercial formulation known as Coltar (which contains
25% active ingredient). Uniconazole was also applied at four levels: 0, 10, 100, and 1000 mg per
liter. Each treatment was replicated three times, with each replicate involving one tree per
treatment. The application of these growth retardants occurred via foliar spraying in three stages,
with ten-day intervals, initiated in mid-April, coinciding with the onset of the plant's first bud
growth, following manual pruning conducted in early March. To conduct the necessary analyses,
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samples were collected and transferred to the horticultural laboratory at the University of
Agricultural Sciences and Natural Resources in Sari.

Results and Discussion

Analysis of the reproductive traits revealed that the application of paclobutrazol, either alone or in
combination with uniconazole, significantly improved fruit characteristics. The highest fruit length
(13.6 cm), fruit width (6.2 cm), and fruit dry weight (62.3 g) were recorded with the application of
900 mg L paclobutrazol alone. In contrast, the combined application of 900 mg L~ paclobutrazol
and 100 mg L' uniconazole produced the highest fruit fresh weight (47.68 g) and fruit density
(0.106 g cm™3). Similarly, the application of 900 mg L™ paclobutrazol alone resulted in the highest
concentrations of chlorophyll a (1.95 mg g FW), chlorophyll b (0.75 mg g™' FW), and carotenoids
(0.71 mg g' FW). Uniconazole application enhanced relative water content, titratable acidity, and
total soluble solids, while the combined treatment of paclobutrazol and uniconazole produced the
highest values for these quality-related traits. Overall, paclobutrazol applied individually was more
effective in increasing photosynthetic pigment concentrations, whereas the combined application
of paclobutrazol and uniconazole had a greater positive effect on fruit quality attributes, particularly
the flavor index.

Conclusion

In conclusion, the application of the growth retardants paclobutrazol and uniconazole significantly
influenced the physiological, biochemical, and reproductive performance of limequat plants grown
under high tunnel conditions. These treatments improved relative water content and enhanced the
accumulation of photosynthetic pigments, leading to reduced vegetative growth while promoting
photosynthetic efficiency. Consequently, improvements were observed in fruit yield and quality,
including enhanced reproductive traits and phytochemical characteristics. Overall, the findings
demonstrate that the strategic use of paclobutrazol, either alone or in combination with
uniconazole, represents an effective approach for improving the productivity and fruit quality of
limequat cultivated in protected production systems.
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Table 1. Analysis of variance for some fruit characters related to limequat treated by growth retardents

Means of squares

S.0.V df  Fesh weight Dry weight Length  Width Size (L/W) Density
Paclobutrazol (A) 3 243.68™ 1.24™ 1.377 0.08™ 0.05" 0.001™
Uniconazole (B) 3 118.35" 0.66™ 0.40™ 0.09™ 0.003" 0.0005™
AxB 9 105.35™ 1.16™ 0.42™ 0.09™ 0.01" 0.0004™
Error 32 3.73 0.04 0.05 0.008 0.007 0.00001
CV% 5.58 7.27 4.47 291 4.87 5.27

m)\;&#,)u&#ﬁawﬁﬁu@Ju;?\c,bw;%..;,:@:wmns
ns, *, **: are non-significant and significant at 5 and 1% at probability levels, respectively

OTe mY ogu & L2 yo Slao 3 (S 5 2 J936s5892 9 S35 5928074 o ¥ Jour
Table 2. Interaction effect of paclobutrazol and uniconazole on some fruit characters related to limequat

¥\,

Paclobutrazol Uniconazole Fruit weight Fruit dry Fruit length Fruit Fruit density
weight diameter
() () (cm) (cm) (9.cm®)
0 21.6h 1.53i 4.56i 2.69 0.051j
0 10 35.08de 3.45ab 5.3d-h 3.23ab 0.08fg
100 35.557de 3.08cd 5.4c-g 3.13b-e 0.082e-g
1000 27.329 2h 5.2e-h 3.03d-f 0.063i
0 29.243g 2.53fg 4.9hi 3ef 0.067i
300 10 30.15fg 2.24gh 4.63i 2.96f 0.07hi
100 29.953fg 2.41fg 5.06gh 3ef 0.069hi
1000 42.527b 3.38a-c 5.76a-c 3.26ab 0.095bc
0 29.75fg 2.33gh 5.16f-h 3.03d-f 0.068i
600 10 32.54ef 2.67ef 5.6¢c-e 3.06¢-f 0.076gh
100 38.913c 3.44ab 5.7b-d 3.23ab 0.089cd
1000 38.787c 2.95de 5.53c-f 3.16a-d 0.088de
0 43.697b 3.62a 6.13a 3.3a 0.098b
900 10 34.36de 2.88de 5.46¢c-g 3ef 0.078fg
100 47.687a 3.35a-Cc 6.1ab 3.3a 0.106a
1000 36.627cd 3.15b-d 5.5¢-f 3.2a-Cc 0.084d-f

&L@LSD Q}AJT‘}«:LA‘J{MJJ@&):)\:@MQ)\:&\:f‘5€¢°aw\;h:()wu&'n§ﬂ?nbb§id}?

The same letters in front of the averages indicate the absence of a significant difference at the one percent level
between them based on LSD test.

Fruit size (length/diameter)

1/85
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Figure 1. The effect of paclobutrazol and uniconazole on limequat fruit size
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Table 3. Analysis of variance for biochemical characters related to limequat treated by growth retardents

Mean squares

Relative Chlorophyll a Chlorophyll b Carotenoids ~ Soluble Titratable
SNOAY] df water . S
content content content solids acidity
content
Paclobutrazol(A) 3 84.69"™ 0.06™ 0.007™ 0.021™ 0.25™ 15.16™
Uniconazole(B) 3 84.81" 0.02™ 0.04™ 0.002" 0.61" 17.34™
AxB 9 146.41™ 0.09™ 0.13™ 0.019™ 0.54™ 04.13”
Error 32 6.82 0.003 0.003 0.0004 0.03 0.16
CV% 4.50 3.49 9.80 3.50 2.58 5.27

R e VI | F P VPR W T o o) Jlea| C_,lg..d 03 e ek NS
ns, *, **: are non-significant and significant at 5 and 1% at probability levels, respectively.
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Table 4. Interaction effect of paclobutrazol and uniconazole on biochemical characters related to limequat

p . Relative Chlorophyll Chlorophyll Carotenoeid  Soluble  Titratable
aclobutrazol Uniconazole water . -
content a content b content content Solids Acidity
(%) (mg. g FW*)  (mg.g FW?)  (mg.gFW*)  (Brix) (%)
0 63.37b 1.27h 0.4ef 0.41h 7.26d 1.65f
0 10 58.33c-e 1.63f 0.61cd 0.57f 7.9bc 1.75e
100 51.61gh 1.74c-e 0.64b-d 0.62de 7.83bc 1.569
1000 54.95d-g 1.64f 0.6d 0.56f 8.3a 2.07b
0 51.57gh 1.84bc 0.75a 0.67bc 7.33d 1.77e
300 10 59.2b-d 1.76¢d 0.69a-c 0.68ab 7.86bc 952e
100 55.18d-g 1.64f 0.25g 0.56f 7.86bc 1.96¢cd
1000 54.6e-g 1.7d-f 0.66b-d 0.64cd 7.33d 1.95cd
0 48.06h 1.86ab 0.69a-c 0.69ab 7.93bc 1.73e
600 10 53.42fg 1.62f 0.33fg 0.57f 7.9bc 1.91d
100 56.23d-f 1.63f 0.48e 0.59¢f 7.1d 2bc
1000 75a 1.74c-e 0.67a-d 0.64cd 7.16d 1.93cd
0 59.24b-d 1.95a 0.75a 0.71a 7.1d 1.8e
900 10 62.53bc 1.459 0.41ef 0.52¢g 8.1ab 1.93cd
100 62.54bc 1.62f 0.71ab 0.59¢f 7.7c 2.25a
1000 61.6bc 1.67ef 0.25g 0.57f 8.26a 2.28a

Mb@ LSD Q}A)T uﬂb‘j“))@ CEM): )\édl:u oM S (.Lc oy OLis Lhu.;ial.:a QL~.<.L g_.}}f

The same letters in front of the averages indicate the absence of a significant difference at the one percent level between

them based on LSD test.
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