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ABSTRACT 

Off-season flower induction in on-crop year and improvement of flowering in off-crop year is an 
economical and scientific objective for longan and other subtropical fruit trees. Recently Potasium 
chlorate (KClO3) was applied successfully to control flower induction (FI) on some tropical longan 
cultivars. However, it is still little known in subtropical longan production, especially in the North of 
the country. Experiments are described the effects of KClO3 on FI by leaf sprays at 4 concentrations 
(0.5; 1;1.5 and 2%) in December and soil applications at the rate 40 g a.i./m canopy diameter on 
September 23rd and October 4th on Huong chi cultivar grown in Hanoi and Hung yen. The results of 
KClO3 leaf spray at 1% in December on 4 year-old longan trees effectively improved FI leading to 
considerable yield increase by 71.9% with net income 153,000d/tree compared with untreated trees. 
The soil application in September-October successfully induced off-season crop of Huong chi longan 
and brought a net income 1.99 -2.21 mill.vnd/tree due to the high price at earlier harvest by 2 months 
compared with the main crop. 
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TÓM TẮT 

Điều khiển ra hoa trái vụ trong năm được mùa và thúc đẩy ra hoa chính vụ trong năm mất mùa là 
một mục tiêu mang tính kinh tế và khoa học đối với nhãn và các cây ăn quả á nhiệt đới khác. Trong 
những năm gần đây Chlorate kali (KClO3) được áp dụng để xử lý ra hoa khá thành công trên một số 
giống nhãn trồng ở một số vùng nhiệt đới, tuy nhiên, vẫn còn ít thông tin về kết quả nghiên cứu về 
kích thích nhãn ra hoa ở các vùng á nhiệt đới, đặc biệt là ở miền bắc nước ta. Kết quả thí nghiệm 
trình bày ảnh hưởng của việc phun KClO3 lên lá ở 4 nồng độ 0.5; 1;1.5 và 2% vào tháng 12 đến khả 
năng thúc đẩy ra hoa của nhãn chính vụ và bón vào đất ở liều lượng 40 g nguyên chất/m đường kính 
tán vào ngày 23/9 và 4/10 để kích thích ra hoa trái vụ trên nhãn Hương chi trồng ở Hà Nội và Hưng 
yên. Kết quả phun KClO3 ở nồng độ 1% vào tháng 12 trên cây 4 tuổi đã kích thích cây ra hoa rất sai, 
nhờ đó năng suất tăng so với cây không xử lý 71.9 % với lãi ròng tăng thêm 153 ngàn đồng/cây. Thí 
nghiệm bón vào đất trong thời gian tháng 9-10 đã làm cho cây ra hoa trái vụ thành công với lãi ròng 
lên tới 1.99 -2.21 triệu đồng/cây nhờ giá bán cao vì cây cho thu hoạch sớm hơn chính vụ 2 tháng.  

Từ khóa: Nhãn Hương chi, KClO3, sản xuất trái vụ, cảm ứng ra hoa. 

1. INTRODUCTION 
 Longan is one of important subtropical 

fruit trees popularly grown in Vietnam, 
mainly cultivated in the Mekong and Red 
River Delta with total countrywide output in 
2009 accounted to 0.61 million tones under 

93,000 ha (Vietnam Statistical Hand book, 
2010). Besides Long longan, Huong chi has a 
long cultivation story in Hung Yen province, 
where subtropical longan cultivars widely 
cultivated and are well-known over the 
country for their special quality and high-
marketable production scale. With about 
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3000 ha under the longan Hung yen supplies 
20,000-40,000 tones of longan to the market 
yearly (Hung yen Statistical year book, 
2010). The longan industry brings 
considerable contribution to the provincial 
gross value and is the main income source to 
the longan growing farmers in the province.  

However, as for many other fruit trees 
originating from subtropical climates, cool 
temperature is a key trigger of flower 
induction (FI) in longan (Hegele et al, 2008). 
The expansion of fruit growing areas to more 
tropical latitudes in association with 
climatic warming up renders FI of longan 
more unreliable due to the lack of sufficient 
cool temperatures, and causes problems with 
alternate bearing behavior. The 
phenomenon is widespread and can occur in 
an entire region, in individual trees, part of 
a tree, or even on one branch. It has become 
more obvious for several of longan cultivars 
grown in Northern Vietnam nowadays.  

 Alternate bearing, which is the 
tendency of fruit trees to produce a heavy 
crop in one year (called "on-crop" year) 
followed by a light crop or no crop the 
following "off-crop" year. In the on-crop year 
overproduction causes the market price go 
down in the peak harvest, whereas in the 
off-crop year the price is always high but the 
longan growing farmers do not have much to 
sell. In both cases the farmers always loose 
their profits. The question how to effectively 
regulate FI and fruit bearing in Longan in 
subtropical conditions of Northern Vietnam 
needs more applied researches to keep 
production in a sustainable way and to help 
longan growing farmers be better off. 

Fortunately, inconsistent flowering and 
alternate bearing in longan production have 
been alleviated by the discovery of 
potassium chlorate (KClO3) to induce off-
season flowers and fruits worldwide (Choo, 
2000; Manochai et al., 2005; Nagao and Ho-
a, 2000; Yen et al., 2001). Application of 

KClO3 as a soil drench (10% to 20% chlorate 
solution), broadcast under the canopy (200-
400g/tree), foliar spray (1-2g/l) or branch 
injection (0.05-0.25 g/cm branch diameter) is 
effective for promoting flowering (Manochai 
et al., 2005; Yen, 2000; Yen et al., 2001). Full 
flower induction was achieved only with 40-
50 day old leaves (Manochai et al., 2005). 
Although KClO3 induces flowering 
regardless of the genotype, the flowering 
response of each cultivar may vary with 
100% flowering observed in ‘Si-Chompoo’ 
after application of 1.0 g/m2, whereas ‘E-
Daw’ required 8.0 g/m2 sub-canopy area 
(Manochai et al., 2005). Sritontip et al (2005) 
tried different chemical preparations 
including KClO3 (canopy spray at 
concentration 1000 ppm, soil drench 
application at 5 g/m2), NaOCl (canopy spray 
at 50 ml/m2), KNO3 (2.5%) and Thiourea 
(canopy spray at 0.5%) for FI of longan in 
Chiangmai, Thailand. The outcome of the 
experiment showed both KClO3 applications 
effectively induced flowering, whereas KNO3 
and Thiourea applications triggered only 
new flushes to come out. 

In Cuu long River delta of Vietnam, 
longan growing farmers successfully 
produced longan year round by KClO3 

application in association with stem 
cincturing on tropical cultivars like Da bo, 
Long and Xuong Com Vang cultivars (Tran 
Van Hau, 2009). 

 In the North, little is known about FI 
for subtropical longan. Nguyen Thi Bich 
Hong (2006) reported that application of 
KClO3 (100-120g per six-year old tree) on 
Huong chi longan in the off-crop year 
successfully induced flowering. According to 
Le Van Luong (2008) sprayed KClO3 at 
concentration 0.5-1.0% and soil application 
(8-10 g/m2 canopy area) on 15/11/2007 
increased FI of main crop by 92,5%, 
consequently led to an increase of yield by 
65% compared with untreated trees of 
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Huong chi longan. As FI in longan in 
subtropical conditions is controlled mainly 
by temperature regime, which may change 
greatly from year to year, the question is 
often asked how to improve crop yield in the 
off-crop year and when to effectively produce 
off-season crop of Huong chi longan 
production in Hung yen province was the 
objective of our study.    

2. MATERIALS AND METHODS 

2.1. Materials 
The 1st experiment was carried out on 4 

year-old grafted trees in the Experimental 
Center of the Research institute of Fruit and 
Vegetables, Gia Lam, Ha Noi. The 2nd 
experiment was carried out on 6-year old 
grafted trees in the farmer’s orchard in Hong 
Chau commune, Hung yen city during 200-
2010. Spacing of the trees in both 
experiments was 5x5m. 

2.2. Methods 
Experiment 1. FI of Huong chi longan 

by KClO3 leaf spray at concentrations: 0, 0.5, 
1.0, 1.5 and 2%.  

5 liters of water-dissolved KClO3 
solutions were sprayed on each tree of all 
treatments, whereas water was sprayed in 
the control treatment on December 15, 2008. 

Experiment 2. Timing effect of soil 
drench as pure KClO3 (40 g a.i./m tree canopy 
diameter) on off-season FI of Huong chi 
longan with four treatments: untreated trees 
(T1 and T2) were irrigated with water when 
KClO3 was applied on treated trees (T3 and 
T4) on 23/9/2009 and 4/10/2009 respectively.  

The experiment layout for both 
experiments was followed the randomized 
complete block design with 5 replications for 
each treatment. A tree was considered as a 
replication.  

The following measurements were 
carried out: 

Phenological phases of flower 
development: appearance of inflorescence, 
blooming and initial fruit set. 

Inflorescence: number of flowers, flower 
sex ratio and fruit set were observed on 5 
randomly selected inflorescences in four 
canopy directions on each tree;  

Fruit: 4 fruit clusters on each tree were 
marked to measure fruit growth, fruit drop. 
At harvest the clusters were cut to 
determine fruit weight and fruit 
characteristics, yield and quality. 

Chemical analysis of fruits at harvest 
were done by the Fruit-vegetable quality 
Analytical laboratory of the Vegetable and 
Fruit Research Institute located at Trau Quy 
Gia lam, Hanoi, including: total sugar (%) 
measured by Bectrand method, total acidity 
(%) measured by NaOH titration, total 
soluble solids - TSS (Brix) estimated by hand 
refract meter, vitamin C measured following 
Tillman's method, dry matter defined by 
oven drying at constant 1050 C. 

Data were statistically treated and 
analyzed using IRRISTAT 5.0  

3. RESULTS AND DISCUSSION  

3.1. Determination of appropriate KClO3 
concentrations for promotion of FI and 
productivity of Huong chi longan   

Flowering and flower sex expression: As 
mentioned above unreliable FI in warm 
winter in subtropical climate causing poor 
flowering in longan orchards often occurs in 
Hung yen and other areas within the Red 
River Delta, especially only half of longan 
orchard area was under flowering in spring 
2010 in the province. Table 1 showed that 
spraying of KClO3 promoted FI at all applied 
concentrations compared with the control. It 
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was proved by an increase in percentage of 
terminal shoots bearing flowers and 
quantity of female and hermophrodite 
flowers. The highest increase was found in 
the treatment with 1.0%, followed by 1.5 % 
KClO3 in both parameters.  

These two indicators later will have 
important contribution to yield formation. 
No considerable difference was found among 
treatments in term of flowering time. At the 
concentration 2% dead spots were found on 
young leaves and old leaves turned yelowish 
after one-week spraying. This means that 
2% KClO3 was too high for Huong chi 
longan. The same severe leaf damage was 
reported by Manochai et al. (2005) when 
2000 mg KClO3/l was sprayed on E-daw and 
Chompoo cultivars in Chiangmai, Thailand.  

- Fruit development and yield: Female 
and hermaphrodite flowers set fruits after 
successful pollination and fertilization. 
KClO3 spray at all applied concentrations 

positively affected on number of fruit 
bearing shoots and quantity of fruit per 
cluster at harvest, but only at concentration 
1% and 1.5% these indicators were found 
statistically significant different from the 
control at P=0.05 (Table 2). Consequently, 
increases in these indicators -as yield 
components - led to considerable yield 
improvement at concentration 1-1.5 % 
KClO3 applications. Concretely, the 
individual actual yields reached 29.4 and 
27.2 kg /tree respectively compared with 
17.1 kg/tree in the control (or increased by 
71.9-59.1% respectively). There was no 
obvious effect of KClO3 spray on fruit weight 
at all concentrations. 0.5 % and 2 % KClO3 

did not bring about significant difference in 
term of FI, fruit set and yield. This outcome 
was not the same with what Le Van Luong 
(2008) reported in his research, where 
spraying 0.5 % and 1% KClO3 on Huong chi 
in his experiment increased the yield of 
treated trees by 63 %.  

Table 1. Effect of KClO3 concentrations on flowering promotion, time of flowering 
and flower sex expression 

Female+hermoph. 
flowers/inflorescence Concentration 

(%) 
(%) of flowering 

trees 
(%) of flowering 

shoots  (%) 
Flowering date 

quantity % 

KClO30-Control 100 61.4 14/3-7/5 476.9 b 28.6 

0.5 100 65.2 14/3-5/5 490.1 b 28.9 

1.0 100 85.6 12/3-3/5 557.9 a 29.1 

1.5 100 77.2 12/3-4/5 534.9 a 29.0 

2.0 100 72.2 11/3-4/5 480.2 b 28.4 

Note: Figures within a colunm followed by the same letter are not significant at P=0.05   

Table 2. Effect of KClO3 concentrations on yield components, yields and profit 
Concentration 

(%) 
Fruit bearing 
shoots/tree 

Fruits/ cluster 
Fruit weight 

(g) 
Actual yield 

(kg/tree) 
Computed yield 

(ton/ha) 
Net income/tree 

(1000 d) 

0-Control 72.7b 29.9 b 10.8a 17.1 b 6.8 109 

0.5 74.3b 32.8 b 10.8a 19.5 b 7.8 138 

1.0 99.3a 46.3 a 10.6a 29.4 a 11.8 262 

1.5 94.7a 44.8 a 10.7a 27.2 a 10.9 235 

2.0 83.0b 30.1 b 10.7a 18.7 b 7.5 123 

Note: average price of longan = 13.000 VND/kg at peak harvest. 
Figures within a colunm followed by the same letter are not significant at P=0.05  
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Table 3. Effect of KClO3 concentrations on fruit quality 
Concentration (%) Dry matter (%) Total sugar (%) Total acidity  (%) Vitamin C (mg%)  Brix (%) 

0-Control 20.27 12.19 0.03 52.14 16.7 

0.5 19.59 13.82 0.03 54.29 16.9 

1.0 21.50 14.09 0.03 59.28 17.8 

1.5 20.90 13.82 0.03 57.14 17.0 

2.0 18.78 12.28 0.03 48.57 16.0 

  -Fruit quality: A question often raised 
is whether KClO3 applications could cause 
any negative effects on fruit quality? The 
data illustrated in table 3 revealed that at 
concentrations 1% and 1.5 % the dry matter, 
total sugar, vitamin C content and Brix in 
fruits were found slightly higher than those 
of the control, but these indicators at the 
concentration 2% were found lower 
compared with those of the control. This can 
be explained by lower photosynthesis 
activities of the trees due to the leaf damage 
after KClO3 spay. The data on fruit quality 
from this study also support the data 
reported by Nguyen Thi Bich Hong (2006) 
and Le Van Luong (2008) in their studies. 
Based on these evidences it is clear that 
KClO3 leaf spray at 0.5-2.0% had little effect 
on fruit quality.  

From economic point of view KClO3 spay 
at 4 concentrations increased per-tree net 
income by 14,000 dong (at 2%) -153,000 
dong (at 1%) higher that of untreated tree. 
For the other treatments the net income lied 
the between this range. This income level is 

rather high for the big longan orchard 
owners.   

3.2. Effect of KClO3 application time on 
off-season FI  

In the on-crop year there is always a 
risk of low price at peak harvest. This often 
cause serious economic loss for the longan 
growing farmers because the main harvest 
season in the North lasts only more or less 
one and half month. Besides the 
introduction of late mature cultivars, off 
season crop is another solution to the 
problem. Based on our previous research 
results in this experiment we applied KClO3 
at the rate of 40 g a.i./m tree canopy 
diameter on 23/9/2009 and 4/10/2009 to see 
how much ealier and effectively the time 
application affects FI and fruit set of Huong 
chi longan, since as earlier fruits are 
available for the market as higher price is 
offered. In fact, the same experiment was 
carried out on Long cultivar but no flowering 
was occurred, so we did not include it in this 
paper. 

 Table 4. Effect of KClO3 application time on flowering  

KClO3 

treatment date 
% of flowering 

trees 
% of flowering 

shoots 
Appearance of 
inflorescences 

Flowering 
date 

Time from 
application to 

onset of 
flowering (days) 

T1+T2 - - new flushes - - 

T3 100 89.6 15-26/11 24/11-17/12 52-63 

T4 100 80.7 22-23/11 20/12-10/1 65-85 

 * Note: (-) no flower induction was observed  
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-Flower induction and flowering date: 
Data in table 4 showed that all treated trees 
successfully flowered profusely with high 
percentage of flowering shoots (about 80-
90%), whereas no FI was known in untreated 
trees, just new flushes came out. However, a 
big difference was found in term of onset of 
flowering in two KClO3 treatments. For the 
September 23rd treatment the onset of 
flowering occurred earlier (52-63 days after 
application) compared with that of October 4th 
application (65-85 days). It is obvious that 
this delay was due to the lower temperature 
regime in the 2nd application compared with 
the 1st one; hence it slowed down the uptake 
of  KClO3 by root systems. But in both cases 
flowering occurred during the period of late 
November to early January next year, when 
the weather was dry enough for pollination 
and fruit setting for the longan crop. 
Comparing with the main crop in experiment 
1 the flowering in this experiment occurred 
almost three months earlier and the harvest 
was 2 months earlier. 

- Inflorescence characteristics, fruit 
setting and yield: After FI caused by KClO3 
application temperature as the main 
environmental factor affected inflorescence 
development, growth and fruit set, including 
quantity of flower per inflorescence and sex 
ratio and fruit set. Data in the table 5 showed 

that in September application total flowers 
and rate of famale+hermophrite flowers were 
significantly higher than those of the October 
application. The same tendency happened 
with the fruit growth and development. 
Looking back on the temperature data during 
flower development and fruit set in Hung yen 
conditions we saw a sharp decrease in 
monthly average temperature (28.2; 26; 21.1 
and 17.60C in Sep., Oct., Nov. and December 
2009 respectively - Center of Hung Yen 
Hydro- Meteorology, 2011), which may lead 
to lower value of these indicators. 
Consequently, the yield components, 
including number of fruits per inflorescence, 
fruit weight (Table 6) and finally the yield in 
earlier application in September all were 
higher compared with those in October 
application. An increase in actual yield by 4.4 
kg/tree led to considerable net income 
improvement (220,000d/tree). With very high 
price (50,000 d/kg) the off-season production 
brought about very high net income to the 
longan growing famers in both treatments 
(1.99 -2.21 mill. dong/tree) compared with the 
main crop harvest in the experiment 1, but 
the quality of the fruit did not differ much. 
This opened a market opportunity for longan 
off-season production to improve farmer’s 
income and alleviate of overproduction in the 
peak harvest of the main crop. 

Table 5. Effect of KClO3 application time on flowering and yield 
KClO3 

treatment 
date 

Total 
flowers/infloresce

nce 

Female+hermop
. flowers/inflores. 

(%) 

 

Fruit set (%) 

Number of 
fruits 

/inflorescence 

Actual 
yield/tree 

(kg) 

Net income/tree 
(1000 d) 

T1+T2 - - - - -  

T3 3634.3 a 29.50 38.8 38.2 a 48.6 a 2,210 

T4 2926.0 b 22.51 36.0 34.3 b 44.2 b 1,990 

Table 6. Fruit quality of off-season Huong chi longan 
KClO3 

treatment 
date 

Fruit weight (g) 
Dry matter 

(%) 
Total sugar 

(%) 
Total acidity 

(%) 
Vitamin C 

(mg%) 
Brix (%) 

T1+T2 - - - - - - 

T3 11.53 17.78 12.00 0.08 88.76 16.27 

T4 10.32 17.51 12.26 0.08 86.35 16.25 
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So far it is still not clear how 
mechanism of KClO3 works to induce flower 
initiation (Hegele et al, 2008), but it is used 
more and more in longan FI in different 
longan growing countries in different ways 
depending on the cultivar’s response and 
environmental conditions.      

4. CONCLUSION  

KClO3 leaf spray at 1% in December on 
4 year-old Huong chi longan trees effectively 
improved FI, increased yield by 71.9% and 
net income by 153,000d/tree compared with 
untreated trees. 

Soil application of KClO3 at 40 g a.i./m 
canopy diameter of six-year old trees in 
September and October successfully induced 
off-season crop of Huong chi longan and 
brought very high net income (1.99 -2.21 
mill. dong/tree) to longan growing famers in 
Hung yen. 
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