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ABSTRACT 

The present study was conducted in 2017 and 2018 seasons in order to study the effects of 
Aminoethoxyvinylglycine (AVG at100.200 and 300mg/L) and Naphthalene acetic acid (NAA at 20 
mg/L) applied in February and August on pre-harvest fruit drop and Quality of Washington navel   
budded on sour orange cultivated in a commercial orchard located in Nobaria region Behera 
Governorate, Egypt. Using AVG delay harvest three weeks, as well as  the obtained data showed that 
AVG  and NAA treatments  reduced  pre-harvest fruit drop and  increased yield , fruit weight and 
numbers , fruit firmness, peel thickness, fruit length  fruit diameter  and Juice volume compared to the  
control trees . In the meantime, significant enhancement in fruit chemical characteristics was obtained 
by spraying the different treatments in both seasons, the percentage of TSS, acidity and vitamin C 
Similarly, an increase in total and  non-reducing sugars whereas a decrease in soluble solids/acid ratio 
and reducing  sugars content. AVG at 300mg/L treatment gave the highest of all previous parameters 
compared with the other treatments. However, spraying NAA gave the lowest except that of fruit 
length and TSS /acid ratio, in both seasons. AVG (ReTain®) used in this study could be of great 
economic benefit to growers by reduce per-harvest drop increase yield, improve fruit physical and 
chemical parameters of fruit and retain fruit   quality. 
  
Keywords: Aminoethoxyvinylglycine (AVG), Naphthalene acetic acid (NAA), Pre-harvest, Fruit 

Drop, Fruit Quality, Washington navel orange.                      

 
Introduction 

Washington navel orange (Citrus sinensis L. Osbeck) is the most widespread species in the 
genus citrus in Egypt. It occupies about 35 % of the whole cultured area of citrus, the cultivated area 
reached about 155037 feddans with total production of 1619929 tons per year. According to the last 
census, issued by Ministry of Agriculture, Egypt (2017). Furthermore, fruit drop depend on the defect 
of auxins concentration at the separation layer, and the enzymes activity that transform insoluble 
pectin into a soluble form (Abd El-Ghany, 2005)  

The problem of fruit drop is a big issue influence by the genes related with abscission zone 
formation (MdPG2 and MdEG1). Fruit drop is the separation of a fruit from the pedicel of a branch of 
tree or a plant, produced by the creation of a abscission layer of cells on the fruit stem owing to a 
series of physiological and biochemical events (Khandake et al., 2016). The cruelty of pre-harvest 
drop is associated to several orchard and climatic influences such as pollination and fertilization (low 
magnesium (Mg), high potassium (K), and high boron (B)), soil fertility and nutrient status, growing 
season temperature (high temperature problem is likely related with a limitation in carbohydrate 
supply as too many of the good leaves are cut off leaving older less useful leaves. If leaf-fruit ratio 
become below 20: 1 then drop will be increased), water availability, heavy raining before fruit 
harvesting, and insect infestation or disease severity (heavy plagues of mites, leaf miners, and other 
insects or diseases led to the leaf damage that significantly reduce the photosynthate produced by the 
leaves this led to carbohydrate limitation supply to the fruits and result in increased pre-harvest drop). 
However, if substantial insect or mite damage is combined with high temperature or low Mg or 
drought stress the combine effects of each stress can increase the severity of pre-harvest drop. The 
Conditions help Ethylene synthesis that enhances the creation of enzymes that break down the cell 
walls and the complex sugars that hold cell walls composed in the abscission zone of the stem. When 
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these glue-like materials break down, they leave the fruit related only by the vascular strands, which 
are easily broken.  

Using growth regulators to rise fruit set and fruit size is very important in agriculture today 
because of their ability to improve vegetative growth, fruit set percentage, fruit quality and yield 
.Numerous growth regulators have been used to decrease drop rates. Naphthalene acetic acid (NAA) 
is one of those growth regulators and it has been used to control pre-harvest drops for about half   
century (Gardner et al., 1939). Although a lot of researchers stated significant influences of NAA in 
regulating  pre-harvest drops (Marini et. al., 1993),( Curry, 2006),  others reported that this substance 
has been either ineffective or inconsistent in controlling pre-harvest fruit drops depending on cultivars 
and climate issues (Byers ,1998; Yildiz  et al., 2012). Lately, Taiz and Zieger, (2008) indicated that 1-
aminocyclopropane-1-carboxylic acid (ACC) turns into the ethylene in aerobic situations. As well as 
the creation of ACC is a biosynthetic step that restrains ethylene production in the tissues of the 
plants. Ethylene accelerates make softer fruit in citrus due to cell membranes disintegrating in order to 
make them leakier (Rath and Prentice, 2004; Ladaniya, 2007). Amino ethoxy vinyl glycine (AVG) is 
a growth regulator that   prevents ACC-synthase activity (Yu and Yang, 1979).Amino ethoxy vinyl 
glycine (AVG) is commercially used to lessen fruit drop as a pre-harvest application (Greene, 2006).  
Commercially sold as ReTain®; It is a harmless organic product to environment and human (Öztürk 
et al.,   2012).Non-climacteric cultivars are incapable to produce a large quantity of ethylene, but that 
ethylene response in ʻKinnowʼ mandarin is similar as in climacteric types however very small 
amounts of ethylene were enough to gradually enhance fruit softening in mandarin (Tavallali and 
Moghadam, 2015). 

AVG   has   been   used   as an alternate to NAA to avoid pre-harvest drops in apples. It was 
reported that AVG delayed fruit ripening by impeding ethylene synthesis and is more active than 
NAA in controlling pre-harvest drops (Schupp and Greene, 2004; Dal Cin et al., 2008). Although 
AVG was   proved   to be an effective compound to control pre-harvest drops in apples, response of   
different   cultivars   can significantly vary. Greene, (2006) revealed that low AVG doses should be 
used in cultivars with low ethylene production such as “Gala”. AVG was also used to decrease the 
pre-harvest fruit drop, improve the fruit quality and protect the fruit firmness (Bangerth, 1978; 
Bramlage et. al., 1980; Greene and Schupp, 2004; Greene, 2005; Yuan and Carbaugh, 2007).  
Manipulate size, shape and color development (Drake et. al., 2002), (Wang and Dilley, 2001), 
(Willams, 1980) and regulating the vegetative growth and control the flowering (Bangerth, 1978). 

Retain acts by directing ethylene biosynthesis and thus the genes related with fruit abscission 
(MdPG2) and fruit softening (MdPG1) Retain blocks the production of ethylene caused by NAA and 
switches the fruit softening genes (MdPG1) in the fruit flesh. AVG is used in citrus production with a 
number of purposes including decreasing fruit drop and enriched ripening control. Ethylene   
stimulates the manufacture of enzymes (cellulose and polyglacturonase) that break down the glue that 
holds cell walls together in the abscission, zone of the stem, the cell walls, leaving the fruits 
connected to the tree by only the vascular strands, which are easily broken. Auxin lessens mature fruit 
by inhibiting ethylene-enhanced expression of the cellulase gene and creation of cellulase (Tucker et. 
al., 1988; Zur and Goren, 1977). Cellulase is an essential hydrolytic enzyme involved in cell wall 
degradation and subsequent loosening or abscission of fruit. AVG is an analog of rhizobiotoxine, the 
root-nodule bacterium Rhizobium japonicam of soybean creates this phytotoxin. This phytotoxin 
competitively prevents the change of S-adenosylmethionine (SAM) to 1-aminocyclopropane-1-
carboxylic acid (ACC) in the synthesis of ethylene (Byers, 1998). The inhibitory influence on 
ethylene biosynthesis and resulting suppression of ethylene production by AVG in various plant 
tissues is reported. AVG have the ability to decrease respiration ratio, cell wall softening enzyme 
activities (Eduardo and Kader, 2007; Win et al., 2006). 

The present study was therefore, undertaken to study the effects of application of AVG and   
NAA on   pre-harvest fruit drop, yield and fruit quality of Washington navel orange grown in Nobaria 
region. 
 

ethodMMaterial and  
This study was carried out during the seasons of 2017, 2018 on Washington navel orange 

(Citrus sinensis L. Osbeck) cultivated in a commercial orchard   located in Nobaria   region   Behera   
Governorate, Egypt. Trees were about 15 years old, spaced at 5x5 meters aparts, budded on sour 
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orange rootstock (C. aurantium L.) .Sixty trees were chosen for the present study almost uniform in 
vigor and apparently healthy and subjected to the normal cultural practices. The experiment was 
arranged in a complete randomized block   design   with   5 treatments where each treatment had three 
replicates with four tree per each (5 x 3 x 4). Each tree was received 10 L of the applied solution plus 
5cm per liter of tween 20 to avoid  surface tension except those of control treatment which were 
sprayed with water only.  

The treatments were designated as;  
1- Control (tap water), 
2- AVG (Retain; Valent Bio Sciences Corp., Libertyville, Ill.) at100mg/L 
3- AVG at 200mg/L  
4- AVG at 300mg/L  
5- NAA at 20 mg/L  

Total of two times with handgun sprayer. All treatments were applied on two equal doses in 
February and August during the two seasons of the study. Four secondary branches of four sides for 
each treated tree were randomly chosen labeled and calculated initial fruit set % at full bloom stage 
and  total number of fruits after fruit set (developed fruitlets) in both seasons 2017 and 
2018respectively, using the following equitation: 

 

1 - Initial fruit set % = 
Fruit set numbers after petal fall 

x 100 
Total flowers number 

    

2 - Final fruit set % = 
Fruits number at end of June 

x 100 
Total flowers number 

                              
Pre-harvest drop: 

During the seasons the following parameters were carried out after June drop (at the  mid of  
June) the number of remaining fruits was counted to estimate June drop The June drop percentage 
was calculated by using the following equitation. 

 

3-June drop % = 
Initial fruit set - final fruit set 

x 100 
Initial fruit set 

 

4 - Total fruit drop % =   
Fruit   set number after petal fall - Number of final fruits 

x 100 
Fruits set number after petal fall 

 
5 – Pre-harvest   Drop = Total fruit drop - June drop 
 
Fruit sampling 

After three weeks of commercial harvest date (when fruit coloring reached about 75% for AVG 
treated trees)   in   February, a sample of 15 fruit was randomly collected from each replicate in order 
to determine the effect of the different treatments on fruit quality characteristics at harvest date. 

 
Yield and fruit quality parameters: Yield per tree expressed in weight (kg) was recorded at 
harvesting date. Fruit yield increment or reduction percentage is compared with the control was 
calculated by the following equation: 
 

    Fruit yield  increment or reduction  % = 
Fruit yield (kg)/treatment - Fruit yield (kg)/ control 

x 100 
Fruit yield (kg)/ control 

 
Fruit weight and numbers were calculated .Fruit shape index (length and diameter) were 

measured .Fruit firmness was measured with Effegl, Pentrometer (11.1 mm diameter prop, Effegl , 
Alfonsing, Italy and expressed as Lb/inch2).Peel thickness (mm) in each individual fruit was 
measured by using a digital vernier caliper. Juice volume was calculated and recorded. Also the 
percentage of total soluble solids (TSS %) was determined with a hand refractometer according to 
(A.O.A.C., 2000). Acidity% as citric acid according to A.O.A.C., (2000) and vitamin C was 



Middle East J. Appl. Sci., 9(4): 969-984, 2019 
EISSN: 2706 -7947    ISSN: 2077- 4613                                             DOI: 10.36632/mejas/2019.9.4.14 

972 

calculated asmg ascorbic acid /100 ml juice according to Horwitz, (1972).Soluble solids/acid ratio 
was calculated by the percentage of TSS on acidity to be used as a criterion for maturity 
determination .In addition,  total and reducing  sugars content (%) was determined according to Malik 
and (Singh,1980). The non-reducing sugars were calculated by the difference between total sugars and 
reducing sugars. 
 
Statistical analysis. 

Finally, all data obtained were statistically analyzed according to (Snedecor and Cochran ,1990) 
using the SAS version program (SAS, 2000). 
 
Results and Discussion 
 
Pre-harvest   Drop: 

The data in Table (1) showed that the pre- harvest drop, AVG at 300mg/L treatment gave 
significantly the lowest pre- harvest drop in both seasons whereas control treatment led significantly 
to the highest.  AVG at 200mg/L treatment   caused a significant   decrease   in pre- harvest drop than   
other   treatments. As well as  plants treated with AVG at 100mg/L scored significantly lower pre- 
harvest drop   when compared with those treated with NAA at 20 mg/L. 

These results are contact with previous researches in apple cultivars by (Greene et al.,  
1987),(Amarante et al., 2002) ,(Stover et al., 2003), (Greene and Schupp, 2004), (Silverman et. al., 
2004),(Wargo et al.,  (2004), (Argenta et al.,  2006), (Green, 2006 ),(Yuan and  Carbaugh,2007), 
(Yildiz et al., 2012) and (Öztürk et al., 2015). They revealed that AVG applications significantly 
reduced accumulative drop rates compared to control and NAA application. Fruit drops of NAA-
treated trees were similar to untreated trees. AVG was  greater  than  NAA as a drop  control  and  
agent  also, NAA was not as AVG in its  effect  of  preventing pre-harvest drops. 
Moreover, (Bregoli et al., 2002) on, nectarine, (Kim et. al., 2004) on ‘Mibaekdo’ peach trees and 
(Kang et al., 2007) on Angelino’ Plum revealed that AVG treatments reduced fruit drop  until  harvest 
time compared to control. This may be due to AVG controlled pre-harvest drops in apples by 
preventing internal ethylene synthesis.  Also, (Ozkan et al., 2016) on apple stated that AVG 
treatments reduced pre-harvest drop by fifty percent comparatively to control.  

On the other hand (Dussi et al., 2002) found that pre-harvest application of AVG on Bartlett 
pear trees did not regulate pre-harvest fruit drop. Many of these variations in fruit growth and 
development are responsible of   developing   signals in which ethylene may not play a role. (Clayton 
et al., 2000), ( Kondo et al.,  1999, 2006), (Kondo and Seto, 2004),( Kondo and Takano, 2000) , 
(Murayama et al., 2006) and (Yuan and Carbaugh, 2007) illustrated that exogenous ethylene and 
treatments that effect ethylene production in fruit devoted to the tree such as auxins or wounding 
induce fruit softening. In addition, (Kendrick and Chang, 2008) indicated that ethylene response 
occurs in plants by a cascade of events in which ethylene receptor proteins interrelate with ethylene 
and initiate the signaling process. As well as (Chen et al., 2007) and (Kevany et al., 2007) reported 
that the ethylene receptor proteins negatively regulate the ethylene response and are degraded, at least 
some of them, by ethylene exposure. Further, ethylene is the well-known trigger in abscission 
(Brown, 1997) that decreases auxins   transport from the leaf blade to the petiole and encourages the 
synthesis of enzymes which in charge of the degrading of fruit abscission zone (Yuan and Carbaugh, 
2007). Found that using chemicals to prevent ethylene biosynthesis would be valuable to decrease 
fruit drop. Accordingly, the positive effect of the sprayed growth regulators on lessening fruit drop. 
 
Yield: 

With regard to the yield, the data in Table (1) showed that in both   seasons AVG at 300 mg/L 
treatment gave significantly the highest yield whereas control treatment led to the lowest. Significant 
differences found among AVG treatments and higher concentration gave best results than the lowest 
.NAA treatment led to a significant increase in yield as compared to control treatment. AVG 
treatments were superior comparatively to NAA and   control. Yield increment refer to reducing fruit 
drop and increasing fruit weight and number and by AVG treatments The results of the current study 
support to those literature findings by Rath and Prentice, (2004). They reported that harvest delay 
shifted the ReTain-treated fruit to larger fruit size categories, giving a 12.3% increase in yield 
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compared to the untreated fruit. Also, (Batjer et al., 1957) concluded that AVG does not increase fruit 
size but larger fruit may be harvested on AVG treated trees because harvest will be delayed longer 
than on non-treated trees, as fruit size increase 1% per day.  In addition,( Green and Schupp, 2004) 
illustrated that in most instance delaying harvest 2 to 3 weeks resulted in an increase in fruit size 15%-
20% .the increase in size moves fruit from one size category to a larger one that is selling at higher 
price. 

 
The increase in yield than control: 

The data concerning the increase in yield than control revealed   that   AVG at 300mg/L gave 
significantly the highest increase in yield than control percentage in both seasons. As well as AVG at 
200mg/L treatment caused a significant   increment   in   the increase in yield than control percentage 
than other treatments. Also, AVG at 100mg/L treatment significantly increased yield than control 
percentage when compared with NAA at 20mg/L.  

 
Fruit weight: 

Concerning fruit weight Table (1), plants treated with AVG at higher concentration had 
significantly the highest fruit weight. However,  lower concentration  were also more effective than 
both  NAA and  control  in both seasons .The findings on fruit weights in our study are similar to 
those of (Kim et al.,  2004), (Rath et al.,  2004), (Rath and Prentice  ,2004) , (Amarante et al.,  2005) , 
(McGlasson et al.,  2005), (Yuan and  Carbaugh  ,2007)  ,( Çetinbaş and Koyuncu ,2011)  and (Öztürk 
et al., 2012).They concluded that AVG significantly increased fruit weight. Also, (Noppakoonwong  
et al., 2005) indicated that  AVG application of 125 ppm on Tropic Beauty’ peach variety increased 
the fruit size by 10% . According to  (Butar  et al.,  2013)  the weight of fruits increased by  AVG 
treatment  35%.  

On the other hand, ( Amarante et al.,  2002) stated that AVG at 250 mgL-1 inhibited fruit 
growth in Gala and( Ozkan et al., 2016)  revealed  that  low dose of AVG (150 mgL-1) did not affect 
fruit weight and high doses (300 and 600 mg L-1) reduced fruit weight. Our previous results are 
confirmed by (Amarante et al., 2001) who indicated that increasing fruit weight could be due to delay 
ripening and senescence and maintain cell integrity which may reduce water loss, or due to their effect 
on reduction of respiration rate as ethylene related change. AVG action by inhibiting ethylene 
evolution and decrease fruit respiration which resulted in good weight .Numerous research studies 
demonstrated that weight loss was associated with respiration processes and evaporation of water 
from the fruit. Also, increase fruit weight due to a protective role on fruit peel integrity and softening 
which reduced water evaporation, gas exchange and decreased nutrient loss. AVG coincided with 
their influence in increasing fruit volume. 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. In addition, fruit weight increased with AVG 
treatment because the harvest will be delay longer than non-treated ones. 

 
Table 1: Effect of AVG and NAA on  pre-harvest  drop, yield, Increase % in yield than control, fruit 

weight and fruit numbers of  Washington navel orange. 

Fruit 
numbers 

Fruit weight 
(g) 

% Increase  
in yield than 

control 

Yield 
(kg) 

Pre-harvest  
Drop 

Treatments 

2018 2017 2018 2017 2018 2017 2018 2017 2018 2017  
304.8e 279.9e 212.85e 209.74e 0e 0e 64.76e 58.71e 24.91a 25.37a Control 
418.6c 391.3c 225.57c 222.85c 45.6c 48.53c 94.29c 87.2c 16.88c 18.15c AVG 100 mg/L 
487.6b 449.5b 227.75b 224.42b 71.48b 71.83b 111,05b 100.88b 14.65d 15.78d AVG 200 mg/L 
530.6a 516.75a 230.13a 228.5a 88.56a 101.12a 122.11a 118.08a 11.48e 13.74e AVG 300 mg/L 
378.7d 385d 218.77d 215.69d 27.93d 41.44d 82.85d 83.04d 19.61b 18.44b NAA 20 mg/L 
1.03 1.9 0.127 0.129 0.0.043 0.029 0.031 0.416 0.021 0.025 LSD 0.05 

 
Fruit numbers: 

With regard to fruit numbers, AVG at the   higher concentration gave significantly the highest 
fruit numbers. However, the lower concentration were also more effective than both NAA and control   
in both seasons .Increasing fruit numbers related to the reducing of fruit drop .The maximum number 
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of fruits per tree with AVG might be attributed to less dropping of fruits, as the application of AVG 
made up the deficit of endogenous auxin, which prevented formation of abscission layer perhaps 
through the inhibition of enzymatic action at higher temperature. The findings of   present   study are 
in conformation with the results of (Greenberg  et al., 2006). 
 
Fruit length: 

As for fruit length in Table (2), AVG and NAA  treatments  caused a significant   increase  in 
fruit length  as compared with control. Also, AVG at 300 mg/L gave significantly   the largest fruit 
length .Significant differences were found between other treatments. These results are along with 
(McGlasson et al., 2005)   who   illustrated that the  AVG treated fruits were bigger than the fruits of 
the control group . Also, Butar  et al.,  (2013) indicated that AVG applications increased the fruit sizes 
in comparison with the control. In  addition  , (Greene  and Schupp, 2004)  reported that  AVG  
treatment delayed harvest 2to3 weeks and this  results in an increase in fruit size of 15% to 20%.  
Also, (Öztürk et al., 2012) found that the effect of AVG treatments on the length was statistictically  
increased. As well as The AVG application on ‘Tropic Beauty’ peach variety increased the fruit size 
by 10% according to (Noppakoonwong et al., 2005).The results of the current study also, agreed with 
those literature findings by (Stern et al., 2007) they  reported that treatments of NAA stimulated cell 
expansion in the fruit mesocarp, which caused an enhancement in fruit volume.  

On the other hand, (Williams, 1980) reported that high doses of AVG reduced fruit size at 
harvest of apples. 
 
Fruit diameter: 

As for fruit diameter in Table (2), AVG and NAA treatments caused a significant increase  in 
fruit diameter as compared with control. Also, AVGat300 mg/L gave significantly the largest fruit 
diameter. AVG 200 mg/L  led to significant increase in  fruit  diameter  when  compared with AVG 
at100 mg/L and NAA at 20 mg/L treatments .Similar results were observed by various researchers for 
different fruit species, (Greene, 2006)  revealed that AVG significantly increased fruit  diameter of 
apple  . Also, (Greene and Schupp ,2004) showed that fruit diameter in McIntosh apple significantly 
and linearly increased with increasing AVG concentrations .In addition, (McGlasson et al., 2005) 
found that  the fruits of nectarin were bigger and heavier than the fruits of the control group. 
Moreover The AVG application on ‘Tropic Beauty’ peach variety increased the fruit size by 10% 
according to (Noppakoonwong et al., 2005). As well as (Tabatabaeefar and Rajabipour, 2005) who  
reported that the average width was70.0 mm for Red Delicious and Golden Delicious. Also, (Öztürk  
et al., 2012) reported that the  dimensions were higher as AVG doses increased and  the width linearly 
increased .In addition , (Butar  et al., 2013 )  used AVG and illustrated that the diameters of the fruits 
expanded by 8.4%.Whereas (Williams ,1980) reported that high doses of AVG reduced fruit size at 
harvest of apples. 

 
Fruit firmness: 

As for fruit firmness, the data in Table (2) showed that fruits of plants treated with AVG at 
higher concentration had significantly  the highest fruit firmness. However, lower concentration were 
also more effective than both NAA and control in both seasons. Similar results were observed by 
various researchers for different fruit species , (Hayama et al.,  2008) reported that fruit firmness is a 
quality parameter straight related to shelf life and fruit quality which was powerfully maintained by 
AVG in both climacteric and even non-climacteric fruits. Also, (Dekazos, 1979) indicated that 
firmness was slightly increased in fruit from branches treated with AVG. Moreover, (Palou and 
Crisosto, 2003) on apricot, (Valdés et al., 2009) on apricot, ( Mu˜noz-Robredoa et al.,  2012) on 
apricot, (Byers , 1998 ) on apple and (Garner et al., 2001) on peach and ( Tarabih, 2014)  on pear 
revealed that AVG significantly slowed the softening rate and delay ripening of  apricot, peaches, 
nectarines and pears. As well as (Layne et al., 2002) ,(Whale et al., 2008 ) and( Salas et al., 2011) on 
nectarine,( McGlasson et al., 2005)on peach,( Cetinbas et al.,  2012)on pears , (Andreotti et al.,2004 )   
and ( D'Aquino et al.,  2010)on plum ,( Jobling et al.,  2003) and (Öztürk et al.,  2012)on apples 
indicated that AVG  maintain fruit firmer .In addition ,( Singh et al.,  2003 )  reported positive effects 
of AVG on fruit firmness in stone fruits and (Green, 2005) illustrated that  AVG slowed the loss of 
flesh firmness and decrease internal ethylene concentration. (Rath et al., 2004) also reported that 
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application  AVG to ‘Tatura 204’, ‘Golden enhanced  fruit firmness by 7-58% compared to control 
fruits. In addition, (Fallahi, 2007) on apple stated that AVG maintained firmness more than 
control .As well as (Yuan and Carbaugh, 2007) reported that NAA encouraged fruit ripening, reduced 
flesh firmness in ‘Golden Supreme’ and ‘Golden Delicious apples. Also, (Çetinbaş and Koyuncu, 
2011) found that all AVG concentrations gave higher fruit firmness values than control. Fruits treated 
with AVG are firmer (35-70 %) than those of control groups in ‘Monroe’ peach variety. Moreover, 
(Öztürk et al., 2012) reported that fruit flesh firmness is an vital quality and ripening criteria for apple 
fruit. AVG provided significant influences in preservation of flesh firmness of ‘Braeburn’ apples and  
flesh  firmness of AVG-treated fruits was higher than the control .In addition ,(Yildiz et al.,  2012 ) on 
apple indicated  significant differences in flesh firmness between AVG concentrations whereas NAA 
spray did not cause a significant decrease in flesh firmness relative to control treatment at all dates 
while  (Butar  et al.,  2013)on nactarin found that the fruit firmness increased  between 2.56% and 
11.92% with AVG applications comparatively  to the control fruits. As well as ,(Öztürk et al.,  2015) 
on  apple revealed that flesh firmness  were proved to be higher in AVG treatments than control 
treatment while firmness of NAA-treated fruits were found to be lower than control fruits. 

In this respect, (Tavallali and  Moghadam ,2015) reported  that non-climacteric cultivars are 
unable to produce a large amount of ethylene, but that ethylene response in ʻKinnowʼ mandarin is the 
same as in climacteric types, also they  indicated that very low amounts of ethylene were enough to 
slow fruit  softening  enhancement  in mandarin. In addition , (Eduardo and Kader, 2007) and (Win  et 
al.,  2006 ) revealed that fruit firmness is the most essential effective factor and AVG have the ability 
to reduce respiration rate, activities of cell wall softening enzyme and fruit firmness retention. 

 
Peel thickness: 

Regarding peel thickness Table (2), AVG at300 mg treatment gave significantly higher fruit 
peel thickness as compared with control in both seasons. Also, plants treated with AVG at 300 mg/L 
treatment  had significantly  higher  fruit peel thickness than  those treated with NAA at 20mg/L in the 
first season .Moreover ,AVG 200 mg/L  led to significant increase in  fruit  peel thickness  as 
compared  with  control in the first season. The results of the current study was supported by ( Öztürk 
et al.,  2012 ) literature findings  who indicated that ,the effect of AVG treatments on thickness, was  
statistictically significant as well as, (Öztürk  et al.,   2012) who found  that thickness linearly 
increased by AVG treatment. Also, (Tabatabaeefar and Rajabipour, 2005) reported that the average 
fruit  thickness  67.0 mm for Red Delicious and Golden Delicious. 

 
Table 2: Effect of AVG and NAA on fruit length, fruit diameter, fruit firmness, peel thickness  and 

juice volume of  Washington navel orange. 
Juice 

volume(mL3) 
Peel thickness 

(cm) 
Fruit firmness 

1b/inch2 
Fruit 

diameter(cm) 
Fruit 

length(cm) 
Treatments 

2018 2017 2018 2017 2018 2017 2018 2017 2018 2017  
89.96e 87.9e 0.45b 0.4c 8.81e 8.86e 6.08d 6e 6.3e 5.82e Control 
106.77c 103.38c 0.48ab 0.43abc 10.2c 9.83c 6.59c 6.47d 6.75d 6.22d AVG 100 mg/L 
111.1b 108b 0.5ab 0.45ab 10.39b 10.15b 7.24b 7.11b 7.13c 6.67c AVG 200 mg/L 
120.6a 116.9a 0.52a 0.47a 11.18a 10.59a 7.75a 7.6a 7.64a 7.04a AVG 300 mg/L 
96.89d 93.7d 0.469ab 0.42bc 9.59d 9.74d 7.1b 6.89c 7.23b 6.68b NAA 20 mg/L 
0.228 0.947 0.054 0.0412 0.039 0.018 0.199 0.08 0.062 0.021 LSD 0.05 

 
Fruit juice volume:    

As  for  fruit juice  Table (2) ,  plants treated with AVG at 300 mg/L treatment contained  
significantly  the highest fruit juice volume  in both seasons whereas  those with  control treatment 
had  significantly   the lowest  . AVG at 200mg/L   treatment   caused a significant increase in fruit 
juice volume than AVG at 100mg  and  NAA at 20 mg/L treatments . As well as  plants treated with 
AVG at 100 mg  scored significantly  higher fruit juice volume  when compared with those treated 
with NAA at 20 mg/L. These results are supported by (Rokaya et al., 2016) who reported that the 
increase in juice percentage of mandarin may be described by the fact that hormones play a regulating 
role in the mobilization of metabolites within a plant and it is well known fact that developing fruits 
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are extremely active metabolic “sinks” which mobilize metabolites and direct their flow from 
vegetative structure. 
 
Total soluble solids contents (TSS %) : 

Total soluble solids percentage is considered to be an important parameter of quality of citrus 
fruits to know the time of   harvesting. The data in Table (3)   indicated that fruits of plants treated 
with AVG at higher concentration had significantly the highest fruit total soluble solids content. 
However,   lower   concentration were also more effective than both NAA and control in both seasons 
as well as no significant differences were found between control and NAA at 20 mg/L in the first 
season. These  results are in line with those found by (Singh et al., 2003) on ‘O’Henry’ and 
‘Summerset’ types, (Greene, 2006) on apple, (Rath and Prentice, 2004)  on ‘Arctic Snow’ peach 
variety, (Butar  et al.,  2013) on nactarin , Tavallali and Moghadam, (2015) on  Kinnow mandarin and 
(Radwa Satour,2019) on apricot. They illustrated that AVG applications increased the soluble solid 
contents of the fruits. Also, (Ingel et al., 2001) on Nagpuri mandarin indicated that soluble solids were 
elevated in fruits treated with ReTain alone at the first harvest. 

In contrary  on apple cultivars  (Byers  1998) ,(Wargo et al., 2004),( Greene, 2005),( Schupp 
and Greene, 2004) and  (Ozkan et al., 2016) and  (Tarabih ,2014) pear found that fruit treated with  
AVG had a lower percent of TSS.  

On the other hand  (Dong et al., 2002), (Palou and Crisosto, 2003) ,(Valdés et al., 2009 and 
Mu˜noz-Robredoa et al., 2012) on apricot, ( Wargo et al.,  2004) , (Yuan and  Carbaugh , 2007) and 
( Öztürk et al., 2012 ) on apple  , (Morales-Payan  et al., 2009)  on‘Red Lady’ papaya  and (Candir et 
al., .( 2017) and ( Zulferiyenni et al., 2016)  on banana they reported that AVG treatments did not 
affect TSS. (Yildiz et al., 2012) on apple found that the difference between control and NAA 
treatment was not significant for soluble solids. 

Previous studies revealed that ethylene inhibitors, by preventive fruit respiration metabolism 
and fungal growth, thereby delay the declines of nutritional components such as soluble solids 
(Hagenmaier, 2005).  The increase in TSS by AVG application may possibly be due to the breakdown 
of complex organic metabolites into simple molecules or due to hydrolysis of starch into sugars (Wills  
et al., 1998). 

Asgharia and Aghdam, 2010) and (Ezzat et al.,  2014) illustrated that AVG  effects  maintaining 
cell wall integrity and delay degradation. Cell walls contain large amounts of polysaccharides, mainly 
pectins and cellulose. The activation of cell wall degrading enzymes during the ripening progress 
solubilize the cell wall components which leading to a significant increase in SSC content. 
 
Acidity: 

The data in Table (3) showed acidity percentage, AVG at 300mg/L treatment caused 
significantly the highest fruit juice acidity  in both seasons whereas control  and NAA at 20 mg/L 
treatments  gave significantly  the lowest .  AVG at 200mg/L   treatment led to a  significant   increase  
in fruit juice acidity than AVG at 100mg/L treatment ..These results are in agreement with those 
found by( Singh et al.,  2003) on O’Henry’ and ‘Summerset peach, (Tarabih ,2014) on pear, (Tavallali 
and Moghadam, 2015) on Kinnow  mandarin ,(Ozkan et al., 2016) on apple and (Radwa Satour, 
2019 ) on apricot they reported that AVG showed an  increase  in titra Table acidity. As well as, 
(Salas et al., 2011) indicated that using AVG for instance preserving acidity in apple. On contrasting, 
(Dong et al., 2002), (Palou and Crisosto, ,2003), (Valdés et al.,  2009)in apricot and( Mu˜noz -
Robredoa et al., 2012) on peach, (Morales-Payan  et al., 2009) on chill peach, (Berry  and Argent, 
2004) on Red Lady’ papaya, (Argenta et al., 2006) on apple and (Zulferiyenni et al.,  2016) 
on‘ Cavendish’ banana, they mentioned that AVG treatments did not affect  total acidity. (Yildiz et 
al., 2012) indicated that NAA and AVG treatments did not cause any significant change in titraTable 
acidity relative to control. As well as, (Butar et al., 2013) on nactarin reported that the effects of AVG 
on total acidity was not significant. 

In this respect (Brahmachari et al., 1997) on Guava trees and (Hikal, 2013) on Washington 
navel orange found that TSS/acid ratio of fruits was improved while fruit total acidity was reduced. 

Previous studies revealed that ethylene inhibitors, causes limiting fruit respiration metabolism 
and fungal growth, thereby delaying the declines of nutritional components such as titraTable acidity 
(Hagenmaier, 2005). AVG maintained higher acidity probably due to delay in ripening process. 
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(Sigal-Escalada, 2006) reported that the AVG treatments aided in better retention and cumulative of 
acidity as compared to control, which might be due to the positive role of treatments in delaying the 
ripening process and decreasing  respiration of fruits. Sugars and organic acids donate to fruit taste 
and are used as respiratory substrates. (Tucker , 1993) revealed that total acidity mainly reflects the 
abundance of citric and ascorbic acids, the most conspicuous organic acids in citrus .Citric acid is a 
major respiratory substrate and can fall by 50% during the ripening of a fruit. 
 
TSS/acid ratio: 

The results for TSS/Acidity  indicated that AVG at 300mg/L treatment gave significantly  the 
lowest TSS/Acidity ratio, whereas ,NAA at 20 mg/L treatments  led to a significant increase in 
TSS/Acidity  ratio than control in the first season and other treatments in the second seasons. Also, 
AVG at 100mg/L treatment significantly decreased TSS/Acidity ratio when compared with AVG 
200mg/L. These obtained results are in contract with that of (Brahmachari et al., 1997) on Guava trees 
and (Hikal, 2013) on Washington navel orange who found that TSS/acid ratio of fruits was improved 
while fruit total acidity was reduced. 
 
VC: 

Concerning Vc in Table (3), AVG at 300mg/L treatment gave significantly the most Vc  content 
in both seasons whereas  control treatment led significantly  to the lowest  . Significant differences 
were found between other treatments. Previous studies revealed that ethylene inhibitors, by preventive 
fruit respiration metabolism and fungal growth, thereby delaying the declines of nutritional 
components such as, ascorbic acid (Hagenmaier, 2005).Also, ethylene might be playing a detrimental 
role through its involvement in oxidative injury to the loss of vitamin C content of fruit (Singh and 
Pal, 2008). Moreover, (Blankenship and Dole, 2003), (Watkins, 2006) and (Win et al., 2017) 
indicated  that  AVG suppressed the ethylene synthesis accordingly, prevent VC loses. (Tavallali and  
Moghadam, 2015) on Kinnowʼ mandarin indicated that AVG treatments significantly increased 
vitamin C. (Radwa Satour, 2019) on apricot found that AVG treatments with both concentrations 
maintained higher VC content in both seasons. The reduction of ascorbate is often considered as a 
symptom of fruit senescence (Borracino et al., 1994). 
 
Table 3: Effect of AVG and NAA on TSS , Acidity, TSS/A and VC of  Washington navel orange. 

VC(mg./100juice) TSS/A Acidity% TSS% Treatments 
2018 2017 2018 2017 2018 2017 2018 2017  

42.59e 39.46e 12.33b 12.2ab 0.999d 0.979d 12.32e 11.94d Control 
46.33c 42.68c 11.88c 12.03b 1.07c 1.03c 12.71c 12.39c AVG 100 mg/L 
50.45b 46.94b 11.33d 11.48c 1.17b 1.12b 13.26b 12.86b AVG 200 mg/L 
55.36a 51a 11.02e 11.39e 1.25a 1.18a 13.78a 13.44a AVG 300 mg/L 
45.78d 41.55d 12.73a 12.39a 0.976d 0.977d 12.42d 12.1d NAA 20 mg/L 
0.093 0.21 0.252 0.293 0.027 0.023 0. 1 0.177 LSD0.05 

 
Total sugar: 

Concerning total sugar content   ,the data in Table(4)   indicated that  AVG at 300mg/L 
treatment   gave significantly  the highest total sugar content   in first season.as well as in second  
season AVG at 200 and  300mg/L treatments  led to a significant increase in total sugar content   than 
other treatments, whereas fruit of plants treated  with NAA at 20mg/L had significantly  the lowest .  
In the second season, AVG at 200mg/L  treatment  caused a significant  increase in total sugar content   
than AVG at 100mg/Land NAA 20mg/L  treatments. Also, AVG at 100mg/L treatment significantly 
increased total sugar content   when compared with control treatment .In the current study, the total 
sugar content was between 6.44%-7.97 %. These results are in line with those obtained by (Colarıč et 
al., 2004) who reported that total sugar and sucrose content varied from 6.15 to 9.37% and from 4.61 
to 7.01% in peach and nectarine cultivars, respectively. Sugars and organic acids donate to fruit taste 
and are used as respiratory substrates (Tucker, 1993). Respiration is the oxidation breakdown of 
complex  molecules such as starch ,sugars and organic acids, (Kader and Saltveit  , 2003).The results 
of the current study support to those literature findings by (Çetinbaş and Koyuncu,2011) on Monroe’ 
Peaches who revealed that statistically significant interaction effects between concentrations and 
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application times on the fruit total sugar in both seasons between concentrations and application times 
on the fruit total sugar   , in second year  they found that AVG fruits had the highest sugar content and 
total sugar content was between 5.06-11.50%. 

On the other hand , (Radwa  Satour ,2019) on apricot  found that there were no significant 
differences on total sugars of fruit flesh  between control and AVG treatments in both seasons. 
 
Reduced sugar: 

The data regarding reducing sugars showed that plants with control treatment had significant 
higher reduced sugar content than those with other treatments except AVG at 100mg/L whereas that 
of  NAA treatment had the lowest. Also ,AVG at 100 and 200mg/L gave significantly higher reduced 
sugar content than AVG at 300mg/L.As well as reduced sugar content  in plants treated with AVG at 
100  was significantly  higher than AVG at 200mg/L. Similar results were observed by various 
researchers for different fruit species,(Çetinbaş and Koyuncu, 2011) on Monroe’ Peaches who  
reported  that there were statistically significant  interaction effects between concentrations and 
application times on  reduction of sugar  in both years. Also,( Radwa Satour  ,2019) applied AVG on 
apricot  and  revealed that the highest significant reducing sugars percentage was found with the 
control in both seasons .The increase in reducing sugars can be attributed  to  sugars accumulation as a 
result of the metabolism of polysaccharaides as repining progress. (Çetinbaş and Koyuncu, 2011)  
reported a significant  interaction effects between concentrations  and  application times on reduced 
sugar content and the reduction in sugar content was between 2.52-9.50%. 

 
Non Reduced sugar: 

The data in Table (4) discuss non reduced sugar content and appeared  that plants treated with 
AVG at higher concentration  had significantly  the highest non reduced sugar content. However,  
lower concentration  were also more effective than both NAA and control  in both seasons. These 
results are along with those found by (Çetinbaş and Koyuncu ,2011) found  statistical  significance  
for the interaction effects between concentrations and application times on sucrose content and the 
sucrose content was between 1.94-5.00%.(Ozkaya et al., 2014). They reported  statistical significance  
for  the interaction effects  between concentrations and application times on sucrose contents. As well 
as  (Radwa Satour   (2019) on apricot revealed that control has significantly lower content of non-
reducing sugars percentage among treatments when compared with AVG treatments. 
 In this respect  (Chapman and Horvat ,1990) reported that the sucrose content of the ‘Monroe’ peach 
was around 7-8% at harvest and  (Fallahi,2007) on apple revealed that AVG reduced starch hydrolysis  
more than control. 
 
Table 4: Effect of AVG and NAA on Total sugar, reduced sugar and non-reduced sugar of  

Washington navel orange. 
Reduced sugar (%) Non Reduced sugar (%) Total sugar (%) Treatments 

2018 2017 2018 2017 2018 2017  
4.48a 3.98a 3.35d 3.04d 7.83b 7.02c Control 
4.34b 3.97a 3.43c 3.17c 7.77c 7.14b AVG 100 mg/L 
4.28c 3.81b 3.69b 3.38b 7.97a 7.19b AVG 200 mg/L 
4.05d 3.77c 3.91a 3.49a 7.96a 7.26a AVG 300 mg/L 
3.8e 3.57d 2.91e 2.87e 6.71d 6.44d NAA 20 mg/L 

0.017 0.0103 0.016 0.021 0.057 0.013 LSD0.05 

 
In economic study of yield production the main economic criteria were cost of each 

substance(AVG and NAA) that used under study(L.E / fed.), cost of labor and spraying motor (L.E / 
fed.), averages yield (ton / fed) for two seasons (2017& 2018), price of yield over control (L.E) and 
net profit (L.E / fed.) for each treatment. Results are given in Table (5).  

Other expenses such as the costs of supervision and royalties were not taken into consideration 
in this study .In more details unite price of AVG was (5.33 L.E / k.gm.) and NAA was (1.5 L.E / 
k.gm.) taking into account of both AVG and NAA were sprayed at two times under study. The study 
also revealed that the cost of labor that were used per treatment as well as the spraying motor and thus 
the total costs were calculated. Also averages yield (ton /fed.) for the first and second seasons and 
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yield over control were calculated and finally the net profit (L.E/ fed.) for yield over control was 
determine .From this economic study it could be noticed that, application of AVG at300mg/L. was the 
best for giving the highest net profit / fed. (23331.6 LE) followed in descending order by using of 
AVG at 200 mg/L (18235.9 L.E), AVG at100mg/L (12584.4 L.E) and NAA at 20mg/L (10702.7 L.E) 
and so on as shown in Table (5). 
 
Table 5: Economic study for using AVG and NAA applications on yield of Washington Navel orange 

trees. 

Treatments 

Total 
Q .of 
Each 
Trea./ 
fed. 

Unit 
Price 
(L.E 

Cost of 
each 

Trea./fed. 
(L.E) 

NO. 
Labor/ 

year 

Labor 
& 

S.M. 
fees 

(L.E) 

Labor 
& 

S.M. 
Cost 
(L.E 

Total 
cost 

trea./ 
fed. 
(L.E 

Average 
yield 
for 
two 
seas. 
Ton/ 
fed. 

Yield 
over 

control 
Ton/fed. 

Yield 
over 

control 
Price 
(L.E. 

Net 
Profit/ 
Fed. 

(L.E)E) 

Control        10495.8    
AVG 100 mg/L 396g 5.33 2110.7 2 50 100 2210.7 15427.5 4931.7 14795.1 12584.4 
AVG 200 mg/L 792g 5.33 4221.4 2 50 100 4321.4 18014.9 7519.1 22557.3 18235.9 
AVG 300 mg/L 1188g 5.33 6332 2 50 100 6432 20417 9921.2 29763.6 23331.6 
NAA 20 mg/L 12g 1.5 14.4 2 50 100 114.4 14101.5 3605.7 10817.1 10702.7 

Where: (S.M.) refers to Spraying Motor., two times. 
 

 
Conclusion 

Obtained results of AVG: ReTain® used in this study could be of great economic benefit to 
growers by reduce per-harvest drop, increase yield, improve fruit physical and chemical parameters of 
fruit and retain fruit quality. 
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