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ABSTRACT: Paclobutrazol (PBZ) is a growth regulator used to control vegetative growth, stimulating the 
reproductive capacity of plants. PBZ has been widely marketed throughout the tropics to stimulate mango 
flowering. In the recent years, many reports showed that application of PBZ by soil drenching can cause 
permanent stunting of flushes, the vegetative and root growth of mango was reduced. The aim of this work 
was to determine the effects of PBZ on flowering of mango by foliar application. The commercial mango 
cultivar ‘Namdokmai-sitong’ was used in this study. The experiment was analyzed as a completely 
randomized design. There were 4 replications with 10 treatments. Foliar application at 15 days after pruning 
with PBZ at 0, 500, 1,000, 1,500 and 2,000 mg./L and repeated at 30 days with 0 and 1,000 mg./L. There was 
significant difference on the time to flowering, percentage of flowering shoots and panicle length. The trees 
receiving the PBZ at 2,000 mg/L were exhibited stunting of flushes and panicle malformation. This study 
suggests that the multiple foliar application of PBZ was effective in promoting flowering in ‘Namdokmai-
sitong’ mango, can help early flowering and higher percentage of flowering shoots. 
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1. INTRODUCTION 
 

Mango is one of the most important fruit crop 
in Thailand. It has been defined as an economic 
crop in which the produce is used for domestic 
consumption and also for export. Thailand has 
been producing mango in great quantities and 
exports are tending to increase every year. In 2014,  
the export quantity was 79,622 tons and 3,241 
millions baht of export value [1]. The well known 
commercial cultivar is Namdokmai-sitong. 

Flowering is an important step in fruit 
production. The price of fruit depends on market 
demand, so therefore, induction of flowering at 
certain times is necessary. Mango flowering is an 
important physiological event that sets the start of 
fruit production. Mango trees flower in response to 
the age of the last vegetative flush in the tropical 
conditions [2]. Synchronization of the vegetative 
of  tree canopies is a necessary first step in the 
flowering management program. Synchronization 
of growth is best accomplished by tip pruning all 
of the stems on the tree. The next step is to decide 
whether to use PBZ or not. PBZ has been used 
with considerable success to induce flowering in 
several fruit crops such as apple [3], pummelo[4], 
apricot [5] and mango [6]. PBZ inhibits gibberellin 
biosynthesis [7], reduces vegetative growth and 
induces water-stress tolerance as well as increases 
total non-structural carbohydrates (TNC) [8],[9]. 

PBZ has been widely marketed throughout the 
tropics to stimulate mango flowering. Soil 
application of PBZ has been found to be more 
responsive in regard to suppressing the vegetative 
growth and enhancing the reproductive growth in 
mango [10]. Studies  have  shown that PBZ is 
needed to be applied annually to increase  mango 
fruit yields [11]. In the recent years, many reports 
showed that application of PBZ by soil drenching 
produced uneven distribution of the chemical 
throughout the plants as noticed by the uneven size 
of the panicles in the lower versus the upper part of 
tree. Overdose may cause undesirable effects such 
as stunting of flushes, panicle malformation, 
vegetative and root growth of mango was reduced 
[12]. In areas where PBZ is applied regularly, there 
may be risk of environmental contamination due to 
its residues persisting in soil for a very long time 
[13].         

Then, the aim of this work was to determine 
the effects of PBZ on flowering of Namdokmai-
sitong mango. Foliar application was used in this 
study to ensure uniform flowering and to reduce 
the detrimental side effects. 

 
2.  MATERIALS AND METHODS  
 
2.1 Experimental details 
      This experiment was carried out at Tropical 
Fruit Research and Development Center, Kasetsart 
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University, Kamphaeng Saen Campus, Nakhon 
Pathom Province, Thailand. Mango trees (cv. Nam 
dokmai-sitong), at the age of 6 year-old, were 
selected. Tip pruning has been done to induce new 
flush from all the stems on the tree (Fig.1). Foliar 
application was performed at 15 days after 
pruning with PBZ at 0, 500, 1,000, 1,500 and 
2,000 mg/L and it was repeated  at  30 days with 0 
and 1,000 mg/L. 
 

 
(a) 

                                 

    
(b) 

 
Fig.1 New flush at 15 days (a) and 30 days (b) 

after pruning in Namdokmai-sitong mango. 
 
2.2 Experimental design and data analysis 

 
Completely randomized design (CRD) was 

used in this study. There were four replications 
with ten treatments: T1) control; T2) spray with 
500 mg/L of PBZ at 15 days; T3)  spray with 
1,000 mg/L of PBZ at 15 days; T4) spray with 
1,500 mg/L of PBZ at 15 days; T5) spray with 
2,000 mg/L of PBZ at 15 days; T6) spray with 500 
mg/L of PBZ at 30 days; T7) spray with 500 mg/L 
of PBZ at 15 days and repeated at 30 days with  
1,000 mg/L of  PBZ; T8) spray with 1,000 mg/L of 
PBZ at 15 days and repeated at  30 days; T9) spray 
with 1,500 mg/L of PBZ at 15 days  and repeated 
at  30 days with  1,000 mg/L of PBZ; and T10) 
spray with 2,000 mg/L of PBZ at 15 days  and  
repeated at  30 days with  1,000 mg/L of PBZ.        

Shoots are randomly tagged around the 
canopy of each tree and monitored for flower in 
determination after foliar application of PBZ.  

The parameters measured were percentage of 
flowering shoots, time taken from shoots pruning 
to flower emergence, panicle length and 
phenological changes of shoots. The data were 
subjected to analysis of variance and the means 
were separated by Duncan’s new multiple range 
test  at P < 0.05. 

  
3.  RESULTS 
 

The results showed that the use of PBZ could 
stimulate higher percentage of flowering shoots 
than the control trees. Trees receiving 1,000 mg/L 
of PBZ and above had the highest percentage of 
flowering shoots of 100%, whereas those control 
trees showed the lowest flowering percentage of 
20% (Fig.2, Table 1). 

PBZ could stimulate earlier flowering. Time 
taken from application to flower mergence was 
highly significant among the PBZ treated trees 
(Fig.3, Fig.4). 

 

 
 
Fig.2 Percentage of flowering shoots of 

Namdokmai-sitong mango. 
 

 
 
Fig.3 The time to flowering of Namdokmai-sitong 

mango. 
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Fig.4  Percentage of flowering shoots of 

Namdokmai-sitong mango during the 
experimental period 

 
There was a significant difference on the 

length of panicle. Trees treated with PBZ at the 
rate of 1,000 mg/L and above had significantly 
shorter panicles compared with the control 
However, the higher concentration of PBZ gave 
shorter panicles. Panicles from the trees receiving 
2,000 mg/L of PBZ at 15 days and 1,000 mg/L at 
30 days had the shortest panicle of 36.75 cm 
(Table 1, Fig.5).  

 

 
 
Fig.5  The length of panicle in Namdokmai-sitong 

mango. 
 

 
The trees receiving the PBZ application 

showed its effect by decreasing shoot and panicle 
length significantly (Table 1). 

In this study, the phyto toxic symptoms of 
shoots and panicles were observed on the PBZ 
treatments at 2,000 mg/L. The trees receiving the 
PBZ at 2,000 mg/L were exhibited stunting of 
flushes and panicle malformation (Fig.6). 
 
 

Table 1  Effect of PBZ on percentage of flowering shoots, time to flowering and length of panicle of 
Namdokmai-sitong mango after foliar application of PBZ at different rate. 

 
Treatment Flowering shoots 

(%) 
Time to flowering 

(days) 
Length of panicle  

  (cm)  

T1 20 c 139 a 41.75b 
T2 80 b   87 e 41.00b 
T3 30 c 136 b 41.75b 
T4   95 ab 108 c 44.00a 
T5   90 ab 104 d 38.50c 
T6       90 ab    87 e   42.50ab 
T7  95 ab   87 e   42.25ab 
T8               100 a   87 e 38.75c 
T9               100 a 135 b 38.00c 
T10               100 a 135 b 36.75c 

F-test * * * 
   cv.(%)  13.31 1.49 3.82 

 
Means followed by the same letter at the same column were not significantly different at the 5% level 
by DMRT. 
* = significantly different at P < 0.05 
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            (a)                                                            (b) 

 

 
                                                          (c)                                                                (d) 
 
Fig. 6  The control tree (a) and phyto toxic symptoms of shoots (b) and panicles (c,d) in Namdokmai-sitong 

mango. 
 
4.  DISCUSSION 

 
Application of PBZ affected vegetative 

growth and reproductive growth of Namdokmai-
sitong mango. The vegetative growth of mango 
trees was observed 2 weeks after treated with 
PBZ. Shoot number was not different but shoot 
length showed significant differences among 
treatments. In the present study, PBZ application 
was effective in reducing shoot length since the 
PBZ inhibits GA biosynthesis by blocking the 
step in the oxidation of ent-kaurene to ent-
kaurenoic acid [7] resulting in unelongated shoots, 
even though cell division still occurs. Similar 
results have been reported in apple [3]. In 
addition, PBZ could also induce flowering in 
mango trees because it reduced vegetative growth. 
The involvement of the GA in mango was also 
demonstrated by Yamashita et al.[14] who 
reported that GA acts as a flowering inhibitor. 
The use of PBZ could stimulate higher percentage 
of flowering shoots than the control trees. This 
result was supported by Yeshitela et al. [9] who 
found that PBZ produced the highest number of 
flowers per panicle in mango.           The trees 

receiving the PBZ at 2,000 mg/L by foliar 
application exhibited stunting of flushes and 
panicle malformation. 

 
5.  CONCLUSION 
 

Applying paclobutrazol to mango trees cv. 
Namdokmai-sitong as foliar spray could stimulate 
earlier flowering and higher percentage of 
flowering shoots than the control trees. 
Significant differences were observed on the time 
to flowering, percentage of flowering shoots and 
panicle length. 
 
6.  ACKNOWLEDGEMENTS 
 

This research was supported by a grant from 
the program Strategic Scholarships for Frontier 
Research Network form the Higher Education 
Commission, Thailand. 

 
7.  REFERENCES 
 
[1] Office of Agricultural Economics (OAE). 

Ministry of Agriculture and Cooperatives. 
Thailand. Agricultural Statistics. 2014, pp. 

      51-52.  



International Journal of GEOMATE, Feb., 2017, Vol. 12, Issue 30, pp. 41 - 45 
 

45 
 

[2] Davenport, T. L. Reproductive physiology of 
mango. Brazz. J. Plant Physiol. Vol.19, 2007, 
pp. 363-376. 

[3] Zhu, L.-H., A. Peppel, X.-Y. Li and M. 
Welander. Changes of leaf water potential and 
endogenous cytokinins in young apple trees 
treated with or without paclobutrazol under  
drought conditions. Scientia Hort. Vol.99, 
2004, pp. 133–141. 

[4] Phadung, P., K. Krisanapook  and 
Phavaphutanon, L.  Paclobutrazol, Water 
Stress and Nitrogen Induced Flowering in 
‘Khao Nam Phueng’ Pummelo. Kasetsart J. 
(Nat. Sci.) Vol.45, No.2, 2011, pp. 189 – 200. 

[5] Arzani, K. and H.R. Roosta. Effects of 
paclobutrazol on vegetative and reproductive 
growth and leaf mineral content of mature 
apricot (Prunus armeniaca L.) trees. J. Agric. 
Sci. Technol. Vol.6, 2004, pp. 43–55. 

[6] Phavaphutanon, L., K. Krisanapook, A. 
Pichakum  and  K. Jutamanee. Change of total 
non-structural carbohydrate within shoots of  
‘Nam DokMai’mango after paclobutrazol 
application. Acta Hort. Vol.509, 2000, pp. 
559–565. 

[7] Sterrett, J.P. Paclobutrazol: A promising 
growth inhibitor for injection into woody 
plants. J. Amer. Soc. Hort. Sci. Vol.110, No.1, 
1985, pp. 4–8. 

[8] Subhadrabandhu, S., P. Tongumpai, S. Ketsa 
and N. Suppakitjarak. Study of paclobutrazol 
on mango (Mangifera indica L.) cv. Khiew 
Sawoey. II. Effect on total non-structural 
carbohydrates, reducing sugars and total 
nitrogen contents in terminal shoots. Thai J. 
Agric. Sci. Vol.30, 1997, pp.  269–282. 

 
 
 

[9] Yeshitela, T., P. J. Robbertse and P.J.C. 
Stassen. Paclobutrazol suppressed vegetative 
growth and improved yield as well as fruit 
quality of ‘Tommy Atkins’ mango (Mangifera 
indica) in Ethiopia. NZ J. Crop Hort. Sci. Vol. 
32, 2004, pp. 281–293. 

[10] Nartvaranant P., S. Subhadrabandhu and P. 
Tongumpai. Practical aspects in producing 
off-season mango in Thailand. Acta Hort. 
Vol.509, 2000, pp. 661-668. 

[11] Singh, Z. Effect of (2RS, 3RS) paclobutrazol 
on tree vigour, flowering, fruit set and yield in 
mango. Acta Hortic. Vol. 525, 2000, pp. 459–
462. 

[12]Singh, D. K. and  Ram, S. Level of 
paclobutrazol residues in shoot and fruit of 
mango Indian J. Plant Physiol. Vol.5, 2000, pp. 
186-188. 

[13]Yadava, R.B.R., Singh, V.K. Long term 
effects of  paclobutrazol (PP 333) on yield and 
quality of Dashehari mango (Mangifera indica 
L.). Ind. J. Plant Physiol.Vol.3, No.2, 1998, 
pp.166–167. 

[14] Yamashita, K., K. Kitazono and S. Iwasaki. 
Flower bud differentiation of Satsuma 
Mandarin as promoted by soil-drenching 
treatment with IAA, BA or paclobutrazol 
solution. J. Japan. Soc. Hort. Sci. Vol.66 No.1, 
1997, pp. 67–76. 

[15] Zhu, L.-H., A. Peppel, X.-Y. Li and M. 
Welander. Changes of leaf water potential and 
endogenous cytokinins in young apple trees 
treated with or without paclobutrazol under 
drought conditions. Scientia Hort. Vol.99, 
2004, pp. 133–141.  

 

 

Copyright © Int. J. of GEOMATE. All rights 
reserved, including the making of copies unless 
permission is obtained from the copyright 
proprietors.  


	1. INTRODUCTION
	2.  MATERIALS AND METHODS
	(c)                                                                (d)

	6.  Acknowledgements
	7.  referenceS

