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Using Gibberellic Acid and 2,4-Dichlorophenoxy Acetic Acid Spray
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Abstract. High temperature stress in summer season at plastic house is a limiting factor for tomato fruit set and
yield. This study was performed to assess the effects of gibberellic acid (GA;) and 2,4-Dichlophenoxy acetic acid
(2,4-D) spray on fruit set, yield, and quality of tomato cv. ‘Adoration’(Enza Zaden Co., Ltd.) under the plastic house
in Hwacheon, 2011. Four concentrations (0-, 5-, 10- and 15mg-L™") of GA;, and three concentrations (0-, 5- and
10mg-L™") 2,4-D were sprayed in early flowering of tomato in the plastic house, and fruit set, yield and quality char-
acters were observed. The results showed that spray of 10mg-L™" GA; significantly increased the fruit set by 14.2%
than unsprayed. The spray of GA; significantly increased the marketable fruit number, fruit weight, and yield. The
spray of 2,4-D on blossoms significantly affected the fruit set percentage, fruit weight, marketable fruit weight and
yield, and the highest fruit set observed as 62.5% in combined spray of GAj; and 2,4-D at each Smg-L™". Fruit size
and total soluble solids significantly varied with the concentrations of GAj; sprayed. The result indicates that the
spray of 10mg-L™" GA; and Smg-L™! 2,4-D can be more economic and effective to increase the fruit set, and yield in
tomato under high temperature condition in plastic house.
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Introduction

Tomato is a high value vegetable crop and cultivated
year round under protected condition in Korea. Tomato is
rich source of lycopene, minerals and vitamins such as
ascorbic acid and B-carotene which has an important role in
human nutrition (Wilcox et al., 2003). Because of the lack
of breeding to develop heat tolerant tomato cultivars in
Korea, growers still rely on European hybrid (F;) varieties
for commercial production. In Korea, most of growers use
plastic house as a rain shelter for tomato production rather
than climate-control greenhouse. The plastic film increases
the temperature inside the plastic house during the summer
which is unfavorable for normal fruit production. High day
temperature coupled with high night temperature during the
summer under the plastic house causes the flower drop and
poor fruit set in tomato. Pollination, germination of pollen
grains, pollen tubes growth, fertilization and fruit initiation
is necessary for good fruit set and better yield in tomato
(Kinet and Peet, 1997). Reduced fruit set results from
fewer pollen grains and reduced pollen viability with a
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threshold day temperature for pollen production and nega-
tive linear relation between pollen production and pollen
viability at temperatures above 34°C (Vara Prasad et al.,
1999). High temperatures reduce fruit set and fruit produc-
tion in tomatoes (Peet et al., 1997), eggplant (Sanwal et al.,
1997) and bell pepper (Erickson and Markhart, 2001).
Plant growth regulators (PGRs) have been used to miti-
gate the effect of high night temperature and to get higher
yield with larger fruit size in tomato (Mullison and Mulli-
son, 1948). In Korea, PGRs have been used to study the
fruit quality of tomato (Soon et al., 1995) but the high tem-
perature influence on poor fruit set and low yield in tomato
under the plastic house has not been addressed. The appli-
cation of synthetic auxin and gibberellins (GA;) are effec-
tive in increasing yield and quality of tomato under the
adverse weather condition (Gemici et al., 2006; Gelmesa et
al., 2010). Likewise, these PGRs are widely used for fruit
setting and yield enhancement in tomato (Batlang, 2008;
Serrani et al., 2007). For example, application of 2,4-D
increased the fruit yield of tomato (Anwar et al., 2010)
and low concentration of GAj is promoted the fruit set-
ting in tomato (Sasaki et al., 2005; Khan et al., 2006).
The 2,4-D has herbicidal property which leads to flower
bud abscission and poor fruit set (Pandolfini et al., 2002)
but the GA; application promotes the reproductive organ
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formation (Gemici et al., 2000) and extend the flowering,
and fruit maturity with small fruit size (Graham and Ball-
esteros, 2006). The spray of GA; and 2,4-D on the tomato
flower at high temperature condition under the plastic
house would help to lessen the flower abscission as well
as to increase the fruit set and yield of tomato. Therefore,
this study was conducted to investigate the effect of GA;
and 2,4-D on fruit set and tomato yield under the plastic
house condition.

Materials and Methods

This study was conducted at Hwacheon (38° 6'N and
127° 31'E) Research Farm, South Korea and the seeds of
tomato cv. ‘Adoration’ were received from Mifko Co., Ltd.
Korea. The seeds were sown in plug trays containing horti-
cultural soil (Seoul Bio. Co., Ltd.) on early April in 2011
and 35-days old seedlings were transplanted in the experi-
mental plastic house at a spacing of 40 cm between the
plants and 60 cm between the row and two rows were
maintained at each planting bed. The mean monthly tem-
perature in the plastic house was 32+4°C day and 224+2°C
night during May-June. Plants were irrigated using drip
irrigation through underground pipe and commercial fertil-
izers (Poly-Feed, Haifa Chemicals Co., Ltd.) mixed with
water for supplying the nutrients and plants were grown
with the recommended cultural practices of tomato. Four
levels (0-, 5-, 10- and 15mg-L™") of GA; and three levels
(0-, 5- and 10mg-L™") of 2,4-D were arranged in factorial
randomized complete block design with three replications
and each treatment consists of 15 plants. The stock solu-
tion was prepared by dissolving each hormone with etha-

nol and prepared in 1000mg-L~". Then, working solution of
each hormone was prepared according to the treatment lev-
els. One to two drops of Tween-20 was added to the work-
ing solution before spraying. The PGRs were sprayed with
hand held atomizer sprayer. and The hormones were
sprayed to all the flower cluster of each plant 50 days after
transplanting in the plastic house. The tomato plants in the
experimental field are shown in Fig. 1A.

Observations were taken on five plants from each repli-
cation and fruit parameters including fruit set percentage,
total fruit number per plant, marketable fruit number per
plant, non-marketable fruit number per plant, fruit weight,
marketable fruit weight, total yield per plant, fruit size
(length and width, mm), total soluble soilds (°Brix) and
pericarp thickness (mm) were measured. Fruit set percent-
age was calculated based on the number of fruit set to the
total number of flower per cluster. Based on the fruit
weight, greater than 35g fruit with normal shape, defined
as marketable, whereas lesser than 35g fruit weight with
misshaped, disease fruits were considered as non-market-
able (Luitel et al., 2012). Hand-held refractormeter PAL-1
(Atago, Japan) and vernier caliper were used to measure
the sugar content and wall thickness, respectively. The
data were analyzed using MSTATC software and signifi-
cant mean was separated using Duncan’s multiple range
test (DMRT).

Results

1. Effect of GA; and 2,4-D on fruit set and yield
Highly significant (P <0.01) effect of GA; was observed
on fruit set percentage and total fruit number per plant. The

Fig. 1. The application of growth regulators on fruit set in tomato cv. ‘Adoration’ under the plastic house, Hwacheon. A, the tomato in
experimental field; B, fruit set in unsprayed (control) plant, * indicates the abscised flower; C, fruit setting in tomato after the spray of

Smg-L™' of GA; and 5Smg-L™! of 2,4-D.
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highest (54.0%) fruit set was observed as 54.0% in 10mg-L™!
of GAsz, however, it was statistically similar to 5- and
15mg-L'GA; but the lowest fruit set recorded as 39.8% in
control (Table 1). The unsprayed flower cluster tended to
desiccate and had abscised flowers (Fig. 1B). The highest
fruit number obtained as 17.2 at 15mg-L™" but it was statis-
tically similar with 5 and 10mg-L™" GA;. The significant
variation observed in marketable fruit number within the
levels of GA; applied. The marketable fruit number per-
centage was not significantly different with 5-, 10- and
15mg-L ™" of GA; applied. Highly significant (P < 0.01) dif-
ference observed among non-marketable fruit number per
plant. The highest non-marketable fruit number percentage
produced as 57.2% at unsprayed plant and percentage of
non-marketable fruit decreased with the level of GAj;
increased. The highest fruit weight observed as 53.7g at
10mg-L ™" but it was not significantly different with 5- and
15mg-L™" of GA; applied. Effect of GA; levels on market-
able fruit weight and total fruit yield per plant was signifi-
cant (P <£0.05). Marketable fruit weight per plant was not
significantly different with the levels of GA application
except control but the greatest fruit weight observed as
435.4g at 15mg-L™" of GA; spray. With respect to total
yield per plant, spraying 15mg-L™! of GA; in tomato pro-
duced the highest yield as 574.3g; however, it was statisti-
cally similar with 5- and 10mg-L ™' of GA;.

Highly significant (P < 0.01) effect on fruit set observed
within the levels of 2,4-D spray (Table 1). The spray of
Smg-L™" of 2,4-D on flowers gave the highest (55.0%)
fruit set followed by 10mg-L™! spray as 52.1%. Likewise,
total fruit number produced the highest at 10mg-L™" of 2,4-
D spray as 14.8 followed by the spray of Smg-L™" 2,4-D as
13.9. The effect of 2,4-D spray on marketable fruit num-
ber and non-marketable fruit number was non-significant.
But, the significant (P <0.05) variation observed in fruit
weight, marketable and total fruit yield within the 2,4-D
levels. The highest (53.7g) fruit weight observed at
10mg-L™" 2,4-D treatment; however it was not statistically
different with the value obtained at Smg-L™' 2,4-D. The
marketable fruit yield produced the maximum (469.5g) at
10mg-L™" 2,4-D. However, it was statistically similar to
Smg-L™' 2,4-D. Application 10mg-L™" of 2,4-D yielded the
highest (587.9g) yield per plant followed by the spray of
Smg-L™" 2,4-D (515.6g).

The interaction effect of GAz and 2,4-D on fruit set was
highly significant (P < 0.01) (Table 1 and 2). The spray of
GA; and 2,4-D at each level of Smg-L™' gave the highest
(62.5%) fruit set (Fig. 1C). However, this value was statis-
tically similar to 15mg-L™" of GA; spray without 2,4-D and
5 to 15mg-L™" of GA; at each level of 5 to 10mg-L™" of 2,4-
D sprayed. Similarly, the interaction effect of GA; and
2,4-D on fruit number and yield per plant was significant.

Table 1. Analysis of variance (ANOVA) of the effects of GA; and 2,4-D spray on fruit set, yield components and yield of tomato (Lyco-

persicon esculentum Mill.)

Fruit set Total fruit Marketable Nonjmarketable Fruit weight Mark'etable fruit  Fruit yield
Treatment (%) /plant fruit no./plant fruit no./plant (@ weight/plant /plant
(no.) (%) (%) (2 (2
GA; (mg'L™")

0 39.8 b 109b 428 b 572a 473 b 35240 434.7b

5 53.4 ab 14.2 ab 62.6a 3740 514a 421.1 a 497.7 ab

10 54.0 a 14.7 ab 68.5a 31.5b 53.7a 4105 a 506.2 ab

15 53.8a 172 a 682 a 31.8b 509a 4354 a 5743 a

2,4-D (mg'L™")

0 437b 122b 59.5 40.2 456 b 342.6 b 4362 b

5 55.0a 139a 64.9 35.0 47.6 ab 390.9 ab 515.6a

10 52.1a 148 a 62.4 37.5 53.7a 469.5 a 5879 a
GA *3k 3k * 3k * * *
2,4-D *k * NS NS * * *
GA3 x2,4-D ok * NS NS NS NS *

NS, *, ** Non-significant or significant at P < 0.05 or P <0.01.

“Means in a column followed by the same letter are not significantly different (P < 0.05); Duncan’s Multiple Range Test (DMRT).
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Table 2. Interaction effects of GA; and 2,4-D spray on fruit set, fruit number and yield of tomato (Lycopersicon esculentum Mill.).

GA; levels 2,4-D levels Percentage of fruit set No. of fruit Fruit yield
(mg-L™") (mg:L™") (%) (ea/plant) (g/plant)
0 0 17.6 d* 87e 3495 ¢
5 47.9 be 11.4 cde 427.6 be
10 53.9 abc 12.5 b-e 527.1 abe
5 0 428 ¢ 13.0 b-e 409.7 be
62.5a 12.5 b-e 514.5 abe
10 54.7 abc 17.0 ab 588.8 ab
10 0 47.0 be 13.0 b-e 428.7 be
5 53.3 abc 10.5 de 527.9 abe
10 51.6 abe 14.8 bed 568.8 ab
15 54.3 ab 15.6 be 556.9 ab
56.2 abe 212a 599.1a
10 52.9 ab 14.8 bed 567.1 ab

“Means within a column followed by the same letter are not significantly different (P < 0.05); Duncan’s Multiple Range Test (DMRT).

Table 3. Effect of GA; and 2,4-D spray on fruit quality charac-
ters of tomato (Lycopersicon esculentum Mill.).

Table 4. Interaction effect of GA and 2, 4-D on TSS (°Brix) of
tomato (Lycopersicon esculentum Mill.)

Fruit Fruit  Total sol- Pericarp
Treatment length width uble solid thickness
(mm) (mm)  (°Brix) (mm)
GA;(mgL™)
0 39.0c¢* 44.7a 55a 5.8
5 40.6b 469a 57a 5.6
10 418a 477a 57a 5.6
15 412ab 455a 6.1a 5.7
2,4-D(mgL™)
0 40.4 46.0 5.7 5.9
5 39.2 455 59 5.6
10 39.6 47.1 5.8 5.5
2,4-D NS NS NS NS
GA3 x2,4-D NS NS * NS

NS, *, ** Non-significant or significant at P < 0.05 or P <0.01.
“Means in a column followed by the same letter are not signifi-
cantly different (P <0.05); Duncan’s Multiple Range Test
(DMRT).

The highest (21.2) fruit number per plant was produced at
15mg-L™" of GA; spray in combination with the spray of
Smg-L™" of 2,4-D followed by the spray of Smg-L™' of GA;3
with 10mg-L™" of 2,4-D. The highest (599.1g) fruit yield
obtained in 15mg-L™" of GA; spray in combination with
Smg-L™" of 2,4-D. The interaction effect in other studied
traits was found to be non-significant.
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GA levels 2,4-D levels (mg-L™)

(mg-L™) 0 5 10
0 5.1d* 5.5 bed 5.8abcd
5 53 cd 5.6 bed 6.1 ab
10 5.8 abed 5.9 abc 5.5 bed
15 64a 64a 5.6 bed

“Means in a row and column followed by the same letter are not
significantly different (P=0.05); Duncan’s Multiple Range Test
(DMRT).

2. Effect of GA; and 2, 4-D on fruit size and quality

The different concentrations of GAj; application signifi-
cantly affected the fruit size (Table 3). The highest (41.8mm)
fruit length measured at 10mg-L™" but it was statistically simi-
lar with 15mg-L™" GA; spray. The fruit width showed statisti-
cally similar values in all the concentrations of GA; applied.
Likewise, a total soluble solid was significantly different with
the level of GA; applied. Application 15mg-L™" of GA; exhib-
ited the highest (6.1 °Brix) TSS but it was not statistically dif-
ferent with values obtained at other treatments. The effect of
GA; spray on fruit pericarp thickness was non-significant.
Similarly, 2,4-D effect on all studied fruit quality characters
was non-significant. The interaction effect of GA; and 2,4-D
in fruit size and pericarp thickness was non-significant, but it
was significant in total soluble solid content of the fruit. The
15mg’L™" of GA; spray with Smg L™ or without 2,4-D
showed the highest (6.4 °Brix) total soluble solids (Table 4).
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Discussion

Plant hormones are organic substances that are produced
naturally in the plants and regulate the growth phenomena
such as bud development, root growth and fruit setting
(Minges and Mann, 1949). Khan et al. (2006) reported that
marketable fruit number per plant increased in tomato due
to GAj; application. In the study of Taiz and Zeiger (2002),
they reported that application of GA; caused the fruit set
and fruit growth. Our result showed that spray of GA; on
flower cluster improved the fruit set in tomato by 13-14.2%
than unsprayed flower. Gelmesa et al. (2010) reported that
the spray of GAj; on blossom increased the fruit set of
tomato. The unsprayed flowers tended to flower drop that
caused the poor fruit setting in tomato. Kuo and Tsai
(1984) reported that the high temperature decreases the lev-
els of auxin and gibberellins-like substances particularly in
flower bud that tend to reduce the fruit set in tomato. The
shortage of auxin and gibberellins due to high temperature
stress in unsprayed flower might be the cause of poor fruit
set. The increased marketable fruit number per plant,
reduced fruit drop and increased fruit weight and fruit yield
due to GA; spray have been reported by Naeem et al.
(2001). In this study, we observed the increased fruit
weight due to single GA; spray. In contrast, Gelmesa et al.
(2010) observed increased marketable fruit number per
plant and reduced fruit weight due to GA; spray on flower.
Sasaki et al. (2005) found that the mixture of 4-chlorophe-
noxyacetic acid and gibberellins in tomato increased fruit
set and fruit number. They reported that control treatment
showed a fruit set ratio of 54% and 4-chlorophenoxyacetic
acid increased the fruit set ratio up to 67% but the mixture
of GA; and 4-CPA promoted the fruit set ratio to 88%.
However, in our study, the single spray of 10mg-L™"' 2,4-D
showed 55% fruit set but the interaction effect of GA; and
2,4-D at each Smg-L™" increased the fruit set up to 62.5%.
Gemici et al. (2006) reported that high concentration of
2,4-D at 10mg-L™" produced fewer fruits per plant due to
increased rate of flower bud abscission but in this result, no
significant differences were observed in fruit number per
plant between 5 and 10mg-L™' 2,4-D spray. This result
showed similar yield in the spray of 5 to 15mg-L™" of GA;3
in combination with each level of 5 to 10mg-L™! of 2,4-D
sprayed. Pudir and Yadav (2001) reported that low concen-
tration (Smg-L™") of 2,4-D improved the fruit yield whereas
Mullision and Mullison (1948) found 2,4-D at 10mg-L™

Al - A2SH, 242 HM15 20154

was effective for higher yield in tomato. They also
observed the enlargement of fruit develop from the growth
regulators sprayed blossoms. Cell division followed by cell
expansion is the major phenomenon involved in the fruit
growth and cell volume increase due to cell expansion
which contribute to final size of the fruits (Gillaspy et al.,
1993). This results show that fruit developed from GA;
sprayed flowers showed larger size than control. Higher
total soluble solid was found in 15mg-L™" GA; sprayed
treatment. Graham and Ballesteros (2006) reported that
GA; increased protein, soluble carbohydrates, ascorbic
acid, starch and B-carotene in tomato. In the study of
Kataoka et al. (2009), they reported that higher sugar con-
tent of tomato fruits obtained from 50mg-L™" GA3 treated
plants. 2,4-D is the most responsive synthetic auxin which
involves in the cell division and cell enlargement of the
fruits. Rasul et al. (2008) observed 2,4-D at 25, 50 and
100mg-L™" produced longer fruits as compared to Fulmet
(forchlorophenuron) and CPPU: N-(2-chloro-4 pyridyl)-N'
phenyl urea) in Teasle Gourd. Gelmesa et al. (2010) men-
tioned longer fruits with bigger size in 2,4-D treated plants.
Similarly, Gimici et al. (2006) also reported that 2,4-D
increased thetomato fruit sizebut in this study, we did not
observe significant difference in fruit size in response to the
different concentrations of 2,4-D sprayed. Serrani et al.
(2007a) reported that tomato fruits induced by GA; and
2,4-D had thicker pericarp but in this result, 2,4-D did not
any significant effect on pericarp thickness. To conclude,
the growth regulators like GAj3 and 2,4-D spray in flower
increased the fruit set, yield and quality characters under
high temperature condition. The combined spray of
10mg-L™' GA; and 5mg-L™' 2,4-D can increase the fruit set
and yield in tomato during the summer inside the plastic
house. Thus, both plant growth regulators are found to be
important to increase the fruit set and yield under unfavor-
able condition of high temperature.
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