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Abstract: The present investigation was carried out during the two successive years of 2006 and 
2007 on “Costata” persimmon trees in order to study the influence of foliar sprays of different 
chemicals on the fruit retention, fruit quality and yield.Trees were sprayed at pea stage (5mm 
fruitlet diameter), marble stage (15mm fruitlet diameter) or at both  stages with urea, phosphoric 
acid, potassium nitrate, Ca-EDTA, Fe-EDTA +  Zn- EDTA + Boric acid , NAA, GA4, Amcotone, 
activated dry yeast and a mixture of ascorbic plus citric acids. All sprayed chemicals significantly 
increased vegetative growth, fruit retention, tree yield in both seasons . GA4 had the highest fruit 
retention and yield followed by Amcotone  and activated dry yeast and then NAA as compared 
with all other treatments in both seasons. All sprayed compounds increased fruit weight ,TSS, total 
sugars, reducing sugars, carotene and V.C contents and decreased fruit acidity and tannin contents 
as compared with all other treatments in both seasons. GA4  had the highest fruit weight, followed 
by activated dry yeast and mixture of ascorbic acid + citric acid  and then Amcotone. Phosphoric 
acid recorded the highest values of fruit TSS, total sugars, reducing sugars and carotene contents, 
whereas activated dry yeast gave the highest V.C and lower tannine contents as compared with all 
other chemicals in both seasons. Foliar sprays at pea + marble stages recorded the highest values 
of all the investigated parameters in both seasons as compared with pea or marble stage.  

Keywords: activated dry yeast, foliar sprays, fruit retention, GA4, NAA, persimmon, quality, yield. 
 

  ثمار و محصول أشجار الكاآى صنف آوستاتا وجودةبقاء علي تاثير الرش الورقى 
  

 2محمد محمود السبيعى ، 2هند على مرزوق ،2أمال محمد القبية  ،* 1حسن على قاسم
  

 المملكة العربية السعودية –الرياض  –جامعة الملك سعود  –آلية علوم الاغذية والزراعة  –النباتي  الإنتاجسم ق1
  رالعربيةجمهورية مص –الاسكندرية  -جامعة الاسكندرية  - ) الشاطبى(آلية الزراعة  -الفاآهة  قسم2

  
لدراسة تأثير معاملات الرش الورقى ببعض المواد الكيماوية على بقاء  2007و  2006أجريت هذه الدراسة خلال عامى  :الملخص 

حيث تم رش الاشجار بكل من اليوريا، حامض ". آوستاتا"يابانى صنف وتساقط الثمار والمحصول وصفات جودة ثمار أشجار الكاآى ال
الفوسفوريك، نترات البوتاسيوم ، الكالسيوم المخلبى، مخلوط من الحديد و الزنك و المنجنيز المخلبى، حامض البوريك ، نفتالين حامض 

ربيك وحمض السيتريك وذلك خلال مرحلتين من الخليك ، حامض الجيبريليك، الأمكوتون، الخميرة الجافة، و خليط من حمض الاسكو
أو فى المرحلتين ) مم 15متوسط قطر الثميرات (، مرحلة حجم البلية ) مم 5متوسط قطر الثميرات (نمو الثمار وهما مرحلة حجم البسلة 

ية لبقاء الثمار والمحصول أدى الرش بكل المواد الكيماوية إلى زيادة معنوية فى آل من طول النموات الخضرية، و نسبة المئو. معاً
أدت جميع معاملات . وقد أعطى حمض الجبريليك أفضل النتائج بالمقارنة بالمعاملات الأخرى, مقارنة بالكنترول فى آلا الموسمين

تون أعطي أعلي زيادة في النسبة المئوية لبقء الثمار والمحصول يليه الأمكحمض الجبريليك . الرش إلى زيادة وزن فى آلا الموسمين
أدت جميع المعاملات إلى زيادة محتوى الثمار من المواد الصلبة الذائبة الكلية . مقارنة بباقى المعاملاتوالخميرة ثم نفتالين حمض الخليك 

الرش بحمض .وتقليل محتوى الثمار من التانينات مقارنة بالكنترول" ج"والسكريات الكلية والسكريات المختزلة والكاروتين وفيتامين 
وعموما أعطى الرش  .بريليلك اعطي اعلي زيادة في وزن الثمرة ليله الخميرة وخليط حمض الاسكوربيك والستريك ثم الأمكتونالج

قللت جميع معاملات الرش الورقى محتوى . بحمض الفوسفوريك والخميرة الجافة أفضل النتائج بالمقارنة بباقى المعاملات الأخرى
حجم البلية + الأشجار التى تم رشها مرتين  فى مرحلتى حجم البسلة .فى آلا الموسمين) رات البوتاسيومفيما عدا نت(الثمار من الحموضة 

أعطت أفضل النتائج بالنسبة لجميع الصفات المدروسة بالمقارنة بالرش فى مرحلة حجم البسلة أو مرحلة حجم البلية فقط فى آلا 
حجم البلية هى أآثر + يليك والخميرة الجافة فى مرحلتى حجم البسلة وجد أن الرش بحمض الفوسفوريك وحمض الجبر.الموسمين

المعاملات فاعلية فى زيادة النمو الخضرى ونسبة بقاء الثمار والمحصول وتحسين جودة الثمار فى آلا الموسمين بالمقارنة بباقى 
  .المعاملات الأخرى
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Introduction 
Costata cultivar is the leading and 

the main persimmon variety progressively 
consumed in the Egyptian market and 
exportation. However, the problem of June 
drop and pre-harvest fruit drop exists 
extensively in many Egyptian orchards, 
especially because that Costata persimmon 
is a parthenocarpic cultivar thus 
eliminating yield and fruit quality. Young 
parthenocarpic fruits tend to be more easily 
to drop than young fruits from pollinated 
flowers (Schafer et al., 1999). The high 
drop of fruits before maturity is a major 
problem in Egypt that affects persimmon 
final yield and production (El-Shaikh et al., 
1999), especially Costata cultivar which 
drop its fruits profusely (Kabeel, 1999; 
Wally, 2003). Different factors might 
cause persimmon fruit drop. Abd El-Ghany 
(2005) reported that, fruit drop before June 
drop (initial drop) occurred due to the 
competition among the fruit on the 
nutrients, water and the defect in hormonal 
balance. Elizabeth (1991) stated that, there 
were two maximum dates for persimmon 
fruit drop; 55 and 77 days after flowering, 
which occurred when the fruit reaches a 
diameter of 2.6 and 4.5 cm 
respectively,which coinciding with the 
rapid fruit growth period. In addition, 
Costata yield shows a wide variation in 
fruit quality characteristics such as size, 
shape and color, thus, influencing its 
marketing. Several approaches had been 
made in order to increase persimmon fruit 
quality by spraying the trees with plant 
nutrients (Kabeel, 1999; Wally et al., 1999; 
Eliwa et al., 2003). Nitrogen, phosphorous, 
potassium and calcium are important 
nutrients needed for fruit growth and 
quality (Rizzi and Abruzzese, 1990). 
Moreover, many micro-nutrients such as 
iron, zinc and boron are needed for 
different biological functions that might be 
attributed to tree yield and fruit quality 
(Shoeib and El-Sayed, 2003). The plant 
growth regulators (PGR) act as messenger 
and are needed in small quantities at low 
concentrations. Generally their site of 

action and biosynthesis are different. Most 
of the plant growth regulators exhibit a 
broad spectrum and thus a single PGR may 
influence several entirely different 
processes. Such as NAA and GA3 affects 
fruit formation, abscission cell elongation, 
apical dominance, photoperiod and 
geotropism. Growth regulating substances 
such as NAA, 2, 4-D, 2, 4-5-TP and IBA 
have been used by some workers to control 
pre-harvest fruit drop in mango, citrus and 
apple and have reported very encouraging 
results (Haidry et al., 1997; Aboutalebi and 
Beharoznam, 2006). El-Shewy (1999) 
observed that 50 mg NAA and 50 mg GA3 
per litre at full bloom and three months 
after 1st spray were most effective 
treatments in reducing pre harvest fruit 
drop as well as fruit seed contents in 
guava. Iqbal et al. (2009) reported that 
NAA significantly reduced preharvest fruit 
drop and increased yield and fruit quality. 
Similar results were also reported by 
Maurya and Singh (1981) applied GA and 
NAA before flowering, followed by three 
weeks after fruit setting and observed that 
foliar application of NAA significantly 
increased fruit length, diameter and fruit 
weight and ultimately crop yield. Dutta 
and Banik (2007) applied foliar feeding of 
nutrients and plant growth regulators (GA 
and NAA) before flowering, followed by 
three weeks after fruit setting and observed 
that foliar feeding of nutrients and plant 
growth regulators significantly increased 
the fruit length, diameter, individual fruit 
weight and ultimately crop yield.  

Also, using activated dry yeast, as 
newly natural and safe biostimulant is 
widely tried (Mansour, 1998; Attala et al., 
2000). However, the various positive 
effects of applying active dry yeast were 
attributed to its own from different 
nutrients, high percentage of proteins, 
large amount of vitamin B and the natural 
plant growth hormone namely cytokinins 
(Abd- Elmotty and Fawzy, 2005). 
Similarly, ascorbic and citric acids as 
natural and organic antioxidants 
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compounds have an auxinc action and 
synergistic effect on improving fruit 
retention (Nomier, 2000; Ahmed et al., 
2002).  

The present study was undertaken 
to see the effect of of urea, phosphoric 
acid, potassium nitrate, chelated calcium, a 
mixture of chealted iron, chelated zinc and 
boric acid, NAA, GA4, Amcotone, 
activated dry yeast and a mixture of 
ascorbic and citric acids sprays at different 
fruit developmental stages; pea stage, 
marble stage, or at both stages on 
improving Costata persimmon fruit 
retention, yield and fruit quality.  
 
Material and methods 
 
Plant material and treatments 

The present study was carried out 
during 2006 and 2007 growing seasons on 
5 years old “Costata” persimmon trees 
(Diospyros kaki L.) budded on Tarabouls 
root stock. Trees were grown in a clay soil 
with water table depth of 120 cm and pH 
of 7.8-7.9 in a private orchard situated at 
El-Tarh region, El-Behera governorate. 
Trees were planted at 3.5 m apart and 
subjected to the same cultural practices 
usually done in the orchard. Trees were 
irrigated every two weeks and fertilized 
with organic manure at a rate of 25 m3 per 
feddan in November in both years. 

Calcium super phosphate (15% 
P2O2) was added during February at a rate 
of 150 kg per feddan in the two successive 
yerars. Also, 200 kg per feddan ammonium 
nitrate (33.5% N) and 150 kg per feddan 
potassium sulphate (48% K2O) were 
added. Both fertilizers amounts were 
divided into three doses; at the beginning 
of March, May and late June. 

The experiment was designed as a 
split-plot design in a randomized complete 
block design. The chemical substances 
comprised the main factor and the fruit 
physiological stages as sub- main factor. 
Trees were selected as uniform as possible 

and the following foliar spray treatments 
were obtained (main factor): 
T1= Control (water only). 
T2= Urea at 2.5 g/L. 
T3= Phosphoric acid at 3 g/L. 
T4= Potassium nitrate at 3 g/L. 
T5= Chelated calcium (Ca – EDTA 14%) 
at 5 g/L. 
T6= A mixture of (Fe – EDTA 12%) at 0.3 
g/L + (Zn – EDTA 14%) at 0.3 g/L + boric 
acid at 0.2 g/L. 
T7= Naphthalene acetic acid at 25 ppm. 
T8= Gibberellic acid (GA4) at 25 ppm. 
T9= Amcotone (contains 0.45% NAA + 
1.25% NAAM) at 600 ppm (2.7 ppm NAA 
+ 7.5 ppm NAAM). 
T10= Activated dry yeast at 4.20 g/L. 
T11= A mixture of ascorbic acid at 0.8 g/l 
+ citric acid at 0.8 g/L. 

All the chemicals were sprayed once 
at pea stage (5 mm fruitlet diameter), 
marble stage (15 mm fruitlet diameter) and 
at both stages (sub- main factor). Three 
replicates were used for each treatment and 
every replicate was represented by single 
tree (11 chemical treatment × 3 stages × 3 
replicates = 99 experimental unit). Each 
tree was sprayed with 4 liters of the 
spraying solution until run-off and New 
Bio-film was used as a surfactant agent at 
0.3 ml/L for all the treatments including 
the control. Chemicals of treatments (6) 
and (11) were tank mixed immediately 
before spraying. The yeast spraying 
solution was prepared according to the 
method described by Attala et al. (2000) 
and its chemical analysis was shown in 
Table (1) according to Ismaeil et al. 
(2003). 
 
Vegetative growth and yield components 

In order to determine vegetative 
growth, the length of spring and summer 
shoots (cm) were measured at mid-June 
and mid-August of both years. Moreover, 
the number of fruits at spraying date, 
before June drop and at harvest time was 
recorded.The percentage of fruit retention 
before June drop, after June drop and at 
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harvest time was calculated during both 
seasons. The yield ( number of fruits /tree  
and kg/tree) was calculated then calculated 
the percentage increase in yield compared 
to control, as the control 100% yield (yield 
increament) during  both years at harvest 
date (mid-October). 
 
Fruit physico-chemical characteristics  

In order to determine fruit quality 
characters, a random sample of five fruits 
was taken from each replicate. Fruit total 
acidity, vitamin C, skin carotenoids and 
total tannins contents were determined 
according to AOAC (1990). Fruit weight 
(g) and total soluble solids percent (TSS % 

by hand refractometer) were determined. 
In addition, total sugars were estimated 
with the method outlined by Malik and 
Singh (1980), while reducing sugars was 
determined colourmetrically according to 
Nelson (1944) and non-reduced sugars 
were calculated.  
 
Statistical analysis 

All obtained data were subjected to 
analysis of variance according to Steel and 
Torrie (1980) and means were 
differentiated using least significant 
differences test (LSD) at 5 (%) level of 
probability. 

 
Table 1. Chemical analysis of activated dry yeast (mg/100 g dry weight). 

 
Minerals Amino acids Vitamins 
Total N  7.23 Arginine 1.99 Thiamin 2.71 
P2O5 51.68 Histidine 2.63 Riboflavin 4.96 
K2O 34.39 Isoleiucine 2.31 Nicotinic acid 39.88 
Na2O 0.35 Leucine 3.09 Pantothenic acid 19.56 
MgO 5.76 Lysine 2.95 Biotin 0.09 
CaO 3.05 Methionine 0.72 Pyridoxine 2.90 
SiO2 1.55 Phenylalanine 2.01 Folic acid 4.36 
SO2 0.49 Threonine 2.09 Cobalamin 153 µg 
NaCl 0.30 Tryptophan 0.45 Enzymes 
Fe 0.92 Valine 2.19 Cytochrome oxidase 0.350 
Ba 175.6 Glutamic acid 2.00 Cytochrome peroxidase 0.290 
Co 67.8 Serine 1.59 Catalase 0.063 
Pb 438.6 Aspartic acid 1.33   
Mn 81.3 Cystine 0.23   
Sn 223.9 Proline 1.53   
Zn 335.6 Tyrosine 1.49 Carbohydrates 23.20 

 
 
Results and Discussion 

Effect of chemicals on the fruit 
physiological stages  

Vegetative growth and yield components 
The data presented in Table (2) 

indicated that all the chemical treatments 
significantly increased spring and shoot 
length when compared with the control 
trees in both seasons. In addition, in 
comparison among the sprayed 
compounds, spraying urea and gibberellic 
acid gave the highest increase in shoot 

length without significant difference 
among them in both seasons. The previous 
results are in line with those reported by 
El-Shaikh et al. (1999). They sprayed 
“Costata” persimmon trees with GA4 at 20 
ppm + NAA at 10 ppm and indicated that 
this treatment was the most effective in 
increasing shoot length. Also, Wally et al. 
(2004) reported an increase in the 
vegetative growth of “Anna” apple by 
spraying activated dry yeast and GA4, 
respectively. Dutta and Banik (2007) 
revealed that foliar feeding of nutrients and 
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plant growth regulators significantly 
increased crop yield. The various positive 
effects of applying activated dry yeast 
might refer to its content of different 
nutrients, higher percentage of proteins, 
larger amount of vitamin B and the natural 
plant growth regulator such as cytokinins 
(Ismaeil et al., 2003). The high increase of 
vegetative growth due to urea sprays might 
be attributed to that the nitrogenous source 
involves in proteins, lipids, chlorophyll 
molecules and nucleic acids biosynthesis 
thus stimulates vegetative growth. Also, 
GA3 was found to increase stem length as a 
result of enhancing cell elongation 
(Goodwin and Mercer, 1983). 

With regard to the fruit 
physiological stage, the data in Table (2) 
revealed that in both years foliar sprays at 
the pea + marble stages gave a significant 
higher increase in spring and summer 
shoot length than the sprays at any of the 
stages alone. Similarly, El-Sabagh and 
Mostafa (2003) found that spraying 
“Anna” apple trees, 6 and 16 weeks after 
full bloom increased the vegetative growth. 

The data in Table (2) indicated that, 
all the treatments significantly increased 
fruit retention before June drop and at 
harvest time (except potassium nitrate in 
the second season) as compared with the 
control in both seasons. In addition, foliar 
sprays of gibberellic acid (GA4) gave the 
highest values of fruit retention in 
comparison with the other foliar treatments 
in both seasons. A positively high increase 
in persimmon fruit retention by GA4 sprays 
was also recorded by Kabeel (1999) and 
Wally et al. (1999). GA intensifies an 
organ ability to function as a nutrient sink 
,it also increases the biosynthesis of IAA in 
plant tissues which delays the formation of 
the separation layer (Wasfy, 1995), thus, 
enhancing fruit retention.  

With regard to the effect of fruit 
growth stage only, the obtained data 
showed that foliar sprays at the pea + 
marble stages gave higher retention value 
than pea or marble stages alone in both 

seasons. The previous results agreed with 
those of Eissa et al. (2007), who reported 
that spraying pear trees after fruit set and 
four weeks later increased fruit retention. 

With regard to the sprayed 
compounds only, the data presented in 
Table (2) indicated that, all treatments 
increased fruit yield (fruit number per tree) 
as compared with the control in the two 
consecutive seasons (except Ch. Fe + Ch. 
Zn + boric acid in the first season). 
Moreover, foliar sprays of GA4 and 
Amcotone recorded the highest number of 
fruits per tree without significant 
difference between them in the first season 
only, while GA4 only recorded the highest 
value in the second season. In addition, all 
foliar sprays significantly increased fruit 
yield as Kg per tree in comparison with the 
control in both seasons. GA4 gave the 
highest value of fruit weight per tree in 
both seasons. These results are in 
conformity with those of Blumenfeld 
(1986), El-Shaikh et al. (1999) and Kabeel 
(1999). They found that, spraying 
persimmon trees with GA3, NAA and 
promalin increased fruit yield. Similar 
results were obtained by Fathi et al. (1999) 
who sprayed “Anna” apple trees with (GA4 
+ GA7). Moore (1979) stated that the 
stimulation of both cell division and cell 
enlargement due to GA4 foliar sprays is 
surely reflected on increasing fruit weight, 
consequently fruit yield. Moreover, 
Westwood (1978) stated that yield 
increment of deciduous fruit trees was 
attributed to the depressing of fruit drop 
percent caused by the application of auxins 
and gibberellins. Attala et al. (2000) 
indicated that, the various positive effects 
of spraying active dry yeast, as newly used 
bio stimulant were attributed to its content 
of different nutrients, higher percentage of 
proteins, larger amount of vitamin B and 
the natural plant growth hormones namely 
cytokinins. Also, they noticed that, 
spraying active dry yeast was very 
effective in releasing CO2 which reflected 
on improving net photosynthesis. Hossain 
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and Ryu (2009) reported that the foliar 
application of phosphatic fertilizer 
increased the vegetative growth, number of 
effective flowering buds of sweet 
persimmon over control. Sweet persimmon 
yield increased due to the fact of 
decreasing trend of fruit dropping by foliar 
fertilization.  

With regard to the fruit growth stage 
alone, the data presented in Table (2) 
indicated that, foliar sprays at pea + marble 
stages gave the highest number and weight 
of fruits per tree than spraying at any of the 
stages alone in both seasons.  

  

 
Table 2. The mean effect of chemical treatments and physiological stages on vegetative growth, 

fruit retention, fruit drop and yield of Costata persimmon trees during 2006 and 2007 years. 
 

 Shoot length (cm) Fruit retention (%) Yield increment (%)
 
Treatments 

Spring Summer Before 
June drop 

At harvest
 date 

No.of fruits  
/ tree 

kg 
/ tree 

2006 
T1 25.40 16.56 44.54 23.23 100 100
T2 42.79 33.09 58.72 26.86 141 175
T3 34.16 24.73 62.66 27.13 144 176
T4 37.33 28.52 52.94 24.80 123 141
T5 28.40 18.93 63.20 30.79 145 176
T6 31.21 21.69 50.88 25.16 113 172
T7 35.60 26.50 64.01 33.98 158 211
T8 42.14 31.91 80.76 54.40 210 290
T9 34.40 24.18 75.27 44.15 196 283
T10 32.51 23.78 68.09 35.80 158 281
T11 30.17 22.17 54.67 26.60 131 210 
L.S.D0.05 2.29 1.55 2.54 0.64 22 40 
Physiological stages 
Stage 1 33.08 23.37 59.93 30.98 100 100
Stage 2 33.00 24.10 60.58 31.28 105 102
Stage 3 35.95 26.72 63.78 33.99 120 140 
L.S.D0.05 1.15 0.77 0.82 0.24 4 6 
2007 
T1 26.16 16.34 43.32 23.62 100 100
T2 43.67 33.12 58.62 26.56 148 152
T3 35.27 24.28 62.46 26.95 152 156
T4 38.14 28.42 52.74 24.76 132 118
T5 30.32 19.47 63.11 30.97 172 190
T6 32.53 20.70 50.68 25.21 124 116
T7 36.07 26.88 63.81 34.09 168 229
T8 43.69 31.93 80.56 54.56 236 337
T9 37.00 24.16 75.16 44.11 216 308
T10 33.92 23.07 67.89 35.84 176 266
T11 31.78 22.17 54.48 26.77 140 156 
L.S.D0.05 2.20 2.12 2.62 1.27 21 43
Physiological stages 
Stage 1 34.06 23.53 59.38 30.87 100 100
Stage 2 34.37 23.77 61.48 31.33 109 110
Stage 3 37.54 26.48 62.64 34.20 137 142 
L.S.D0.05 0.73 0.53 0.79 0.25 3 5
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These results are in general 
agreement with those of Abd El-Wahab et 
al. (1999) working on “Anna” apple trees 
and Kabeel and Saadany (2004) working 
on “Le-Conte” pear trees. Also, He Wei 
Hua et al. (1998) stated that, spraying 
apple trees twice, 21 and 35 days after 
flowering with calcium nitrate increased 
fruit number per tree. 
 
Fruit physico-chemical characteristics 

With regard to the sprayed 
substances only on fruit weight, the data of 
both seasons presented in Table (3) 
indicated that, all sprayed substances 
significantly increased fruit weight when 
compared with the control in both seasons. 
In additions, foliar sprays of GA4 recorded 
the highest values in comparison with the 
other substances in both seasons. These 
results are in line with those of El-Shaikh 
et al. (1999). They stated that spraying 
“Costata” persimmon trees with GA3 and 
NAA significantly increased fruit weight. 
Also, Kabeel (1999) stated that spraying 
“Costata” persimmon trees with GA3 and 
Promalin increased fruit weight. Similarly, 
Ismaeil et al. (2003) stated that spraying 
“Thompson seedless” and “Romi Red” 
grape vines with GA3 and active dry yeast 
increased berry and cluster weight. The 
increase in fruit size might be attributed to 
the increase in cell division and cell 
elongation caused by auxins and GA3 
(Cleland, 1995; Ranjan et al., 2003). In 
addition, active dry yeast contains 
tryptophan which is a precursor of IAA, 
thus, encourages the production of IAA 
that is known to play an important role in 
cell division (Moore, 1979). Furthermore, 
Ahmed et al. (1998) reported that ascorbic 
and citric acids as natural organic 
antioxidants compounds have an auxinic 
action and synergistic effect on improving 
fruit size in “Anna” apple trees. 

With regard to the fruit growth 
stage, foliar sprays at pea + marble stages 
gave the highest fruit weight in both 
seasons when comparing with spraying at 

the pea or marble stage alone. These 
results agreed with those of Eliwa et al. 
(2003) on persimmon, Youn et al. (2004) 
on apple and Kabeel and El-Saadany 
(2004) on pear trees.  

In accordance to sprayed substances 
only on fruit chemical quality, the data of 
both seasons presented in Table (3) 
indicated that, in general, all the sprayed 
compounds significantly increased TSS, 
total sugars, reducing sugars, carotene, and 
vitamin “C” contents as compared with the 
control. The foliar sprays of phosphoric 
acid recorded the highest value of TSS, 
total sugars, reducing sugars and carotene 
contents in both seasons as compared with 
all other treatments. Whereas, activated 
dry yeast gave significantly higher vitamin 
“C” and lower tannins contents than all 
other treatments. Moreover, non-reducing 
sugars were significantly decreased by 
spraying phosphoric acid, potassium 
nitrate, chelated calcium, Amcotone and 
activated dry yeast in both seasons. These 
results are in line with those obtained by 
Eliwa et al. (2003), using  potassium 
phosphate and potassium citrate, Attala et 
al. (2000) and Hassan (2002) using 
activated dry yeast and Alina (1998) using 
NAA  foliar sprays. In this aspec, Hassona 
(1967) stated that, phosphoric acid has a 
major role in the biosynthesis of nucleic 
acid, ATP molecules, and acts as co-
enzyme for many enzymes. Also, he 
noticed that, potassium promotes starch 
transformation into saccharides in plant 
cells. Similarly, Wignarjah (1995) reported 
that, potassium is known to be important 
in activation of many enzymes of 
intermediary metabolism and biosynthesis. 
Moreover, Attala et al. (2000) indicated 
that activated dry yeast was very effective 
in releasing CO2 that leads to improve net 
photosynthesis. From the previous 
mentioned, the beneficial influences of 
phosphoric acid, potassium and activated 
dry yeast might explain their influence in 
enhancing fruit quality.  
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Table 3. The mean effect of chemical treatments and physiological stages on fruit quality characters of 
Costata persimmon trees during 2006 and 2007 years. 
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2006 
T1 86.43 19.01 14.38 11.19 3.26 2.58 3.26 9.8 0.49
T2 122.81 21.99 14.67 11.66 3.01 2.64 2.19 17.1 0.18
T3 127.04 27.65 17.66 15.56 2.09 4.83 1.83 12.3 0.18
T4 122.80 26.67 17.01 14.74 2.27 2.90 2.41 11.1 0.51
T5 117.58 24.84 15.54 12.70 2.84 2.80 2.77 15.5 0.16
T6 118.27 24.52 15.50 12.54 2.96 3.33 2.47 13.7 0.17
T7 146.17 23.35 15.25 12.06 3.18 2.65 2.19 12.6 0.34
T8 182.44 22.11 14.76 11.65 3.11 2.73 2.03 11.4 0.40
T9 153.97 25.07 15.71 13.50 2.20 2.67 1.93 12.9 0.26
T10 170.14 25.93 16.42 14.28 2.17 4.42 1.65 20.1 0.37
T11 162.96 24.06 15.22 12.17 3.05 3.39 1.84 14.6 0.21 
L.S.D0.05 3.40 0.77 0.27 0.16 0.31 0.34 0.15 0.34 0.06
Physiological stages 
Stage 1 129.17 23.83 15.52 12.76 2.76 3.02 2.29 13.4 0.32
Stage 2 135.37 23.91 15.50 12.86 2.64 3.11 2.27 13.6 0.31
Stage 3 147.45 24.60 15.92 13.12 2.82 3.39 2.14 14.3 0.27 
L.S.D0.05 1.47 0.19 0.09 0.07 0.14 0.10 0.06 0.17 0.02
2007 
T1 83.44 18.95 14.38 11.20 3.18 2.42 3.27 9.8 0.51
T2 120.18 22.15 14.69 11.65 3.04 2.68 2.21 17.0 0.18
T3 123.78 28.14 17.69 15.49 2.20 4.75 1.87 12.4 0.17
T4 119.69 26.70 17.01 14.79 2.22 3.01 2.42 11.2 0.50
T5 116.69 24.94 15.56 12.65 2.90 2.80 2.67 15.4 0.16
T6 115.14 24.66 15.51 12.52 2.99 3.32 2.41 13.8 0.15
T7 150.18 23.69 15.30 12.13 3.17 2.74 2.13 12.7 0.30
T8 178.95 22.49 14.97 11.67 3.30 2.84 2.03 11.4 0.42
T9 166.44 25.96 16.05 13.48 2.57 2.73 1.93 13.1 0.29
T10 159.51 26.28 16.49 14.19 2.30 4.55 1.60 19.9 0.27
T11 138.53 24.02 15.49 12.15 3.34 3.45 1.75 14.8 0.19 
L.S.D0.05 4.55 0.98 0.51 0.22 0.47 0.41 0.20 0.41 0.05
Physiological stages 
Stage 1 126.85 24.00 15.56 12.73 2.83 3.00 2.27 13.4 0.31
Stage 2 131.29 24.01 15.56 12.98 2.75 3.12 2.26 13.5 0.29
Stage 3 143.46 25.26 16.10 12.99 2.94 3.50 2.09 14.3 0.25 
L.S.D0.05 1.42 0.19 0.11 0.08 0.13 0.09 0.05 0.19 0.02
1 (mg carotene/100 g F.W.); 2 (mg tannic acid/100 ml fruit juice); 3 (mg ascorbic acid/100 ml fruit 
juice); 4 (mg malic acid/100 ml fruit juice. 
 

The decrease in tannins and acidity 
contents might be attributed to the increase 
in fruit volume previously obtained in this 
study by the same foliar sprays. Also, it 
might be attributed to the dilution effect in 

accordance to the increase in water uptake 
by spraying auxins and GA3 as mentioned 
by Ranjan et al. (2003).  

In the mean time, ascorbic and citric 
acids were found to have an auxinic action 
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(Ahmed et al., 1998), which might explain 
their influence in decreasing total tannins 
content.With regard to the effect of the 
fruit physiological stage only, the data 
presented in Table (3) revealed that, in 
general, foliar sprays at pea + marble 
stages significantly increased fruit TSS, 
total sugars, reducing sugars, carotene and 

vitamin “C” contents and decreased fruit 
acidity and tannin contents when 
compared with spraying at the pea or 
marble stage alone. These results agreed 
with those obtained by Ahmed et al. 
(1998), Eliwa et al. (2003) and El-Seginy 
et al. (2003). 

 
 

Table 4. The interaction effect of chemical treatments and physiological stages on vegetative 
growth, fruit retention, fruit drop and yield of Costata persimmon trees in 2006 year. 

 
 Shoot length (cm) Fruit retention (%) Yield increament(%) 
Treatments Spring Summer Before June 

drop 
At harvest 
date 

No. of fruits 
/tree 

kg /tree 

Stage 1 
T1 25.40 16.80 44.50 23.24 100 100 
T2 41.30 30.97 57.38 25.88 128 182 
T3 33.73 23.17 61.31 26.20 121 180 
T4 35.47 27.33 52.01 24.05 114 156 
T5 27.60 18.33 61.75 29.62 145 192 
T6 30.40 19.53 49.68 24.50 107 135 
T7 35.27 25.63 62.88 32.46 148 231 
T8 41.47 29.60 77.42 53.16 197 412 
T9 32.50 23.10 73.49 41.87 186 305 
T10 31.53 22.87 65.91 34.47 152 300 
T11 29.20 19.73 52.85 25.30 121 230 
Stage 2 
T1 25.53 16.60 44.46 22.81 100 100 
T2 41.80 32.70 58.03 26.14 143 188 
T3 33.10 23.70 61.55 26.40 143 195 
T4 34.77 28.30 52.61 24.58 125 171 
T5 27.10 17.93 62.07 30.73 161 208 
T6 29.79 20.90 50.76 24.42 107 135 
T7 34.47 25.93 62.78 32.93 164 262 
T8 40.97 31.63 79.84 53.06 207 311 
T9 33.93 22.87 73.02 42.22 196 321 
T10 31.77 22.80 67.70 34.80 168 306 
T11 28.60 21.76 53.59 25.97 132 231 
Stage 3 
T1 25.27 16.27 44.65 23.64 100 100 
T2 45.26 35.60 60.76 28.56 162 241 
T3 35.67 27.33 65.11 28.78 173 268 
T4 41.77 29.93 54.21 25.75 135 203 
T5 30.47 20.53 65.78 32.03 169 250 
T6 33.27 24.63 52.18 26.56 104 204 
T7 36.07 27.93 66.35 36.55 173 321 
T8 44.00 24.50 85.02 56.97 242 526 
T9 36.77 26.57 79.32 48.35 217 444 
T10 34.23 25.66 70.66 38.14 190 394 
T11 32.73 25.00 57.57 28.54 142 285 
L.S.D 0.05 N.S N.S N.S 0.81 15 24 
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Effect of chemicals and physiological 
stages interaction 
Vegetative growth and yield 
components 

With regard to the interaction effect 
between the different sprayed substances 

and the fruit physiological growth stages, 
the data presented in Tables (4 and 5) 
showed no significant interaction effect 
obtained in both seasons regarding spring 
and summer shoot length.  

 
Table 5. The interaction effect of chemical treatments and physiological stages on vegetative 

growth, fruit retention, fruit drop and yield of Costata persimmon trees in 2007 year. 
 

 Shoot length (cm) Fruit retention (%) Yield increament(%) 
Treatments Spring Summer Before June 

drop 
At harvest 
date 

No. of fruits 
/tree 

kg /tree 

Stage 1 
T1 26.30 16.60 43.37 23.55 100 100 
T2 42.00 31.30 57.29 25.72 132 190 
T3 34.43 23.13 58.77 26.11 124 178 
T4 35.60 27.53 51.42 23.32 120 159 
T5 29.10 18.67 60.98 29.78 156 209 
T6 31.63 19.40 49.22 24.39 108 139 
T7 35.60 26.17 60.60 32.46 152 246 
T8 42.00 30.40 79.10 52.50 212 445 
T9 35.07 23.07 74.60 42.12 200 388 
T10 32.40 21.97 64.80 34.04 160 301 
T11 30.50 20.63 53.02 25.53 124 193 
Stage 2 
T1 25.73 16.43 42.68 23.59 100 100 
T2 42.33 32.17 57.42 25.55 155 213 
T3 34.33 22.60 62.93 26.08 151 216 
T4 36.33 27.90 53.39 24.25 134 187 
T5 28.67 18.80 64.85 30.10 172 230 
T6 31.03 19.70 50.46 23.99 126 163 
T7 35.97 26.17 65.08 33.24 172 284 
T8 43.07 31.03 79.02 53.72 235 495 
T9 36.30 23.07 73.78 42.99 214 406 
T10 33.50 22.17 70.01 34.98 172 310 
T11 30.67 21.43 56.67 26.11 143 225 
Stage 3 
T1 26.43 16.00 43.90 23.70 100 100 
T2 46.67 35.90 61.16 28.43 155 231 
T3 36.91 27.10 65.67 28.65 174 274 
T4 42.50 29.83 53.42 26.71 133 205 
T5 33.20 20.93 63.50 33.05 178 268 
T6 34.93 23.00 52.36 27.26 140 209 
T7 36.63 28.30 65.74 36.58 170 357 
T8 46.00 34.37 83.55 57.45 252 553 
T9 39.63 26.33 77.11 47.21 222 466 
T10 35.87 25.07 68.86 38.49 185 377 
T11 34.17 24.43 53.73 28.66 148 271 
L.S.D 0.05 N.S N.S 2.62 0.84 17 31 
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Table 6. The interaction effect of chemical treatments and physiological stages on fruit quality 
characters of Costata persimmon trees in 2006 year. 
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Stage 1 
T1 83.70 19.03 14.23 11.18 3.05 2.49 3.26 9.7 0.49 
T2 120.15 21.41 14.34 11.62 2.72 2.61 2.29 16.1 0.19 
T3 122.79 27.42 17.54 15.01 2.53 4.55 1.89 12.1 0.19 
T4 113.91 26.57 16.89 14.49 2.39 2.75 2.48 11.0 0.57 
T5 107.06 24.42 15.31 12.62 2.69 2.71 2.75 15.1 0.14 
T6 107.66 24.11 15.46 12.43 3.03 3.11 2.53 13.3 0.17 
T7 131.22 22.85 15.21 11.97 3.24 2.61 2.25 12.4 0.35 
T8 157.76 21.73 14.65 11.67 2.98 2.49 2.09 11.0 0.44 
T9 136.90 25.09 15.64 13.31 2.33 2.58 2.03 12.7 0.33 
T10 163.99 25.81 16.28 14.08 2.20 4.13 1.74 19.1 0.39 
T11 157.72 23.69 15.16 11.95 3.21 3.21 1.96 14.4 0.21 

Stage 2 
T1 89.53 19.00 14.51 11.21 3.30 2.61 3.27 9.9 0.49 
T2 120.96 21.65 14.69 11.53 3.15 2.67 2.22 17.1 0.18 
T3 124.76 27.68 17.23 15.72 1.49 4.65 1.84 12.2 0.19 
T4 123.03 26.32 16.87 14.61 2.26 3.08 2.49 10.4 0.50 
T5 117.31 24.67 15.33 12.67 2.66 2.73 2.87 15.4 0.19 
T6 114.91 24.41 15.27 12.52 2.75 3.19 2.56 13.7 0.17 
T7 145.52 23.08 15.18 12.01 3.17 2.63 2.21 12.5 0.38 
T8 182.89 21.67 14.62 11.38 3.24 2.71 2.09 11.4 0.39 
T9 147.69 24.85 15.31 13.40 1.91 2.51 1.90 12.6 0.24 
T10 166.49 25.66 16.33 14.22 2.11 4.26 1.64 19.9 0.41 
T11 155.98 23.96 15.18 12.19 2.99 3.20 1.83 14.5 0.22 

Stage 3 
T1 86.05 19.01 14.39 11.18 3.42 2.65 3.26 9.9 0.51 
T2 127.32 22.90 14.98 11.83 3.14 2.62 2.06 18.0 0.16 
T3 133.57 27.86 18.20 15.95 2.25 5.29 1.76 12.7 0.14 
T4 131.48 27.13 17.27 15.11 2.16 2.88 2.25 11.8 0.46 
T5  128.35 25.43 15.99 12.82 3.77 2.97 2.70 15.8 0.16 
T6 132.24 25.03 15.76 12.65 3.11 3.69 2.31 14.2 0.16 
T7 161.77 24.14 15.36 12.22 3.12 2.72 2.11 13.1 0.28 
T8 188.68 22.93 15.01 11.89 3.12 2.97 1.93 11.9 0.36 
T9 177.33 25.28 16.17 13.80 2.37 2.92 1.87 13.4 0.20 
T10 179.96 26.32 16.67 14.48 2.19 4.87 1.57 21.4 0.30 
T11 157.18 24.53 15.33 12.39 2.95 3.76 1.74 15.1 0.19 

L.S.D0.05 4.87 N.S 0.31 0.23 0.48 0.33 N.S 0.67 N.S 
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Table 7. The interaction effect of chemical treatments and physiological stages on fruit quality 
characters of Costata persimmon trees in 2007 year. 
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Stage 1 
T1 82.53 18.85 14.37 11.20 3.17 2.33 3.26 9.7 0.49 
T2 117.64 21.60 14.34 11.59 2.74 2.63 2.31 16.3 0.20 
T3 119.49 28.02 17.52 15.02 2.51 4.52 1.90 12.2 0.20 
T4 111.58 26.61 16.86 14.41 2.45 2.75 2.50 11.0 0.58 
T5 110.12 24.57 15.34 12.55 2.79 2.67 2.65 15.0 0.16 
T6 104.88 24.14 15.43 12.37 3.06 3.08 2.49 13.5 0.18 
T7 134.44 22.93 15.16 12.15 3.16 2.61 2.20 12.4 0.29 
T8 172.31 21.98 14.85 11.57 3.16 2.49 2.04 11.0 0.46 
T9 160.63 25.95 15.85 13.32 2.53 2.54 2.01 13.0 0.35 
T10 153.91 25.93 16.17 13.90 2.17 4.14 1.71 19.2 0.34 
T11 127.85 23.54 15.29 11.98 3.36 3.26 1.88 14.4 0.20 
Stage 2 
T1 84.11 18.97 14.34 11.19 3.16 2.44 3.29 9.8 0.53 
T2 118.74 21.47 14.68 11.47 3.22 2.67 2.24 16.9 0.19 
T3 121.56 27.99 17.35 15.50 1.85 4.46 1.91 12.2 0.17 
T4 119.78 26.11 16.90 14.17 2.28 2.98 2.50 10.9 0.51 
T5 114.86 24.65 15.34 12.58 2.79 2.73 2.84 15.3 0.18 
T6 111.99 24.47 15.17 12.48 2.69 3.27 2.49 13.6 0.15 
T7 142.61 23.39 15.13 12.29 3.04 2.66 2.15 12.4 0.33 
T8 179.74 21.91 14.72 11.87 3.30 2.89 2.12 11.3 0.43 
T9 162.68 25.37 15.82 13.90 2.45 2.55 1.98 12.8 0.30 
T10 153.50 25.99 16.38 14.54 2.28 4.31 1.62 19.1 0.26 
T11 134.60 23.55 15.32 12.40 3.22 3.32 1.77 14.5 0.19 
Stage 3 
T1 83.69 19.05 14.46 11.22 3.21 2.48 3.25 9.8 0.52 
T2 124.17 23.11 15.05 11.88 3.16 2.73 2.08 17.8 0.15 
T3 130.30 28.40 18.21 15.95 2.26 5.25 1.79 12.7 0.14 
T4 127.71 27.36 17.27 15.33 1.93 3.29 2.25 11.6 0.42 
T5 125.11 25.62 15.99 12.84 3.16 3.01 2.54 15.9 0.14 
T6 128.26 25.36 15.93 12.72 3.22 3.62 2.27 14.4 0.13 
T7 173.49 24.75 15.62 11.94 3.32 2.95 2.04 13.2 0.27 
T8 184.81 23.58 15.33 11.56 3.44 3.15 1.92 11.9 0.37 
T9 157.99 26.56 16.48 13.22 2.73 3.12 1.80 13.4 0.24 
T10 171.11 26.91 16.92 14.13 2.45 5.19 1.48 21.4 0.21 
T11 153.14 24.97 15.86 12.05 3.45 3.76 1.60 15.4 0.19 
L.S.D0.05 4.71 0.64 N.S 0.25 N.S 0.29 N.S 0.64 0.05 
 1 (mg carotene/100 g F.W.), 2 (mg tannic acid/100 ml fruit juice), 3 (mg ascorbic acid/100 ml fruit 
juice), 4 (mg malic acid/100 ml fruit juice). 
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However, a significant high 
interaction effect on fruit retention before 
June drop and at harvest date were obtained 
in the second season only by spraying GA4 
at pea + marble stages. Similar results were 
reported by El-Sabagh and Ahmed (2004) 
as they sprayed “Anna” apple trees with 
GA3 at petal fall stage. 
 
Fruit physico-chemical characteristics  

As for fruit physical characters 
(Tables 6 and 7) a significant interaction 
effect was obtained in both seasons.  

Spraying GA4 at pea + marble stages 
gave the highest value of fruit weight. 
Similarly, El-Seginy et al. (2003) reported 
an increase in fruit weight by spraying 
“Anna” apple trees with GA3 after fruit set 
(2 cm fruit diameter) and after one month 
of fruit set. Moreover, Goldwin (1978) 
indicated that spraying Cox̀s orange pippen 
apple trees twice; at petal fall and one week 
before June drop with a mixture of 
gibberellins increased fruit size.  However. 
In addition, spraying phosphoric acid at 
pea, marble and pea + marble stages 
resulted in highest value of TSS content in 
comparison with all other substances in the 
second season only (Table 7). Moreover, 
foliar sprays of phosphoric acid at pea + 
marble stages recorded the highest value of 
total sugars content in the first season only 
and, of reducing sugars in both seasons. 
These results are in line with those obtained 
by Eliwa et al. (2003) working on 
persimmon trees. In the second season 
spraying (Ascorbic + Citric acids) at pea + 
marble stages gave the highest value of 
non-reducing sugars. In addition, an 
interaction effect between sprayed 
chemicals and the fruit growing stage in 
accordance to fruit skin carotenoides 
content was recorded. Foliar sprays of 
phosphoric acid at pea + marble in both 
seasons and activated dry yeast at pea + 
marble stages in the second season recorded 
the highest value of carotenoides content 
without significant differences between 
them. However, no interaction effect on 

fruit tannins content was obtained in both 
seasons (Tables 6 and 7). Moreover, 
spraying activated dry yeast at pea + marble 
stages recorded the highest value of vitamin 
“C” content in both seasons. Similarly, 
Singh et al. (1994) reported that spraying 
seedless” grape vines with GA3 at berry set 
and two weeks later significantly increased 
vitamin “C” content. Moreover, foliar 
sprays of urea, phosphoric acid and (Ch. Fe 
+ Ch. Zn + boric acid) at marble stage 
alone or pea + marble stages and foliar 
sprays of chelated calcium in the three 
spraying dates recorded the least values of 
fruit acidity without significant difference 
among them in the second season only.  

These results are inconformity with 
those of Awad and Atawia (1995) working 
on pear trees, Fathi et al. (2002) working on 
peach and apple trees and Ahmed (2005) on 
peach trees. 
 
Conclusion 

It could be concluded that, spraying 
GA4, phosphoric acid and activated dry 
yeast at pea plus marble stages were the 
best and the most effective treatments in 
increasing fruit retention, yield and 
improving fruit quality and vegetative 
growth of the Costata persimmon trees.  
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