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ABSTRACT 
 
 The present study was carried out during 2010 and 2011 growing seasons on 8 years old plum trees (Prunus 
salicina, L.) cv. Hollywood budded on Mariana rootstock in order to investigate the effect of spraying 20 ppm 
NAA or GA3, 5 ppm BA either alone or in combinations and 4mM Putrescine at full bloom on fruit set, fruit 
drop, fruit retention, tree yield and fruit quality. The obtained data indicated a significant increase in fruit set, 
retention, tree yield as well as, a decrease in fruit drop by all foliar treatments compared with water sprayed 
control trees. Fruit quality characteristics, were improved by all sprayed compounds. In general, applying NAA, 
GA3 and BA in combinations indicated better results than applying each compound alone. Also, Putrescine 
showed similar results to those obtained by the combined applications of NAA, GA3 and BA. 
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Introduction 
 
 The Hollywood plum is one of the Japanese varieties that grow well under the Egyptian environmental 
conditions due to their low chilling requirements compared to the European plums. The total area of plum in 
Egypt was 1693 hectares in 2000 and reached  1034 hectares in 2012, and the average yield productivity was 
10.337 ton ha-1 in 2000, and reached 7.133 ton ha-1 in 2012 (F.A.O., 2012). This reduction in the cultivated area 
and average productivity could be due to the unfavorable weather conditions during blossoming for insect 
activity and pollination, especially for self incompatible varieties. Plums and apricots flower earlier in spring at 
times when weather conditions are less predictable and often unfavorable for the activity of insect pollen 
vectors, particularly to self-sterile cultivars which require cross pollination for effective fruit set (Webster and 
Spencer, 2000). Accordingly, without probable and succeeded cross pollination, the trees would be subjected to 
a weak fruit set, as well as high percentage of fruit drop. Enhancing fruit set could be achieved by reducing 
flowers drop and increasing the percentage of fertile flowers by expanding the effective period of pollination 
and increasing ovule and pollen viability, as well as enhancing pollen tube growth, which will all lead to 
increase the incidence of setting fruits. Different plant growth regulators are reported to affect fruit set through 
playing an important role in such physiological processes (Crisosto et al., 1992; Song and Tachibana, 1999 and 
Wolukau et al., 2004).  
 Tree drops its fruit when the concentration of auxins decreases and the concentration of abscisic acid 
increases (Browning, 1986 and Marinho et al., 2005), as the endogenous hormones and their balance play a 
modulating role in the mobilization of nutrients to the developing organs. Accordingly, in addition to relative air 
humidity available, the number of fruits retained after set until harvest could be highly related to the fertilizing 
regimes established, orchard management and growth regulators applications (Abd El-Mageed, 1992; Hrivnal, 
1996 and Kassem et al., 2010). Therefore, the effective role of exogenous applied growth regulators on yield 
and fruit quality of several fruit trees species were investigated ( Kassem, 1991; Nosal, 1995 and Ceylan and 
Atalay, 1999). 
 In this respect, the present study was conducted in El-Tarh region, El-Behera governorate, Egypt, where 
fruit set and fruit drop, especially initial drop, are very disturbing problems to plum growers in this area which 
affect tree productivity. The present study was carried out in order to investigate the effect of spraying 
Hollywood plum trees at full bloom with naphthalene acetic acid, gibberelic acid, benzyl adenine and putrescine 
on  fruit set, fruit drop, fruit retention, tree yield and fruit quality. 
 
Material and Methods 
 
Experimental site and plant material: 
 
 The present study was carried out on 8 years old plum trees cv. Hollywood (Prunus salicina, L.) budded on 
Mariana rootstock in a private orchard at El-Tarh region, El-Behera governorate, Egypt. Twenty four trees were 
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selected as uniform as possible in growth and vigor and were subjected to foliar treatments at full bloom. Trees 
were grown in a clay loamy soil with 120 cm water table depth, pH of 7.8 – 7.9 and at 4 x 5 m apart. Trees were 
subjected to the same cultural practices usually done in the orchard and irrigated every two weeks with surface 
irrigation system. 
 
Treatments and statistical design: 
 
 Trees were sprayed once at full bloom (11thMarch in the first season and 8th March in the second one) with 
20 ppm NAA, 20 ppm GA3, 5 ppm, benzyl adenine (BA) either alone or in combinations, as well as, 4mM/l 
putrescine (Put). Treatments were arranged in a randomized complete block design (RCBD) with three 
replicates for each treatment and a single tree per replicate. The surfactant New Biofilm (0.3ml/ l water) was 
added to all sprayed chemicals in order to obtain best spraying results and each tree was sprayed with 5 liters of 
the spraying solution until run-off.  
 
Measured parameters: 
 
1. Fruit set: 
 
 Two main branches from each tree were selected and tagged for recording data of total number of flowers at 
full-bloom in March and total number of fruits after fruit set (developed fruitlets) in April. These data were used 
in calculating the percentage of fruit set using the following equation: 
 

100
flowers ofnumber  Total

fruitlets developed ofnumber  Total
  (%)set Fruit ×=  

 
2. Fruit retention and fruit drop: 
 
 On the same selected branches, the number of fruits retained after one month from fruit setting (May) was 
recorded and the percentage of initial fruit retention and drop was calculated according to the following 
equations: 
 

100
fruitlets devleoped ofnumber  Total

Mayin  fruits ofnumber  Total
  (%)retention fruit  Initial ×=   

 
Initial fruit drop (%) =  100  - Initial fruit retention 
 
Also, the percentage of preharvest fruit drop and final fruit retention was calculated as follow: 
 

100
Mayin  fruits ofnumber  Total

meharvest tiat  fruits ofnumber  Total
  (%) me)harvest ti(at retention fruit  Final ×=  

 
Preharvest fruit drop (%) = 100 – Final fruit retention 
 
3. Tree yield: 
 
 Trees were harvested in mid-June when the fruits reached the ripening stage. Fruits from each replicate 
were collected and weighed and yield was estimated as Kg fruits per tree (Kg/tree).  In addition, the increment 
in fruit set and the yield were calculated and illustrated in figures as the control treatment was considered 
=100%. 
 
4. Fruit physical characters: 
 
 In order to determine fruit physico-chemical characters, samples of 25 ripe fruits were randomly selected 
from each replicate. Fruits physical characters; fruit weight (g), length (cm), diameter (cm) and volume (cm3) 
were recorded. Also, fruit firmness was recorded by a pressure tester using a 5/16 inch plunger and two readings 
were taken from two sides of the fruit. 
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5. Fruit chemical characters: 
 
 In the fruit juice; the percentages of total soluble solids (TSS %), total  acidity, TSS/acid ratio, Vitamin C 
content (mg/100ml juice) and sugar content (reducing, non-reducing and total sugar)  were determined 
according to the (A.O.A.C, 1995). In fruit peel, anthocyanin content (mg/100g fresh weight) was measured 
colorimetrically at 535 nm according to the method of Flueki and Francis (1968). 
 
Statistical analysis: 
 
 All data were tested for treatments effects on analyzed parameters by the one-way analysis of variance 
(ANOVA) technique. Treatments means were separated and compared using the Honest Significant Differences 
(H.S.D.) at 0.05 level of significance according to Snedecor and Cochran (1989). The statistical analysis was 
performed using Statistical Analysis System (SAS, 1999). 
 
Results: 
 
Fruit set and tree yield: 
 
 A significant increase in fruit set percent and tree yield was obtained by all foliar treatments (Table1).  High 
fruit set increment (131-277 %) and a yield increment ranging between 44-90 Kg/tree over the control was 
obtained (Figs. 1&2). Spraying putrescine resulted in higher fruit set and yield compared to spraying NAA, GA3 
and BA alone. In general, spraying NAA, GA3 and BA in combinations gave better results than applying each 
compound alone.  
 
Fruit drop and fruit retention: 
 
 In both seasons, initial and preharvest fruit drop decreased significantly, while, initial and final fruit 
retention were increased by all treatments (Table1). In general, application of NAA, GA3 and BA in 
combinations resulted in lower fruit drop and higher fruit retention than applying each compound alone.  
 
Table 1: Effect of the sprayed chemicals on fruit set, fruit drop, fruit retention, fruit weight and yield of Hollywood plum in 2010 and 2011 

seasons. 
 

Treatments 
Parameters 

Fruit set 
% 
 

Initial fruit 
drop 
% 

Initial fruit 
retention 

% 

Preharvest 
fruit drop 

% 

Final fruit  
retention 

% 

Yield 
Kg/tree 

Fruit weight 
g 

Season 2010 
Control 2.74 75 25 14 86 29 49.8 
NAA 5.06 41 59 8 92 41 53.3 
GA4 3.62 46 54 10 90 45 54.7 
BA 4.06 42 58 11 89 39 53.6 

NAA +GA4 5.57 25 75 6 94 50 56.4 
NAA + BA 8.06 35 65 3 97 48 56.8 
GA4 +BA 6.39 24 76 5 95 55 58.3 

Put 6.52 31 69 4 96 51 57.1 
H.S.D.0.05 0.82 14 7 3 5 7 1.7 

Season 2011 
Control 2.03 64 36 17 83 36 50.2 
NAA 5.74 42 58 9 91 57 54.5 
GA4 4.68 46 54 11 89 52 54.5 
BA 4.99 48 52 10 90 56 54.9 

NAA +GA4 7.01 32 68 3 97 66 56.4 
NAA + BA 6.97 29 71 7 93 62 56.2 
GA4 +BA 6.27 28 72 6 94 60 56.5 

Put 7.64 36 64 4 96 59 55.4 
H.S.D.0.05 1.16 12 9 5 7 9 3.6 

 
Fruit quality characteristics: 
  
 All treatments increased fruit firmness, fruit weight, fruit volume, flesh thickness, flesh weight, stone 
weight, fruit length and fruit diameter compared to the water sprayed control trees (Table2).  In the meantime, 
the ratio of flesh to stone weight decreased in the second season only by spraying NAA, BA, NAA+GA3 and 
putrescine. However, fruit length to diameter ratio was not affected in both seasons. A general significant 
enhancement in fruit chemical characteristics was obtained by spraying the different treatments in both seasons; 
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fruit TSS content increased by spraying NAA, GA3 and NAA+GA3, fruit acidity decreased in both seasons by 
all spraying treatments except spraying putrescine. Similarly, an increase in TSS/acidity ratio was obtained by 
all treatments except putrescine in the first season. Fruit vitamin C content increased in the first season by all 
treatments except BA. Generally, all spraying treatments indicated an increase in fruit anthocyanin, reducing, 
non- reducing and total sugars contents in both seasons (Table3).  
 

 
Fig. 1: Fruit set increment as affected with the different treatments. 
 

 
 
Fig. 2: Tree yield increment as affected with the different treatments. 
 
Table 2: Effect of the sprayed chemicals on fruit physical characteristics of Hollywood plum in 2010 and 2011 seasons. 

 
Treatments 

Parameters  
Fruit 

firmness 
1b/inch2 

Fruit 
volume 

cm3 

Flesh 
Weight 

g 

Stone 
weight 

g 

Flesh/stone 
weight 

 

Fruit 
length 

cm 

Fruit 
diameter 

cm 

Fruit 
Length/ 
diameter 

Season 2010  
Control 10.7 49.7 48.3 1.55 31 4.13 4.17 0.99 
NAA 12.2 52.7 52.8 1.69 31 4.50 4.47 1.01 
GA4 12.6 53.8 53.4 1.77 30 4.57 4.54 1.01 
BA 11.9 52.9 52.9 1.71 31 4.47 4.48 1.00 

NAA +GA4 12.5 55.7 55.3 1.80 31 4.57 4.47 1.02 
NAA + BA 11.8 56.3 55.7 1.79 31 4.63 4.60 1.01 
GA4 +BA 12.3 58.0 56.3 1.87 30 4.87 4.84 1.01 

Put 13.1 56.0 55.6 1.77 31 4.59 4.56 1.01 
H.S.D.0.5 1.0 2.5 4.2 0.14 2.2 0.21 0.27 0.07 

Season 2011  
Control 10.2 49.7 49.1 1.53 32 4.10 4.13 0.99 
NAA 12.2 54.3 54.5 1.79 30 4.67 4.57 1.02 
GA4 12.6 54.7 53.3 1.73 31 4.48 4.43 1.01 
BA 12.3 54.5 53.4 1.77 30 4.53 4.50 1.01 

NAA +GA4 12.4 55.7 55.1 1.82 30 4.73 4.69 1.01 
NAA + BA 12.4 55.0 55.3 1.76 31 4.60 4.57 1.01 
GA4 +BA 12.8 55.7 54.4 1.73 31 4.57 4.47 1.02 

Put 12.5 54.7 53.5 1.77 30 4.53 4.48 1.01 
H.S.D.0.5 1.8 2.7 2.6 0.12 1.3 0.27 0.22 0.06 
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Table 3: Effect of the sprayed chemicals on fruit chemical characteristics of Hollywood plum in 2010 and 2011seasons. 
 

Treatments 
Parameters  

TSS 
% 

Acidity 
% 

TSS/ 
acidity 

Vitamin C 
mg/100ml 

Reducing 
sugars % 

Non-
reducing 
sugars % 

Total 
sugars 

% 

Anthocyanin 
(mg/100g 

fresh weight) 
Season 2010  

Control 10.67 0.20 53.35 10.5 6.17 2.03 8.20 58 
NAA 12.00 0.17 70.59 18.7 7.80 2.43 10.23 69 
GA4 11.77 0.18 65.39 15.3 7.27 2.97 10.24 74 
BA 10.93 0.17 64.30 13.0 6.97 2.73 9.70 69 

NAA +GA4 11.50 0.17 61.76 18.4 7.27 2.57 9.84 66 
NAA + BA 11.57 0.18 64.28 13.9 7.33 2.53 9.86 65 
GA4 +BA 11.17 0.15 74.47 14.8 7.50 2.77 10.27 66 

Put 11.00 0.19 57.89 16.7 7.28 2.93 10.21 66 
H.S.D.0.5 0.57 0.013 4.96 3.1 1.02 0.41 1.22 5 

Season 2011  
Control 10.83 0.20 54.15 11.3 6.53 1.90 8.43 54 
NAA 12.17 0.16 76.06 18.5 8.20 2.31 10.51 67 
GA4 11.67 0.18 64.83 15.6 8.72 2.24 10.96 62 
BA 11.50 0.16 71.88 18.2 7.96 2.29 10.25 65 

NAA +GA4 11.67 0.16 72.94 14.8 7.93 2.67 10.60 61 
NAA + BA 11.00 0.17 64.70 14.1 7.67 2.30 10.97 72 
GA4 +BA 11.00 0.17 64.70 14.7 7.90 2.38 10.28 68 

Put 11.17 0.19 58.79 14.7 7.44 2.47 9.91 61 
H.S.D.0.5 0.73 0.015 4.08 2.6 0.89 0.33 0.94 7 

 
Discussions: 
 
 The obtained results are in line with the previously reported by Yehia and Hassan, 2005; Dal Cin et al., 
2008; Nawaz et al., 2008; Ghosh, et al., 2009 and Hassan et al., 2010. They all stated the positive influence of 
GA3, NAA and BA on fruit set, drop and retention of different fruit species. Initial drop occurs due to the 
competition among the fruitlet on the nutrients and water, as well as the defect in hormonal balance (Ali, 2000). 
Furthermore, fruit drop attributes to the defect of auxins concentration at the separation layer, and the enzymes 
activity that convert insoluble pectin into a soluble form (Abd El-Ghany, 2005). Accordingly, Wasfy (1995) 
noticed that NAA and GA3 foliar sprays decreased fruit drop as a result of increasing auxin concentration in 
fruitlet tissues and delaying the formation of separation layer. Also, gibberellins were found to intensify an 
organ ability to function as a nutrient sink (Addicott and Addicott, 1982).  In the meantime, the benefits of 
spraying polyamines in increasing fruit set, retention and yield of various fruit species were reported (Singh and 
Singh, 1995; Franco-Mora et al., 2005 and Eissa et al., 2007). Endogenous polyamines are evidenced to be 
important for pollen germination and pollen tube growth, as well as they increase ovule viability and prolong 
pollination period (Song and Tachibana, 1999 and Wolukau et al., 2004) and thus, causing better fruit set.  
 The decrease in fruit drop by spraying the different growth regulators coincided with their influence in 
increasing fruit volume obtained in the present study. In this respect,  Martin (1981) reported that  larger fruits 
are stronger ‘sinks’ and remain on the tree without dropping on the contrary with smaller ones which are 
considered weaker ‘sinks ‘and drop preferentially. Further, ethylene is the known trigger in abscission (Brown, 
1997) that reduces auxins transport from the leaf blade to the petiole and induces the synthesis of enzymes 
responsible for the degrading of fruit abscission zone. Using chemicals to inhibit ethylene biosynthesis would be 
useful to decrease fruit drop (Yuan and Carbaugh, 2007). Accordingly, the positive influence of the sprayed 
growth regulators on decreasing fruit drop especially, GA3 and putrescine could be explained by their influence 
in inhibiting ethylene production (Ben-Arie et al., 1995 and Malik and Singh, 2006).  
 In accordance to the obtained results, it is obvious that fruit quality characteristics were improved by the 
different sprayed chemicals. The increase in fruit firmness by spraying the different growth regulators may be 
related to their effect in increasing fruit retention obtained in the present study. Growth regulators that target 
fruit retention may also be used to improve firmness, as both abscission and ripening are ethylene-mediated 
events in fruit development (Davies, 1995; Liu et al., 2006 and Valero, 2010). Also, the positive effect of 
putrescine on fruit firmness can be attributed to that polyamines cross-link to the COO- group of the pectic 
substances in the cell wall, resulting in rigidification, as well as its role in blocking the access of degrading cell 
wall enzymes (Valero et al., 1999). Similar effects by gibberelic acid are also explained (Andrews and Li, 
1995).  In the meantime, cytokinins  such as benzyl adenine are reported to enhance cell division, thus greater 
cell number can contribute to firmer fruit and reduce the number of fruit dropped (Antognozzi et al., 1996). 
Stimulation of both cell division and cell enlargement due to auxins and gibberelic acid foliar sprays is surely 
reflected on increasing fruit weight and size (Davies, 1995; Ranjan et al., 2003). Gibberelic acid is evidenced to 
accelerate the synthesis of hydrolytic enzymes and reduce the water potential in the cell, resulting in the entry of 
water into the cell and causing elongation (Richard, 2006). Exogenously applied GA3 increases cell size of the 
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mesocarp and increases sink demand by the enhancement of phloem unloading or/and metabolism of carbon 
assimilates and inducing the activities of sugar metabolizing enzymes (Zhang et al., 2007). In addition, the 
effect of endogenous cytokinins on cell division and increasing number of cells in the fruit is stated (Yuan and 
Greene, 2000 and Stern et al., 2002).  Similar influence of polyamines was reported by (Liu et al., 2006). 
Moreover, synthetic auxins such as NAA are effective on enhancing fruit growth by their ability to increase the 
cell size as they stimulate cell division and cell enlargement (Westwood, 1995 and Davies, 1995). In accordance 
to the previous discussion, the enhancement in fruit quality characteristics obtained in the present study might be 
explained.   
 
Conclusion: 
 
 Fruit set, retention, quality and yield of Hollywood plum trees grown under the circumstances of the present 
study could be improved by spraying NAA, GA3 and BA alone or in combinations, as well as, spraying 
putrescine at full bloom. In general, better influences might be obtained by the combined applications. 
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