
Effect of GA3 plus Yogen foliar fertilization on yield and fruit quality of red dragon1
fruit at Lap Thanh district in Vietnam2

3
Abstract4

The present study aimed to evaluate the effect of GA3 plus Yogen foliar fertilization5
application on fruit yield and quality of TL4 red dragon fruit from March to Agust 2015 at6
Lap Thach district, northen Vietnam. For this reason the experiment was conducted based on7
random complete block design with three replications. Fruit yield parameters anddifferent8
fruit quality parameters, as well as grade of fruit were determined. The results indicated that9
application of GA3 30ppm plus Yogen4 foliar fertilization significantly increase fruit set,10
fruit weight, fruit yield as well as fruit quality and reduce percentage grade S for red dragon11
fruit. Therefore, we could be concluded that application of 30ppm plus Yogen4 foliar12
fertilization markedly enhencing fruit set, improving fruit quality for TL4 red dragon fruit13
cultivar  to meet commercial demands.14
Keywords: Red dragon fruit, GA3, Yogen foliar fertilization, fruit yield and quality15

16
1. Introduction17

The red dragon fruit (Hylocereus spp.) or well known as pitaya or pitahaya (Latin18
America), strawberry pear, thang loy (Vietnamese), pitaya roja (Spanish), and la pitahaya19
rouge (French) and night blooming cereus (English) (Mizrahi et al., 1997; Paull, 2004).20
Dragon fruit is the fruit of several cactus species that have been classified as white21
(Hylocereus undatus), red (H. polyrhizus), and yellow (Selenicereus megalanthus) [Nerd et22
al., 2002; Hoa et al., 2006], and are native to Americas (Barthlott and Hunt, 1993), with a23
wide distribution in the tropics and sub-tropics (Merten, 2003). However, only the red and24
white flesh varieties are popular in VietNam. The dragon fruit is a large, oblong fruit with a25
red peel and large green scales. The flesh is sweet, delicate, red–purple, and contains26
numerous tiny black seeds. The fruit is nonclimacteric and has the best flavor when harvested27
at full red color (Nerd et al., 1999). Dragon fruit is rich in vitamins, minerals and fibers that28
helps the digestive process, prevent colon cancer and diabetes, neutralize toxic substances29
such as heavy metals, and helps to reduce cholesterol levels and high blood pressure30
[Zainoldin et al., 2009]. Dragon fruit is enjoyed as a fresh fruit or juice, but also is valued as a31
natural food colorant (Wybraniec and Mizrahi, 2002). Currently, dragon fruit is being grown32
commercially in Australia,  Brazil,  Colombia,  Costa Rica,  Egypt,  Israel,  Japan,  Mauritius,33
Mexico,  Nicaragua,  Taiwan,  the  USA  and Vietnam (Merten, 2003). This probably due to34
its exceptional tolerance to extreme drought, its micronutrient content and the vibrant color of35
the fruit itself has attracted consumer is high in the national and international markets. Its36
production could potentially create jobs and promote income for the nation that produces it37
(Stintzing et al., 2002; , Cos et al., 2004; Yolanda et al., 2012). These factor, as well as the38
prospect of a good economic return, attracted big investors.39

Plant growth regulators (PGRs) have become an important component of40
agrotechnical procedures for most of the cultivated plants and especially for fruit plants41
(Monselise, 1979). According to (Morgan,1980) growth regulators may provide the means of42
bringing about required growth responses as there is abundant data indicating that their use43
can increase the yield of product perunit of time and land. The use of plant growth regulators44
compounds (auxins, cytokinins and gibberellins) is becoming popular to ensure efficient45
production (Guardiola, A. Garcia-Luis,2000). Moreover, many previous studies have shown46
that the application of PGRs can enhance the rapid changes in physiological and biochemical47
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characters thus increasing crop productivity. Sprayed GA3 had been shown a positive effect48
on fruit development, reduced fruit drop, fruit crack and improved fruit quality of wax apple49
under field conditions (Nguyen and Yen, 2013). Reference [Chao and C.J. Lovatt, 2010]50
indicated that among agricultural practices which may increase the fruit production and51
improve the quality of several other fruit crops are the applications of plant growth52
regulators, especially gibberellic acid. Gibberellic acid has been reported to influence53
vegetative growth, flowering, fruiting and various disorders in many fruit crops (Paroussi et54
al., 2002). Sprays of GA3 have been widely adopted in commercial orchards because they55
have consistently been shown to increase fruit size and firmness of cherry (Clayton et al.,56
2006). Moreover, GA3 increased the yield of fruit in Balady mandarin (El-Sese,2005), and57
increases soluble solids as well as fruit weight in sweet cherry (Basak et al., 1998). Therefore,58
in order to increase the fruit production, plant growth regulators are one of the production59
tools that can enhance product quality and marketability. They must be used with proper60
attention to other cultural practices, especially proper fertility and irrigation management.61

Moreover, the plant nutrition is one of the most important factors responsible for the62
proper growth and development of the plants. The methods of nutrient application play an63
important role in supplying the nutrients to the plants because the efficacy of fertilizers64
applied in soil being low due to various losses and fixations. Foliar nutrition is designed to65
eliminate the above problems particularly with respect to macro nutrients. Nowadays66
application of N, P and K application in different ratios through foliar sprays is modern67
method of fertilization in vegetable crops due to the nature of heavy feeder of nutrients68
(Chaurasia et al., 2005). Foliar nutrition is more effective on young leaves, and shortage of69
macro and micro nutrients can be removed by this factor (Kashi, 1994).Rapid uptake of70
nutrients and no influence of pH and soil texture as well as providingcations such as Zn and71
Fe in the soil for plants that stabilize these elements and finally being cheaper than other72
methods are the advantages of foliar nutrition method (Lanauskas and Kvikliene, 2006).73
Karuppaiah et al. (2001) studied the effects of folia application using nitrate and the results74
revealed that the yield of cucumber raised up to 14.5 tons per ha and there were an increase75
of NPK in plants applying foliar application.76

Red dragon fruit cultivation has been recently introduced and fruit comsumption has77
gained popularity in south VietNam. Although these references are available in the literature78
and efforts have been made to improve fruit set as well as fruit quality by applying of79
chemical compounds but there is no available literature on the effect of plant growth80
regulator and foliar fertilizer on physiological and biochemical parameters of red dragon fruit81
in the North Vietnam. Therefore, this study was carried to investigate the effects of GA3 plus82
Yogen foliar application on growth, yield and quality of red dragon fruit under field83
conditions.84
2. Material and methods85
Plant Materials and Experiment Treatments86

The experiment was conducted at red dragon fruit orchard in Lap Thach district, Vinh87
Phuc province, Northern VietNam from March to Agust 2015. The TL4  pitaya cultivar with88
the red peel-red pulp were chosen for the experiment. The experiment was design in89
Randomized Complete Block Design (RCBD) with three replicated and three uniform trees90
were taken as an experiment unit. The experiment consited of five treatments were applied91
for forliar application: Treatment 1 (GA3ppm + Yogen1 NPK: 30:10:10); Treatment 292

UNDER PEER REVIEW

Dr A Rab
Cross-Out

Dr A Rab
Cross-Out

Dr A Rab
Inserted Text
to promote

Dr A Rab
Cross-Out

Dr A Rab
Cross-Out

Dr A Rab
Cross-Out

Dr A Rab
Comment on Text
cracking

Dr A Rab
Cross-Out

Dr A Rab
Comment on Text
(2010)

Dr A Rab
Highlight
plant growth regulators

Dr A Rab
Cross-Out

Dr A Rab
Cross-Out

Dr A Rab
Sticky Note
G

Dr A Rab
Cross-Out

Dr A Rab
Comment on Text
.

Dr A Rab
Cross-Out

Dr A Rab
Comment on Text
S

Dr A Rab
Comment on Text
application is generally

Dr A Rab
Cross-Out

Dr A Rab
Comment on Text
(Reference)

Dr A Rab
Comment on Text
Space

Dr A Rab
Cross-Out

Dr A Rab
Cross-Out
replication



(GA3ppm +Yogen2 NPK: 10:30:10); Treatment 3 (GA3ppm + Yogen3 NPK: 10:10:30);93
Treatment 4 (GA3ppm + Yogen4 NPK componds of Yogen1+Yogen2+Yogen 3); Treatment94
5 (Control treatment (water spray). GA3 and Yogen were applied after fruit set stage on95
windless mornings with a truck-mounted monitorized sprayed until dripoof and subsequently96
in 7 day intervals as 3 times.97
Data Collection98

The observations with regards to the growth, yield and quality was recorded from the99
randomly selected and tagged plants.The percentage of fruit setting was calculated using the100
following formula:101

�Fruit set (%) = Number of fruit / Number of flowers x 100.102
At harvesting, final fruit length, fruit diameter, peel thickness was determined with103

the help of Vernier caliper. The fruit diameter measurement recorded was the average of two104
readings taken at two axes of the midsection of the fruit. Fruit length was measured from the105
part attached to the petiole to the base of the fruit. Peel thickness was determined at the106
equatorial point of fruit. Yield per treatment was recorded by weighing and counting the total107
number of fruits. Fruit fresh weights (FWs) were measured using anelectronic balance (GF-108
6100; A&D Co. Ltd., Tokyo,Japan), and the edible portion of each fruit was calculated as:109

�Edible percentage = (Pulp weight / Fruit weight) x 100.110
TSS content was measured using a hand refractometer (model PAL-1, Atago,111

Tokyo,Japan). Fruit flesh was squeezed from a sample of the middle of freshly cut fruit and112
theresult is expressed as 0Brix. The fruits were peeled prior to determining the nutritional113
properties114

Statistical Analysis115
The data obtained from the study were analyzed using SAS  9.1 statistical software116

for each cultivar separately. Differences betweentreatments were measured using Duncan’s117
multiplerange test at a significance level of P ≤ 0.05.118
3. Results and discusions119
Effect of GA3 and Yogen foliar fertilization on fruit set and fruit yield120

The percentage fruit set was found to be statistically significant between the different121
(P ≤ 0.05) treatments and control treatment, except GA30ppm + Yogen1 application. From122
the results, it was observed that the highest (72.56%) fruit set was recorded in spraying with123
GA30ppm + Yogen4, followed by  GA30ppm + Yogen3, GA30ppm +Yogen2, GA30ppm +124
Yogen1, with value of 65.91 %; 64.95%; 62.20% fruit set, respectively while, the lowest125
percentage fruit set  (60.13%) was recorded in untreated control (Table 1). It seems be that126
external application of gibberellin induces fruit set in several species. In the case study, best127
result for increasing fruit set was achieved with spraying GA30ppm + Yogen4 foliar128
fertilization combination. These results are in agreement with the findings of Taylor and129
Knight (1986) who indicated that gibberellic acid is used widely in horticultural crops for130
improving fruit set. Moreover, enhance fruit set of dragon fruit in the study might be a reason131
of supplying more nutrients at the critical  fruit set stage, which is in accordance with the132
finding reported by Vibhute (1988) and Naik et al. (2002)133

134
135
136
137
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Table 1. Effect of GA3 and Yogen foliar fetilization on fruit set and yield of red dragon138
fruit139
Treatment Fruit set (%) Yield (kg/tree)
GA30ppm + Yogen1y 62.20cx 10.67c
GA30ppm +Yogen2 64.95b 9.30d
GA30ppm + Yogen3 65.91b 12.47b
GA30ppm + Yogen4 72.56a 15.00a
Control treatment (water spray) 60.13c 8.13e

ymean forliar ratio with Yogen 1 NPK (30:10:10); Yogen 2 NPK (10:30:10); Yogen 3 NPK140
(10:10:30); Yogen 4 (Yogen 1 + Yogen 2 + Yogen 3 compounds)141
x mean in each column followed by the same letters are not significantly different at P≤ 0.05142
according to Duncan’s multiple range test143
Fruit yield144

As shown in Table 1, there was significantly increased fruit yield in all treatment as145
compared to untreated control. In the case of this study, the highest fruit yield was found in146
GA30ppm + Yogen4 treatment with 15.00 kg/tree, followed by GA30ppm + Yogen3,147
GA30ppm + Yogen1 application, whereas the control treatment showed the lowest value of148
8,13 kg/tree. This implies that chemical compounds might be effective in improving fruit149
yield. In the current study, fruit yield was markedly enhanced by application GA30ppm +150
Yogen4 in comparison with control. Our results were found to be in agreement with that of151
Saraswathi et  al. (2003) who observed that, GA3 significantly influenced the fruit weight as152
well as yield in mandarin. Ferthermore, the increase in the yield might be due to greater153
availability of nutrients, increased uptake of nutrients and water, resulting in more154
photosynthesis and  enhanced food accumulation in edible part of the dragon fruits in the155
study (Table 1). The Guievence and Budence (2000) and Singh and Singh (1992) also156
reported similararly. However, application of GA30ppm + Yogen2 showed slightly increased157
fruit set as compared to untreated control, with the significantly difference at (p≤0.05) (Table158
1).159
Effect of GA3 and Yogen foliar fertilization on fruit parameter160
Table 2. Effect of GA3 and Yogen foliar fetilization on fruit parameter of red dragon161
fruit162

Treatment
Fruit
weight (g)

Fruit
length
(cm)

Fruit
diameter
(cm)

Peel
thickness
(cm)

Edible
percentage
(%)

GA30ppm + Yogen1y 488.2abx 11.37bc 8.61b 0.45a 82.52bc
GA30ppm +Yogen2 443.7bc 11.19bc 8.58b 0.46a 82.56bc
GA30ppm + Yogen3 516.4a 12.55b 8.73b 0.46a 83.61ab
GA30ppm + Yogen4 534.6a 14.22a 9.85a 0.45a 84.09a
Control treatment (water spray) 406.3c 10.45c 8.04 b 0.43 a 81.72 c

ymean forliar ratio with Yogen 1 NPK (30:10:10); Yogen 2 NPK (10:30:10); Yogen 3 NPK163
(10:10:30); Yogen 4 (Yogen 1 + Yogen 2 + Yogen 3 compounds)164
x mean in each column followed by the same letters are not significantly different at P≤ 0.05165
according to Duncan’s multiple range test166

167
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Fruit weight168
Data in Table 2 indicated that, there was significantly affected by application of GA3169

+ Yogen foliar fertilization on fruit weight among treatments as compared with control170
treatment, in term the control treatment had the lowest of fruit weight (406.3g), whereas the171
highest fruit weight (534.6g) were recorded with GA30ppm + Yogen4 treatment, followed by172
GA30ppm + Yogen3 application, GA30ppm + Yogen1 treatment in this study with value of173
516.4g and 488.2 g, respectively (Table 2). It seems that the role of GA3 was to multiply and174
to lengthen the meristem cells, which resulted in the increase of fruit weight.In addition,175
spraying with GA30ppm + Yogen4 foliar fertilization combination resulted in significantly176
fruit weight enhancement as compared to untreated control (Table 2). This is in agreement177
with (Nguyen and Yen,2013)  who found that spraying wax apple trees with GA3178
significantly increased fruit weight. However, aplication of GA30ppm +Yogen2 slightly179
increase fruit weight as compared untreated control allthough there was not significantly180
different at (p≤0.05) (Table 2). This results are in agreement with the report of (Eman et al.,181
2007), who indicated that the role of GA in improving fruit quantity namely,  fruit weight and182
fruit  size  may  be  due  to  its  role  in  increasing  cell elongation183
Fruit length and fruit diameter184
The results summarized in Table 2 showed that, the application of different chemical185
compounds had significant effects on fruit length, in which the highest fruit length of 14.22186
cm was recorded in GA30ppm + Yogen4 treatment, followed by spraying GA30ppm +187
Yogen3 with value of 1255 cm. It consider that the increase in fruit size might be attributed to188
increase in cell division and cell elongation caused by auxins and GA3which is in accordance189
with the finding reported by (Ranjan et al., 2003) who demonstrated that the increase in fruit190
size may be attributed to the increase in cell division and cell elongation caused by GA3.191
However, there was no effect of spraying with GA30ppm +Yogen2, GA30ppm + Yogen1 on192
fruit length than the untreated control (Table 2).193
Ferthermore, (Horvitz  et al., 2003) indicated that the fruit size is one of the most important194
quality parameter in sweet cherry. For this reason, as the big fruits are much more flesher,195
they are preferred more by the consumers. In the case of the study, there was significant196
differences fruit diameter between treatments (Table 2). In term, the treatment with197
GA30ppm + Yogen4 application produced the highest fruit diameter (9.85 cm), whereas the198
lowest fruit diameter (8.04cm) was recorded for untreated control. It seems that spray199
GA30ppm + Yogen4 markedly increased fruit diameter compared with the control. It200
consider that fruit size were significantly different due to the interaction effect of drgon fruit201
with GA3, indicating differential response in increasing size of red dragon fruit to GA3202
application (Table 2). These results are in agreement with Usenik et al., 2005 who found that203
GA3 application increased cell division and elongation and had a positive effect on fruit size.204
However, application of GA30ppm + Yogen3, GA30ppm +Yogen2, GA30ppm + Yogen1205
slightly improve fruit diameter than the control treatment although there was not significantly206
different at (p≤0.05) (Table 2).207
Peel thickness of fruit208
The peel thickness  for all treatment in this study is presented in Table 2. In term, spraying209
with GA30ppm + Yogen3 gave the highest Peel thickness with values of 0,46cm, while the210
control treatment produced the lowest Peel thickness (0,43cm). The same was also observed211
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concerning the peel thickness of remained treatment. In which, spraying with GA30ppm212
+Yogen2, GA30ppm + Yogen4, and GA30ppm + Yogen1 had higher peel thickness (0,46cm,213
0,45cmand 0,45cm, respectively) in comparison with control, although the difference was not214
statistically significant (p≤0.05) (Table 2).215
Edible percentage of fruit216
The results summarize in Table 2 showed that there was greatly effect of chemical217
compounds application on percentage of edible among treatment. Spraying with GA30ppm +218
Yogen4 had the maximum edible percentage (84.09%), followed by GA30ppm + Yogen3219
applications with value of 83.61% edible percentage. However, application of GA30ppm220
+Yogen2 and GA30ppm + Yogen1 showed slightly increased edible percentage  as compared221
to untreated control, although there were not significantly different.222
Effect of GA3 and Yogen foliar fertilization on fruit quality223
Table 3. Effect of GA3 and Yogen foliar fetilization on fruit quality of red dragon fruit224

Treatment TSS
0Brix

Vitamin C
(mg/100g)

Sugar
content
(%)

GA30ppm + Yogen1y 13.26ax 7.94ab 10.88a

GA30ppm +Yogen2 13.60a 7.93ab 10.76a

GA30ppm + Yogen3 13.39a 7.95ab 10.89a

GA30ppm + Yogen4 14.19a 8.79a 11.08a

Control treatment (water spray) 13.01a 6.90 b 10.91a
ymean forliar ratio with Yogen 1 NPK (30:10:10); Yogen 2 NPK (10:30:10); Yogen 3 NPK225
(10:10:30); Yogen 4 (Yogen 1 + Yogen 2 + Yogen 3 compounds)226
x mean in each column followed by the same letters are not significantly different at P≤ 0.05227
according to Duncan’s multiple range test228

229
TSS are considered an important quality parameter of any fruit. It has  been  reported  that,230
chemical compounds can change the TSS content of fruits. As shown in Table 3, there was no231
significant difference TSS among treatment (p≤0.05), in terms of the GA3ppm + Yogen4232
application produced the highest TSS (14.190Brix), followed by GA3ppm + Yogen3 sprayed233
and the other treatments. In the same table data showed that application of chemical234
compounds also significantly increase vitamin C as compared to untreated control, which was235
recorded in GA30ppm + Yogen4 application with value of 8.79mg/100g. It seem be that the236
increase in quality character might be due to the growth promoting substances which could237
have accelerated synthesis of carbohydrate, vitamins and other quality characters. These238
results are in conformity with those of Fagaria et.al. (1992) and Singh and Singh (1992).239
However, spraying with GA30ppm + Yogen3, GA30ppm +Yogen2, GA30ppm + Yogen1240
showed slightly enhance vitamin C than the control treatment with values of 7.95mg/100g,241
7.93mg/100g, and 7.94mg/100g although there were not significantly different. It is well242
known now that plant growth regulators can play a role in increase in the sugar content in243
fruits. Data presented in Table 3 indicated that there were various responses among244
treatments with GA3 +Yogen compounds at different concentration, although the difference245
was not statistically significant (p≤0.05).246
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Table 4. Effect of GA3 + Yogen on percentage of grading standard for dragon fruit247
Treatment

XLz

(%)
L
(%)

M
(%)

S
(%)

GA30ppm + Yogen1y 5.21 abz 48.40 ab 33.6 a 12.79 c

GA30ppm +Yogen2 4.93 b 48.33 ab 32.40 a 14.34 c

GA30ppm + Yogen3 5.88 a 44.41 b 33.24 a 16.47 b

GA30ppm + Yogen4 5.95 a 52.38 a 33.57 a 8.10 d

Control treatment (water spray) 3.35 c 37.48 c 35.68 a 23.49 a
ymean forliar ratio with Yogen 1 NPK (30:10:10); Yogen 2 NPK (10:30:10); Yogen 3 NPK248
(10:10:30); Yogen 4 (Yogen 1 + Yogen 2 + Yogen 3 compounds)249
x mean in each column followed by the same letters are not significantly different at P≤ 0.05250
according to Duncan’s multiple range test251
z grade 1 (XL – Extra Large fruit): above 700 g; gradge 2 (L-large fruit): 500 to 700g; grade 3252
(M-regular fruit 330 to 500g); grade 4 (S-small fruit: 200 to 330g) modify size grades253
suggested for Vietnam of (Le et al., 2000)254

255
Fruit are generally graded by size and color. The result of the study shows that there were256
significantly diffirent graded of dragon fruit among treatment at different chemical257
compounds (Table 4). In term, the highest value of 5.95% and 52.38% was recorded with258
GA30ppm + Yogen4  application compared to lowest value of 3.35 %  and 37.48 % was259
found in untreated control in the case of grade XL and L, respectively. However, the lowest260
value of 8.10% was obtained in GA30ppm + Yogen4,  but highest value of (23.49%) was261
recorded in control treatment, which was achieved in the case of grade S (Table 4). It seem be262
that gibberellic acid (GA3) plays a very important role in enlarging fruit size of red dragon263
fruit. This results are in agreement with (Nor Shariah et al., 2014), who indicated that264
strengthen the role of gibberellic acid (GA3) in the agricultural sector where previously it had265
been well known to be used to increase fruit set and fruit size of many plants and fruits:266
grapes (Vitis vinifera), lemon (Citrus spp .), banana (Musa spp.), currant (Ribes aureum),267
pineapple (Ananas comosus) and sweet cherry (Prunus avium). In the current study grade L268
gave the highest value of  (52,38 %) as compared to other grades (Table 4)269
4. Conclusions270
From the above mentioned results it can be concluded that the GA3 30ppm + Yogen4 foliar271
fertilization componds application greatly increased the percentage of fruit set. Moreover,272
application of GA330ppm +Yogen4 foliar fertilization gave the best results in the273
physiological and biochemical parameters of red dragon fruit with improved fruit size, fruit274
weight,  enhanced total soluble solids, total sugar, and vitamin C as well as increased fruit275
yield. Hence, application of GA3 30ppm +Yogen 4 foliar fertilization could be a valuable276
tool  in improving  quality of red dragon fruit,  based  on  both  physical and biochemical277
quality  characteristics.278

279

UNDER PEER REVIEW

Dr A Rab
Highlight

Dr A Rab
Highlight

Dr A Rab
Highlight

Dr A Rab
Highlight



Resference280
Basak A, Rozpara E, and Grzyb Z. Use  of Bioregulators  to Reduce  Sweet Cherry Tree281
Growth and   to improve Fruit Quality. Acta Horticult. 1998: 468: 719-723282
Chaurasia SNS, Singh KP,  and Mathura R. Effect  of  foliar  application  of  water  soluble283
fertilizers  on  growth, yield, and  quality  of   tomato (Lycopersicon  esculentum L.). Sri284
Lankan J. Agric. Sci. 2005: 42: 66 - 70285
Chao CT,  and Lovatt CJ. Foliar applied  3,5,6-trichloro-2-pyridoxylacetic acid  (3,5,6-TPA)286
increases  yield  of commercially  valuable  large-size  fruit  of “Fina  Sodea”  clementine287
mandarin.  Acta Hort. 2010: 884: 433-440.288
Clayton M, Biasi WV, Agar IT, Southwick SM, and Mitcham EJ. Sensory quality of ‘Bing’289
sweet cherries following preharvest treatment with hydrogen cyanamide, calcium290
ammonium nitrate, or gibberellic acid.  HortScience. 2006: 41: 745–748.291
Cos P, Bruyne DT, Hermans N, Apers S, Berghe DV, Vlietinck AJ. Proanthocyanidins in292
health care: current and new trends. Curr Med Chem. 2004; 11:1345–59.293
El-Sese AMA. Effect of gibberellic acid 3 (GAs) on yield and fruit characteristics of Balady294
mandarin. Assiut. J. Agri. Sci. 2005: .36: 23-35.295
Eman AA, El-moneim MMMA, El- Migeed OA,  and Ismail MM. GA3  and  Zinc  Sprays296
for  Improving  Yield  and  Fruit  Quality of Washington  Navel  Orange  Trees  Grown297
under  Sandy  Soil Conditions. Res. J. Agric. Biol. Sci. 2007: 3(5): 498-503298
Fageria MS, Arya PS, Jagmohan K, and Singh AK. Effect of nitrogen levels on growth yield299
and quality of tomato.Veg.Sci. 1992: 19(1): 25-29300
Guardiola JL, Garcia-Luis A. Increasing fruit size in citrus. Thinning and stimulation of fruit301
growth. Plant Growth Regul. 2000: 31: 121–132.302
Guvence I, and Badem H. Effect of foliar application of different sources and levels of303
nitrogen on growth and yield of tomato (Lycopersicon esculentum L.). Indian J. Agric. Sci.304
2000: 72( 2): 104-105.305
Hoa TT, Clark CJ,Waddell BC,Woolf AB. Postharvest quality of dragon fruit (Hylocereus306
undatus) following disinfesting hot air treatments. Postharvest Bio Tech. 2006; 41:62–9.307
Horvitz S, Godoy C, Lopez Camelo AF, and Yommi A. Application of Gibberellic Acid to308
‘Sweetheart’ Sweet Cherries:Effect on Fruit Quality at Harvest and During Cold Storage.309
Acta Horticult. 2003: 628: 311-316310
Kashi  AK. Vegetables. Textbook of Horticulture College, Tehran University. 1994311
Karuppaiah P, Manivannank K, Sriramach andRasekaran MV, and Kuppusamy G. Responses312
of Cucumber to Foliar Application ofNutrients on Lignite Mine Spoil. Journal of theIndian313
Society of Soil Science. 2001:  49314
Lanauskas J, and Kvikliene N. Effect ofcalcium foliar application on some fruit315
qualitycharacteristics of SinapOrlovskij apple. Agronomy Research. 2006: 4(1): 31-36.316

317
Le VT, Nguyen N, Nguyen DD, Dang KT, Nguyen TNC, Dang MVH, Chau NH,  and Trink.318
NL. Quality assurance system for dragon fruit. ACIAR Proceedings. 2000: 100:101-114.319
Merten  S. A review of Hylocereus production in the United States. J. Prof. Assoc. Cactus320
Developmt. 2003: 5:98–105.321
Mizrahi Y, Nerd A, Nobel PS. Cacti as crops. Horticultural Reviews. 1997:18: 291-319.322
Monselise SP. The use of growth regulators in citriculture A review Sci. Hort. 1979: 11: 151-323
162.324

UNDER PEER REVIEW



Morgan P.Synthetic growth regulators: potential for development,” Botanical Gazette. 1980:325
141: 337–346.326
Naik  LB, Prabhakar M, and Tiwari RB. Influence of foliar sprays with water soluble327
fertilizers on yield and quality of Carrot (Daucus carota L). Proc, Int. Conf. Vegetables,328
Bangalore. 2002: :183.329
Nerd  A, Gutman F, and Mizrahi Y. Ripening and postharvest behaviour of fruits of two330
Hylocereus species (Cactaceae).  Postharv. Biol. Technol. 1999:17:39-45.331
Nerd A, Sitrita Y, Kaushika RA, Mizrahi Y. High summer temperatures inhibit flowering in332
vine pitaya crops (Hylocereus spp). Scientia Horticulturae. 2002; 96:343–50.333
Nguyen MT, and Yen CR. Effect of Gibberellic Acid and 2,4-Dichlorophenoxyacetic Acid334
on Fruit Development and Fruit Quality of Wax Apple. World Academy of Science,335
Engineering and Technology. 2013:7 : 302-308.336
Nor Shariah S,  Razifah MR,  Mamat AS,  Adzemi MA. Application of Gibberellic Acid337
(Ga3) in Stem Cutting of Dragon Fruit (Hylocereus Polyrhizus): Effects on Fruit Quality and338
Yield at Harvest. Journal of Biology, Agriculture and Healthcare. 2014: 4(21): 51-55339
Paroussi G, Voyiatzis DG, Paroussi E, Drogour PD. Growth, flowering and yield responses to340
GA3 of strawberry grown under different environmental conditions. Scientia Hortic. 2002:341
96: 103–113.342
Paull RE. Dragon fruit. In: Gross, K.C.,C.Y. Wang, and M. Salveit (eds.). The commercial343
storage of fruits, vegetables and floristand nursery stocks. 2004. USDA, ARS344
AgriculturalHandbook #66. 11 Feb. 2008. <http://usna.usda.gov/hb66/contents.html>.345
Ranjan R, Purohit SS, Prasad V. Plant Hormones: Action and Application. Agrobios, India.346
2003: 183–189347
Saraswathi T, Rangasamy P, Azhakiamanavalan RS Effect of preharvest spray of growth348
regulators on fruit retention and quality of mandarins (Citrus reticulata Balanco). South Ind.349
Hort. 2003: 51: 110-112.350
Singh AB,  and Singh SS. Effect of various levels of nitrogen and spacing on growth, yield351
and quality of tomato. Veg. Sci. 1992: 19(1): 1-6.352
Stintzing FC, Schieber A, Carle R. Betacyanins in fruits from red-purple pitaya, Hylocereus353
polyrhizus  (Weber) Britton & Rose. Food Chem. 2002; 77:101–6.354
Taylor DR, Knight JN. Russeting and cracking of apple fruit and their control with plant355
growth regulators. Acta.  Hort. 1986: 11: 819-820.356
Usenik V, Kastelec D, Stampar F. Physicochemical    Changes    of Sweet Cherry Fruits357
Related to Application of Gibberellic Acid. Food Chem. 2005: 90: 663-671.358
Vibhute CP. A process for manufacturing complex solid and liquid completely water soluble359
fertilizers. Fert. News. 1988: 43(8): 63.360
Wybraniec S, and Mizrahi Y. Fruit flesh betacyanin pigments in Hylocereus cacti. J.Agr.361
Food Chem. 2002: 50:6086–6089.362
Yolanda Donají Ortiz-Hernández, José Alfredo Carrillo-Salazar. Pitahaya (Hylocereus spp.):363
a short review. Comunicata Scientiae 3(4): 220-237, 2012364
Zainoldin KH, Baba AS. The Effect of  Hylocereus polyrhizus  and  Hylocereus undatus  on365
Physicochemical,Proteolysis, and Antioxidant Activity in Yogurt. World Academy of366
Science, Engineering and Technolog. 2009; 60.367

UNDER PEER REVIEW




