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ABSTRACT 

This investigation was carried out during two successive seasons of 2016/2017 and 2017/2018 
in a private orchard at El-Salhia region, Sharkia governorate, Egypt. Nine years old Valenica orange 
trees (Citrus sinensis L.) budded on sour orange (Citrus aurantium, B) rootstocks, grown in sandy soil 
and spaced 5x 5 apart subjected to drip irrigation system. The experiment involved the following six 
treatments, i.e., control (water spray only), GA3 at 50 ppm, NAA at 25 ppm, Borest compound 500 
ppm, GA3 at 50 ppm + borest compound at 500 ppm and NNA at 25 ppm + Borest compound at 500 
ppm. All treatments were sprayed twice, at 25 % of flowering and at full bloom. 

The results of this study demonstrated that, GA3 at 50 ppm, NAA at 25 ppm and borest 
compound at 500 ppm alone or in combinations improved number of fruits per tree, yield and fruit 
quality. Consequently, it is preferable to spray Valencia orange trees with 50 ppm GA3 combined with 
500 ppm borest compound at 50 ppm to enhance tree yield and fruit quality. 
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Introduction 

Orange trees have a high economic value and considered one of the important fruits crops in 
Egypt. It is one of the major sources of vitamin C of human diet (Marti et al., 2007). Valencia orange 
is considered a prime and popular citrus cultivar, which is beneficial for local consumption and 
exports and expected to boom in the future. 

In Egypt most of the new reclaimed areas are cultivated with fruit trees especially citrus. 
Valenica orange trees  are grown in new reclaimed soils such as sandy one which is usually poor in 
their nutrients content have low organic  matter and lower  in catching  water, with high nutrients 
leaching losses that led to lower nutrient uptake by plant and has negative effect on vegetative growth 
, yield and fruit quality. 

Therefore, tree grown  in this soil needs more attention in cultural practices such as fertilization, 
foliar spray with minerals and growth regulators to enhance growth, yield and fruit quality.   
Plant growth regulators play an important role in the growth, flowering and fruit set of different crops, 
particularly gibberellic acid and naphthalene acetic acid, they it encourage fruit set and reduce fruit 
drop in many citrus species and varieties (Greenberg et al., 2000 ; Almeida et al., 2004; 
Thirugnanavel et al., 2007; Mansour and Eissa, 2008; Saleem et al., 2008;  Mohamed et al., 2011; 
Muñoz-Fambuena et al., 2012;  Hanafy et al., 2012 ;  Baghdady et al., 2014; Khan et al., 2014;  
Rokaya et al., 2016 and   Hifny et al. 2017). 

 Boron has a major role in enhancing cell division, biosynthesis of carbohydrates and proteins, 
pollination and fertilization of the flowers, movement of sugars and fungi control (Nijjar, 1985). It 
plays an important role in improving fruit setting through encouraging germination and growth of 
pollen grains. 

It has been reported that , growth flowering , fruit setting, yield and fruit quality  in citrus crops 
are positively affected by the application of boron  (Hassan 1995a and 1995 b; Qin and Qin  1996; 
Ahmed et al., 1996 and Abd-El-Wahab, 1999 ) on Washington navel oranges, (Hegab et al., 2003 , 
Habasy et al. 2016 and  Hikal et al. 2017) on orange. 

Therefore, the present study was undertaken to investigate the effect of boron application, GA and 
NAA on fruit set, fruit retention and fruit quality of Valencia orange trees. 
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Materials and Methods 

This investigation was carried out during two successive seasons of 2016/2017 and 2017/2018 in 
a private orchard at El-Salhia region, Sharkia governorate, Egypt. Nine years old Valenica orange 
trees (Citrus sinensis L.) budded on sour orange (Citrus aurantium, B) rootstocks, grown on sandy 
soil and spaced at 5x 5 apart subjected to drip irrigation system. 

The experimental trees have been subjected to the same fertilization, irrigation, pruning and pest 
control practices that usually done at El-Salhia region. The selected trees were healthy, nearly uniform 
in shape and size and productivity. 
   
The experiment involved the following six treatments  
1. Control ( water spray only) 
2. GA3 at 50 ppm 
3. NAA at 25 ppm 
4. Borest compound 500 ppm 
5. GA3 at 50 ppm + borest compound at 500 ppm 
6. NNA at 25 ppm + Borest compound at 500 ppm. 
 

All treatments were sprayed twice, (at 25 % flowering and at fullbloom). Each tree was sprayed 
with 10 liters of the sprayed solutions. 

To determine fruit set, four main branches on each tree were chosen. The number of flowers on 
each branch for every treatment was counted and recorded. After patel-fall the number of setting fruits 
on each branch was counted by using the following equation: 

 

Fruit set % = 
Total number of set fruits 

x 100 
Total number of flowers 

 
The remained fruitlets on the pervious branches were counted. Thereafter, the remained fruits 

were recounted at the end of June and December of each season to estimate June and preharvest fruit 
drop percentages as well as retention percentage, respectively. 

 
Measurement at harvest: 

 When the fruits reached the harvesting stage, the yield was determined as fruits weight per tree 
(kg) and a sample of 12 fruits was taken for every replicate and the following characteristics were 
determined: 
- Fruit weight (g) 
- Pulp and peel weight (g) 
- Juice volume (cm3)  
- Soluble soils content % (SSC) 
- Titratable acidity (TA) %, expressed as percent of citric acid and determined according to the 

methods of A.O.A.C. (2005). 
- SSC/TA ratio was calculated  
- Ascorbic acid (V.C) mg/100 ml juice was determined by titration against 2,6 dichlorophenol  

indophenol blue dye, according to the  method of A.O.A.C. (2005). 
 
Statistical analysis  

The obtained data were statistically tested for analysis of variance using M-STAT and the 
significant differences among the various treatments were compared using LSD values at probability 
of 0.05 according to Walter and Duncan (1969). 

 
Results and Discussion 
 
Fruit set and retention percentage 

Results in Table (1) show that all spraying treatments had a significant effect on fruit set and 
retention (%) than the unsprayed treatment in both seasons. Spraying orange trees  with  NAA + B  
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recorded the highest fruit set  ( 72.34 and 70.34 %)  and fruit retention  ( 3.42 and 3.42 % ) , followed 
by  the trees sprayed by GA3 (65.36  and 61.36 %) fruit set  and (2.91  and 2.90 % ) fruit retention , 
while  unsprayed  trees  recorded the lowest values (48.04 and 46.04%)  for fruit set ( 1.0 and 1.0 %  
for fruit retention in the 1st and 2nd seasons, respectively. Spraying trees with B recorded the 
intermediate values with fruit set and fruit retention in both seasons. 
 
Table 1: Effect of   foliar spray with some growth regulators and boron on   fruit set and fruit 

retention (%) of Valencia orange during 2016/ 2017 and 2017/2018 seasons) 

Treatment 

Fruit set  
 (%) 

Fruit retention 
  (%)  

1st  
season  

2nd  
 season 

1st  
season  

2nd   
season 

Control 48.04  e 46.04  d 1.00  e 1.00  e 
GA3 65.36  b 61.36  b 2.91 b 2.90  b 
NAA 55.28  c 52.28  c 1.94  c 1.95  c 
B 52.21  d 50.21  c 1.61  d 1.60  d 
GA3+B 52.88  d 50.88  c 1.61  d 1.62  d 
NAA+B 72.34  a 70.34  a 3.42  a 3.42  a 
GA3 at 50 ppm, NAA at 25 ppm, B as borset  compound  15 % B with 500 ppm 

 
Yield and fruit quality  

Data  in  Tables 2 and 3 indicated that  spraying  orange trees with GA3, NAA and B   
individually or in  combinations  had  significant   increase  in yield, fruit weight,  number of  fruits/ 
tree,  yield /tree , peel  and pulp weight as well as Pulp/ fruit  ratio in both seasons. 

Spraying orange trees with B recorded the highest values of fruit weight, pulp weight and pulp/ 
fruit ratio in both seasons, while spraying the mixture of NAA+B gave the highest number of fruits/ 
tree and yield / tree.  Peel weight value was the highest with the trees sprayed with the mixture with 
GA3+B. 

  
Table 2: Effect of    foliar spray with some growth regulators and boron on  yield  and its components  

of  Valencia  orange   during 2016/ 2017 and 2017/2018  seasons) 

Treatments  

Fruit weight   
(g) 

Fruit number / tree Yield / tree  
( kg) 

Relative increases 
in  yield of tree (%)  

1st  
season  

2nd  
 season 

1st  
season  

2nd   
season 

1st  
season  

2nd   
season 

1st  
season  

2nd   
season 

Control 179.87 e 188.78  b 155.3  e 154.7 e 27.94 e 29.22  e 00.0 00.0 
GA3 188.77 d 179.97  c 450.0 b 449.8  b 84.95  b 80.96 b 204.0 177.1 
NAA 208.30 b 213.07a 300.0 c 301.9  c 62.49  c 65.52  c 123.7 124.2 
B 217.78  a 217.07 a 250.1 d 248.8 d 54.47  d 53.02  d 95.0 81.5 
GA3+B 212.30ab 211.67 a 250.7 d 251.6 d 53.24  d 53.26  d 90.6 82.3 
NAA+B 197.87  c 189.47 b 629.8 a 629.9 a 124.64a 119.35 a 346.1 308.5 
 GA3 at 50 ppm, NAA at 25 ppm , B as  borset  compound  15 % B with 500 ppm 

 
Table 3: Effect of foliar spray with  some growth regulators and  boron on    fruit physical characters 

of  Valencia  orange   during 2016/ 2017 and 2017/2018  seasons) 

Treatment 

 Peel  weight    
(g) 

Pulp weight 
 (g) 

Pulp/ fruit  ratio 

1st  
season  

2nd  
 season 

1st  
season  

2nd   
season 

1st  
season  

2nd  
 season 

Control 39.94   bc 36.78    c 139.92     d 151.99   b 0.77     d 0.80  ab 
GA3 37.10     d 41.73   bc 151.67    c 138.23    c 0.80   b 0.76    c 
NAA 43.83  a 42.53   b 164.47   b 174.53  a 0.79    c 0.80  ab 
B 38.31    cd 38.26   bc 179.47  a 174.80  a 0.82  a 0.82  a 
GA3+B 42.26  ab 59.10  a 170.03   b 152.57   b 0.80   bc 0.72     d 
NAA+B 33.55      e 39.40   bc 164.31   b 150.07   b 0.83  a 0.79   b 
GA3 at 50 ppm, NAA at 25 ppm, B as  borset  compound  15 % B with 500 ppm 
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The increases  in total yield / tree  were about 346.1 and 308.5 % for  the mixture of NAA+B, 
followed by GA3  treatment ( 204.0 and 177.1 %) , while NAA  gave ( 123.7 and 124.2 %) , finally B 
treatment ( 95.0 and 81.5 %) over control treatment  in the 1st and 2nd seasons, respectively. 

The increase in fruit weight may be attributed to the increase in cell division and cell elongation 
caused by NAA and GA3 (Ranjan et al. 2003). Agrawal and Dikshit, (2008) reported that the 
application of NAA increased fruit weight and yield by causing cell elongation through enlargement 
of vacuoles and loosening of cell wall after increasing cell wall plasticity. Also Stern et al. (2007) 
reported that treatments of NAA encourage cell expansion in the fruit mesocarp, which in turn, causes 
an increase in fruit volume and yield. 

These results are harmony with those reported with Hanafy et al.  (2012),  Khan et al. (2014)  
Rokaya et al. (2016)   and  Hikal et al. (2017). They reported that spraying orange with GA3, NAA, B 
on the mixture or individually increased yield and its components than unsprayed one. 

 
Fruit quality  

Results   in Table (4) indicated that, all spraying treatments had affected fruit quality such as  
juice  volume, TSS, acidity, TSS and Vit. C in both seasons 
As for juice volume  results showed that  spraying  trees with GA3 gave the highest values of  juice 
volume (119.5 and 122.0) agnist (74.17 and 75.83 ) for unsprayed trees in the 1st  and 2nd seasons, 
respectively. 

Concerning TSS, acidity,  and TSS/acid ratio the results indicated that  spraying trees with the 
mixture with GA3+B  recorded the maximum TSS ( 13.90 and 14.00) and TSS/acid ratio (10.29 and 
10.53) and  minimum  acidity ( 1.35 and 1.33 %)  in the 1st and 2nd seasons, respectively.  
Regarding Vit. C results showed that, spraying the mixture of NAA+B  was the best treatment for 
increasing Vit. C contents in fruit (44.83 and 44.26) in the 1st and 2nd seasons, respectively. 
 
Table 4: Effect of    foliar spray with some growth regulators and boron on fruit chemical characters 

of  Valencia  orange   during 2016/ 2017 and 2017/2018  seasons) 
Treatment  Juice volume 

(cm3) 
TSS  brix 

Acidity 
(%) 

TSS/ acid ratio 
Vit. C  (mg/100 

ml juice) 
1st 

season 
2nd 

season 
1st 

season 
2nd 

season 
1st 

season 
2nd 

season 
1st 

season 
2nd 

season 
1st 

season 
2nd 

season 
Control 74.17  b 75.83 d 13.23 b 13.33 b 1.53 a 1.54  a 8.76  c 8.66  d 38.33 d 36.66 e 
GA3 119.50 a 122.00a 12.26 d 12.33 d 1.51b 1.52  b 8.01   e 8.09   e 38.33 d 38.16 d 
NAA 81.63 ab 112.54ab 13.00 c 12.96  c 1.51b 1.50   c 8.61  d 8.62  d 40.80  c 41.30 b 
B 100.01ab 94.47  c 13.10bc 13.06bc 1.36 d 1.35    e 9.63   b 9.68  b 40.40 c 39.00 c 
GA3+B 92.75 ab 103.40bc 13.90 a 14.00 a 1.35 d 1.33   f 10.29  a 10.53  a 42.80 b 44.23  a 
NAA+B 101.67ab 76.70 d 12.40 d 12.30 d 1.41 c 1.38   d 8.79    c 8.89  c 43.83  a 44.26  a 
GA3 at 50 ppm, NAA at 25 ppm, B as  borset  compound  15 % B with 500 ppm 

 
The obtained results are in contract with that reported by Baghdady et al. (2014) who reported 

that spraying Valencia orange trees with GA3 at concentrations 15 or 25 ppm at full bloom stage 
increased fruit juice in comparison with those of control. Also, Rokaya et al. (2016) reported that the 
increase in juice percentage of mandarin may be explained by the fact that hormones play a regulating 
role in the mobilization of metabolites within a plant and it is well established fact that developing 
fruits are extremely active metabolic “sinks” which mobilize metabolites and direct their flow from 
vegetative structure. 

These obtained results are in contract with that of Hikal (2017) on Washington navel orange who 
found that TSS/acid ratio of fruits was improved while fruit total acidity was reduced by foliar spray 
with GA3 at 25 ppm+ NAA at 20 ppm. 
 
Conclusion 

 The results of this study demonstrated that, GA3 at 50 ppm, NAA at 25 ppm and borest 
compound at 500 ppm alone or in combinations improved number of fruits per tree, yield and fruit 
quality. Consequently , it is preferable to foliar spray Valencia orange trees with 50 ppm GA3 
combined with  500 ppm borest compound foliar spray at 50 ppm to enhance tree yield and  fruit 
quality. 
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