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ABSTRACT 

This research aimed to study the effect of the position of fruits in a tree (inner or outer) and the number 

of fruits per panicle (one, two or three) on the growth and quality of citrus ‘Pontianak’. The study was 

conducted in a citrus orchard in Central Java, Indonesia for two seasons, 2014/2015 and 2015/2016. The 

results indicated that position of fruits on the tree did not influence weight and diameter of fruits, weight of 

fruit pulp, and contents of sugars and total acids. Increasing the number of fruits per panicle decreased the 

weight and diameter of fruits and the weight of pulp but increased the contents of vitamin C and total acids. 
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INTRODUCTION 

 

Fruits of Citrus nobilis ‘Pontianak’ have sev-

eral human health-related benefits (Ezeigbo et al. 

2013). Vitamin C is the most important element and 

its content can be affected by preharvest conditions 

(Magwaza et al. 2017). Citrus fruit grows terminally 

and is distributed randomly in a tree canopy, and 

fruits on outer shoots are exposed to higher light in-

tensity (and temperature) than inner ones. Outer 

fruits at the perimeter of the tree canopy receive 

100% light intensity, whereas inner fruits only re-

ceive about 30% of full light intensity. There is 

a two- to four-fold increase in leaf photosynthetic 

capacity from the bottom to the top of the canopy 

(Meir et al. 2002; Massot et al. 2013). Differences 

in light intensity and temperature influence the 

growth and quality of citrus fruit, mainly vitamin C 

content (Dhillon & Thakur 2014). 

The number of young fruits per panicle in cit-

rus varies and can also influence the growth of fruits 

and the final yield from a tree. So it is important to 

regulate the optimum number of fruits per panicle 

by thinning fruitlets, as was shown for apple (Volz 

et al. 1993). Falivene and Hardy (2008) reported an 

increase in fruit size in citrus by hand thinning and 

by regulating the optimum number of fruitlets per 

panicle because an increase in photosynthesis effi-

ciency. Moreover, an excessive crop load will in-

crease the risk of breaking the tree (Ouma 2012). 

The objective of this study was to evaluate the 

effect of the position of fruit in a tree and the num-

ber of fruits per panicle on growth and quality (pri-

marily vitamin C content) of citrus fruits. 

 

MATERIALS AND METHODS 

 

The study was conducted in a citrus orchard be-

longing to a private owner in Kembangan Village, 

Bukateja District, Purbalingga Regency, Central 

Java, Indonesia, for two seasons, 2014/2015 and 

2015/2016, from October until August. The geo-

graphic coordinates of the study’s location, which 

was at 60 m asl, are 7.44° S and 109.43° E. Soil of 

plots contained 0.132% total nitrogen (N), 0.069% 

P2O5, and 0.057% K2O. At this location, the rainy 

season is from October until April, whereas the dry 

season is from April to October. The average rainfall 
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was 136 mm per month, average air temperature of 

24-36 °C, and average sunshine was seven h per 

day, as measured at a local meteorological station. 

A total of 36 four-year-old trees of Citrus nobilis 

‘Pontianak’ with uniform growth were used in both 

seasons. The trees received agricultural treatments 

typical for this locality. 

The experiment was designed as two-factorial 

with a completely randomized design. The first fac-

tor was the position of fruits in a tree, outer or inner. 

The second factor was the number of fruits per pan-

icle – one, two, or three. Each treatment contained 

six replications. On an average, 20 panicles out of 

about 60 usually growing on the tree were selected, 

and the initial fruit density per tree was about 120 

(21 days after flower petals senesce). At this time, 

the number of fruits per panicle was one, two, or 

three. Four fruits or more per panicle was a very 

scarce phenomenon. The vast majority of citrus 

fruits grow and develop outside, but about 20% of 

fruits grow inside the crowns. Fruitlets were thinned 

manually to leave one, two, or three per panicle in-

side and outside. Outer fruits were at the surface so 

they received 100% light intensity (1550 µmol·m-2·s-1) 

whereas inner fruits were shaded by leaves so they 

received about 30% light intensity (~465 µmol·m-2·s-1), 

as measured with a LX-101 A light meter (Lutron 

Electronic Enterprise Co. Ltd., Taipei, Taiwan). 

All citrus trees were irrigated using furrow ir-

rigation along tree rows. Applied fertilizer dosage 

was based on the yield of harvested citrus fruit (3% 

of weight) and the added nutrients per tree were 473 g 

N, 332 g P2O5, and 95 g K2O (Sutopo 2011). N was 

applied as urea fertilizer (PT Pupuk Sriwidjaja, Pa-

lembang, Indonesia), P2O5 was supplied as SP36 

and K2O was supplied as ZK (PT Petrokimia, 

Gresik, Indonesia). Fertilizers were applied twice, at 

first as 50% of the dosage after harvest, and the re-

mainder four months later. No serious pests or dis-

eases were detected, so no pesticides were applied. 

The observed variables were fruit weight deter-

mined on each of 36 trees in each season at harvest. 

Twenty fruits were harvested from each tree to 

measure diameter with a vernier caliper, and pulp 

and peel weight (w/w). In these fruits organoleptic 

properties (total sugars, total acids, and vitamin C 

content) were evaluated. The contents of total sug-

ars and total acids were evaluated using a colorimet-

ric method, according to Sudarmadji et al. (1989) 

with a UV-Vis spectrophotometer (UV mini-1240, 

Shimadzu, Kyoto, Japan). Vitamin C was measured 

by a titrimetric method (Sudarmadji et al. 1989). 

Data were analyzed statistically by two-way analy-

sis of variance (ANOVA), separately for each year 

of study. Means were separated using the least sig-

nificant difference (LSD) test (p = 0.05). 

 

RESULTS AND DISCUSSION 

 

The weight and diameter of fruits were not de-

pendent on their position on the tree (Table 1). In 

contrast, the number of fruits per panicle influenced 

fruit weight and diameter. The difference in weight 

between fruits grown as single and as three on a pan-

icle was 18% (Table 1). Three fruits per panicle pro-

duced fruits with diameter smaller by a 7% in com-

parison with fruits grown as a single (Table 1). There 

were no differences in fruit weight and diameter be-

tween fruits grown as one or two per panicle. Simi-

larly, Rahmawan et al. (2015) noted that the average 

weight of citrus fruit when panicles had one or two 

fruits was the same, so trees did not required thin-

ning. Moreover, weight of fruits grown in three per 

panicle inside the crowns was bigger than those 

grown outside (data not showed). The most likely 

reason is that inner grown fruits had lower transpira-

tion and higher water content in their shaded leaves. 

In mango, Lechaudel et al. (2013) noted a significant 

decrease in water conductance of well-exposed outer 

fruits compared to inner fruits within the canopy and, 

depending on the position of fruit - on or within the 

canopy, the temperature gradient affected transpira-

tion, as revealed by the water potential gradient. 

Thinning is a procedure that is frequently applied in 

citrus fruit production (Guardiola & García-Luis 

2000; Iglesias et al. 2007; Ouma 2012; Zhou et al. 

2014). Thanks to this procedure more photosynthesis 

products become available for the remaining fruitlets 

thus leading to an increase in the fruit weight and size. 

In contrast, in pummelo Nartvaranant (2016) found 

that thinning fruitlets by 50% did not affect fruit 

weight but increased fruit retention percentage. Fruit 
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thinning has been the subject of study in apple pro-

duction (Racskó 2006; Stover 2000). Thinning fruits 

within clusters effectively increased fruit size, indi-

cating that fruit distribution, as well as total number 

of fruits, was crucial to determine apple size of 

‘Cox’s Orange Pippin’ (Dennis 2000). 

Pulp and peel weight were not influenced by 

fruit position (Table 2). In contrast, weight of pulp 

of fruits grown as three per panicle was 19% smaller 

and fruits grown in two 15% smaller than those 

grown as a single, reflecting the influence of fruitlet 

number on whole fruit weight (Table 1). Weight of 

peel was not affected by fruit position nor the num-

ber per panicle. 

Neither the position of the fruit in the tree 

crown nor the number of fruits per panicle influ-

enced total sugar content (Table 3). Total acids con-

tent was 30% higher in fruits grown as three than 

single and 28% higher than in fruits grown as two 

per panicle. Vitamin C content was influenced by 

fruit position and number of fruits per panicle. Inner 

fruits had 15% lesser vitamin C content than outer 

fruits. Fruits grown in two or three contained 10% 

more vit. C than those grown as single (Table 3).  

Our study shows that the evaluated organolep-

tic properties of citrus fruit were dependent on fruit 

position on the tree and on the number of fruits per 

panicle. In our earlier report, we showed that total 

sugar content in one, two, or three fruits per panicle 

did not differ in citrus ‘Pontianak’ (Rahmawan et al. 

2015). Similar to our experiment, Lee and Kader 

(2000) found that fruits on the outside of the canopy 

exposed to maximum sunlight contained more vita-

min C than fruits on the inside or shaded fruits on 

the same plant. Ghani et al. (2016) and Ezeigbo et 

al. (2013) found that many factors affect vitamin C 

content, one of them being the position of fruit on 

a tree. 

 

Table 1. Effect of the position of fruits in the citrus tree and the number of fruits per panicle on the fruit weight (g) 

and diameter (mm) – means from two seasons. In brackets percent of difference 

 

Position of fruits  

in tree 

Weight of fruit (g) Fruit diameter (mm) 

2014/2015 2015/2016 2014/2015 2015/2016 

Outer 109 ± 8.57a 109 ± 8.45a 61.0 ± 2.89a 61.1 ± 2.83a 

Inner 111 ± 8.58a 111 ± 8.47a 61.9 ± 2.90a 62.0 ± 2.84a 

F value 0.20 ns 0.19 ns 0.64 ns 0.75 ns 

Number of fruits  

per panicle 
    

1 119 ± 8.98b 119 ± 8.78b 63.2 ± 2.95b 63.4 ± 2.78b 

2 113 ± 8.97b  113 ± 8.77b 62.0 ± 2.94b 62.2 ± 2.79b 

3 98 ± 8.66a (-18) 98 ± 8.55a (-18) 59.0 ± 2.68a (-7) 59.1 ± 2.62a (-7) 

F value 23.9* 25.3* 19.7* 23.7* 

Note: ns means are not significant at p = 0.05; * significant at p = 0.05  

Mean values and standard deviation (n = 18 for position of fruits in tree; n = 6 for number of fruits per panicle); values followed 

by different letters within a column, for each factor, are significantly different at p = 0.05 (LSD test); F value – F statistic for main 

effects from ANOVA 
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Table 2. Effect of the position of fruits in citrus tree and the number of fruits per panicle on the weight (g) of pulp and 

peel of fruits (g) – means from two seasons 

 

Position of fruits 

 in the tree 

Weight of pulp (g) Weight of peel (g) 

2014/2015 2015/2016 2014/2015 2015/2016 

Outer 88.4 ± 3.90a 88.6 ± 4.86a 20.5 ± 2.89a 20.4 ± 2.69a 

Inner 87.2 ± 3.89a 87.4 ± 4.84a 23.9 ± 2.90a 23.9 ± 2.70a 

F value 0.10 ns 0.08 ns 4.2 ns 4.1 ns 

Number of fruits  

per panicle 

    

1 95.5 ± 4.92b 95.7 ± 4.51b 23.4 ± 4.63a 23.4 ± 2.74a 

2 90.6 ± 4.91b (-15) 90.9 ± 4.49b (-15) 22.6 ± 4.62a 22.4 ± 2.72a 

3 77.4 ± 3.99a (-19) 77.5 ± 3.22a (-19) 20.5 ± 4.61a 20.5 ± 2.71a 

F value 24.6* 26.8* 3.3 ns 3.4 ns 

For explanation see Table 1 

 

Table 3. Content of total sugar, vitamin C, and total acid in citrus fruits as affected by position of fruits and number 

of fruits/panicle – means from two seasons 

 

Position of 

fruits in the 

tree 

Total sugar (%) Vitamin C (mg·100 g-1) Total acid (%) 

2014/2015 2015/2016 2014/2015 2015/2016 2014/2015 2015/2016 

Outer 7.49 ± 0.64a 7.52 ± 0.61a 19.6 ± 2.43b 19.7 ± 1.94b 0.56 ± 0.068a 0.56 ± 0.065a 

Inner 8.46 ± 0.65a 8.47 ± 0.63a 
16.6 ± 2.03a 

(-15) 

16.7 ± 1.88a 

(-15) 
0.45 ± 0.067a 0.46 ± 0.063a 

F value 4.3 ns 4.3 ns 8.0* 8.8* 4.4ns 5.7ns 

Number of 

fruits/panicle 
      

1 8.02 ± 0.29a 8.02 ± 0.25a 16.9 ± 2.22a 17.0 ± 2.06a 0.45 ± 0.083a 0.46 ± 0.078a 

2 8.39 ± 0.30a 8.36 ± 0.26a 18.5 ± 2.24a 
18.6 ± 2.08b 

(+10) 

0.47 ± 0.084ab 

(+28) 

0.48 ± 0.079ab 

(+25) 

3 7.51 ± 0.28a 7.61 ± 0.23a 18.9 ± 2.25a 
18.9 ± 2.09b 

(+10) 

0.60 ± 0.085b 

(+30) 

0.60 ± 0.082a 

(+30) 

F value 4.7ns 3.6ns 5.1ns 5.7* 12.2* 15.2* 

For explanation see Table 1 

 

CONCLUSION 

 

The following conclusions can be drawn:  

1. Position of fruits on the tree did not influence the 

weight and diameter of fruits, weight of fruit 

pulp, and contents of sugars and total acids. 

2. Increased number of fruits per panicle decreased 

the weight and diameter of fruits and the weight 

of pulp but increased the contents of vitamin C 

and total acids. 
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