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ABSCTRACT 
This study aimed to produce Siamese orange fruits all year through the application of flower-inducing 

substance and calcium fertilizers. The research was conducted in Susut District, Bangli Regency, Bali Province, 

Indonesia, from February to September 2020. The experiment used a factorial randomized block design with 2 

factors and 3 replications. The first factor was the dose of potassium nitrate as the flower-inducing agent 

consisting of 4 levels (0, 20, 40 and 60 g/tree), while the second factor, the dose of calcium fertilizer consisted of 

3 levels (0, 250 and 500 g/tree). The results showed that the interaction between potassium nitrate and calcium 

doses had a significant effect on weight per fruit and fruit weight per tree. The highest weight per fruit and fruit 

weight per tree were obtained in the combination of potassium nitrate dose of 40 g/tree with a dose of calcium 

fertilizer 500 g/tree, namely 151.90 g and 59.49 kg, or an increase of 40.22% and 222.61% if compared to 

control with weight per fruit and fruit weight per tree were 108.33 g and 18.44 kg. Giving potassium nitrate at a 

dose of 40 g/tree increased the number of fruit and fruit weight per tree, thereby prolonging the fruit harvest 

period. The application of calcium fertilizer at a dose of 500 g/tree increased the number and yield of fruit per 

tree and increased fruit diameter significantly higher than the control.  
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I.  INTRODUCTION 
Oranges are the third most important fruit commodity in Indonesia after bananas and mangos, both in 

terms of production quantity and consumption needs as well as of their trade value. Siamese orange (Citrus 

nobilis var. Microcarpa Hassk) is one of the most cultivated citrus types and dominates 60% of the national and 

regional citrus market [4]. In Bali Province, Siamese orange is a fruit of high economic value. It is needed in 

large quantities for tourism and domestic consumption. 

The obstacle faced by Siamese orange farmers currently is that the production is seasonal, where at the 

main harvest time (on-season period) the plants produce a lot of fruits, but the quality is low with small sizes so 

that the selling price is low. On the other hand, outside the main harvest time (off-season period), the plants do 

not bear fruit, so there is no supply of fruit and farmers do not get income. This situation is not profitable from 

an agribusiness perspective. Therefore, it is necessary to overcome so that at on-season period the amount of 

production is not excessive but the quality of the fruit is prime, and at off-season the plants can still produce 

fruits so the fruit of Siamese orange be available all year. 

The production potential of Siamese orange can reach 25 t/ha [15], however, according to [6] the 

production obtained by farmers in production canters of Siamese orange is only 2.9 t/ha. According to [17] the 

production of Siamese orange tree at the farm level is only 40-70 kg, much lower than its potential production. 

This occurred because the maintenance carried out by farmers is inadequate; especially fertilization that is not 

according to recommendations, both regarding the type of fertilizer and the time and method, and no action is 

taken that can stimulate the growth of flowers, such as giving flower-inducing compounds. 

The low quality of fruit during the main harvest time occurs because farmers allow their plants to bear 

fruit without being accompanied by good and correct cultivation practices, especially the lack of balanced 

fertilization. [15] and [2] stated that citrus plants can produce well if they are fertilized with organic fertilizers 

and fertilizers containing N, P, K, Ca, and Mg nutrients with the right dosage and application time. The results 

of the study by [11] showed that giving calcium fertilizer in the form of dolomite increased the size and 

diameter of Siamese orange fruit. The size and diameter of Siamese orange fruit at a dose of 600 g/tree of 

calcium were higher than at a dose of 400 g/tree, but at a dose of 400 g/tree were significantly higher than that 

of controls (without calcium fertilizer). [16] found that application of Ca fertilizer in the form of gypsum 700 

g/tree gave the highest fruit weight per tree, namely 28.58 kg, an increase of 66.36% compared to without 
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giving gypsum which was 17.18 kg. According [18], in adult plants even though the soil pH is neutral, giving 

low doses of dolomite (± 1 kg tree) is necessary to maintain the availability of Ca and Mg because the amount of 

Ca transported by fruit is relatively the same as the element of P. Dolomite is a lime compound which contains 

calcium (Ca) 8-12%, and magnesium (Mg) 18-22%.  

Induction (stimulating) flowering so that fruit plants can bear fruit all year can be done by chemical 

agent, among others, by applying potassium nitrate (KNO3), potassium chlorate (KClO3), or ethepon [8, 19, 23]. 

KNO3 is one type of flower-inducing substance that has been available in the market, which contains a 

combination of the elements N (nitrogen) and K (potassium) in the form of K2O. Potassium contained in KNO3 

has an effect as a balancing act when plants have excess nitrogen. This fertilizer is very effective to use because 

the potassium (K2O) content is quite large, namely 46% and the N content of 13% which can be applied through 

the soil [22]. 

Potassium nitrate (KNO3) is the flower-inducing compounds that can be used to induce flowers. The 

ability of KNO3 to break bud dormancy according to [19] are related to the role of K
+
 ions in increasing the 

translocation of sucrose, increasing the rate of transport of sucrose to the apoplasts of leaf mesophyll cells, 

increased loading on the phloem and the direct effect of increasing osmotic pressure. Application of KNO3 was 

reported by [9] and [10] that the substance can be used to stimulate off-season fruit production in mangoes 

because it can break dormancy of flower buds. In the Philippines, the use of potassium nitrate in mangoes has 

even been carried out since 1979 and from this discovery it has enabled the Philippines to produce mangoes of 

Pico, Carabao and Pahutan cultivars all year so that a continuous supply of mangoes can be done throughout the 

year [12]. The recommendation in using of KNO3 for fruit trees is 50 g/tree, giving it can be done by sprinkling 

around the roots or spraying on the leaves [9].  

 

II. RESEARCH METHOD 
This research was conducted in the Siamese orange plantation owned by farmers in Susut District, 

Bangli Regency, Bali Province, Indonesia, from February to September 2020. The study used a randomized 

block design (RBD) which was arranged in a factorial with 2 treatment factors. The first factor was the 

application of the dose of potassium nitrate as the flower inducer (K) consisting of 4 levels, i.e. 0 g/tree (K0), 20 

g/tree (K1), 40 g/tree (K2) and 60 g/tree (K3). While the second factor was the dose of calcium fertilizer in the 

form of dolomite (C) consisting of 3 levels, i.e. 0 g/tree (D0), 250 g/tree (D1), and 500 g/tree (D2). Thus, there 

were 12 combination treatments and each of them was repeated 3 times so needed 36 sample trees. 

Giving dolomite was carried out earlier than giving flower induzer substances by spreading it in the soil 

around the tree at a distance of 40-50 cm from the base of the stem, according to the treatment dose. The 

purpose of giving dolimite early was so that the plant growth healthy before it was induced to flower. Potassium 

nitrate as the flower-inducing agent was given 2 weeks after giving calcium fertilizer. Potassium nitrate 

according to the treatment dose was dissolved in one liter of water then sprinkled through the soil in a circle at a 

distance of 40-50 cm from the base of the tree. The sample trees were maintained intensively including pruning 

branches, twigs and leaves that were attacked by disease in order to reduce assimilate competition. 

The variables observed included number of flowers per tree, number of fruits per tree, percentage of 

fruit-set, fruit weight per tree, weight per fruit, fruit diameter, leaf chlorophyll content, leaf relative water 

content, total sugar, reducing sugar, and sucrose content of leaves. Data were analyzed with variance according 

to the design used in research activity. If F test of the interaction was significant different, then it should be 

followed by Duncan test of 5%, whereas if F test of the interaction was not significant, the single factor tested 

by LSD of 5%. 

 

III. RESULTS AND DISCUSSIONS 
The results showed that the interaction between potassium nitrate and calcium fertilizer had only a 

significant effect on weight per fruit and fruit weight per tree. The highest fruit weight per tree was obtained on 

the combination of potassium nitrate dose of 40 g/tree with calcium fertilizer at a dose of 500 g/tree (K2D2), 

namely 59,49 kg, or an increase of 222.61% when compared to control (K0D0) with fruit weight per tree was 

18.44 kg. The high fruit weight per tree in K2D2 was supported by the increase of weight per fruit, whereas the 

highest weight per fruit was obtained in K2D2 (151.90 g), or an increase of 40.22% compared to K0D0 (108.33 g) 

(Table 1). The increased of fruit weight per tree and weight per fruit in K2D2 was due to the influence of 

potassium nitrate and calcium fertilizers working together in influencing plant metabolisms, especially in the 

process of flowering and fertilization. Potassium nitrate is a flower inducer that is effective in overcoming 

generative bud dormancy, which is indicated by the induced buds that can develop further to produce flowers. 

Meanwhile, calcium fertilizer in the form of dolomite has a function apart from being a neutralizer for soil pH as 

well as providing nutrients, especially Ca and Mg. The two elements, Ca and Mg, have the same function in 

preventing flowers and fruit drop so that the flowers and fruits that are formed higher [11, 16]. 
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Table 1. Weight per fruit and fruit weight per tree on the interaction between potassium nitrate and calcium 

fertilizer 
Variables Weight per fruit (g) Fruit weight per tree (kg) 

Treatments Calcium fertilizer  (D) Calcium fertilizer  (D) 

Potassium nitrate  (K) D0 D1 D2 D0 D1 D2 

K0 108.33 g 115.30 cd 119.80 def 18.44 d    23.41 bcd    23.67 bcd    

K1 116.30 def 125.30 c 129.33 f 38.61 bc    33.57 bcd    39.17 bc    

K2 121.10 ef 137.87 b 151.90 a 30.19 bcd    41.37 bc    59.49 a    

K3 121.50 cde 136.73 b 143.00 b 44.21 ab    38.98 bc    40.98 bc    

Note:  Numbers followed by the same letter in the same column and lane and diagonally showed no significant 

difference in Duncan's test of 5%.   

 

On the single factor the dose of potassium nitrate, the number of flowers per tree in K1, K2, and K3 was 

significantly higher than that of in K0. In addition, the percentage of flowers that developed into fruit (fruit-set) 

in K1, K2, and K3 was also significantly higher than that of in K0. Both of them caused the number of fruits per 

tree in K1, K2, and K3 to be significantly higher than in K0 (Table 2). The higher number of flowers and number 

of fruits per tree in K1, K2, and K3 were associated with higher leaf relative water content and leaf chlorophyll 

content at these treatment levels compared to K0. The increased in chlorophyll content and leaf water content 

causes the photosynthetic process increase because chlorophyll and water play very important roles in the 

photosynthetic process so that more assimilates are produced [5]. The increased in the photosynthesis process in 

the K1, K2 and K3 levels was evident from the higher content of total sugar, reducing sugar, and sucrose of 

leaves (Table 3). The increase in total sugar, reduction sugar and sucrose content of leaves caused the allocation 

of photosynthetic to the fruit organs increase, thereby increasing fruit diameter (Table 2), weight per fruit and 

fruit weight per tree (Table 1). The increased in the weight per fruit and number of fruits per tree in this study 

caused the span of the harvest period for the provision of potassium nitrate to be longer so that if the regulation 

of potassium nitrate treatment was carried out properly, the Siamese orange could bear fruit all year. The ability 

of KNO3 to induce flower according to [7] was related to the role of K
+
 in increasing the translocation of 

sucrose, increasing the rate of transport of sucrose in leaf mesophyll cells, and increasing osmotic pressure. 

KNO3 with essential nutrients, namely potassium (K) and nitrogen (N), was reported by [9] that the substance 

can be used to produced off-season fruits of mangoes because it can break flower bud dormancy. [6] found that 

guava giving KNO3 concentration of 1.5% by spraying the leaves during the enlargement phase of the fruit had 

a significant effect on improving fruit quality as indicated by the increase in vitamin C content, total dissolved 

solids, storage time, and the level of damage of fruit. The same thing was obtained by [4] on tomatoes. Based on 

this description, it can be concluded that giving KNO3, besides being able to increase harvest continuity, can 

also improve fruit quality of Siamese orange. 

On the single factor the dose of calcium fertilizer, the higher the dose of calcium fertilizer, the higher 

number of flowers per tree and percentage of fruit-set, but statistically the dose of D2 was not significantly 

different from the dose of D1. The higher number of flowers per tree and the increasing percentage of fruit-set in 

D2 and D1 caused the number of fruits per tree in D2 and D1 to be significantly higher than control (D0) (Table 

2). This showed that the application of calcium fertilizer in the form of dolomite can increase the number of 

flowers and reduce the number of fallen fruits so that the number of fruit harvested per tree increases. This 

condition is related to the increase in chlorophyll content and the relative water content of leaves with calcium 

application, and this caused the photosynthesis process increase as indicated by the increase in the total sugar, 

reducing sugar and sucrose content of leaves (Table 3). Calcium plays a very important role in relation to cell 

wall integrity [14, 24]. According to [21] calcium is the most important nutrient for maintaining cell wall 

integrity and cell membrane elasticity in fruit trees. Fruit trees that are deficient in calcium cause cell 

membranes to be weak and leaky, the fruit is easy to soften and rot, susceptible to pests and diseases, and cannot 

stand long storage. The results of the research by [20] showed, apples that received adequate calcium 

fertilization, rotten fruit and were attacked by botrytis cinerea fungus were lower than those of control.  

 

Table 2. Number of flowers per tree, percentage of fruit-set, number of fruits per tree, fruit diameter, relative 

leaf water content, and leaf chlorophyll content in the treatment of potassium nitrate and calcium fertilizer 

 
 

Tretaments 

Number of 

flowers per tree 

(unit) 

Percentage of 

fruit-set (%) 

Number of 

fruits per tree 

(unit) 

Fruit diameter 

(cm) 

Relative leaf 

water content 

(%) 

Leaf chlorophyll 

content (SPAD) 

Potassium nitrate (K) 

K0 236.11 c 89.83 b 186.33 c 6.08   d 80.32 b 82.33  d 

K1 272.11 b 95.63 a 245.00 b 6.33   c 87.06  a 84.55  c 

K2 345.55 a 96.34 a 325.66 a 6.81   a 88.66  a 87.90 a 

K3 341.78 a 95.29 a 318.44 a 6.57   b 88.03  a 85.88 b 

LSD 5% 34.10 2.90 49.35 0.15 5.76 0.06 
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Calcium fertilizer  (D) 

D0 232.92 b 88.92 b 200.75   b 6.23   b 80.54 b 80.11   c 

D1 273.75 ab 94.92 a 256.83  ab 6.57   a 82.54 ab 86.07   b 

D2 294.75 a 96.25 a 279.42   a 6.58   a 87.86 a 90.01   a 

LSD 5% 55.55 3.34 56.98 0.18 6.65 0.09 

Note:  The number followed by the same letter in the same column showed a significantly different level of LSD 

test at 5%. 

 

Table 3. Total sugar, reducing sugar, and sucrose content of leaves on potassium nitrate and the dose of calcium 

fertilizer treatment 

Treatments 

Total sugar content of leaves 

(%) 

Reducing sugar content of 

leaves (%) 

Sucrose content of leaves 

(%) 

Potassium nitrate (K) 

K0 15.69  d 5.83  d 9.86  c 

K1 19.86  c 7.41  c 12.45 b 

K2 26.75  a 10.98 a 15.77 a 

K3 22.97  b 9.85 b 13.12 b 

LSD 5% 1.67 0.66 1.55 

Calcium fertilizer  (D) 

D0 17.69 c 5.98 c 11.71 c 

D1 22.85 b 7.73 b 15.10 b 

D2 28.50 a 9.52 a 18.98 a 

LSD 5% 1.72 0.88 1.93 

Note:  The number followed by the same letter in the same column showed a significantly different level of LSD 

test at 5%. 

 

IV. CONCLUSION 
The highest weight per fruit and fruit weight per tree was obtained in the combination of potassium 

nitrate at a dose of 40 g/tree with calcium fertilizer at a dose of 500 g/tree, namely 151.90 g and 59.49 kg or an 

increase of 40.22% and 222.61% if compared to the control with weight per fruit and fruit weight per tree 

108.33 g and 18.44 kg. Giving potassium nitrate at a dose of 40 g/tree increased the number of fruit and fruit 

weight per tree, thereby prolonging the fruit harvest period and indicated that Siamese orange can be done for 

fruiting all year. The application of calcium fertilizer at a dose of 500 g/tree increased the number and yield of 

fruit per tree and increased fruit diameter significantly higher than the control (without calcium fertilizer). 
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