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ABSTRACT 
 
 Controlling fruit abscission is one of the most important concerns of orange producers especially seedless 
cultivars such as "Washington" navel. Retention of the proper number of fruits during postset months is the 
critical factor that determines growers profits since preharvest drop is not considerably high. In this study, the 
usual treatments of GA3 and NAA were used to compare their influence with 1-MCP, the antiethylene 
compound. The treatments included: Water (as a control), NAA at 25 mg/L, GA3 at 25 mg/L, 1- MCP at 5 mM, 
the combinations of NAA plus GA3, NAA plus MCP and finally the combination of GA3 plus MCP. All 
treatments were sprayed during full bloom and the surfactant Tween-80 was added to all treatments at 0.05 % 
v/v. Fruit drop was monitored and assessed by two approaches, the first calculated the cumulative fruit 
abscission along the season, while the second approach calculated the magnitude of each abscission wave during 
the middle of April (T1), May (T2), June (T3), July (T4) in addition to preharvest drop in the middle of 
December (T5). The data revealed that MCP was equally effective to NAA on increasing fruit set but lower than 
GA3 as compared with the control. The greatest yield per tree was obtained at harvest with the combination of 
MCP plus GA3 among all other treatments. There was a synergistic effect on tree yield when GA3 was added to 
MCP in a formulation as compared with apply each of them individually in both seasons. Moreover, all used 
growth regulators were able to significantly increase fruit length and diameter relative to the control. The ratio 
of length to diameter indicated to a considerable fruit elongation either by GA3 alone or in a combination with 
NAA. Meanwhile, MCP alone reduced the length to diameter (L/D) while with its combination with GA3 
resulted in an increase of fruit elongation as indicated by L/D ratio. The SSC/ acidity was enhanced by NAA or 
GA3 while reduced by the single application of MCP. However combining NAA with MCP in formulation 
caused a significant increase in SSC to acidity and total sugars as compared with the control. On the other hand, 
cumulative fruit drop in both seasons was remarkably reduced by all used treatments especially with MCP alone 
or when combined with either NAA or GA3 relative to the control. When the magnitude of each abscission wave 
was assessed, the data proved that the most dangerous one was the postset drop that occurred on April 15 (T1) 
followed by (T2) that was assessed on May 15. The interaction by various treatments and assessment times 
indicated to a long- lasting effect of all MCP- included treatments since fruit drop ceased in three assessment 
times (June 15, July 15, in addition to preharvest drop on December 15) while continued with NAA, GA3 or 
their combination until July 15 assessment. Thus, this study reached to the conclusion that MCP could be 
considered as an effective treatment to drastically reduce fruit abscission while improving "Washington" navel 
quality at harvest. Meanwhile, the combination of MCP plus NAA would further increase the tree yield while 
enhancing SSC/acidity, vitamin C and total sugars but reducing carotenes in a consistent manner relative to the 
control.  
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Introduction 
 
 Fruit drop is one of the most important problems facing orange producers especially navel oranges. 
Percentage of fruit abscission makes the difference between successful and disappointing seasons. Since the 
yield is mainly determined by the number of attached fruit and their size. It is difficult to control fruit size that 
requires manipulating the pumping considerable amount of carbohydrates to the growing fruits. This stimulation 
is practically hard to achieve or not feasible. Thus, the most critical factor in controlling yield is to retain the 
proper number of fruits on the tree until harvest. There are many fruit abscission waves other than those 
organizing the balance between vegetative and flowering density. The period following fruit set is very critical 
and sensitive to warm – dry atmosphere. This period lasts until the end of June drop. There are also frequent 
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problems with mature citrus fruits falling off the tree prior to harvest. Abscission of mature fruits represents a 
great loss to orange producers since they are often injured and much less valuable. In the past, growers used to 
spread straw under the trees of certain cultivar or fruit types to reduce injury, a practice not used today because 
of the many problems associated with it and mainly hard to apply on a large scale in the field. Preharvest fruit 
drop also means that harvesting may need to be started earlier than desired to assure optimum fruit quality. 
Although there have been scant studies on postset abscission of oranges, most available results focused on the 
percentage of cumulative fruit drop. There is a need to assess the magnitude of each abscission wave after fruit 
set especially in arid regions or desert agriculture. Moreover, extension of the harvest season allows the grower 
to market fruit over a longer period and to take advantage of high prices for late-season fruit. Citrus fruits held 
on the tree past their normal harvest time typically soften, become off-colored, and are prone to drop, thus 
reducing yield. Most attempts to control fruit drop have focused on field treatments of attached fruits with GA3 
to delay peel softening and color development and to retard fruit drop. That was the case with navel oranges in 
California and Australia (Coggins, 1981). Several studies used 2.4-D application to delay peel senescence and 
premature fruit drop of "Pinapple" oranges and to decrease the severity of summer fruit drop of navel oranges in 
Florida (Davies, 1986 a and b). It is required to consult current spray guides concerning limitations and 
restrictions on the use of 2, 4-D. Actually, there is a need to an alternative to the application of 2,4-D due to 
health concerns. Furthermore, GA3 application at high rates defoliates citrus trees and causes fruit burn. 
Therefore, caution should be exercised when applying the material above, even GA3 since exceeding certain 
concentration in the tree adversely affect floral induction and differentiation (Monselise and Halevy, 1964). 
Many growers and researchers focused on the application of the auxin NAA at the first sign of sound mature 
fruit drop, some of the trade names of NAA indicated to its role such as Fruit-Fix, Stafast and Kling-Tite. It has 
been reported that the formation of abscission zone leading to the drop of small fruitlets after fruit set is 
triggered by an increase in ethylene production cells adjacent to this zone. Thus, the use of the antiethylene 
compound, namely methylcyclopropenecarboxcylic acid (1-MCP) has the potential to inhibit the process leading 
to fruit drop. Thus, the objectives of this study were to provide navel orange growers with new treatments or 
combinations that effectively reduce postset and preharvest fruit drop, and to define and assess the magnitude of 
each abscission wave as compared with the cumulative method used to determine fruit abscission. 
 
Materials and Methods 
 
 This study was carried out during two successive seasons (2008 – 2009) on twenty seven years old 
"Washington" navel orange trees grown in a private orchard at Kaffr El-Dawar province, El-Behira 
Governorate, Egypt. Trees were uniform in vigor as possible, grafted on sour orange rootstock and under 
standard cultural practices. Thirty five trees were randomly selected and sprayed during full bloom (the first of 
March during the two seasons) using a hand sprayer to the point of run off with one of the following solutions: 
Water (control), NAA at 25 mg/L, GA3 at 25 mg/L, 1-Methylcyclopropenecarboxylic acid (MCP) at 5 mM; 
NAA (25 mg/L) plus GA3 (25 mg/L), NAA (25 mg/L) plus MCP (5mM) and finally GA3 (25 mg/L) plus MCP 
(5mM). Tween-80, a non ionic surfactant, was used at 0.05 v/v with all treatments. Eight shoots of about one 
inch diameter at the same height around all directions of each tree were labeled to carry out the following 
measurements: 
 
Fruit Set (%): 
 
 The numbers of fruit set two weeks after full bloom were counted and fruit set percentage was estimated 
according to the following equation: 
 
                               Total No. of fruitlets 
Fruit Set (%) = ------------------------------------- x  100. 
                              Total No. of flowers 
 
 
Cumulative Fruit Drop (%): 
 
 Fruits were counted on each labeled branch at harvest and the percentage of cumulative fruit drop was 
determined as follows: 
 
           Total No. of fruitlets – No. of fruits at harvest 
Cumulative Fruit Drop (%) = --------------------------------------------------------- x100. 

  Total No. of fruitlets 
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The Magnitude of Abscission per Wave (%): 
 
 Assessment of the magnitude of each abscission wave was calculated according to the retained number of 
fruits from the previous wave. 
 In mid December, yield per tree was determined as number and weight of fruits (Kg) in the two seasons. 
 Fruit quality as a sample of five fruits per tree was randomly taken at harvest to determine both physical 
characteristics included fruit weight (gm), fruit length, diameter and their ratio and peel thickness (cm) using a 
hand caliper and finally juice volume (cm3) and the chemical characteristics involved the percentage of soluble 
solid content (SSC) by hand refractometer, the percentage of titratable acidity (TA) according to the method of 
Egan et al., 1987 and the ratio between soluble solid content and titratable acidity (SSC/TA). Vitamin C as 
milligrams ascorbic acid/100 ml juice and the percentage of total sugars were determined according to the 
method of Egan et al., 1987 and finally carotene content of fruit peel was calculated according to Wintermans 
and Mats, 1965. 
 Five replicates were used with each treatment. One tree represented one replication in a randomized 
completely blocks design (RCBD). The least significant difference was used to compare the means. The SAS 
computer program (1996) was used to obtained ANOVA and LSD (at 0.05 level). 
 
Results and Discussion 

 
I- fruit set and yield components:  
 
 Changes in fruit set percentage as influenced by the application of some growth regulators were recorded in 
Table 1. The data indicated that each of NAA, GA3 or MCP was able to significantly increase fruit set as 
compared with the control in a consistent manner in both seasons. However, among the above sprayed 
regulators, GA3 was remarkably superior to NAA and MCP in increasing the fruit set. Furthermore, both NAA 
and MCP were equally effective on increasing fruit set over the control. On the other hand, the combination of 
NAA plus GA3 resulted in a similar fruit set to that found by GA3 alone. In other words, no added advantage 
was obtained by adding NAA to GA3 with respect to the percentage of fruit set. Meanwhile, when MCP was 
combined with either NAA or GA3, no further increase was found in fruit set relative to the single application of 
MCP or NAA. In general, all used growth regulators (NAA as an auxin, GA3 as one of the gibberellins, and 
MCP as an antiethylene compound) had the potential to increase fruit set relative to the control. The formulation 
containing GA3 plus NAA was more favourable than the formulation containing GA3 plus MCP with regard to 
the enhancement of fruit set in both seasons. These mentioned trends of results were in accordance with those 
obtained by El-Choayra, 2001and Abd El- moneim et al., 2007 on “Washington” navel oranges; El-Sese, 2005 
on "Balady" mandarin and Saleem et al., 2008 on “Blood Red” sweet orange.  
 The number of fruits per tree was also determined as an important yield component (Table 1). The data 
revealed that the single application of either NAA or GA3 resulted in similar number of fruits per tree in both 
seasons, but led to a significant increase in such number over the control. The application of MCP caused a 
drastic increase in the number of fruits per tree relative to the control. In fact, all formulations including MCP 
such as its combination with either NAA or GA3 resulted in a significant increase in this number as compared 
with NAA alone or GA3. Thus, the presence of MCP along with this auxin or gibberellin revealed a synergistic 
influence on the number of fruits per Tree. Meanwhile, the combination of NAA plus GA3, that was very 
efficient in increasing fruit set, was also effective in increasing the number of fruits per tree but not as consistent 
as MCP included formulations when the two seasons were compared. Thus, the presence of MCP excreted its 
influence whether alone or in combination with either NAA or GA3 regarding the ability to retain more fruits 
per tree throughout the season. These results were in harmony with those previously reported by El-Choayra, 
2001; Abd El- moneim et al., 2007 and Saleem et al., 2008 were these authors proclaimed that GA3 and NAA 
treatments were effective in increasing the number of fruits per tree. 
 
Table 1: The effect of preharvest treatments with NAA, GA3, MCP or their combinations on fruit set, yield components and average yield 

per tree of "Washington" navel orange during the two successive seasons 2008 and 2009.  
    Properties  
Treatments  

Fruit set  (%) Number of fruits/ tree Fruit weight  (g) Yield / tree (Kg) 
2008 2009 2008 2009 2008 2009 2008 2009 

Control 27.74 c* 30.86 c 144.82 c 127.84 c 156.92 d 171.00 d 22.73 f 21.86 f 
NAA 32.54 b 36.21 b 192.72 b 169.90 b 213.23 c 232.36 c 41.09 e 39.48 e 
GA3 40.00 a 44.50 a 193.00 b 205.24 b 320.91 a 345.70 a 61.94 b 70.95 b 
MCP 32.18 b 30.80 b 235.35 ab 258.25 a 221.95 c 241.86 c 52.24 d 62.46 d 
NAA + GA3 37.89 a 42.15 a 210.96 b 243.30 a 256.12 b 279.09 b 54.03 c 67.90 c 
NAA + MCP 32.40 b 36.05 b 260.00 a 269.13 a 244.10 b 266.00 b 63.47 b 71.59 b 
GA3 + MCP 32.78 b 36.48 b 260.00 a 280.00 a 308.66 a 336.35 a 80.25 a 94.18 a 

* Means having the same letters within a column were not significantly different according LSD at 5% level.  
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 Fruit weight as an important yield component was also determined and reported in Table 1, to show the 
influence of the single application of various used growth regulators or the efficacy of the formulations. It was 
evident that each of NAA, GA3 or MCP was capable of increasing fruit weight over the control in a consistent 
manner. Moreover, both NAA and MCP were equally effective in that respect but still with lower efficacy when 
compared with the influence of GA3 on average fruit weight. The addition of NAA to GA3 even resulted in 
lowering the efficiency of the individual application of GA3 with respect to fruit weight. Eventhough the 
application of GA3 alone resulted in similar fruit weight to that obtained by GA3 plus MCP, this latter 
combination was much better effective than MCP alone on increasing fruit weight in both seasons. Even the 
presence of NAA along with MCP was less effective than combining GA3 with MCP on increasing frit weight 
each season. Thus, the combination of GA3 plus MCP was able to retain greater number of fruits (sink) per tree 
within the limit of maintaining the ability to increase their weight by the functional leaves (source). The ability 
of NAA to increase all division and elongation while the potential of GA3 to create a sink strength and cell 
enlargement could explain the resulting enhancement of fruit weight at harvest as the final outcome. These 
results were in line with previously reported by many researchers such as Pharis and King, 1995; Singh and 
Rethy, 1996; El-Choayra, 2001; Abd El- moneim et al., 2007 and Nawaz et al., 2008. 
 With regard to the average yield by tree at harvest as influenced by various applied compounds during 
flowering, the results in Table 1 showed that the single application of either NAA, GA3 or MCP caused a 
significant increase in tree yield in both seasons in a trend that slightly varied from that obtained with fruit set 
and fruit weight. It was found that in descending order, the yield was greatest with GA3 followed by MCP then 
NAA in a consistent manner in both seasons. Thus, MCP resulted in greater yield than NAA in spite of their 
similarity with respect to fruit set and weight. The highest yield per tree was obtained by the formulation 
containing GA3 plus MCP, which was even better than using GA3 alone in both seasons. An added advantage on 
the final yield per tree was obtained when NAA was combined with MCP as compared with applying each of 
NAA or MCP individually. On the contrary, the application of GA3 alone resulted in significantly increased 
yield per tree as compared with the application of GA3 in the presence of NAA. Thus, the antiethylene 
compound namely MCP performed better in increasing the yield when applied in a formulation containing GA3 
plus the surfactant, eventhough it was at low concentration (5 mM). These above results agreed with the 
findings of El-Choayra 2001; Abd El-Migeed 2002 and Abd El- moneim et al., 2007 on “Washington” navel 
oranges and Saleem et al., 2008 on “Blood Red” oranges. Since the authors noticed that fruit yield was 
significantly affected by GA3 treatment compared with control. 
 
II. Physical Characteristics:  
 
 Response of fruit length at harvest to various applied treatments at full bloom was recorded in Table 2. The 
data revealed that there was a significant increase such length caused by the single application of GA3 in both 
seasons as compared with the control, NAA, or even MCP in both seasons. However, the increase in fruit length 
by NAA surpassed that obtained by MCP in a consistent manner. Meanwhile, the combination of GA3 plus 
NAA resulted in a similar fruit length to- that obtained with GA3 alone. Thus, no further increase in such length 
was achieved by the above formulation. Meanwhile, the addition of MCP to GA3 was more effective than its 
addition to NAA with respect to the resulting fruit length in both seasons. Thus, GA3 inclusion either with NAA 
or MCP was reflected on the incidence of further increase in fruit length as compared with the individual 
application of each of them. On the contrary, the presence of NAA along with MCP resulted in reduced fruit 
length as compared with using NAA alone in both seasons. The above trends of results agreed with those 
reported by many authors such as Cottin, 1989; Tafazoli et al., 1989; Sandhu and Subhadrabandhu, 1992 and El-
Choayra, 2001. 
 With regard to fruit diameter at harvest as influenced by various treatments, the data in Table 2 showed that 
the smallest diameter was found in the control fruits while the largest diameter was reported with NAA 
treatment as well as its combination with MCP in both seasons. Moreover, GA3 resulted in larger fruit diameter 
than that found in the control but smaller diameter than that obtained with MCP-treated fruits. Furthermore, the 
combination of GA3 plus MCP caused a significant increase in fruit diameter relative to the control, but was still 
smaller than that diameter obtained with NAA plus MCP. The increase in cell elongation by GA3 could be 
expected to change the shape of fruits, which would reflect on more oblong and smaller diameter. The ratio 
between fruit length to diameter would further reveal this explanation. The reported trends were in line with 
those found by Wheaton, 1981; Ortala et al., 1991; Greenberg et al., 1993; Greenberg et al., 1995; Pharis and 
King, 1995; El-Choayra, 2001 and Abd El- moneim et al., 2007. 
 Response of the ratio between fruit length to diameter as influenced by various applied treatments was 
reported in Table 2. It was revealed that NAA caused a reduction in such ratio in both seasons as compared with 
the control. Similar response was found with the single application of MCP. However, GA3 - treated fruits had 
the highest length to diameter ratio which indicated to a marked elongation of the fruit shape at harvest relative 
to that fruits treated singly with either NAA or MCP or even the control. Thus, the combination of NAA plus 
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MCP was logical to reduce the ratio between both mentioned dimensions. The presence  of GA3 in a formulation 
containing either NAA or MCP led to a considerable increase in such ratio when compared with the single 
application of NAA or MCP, respectively. Thus, "Washington" navel oranges tented to be more elongated in 
shape with GA3 alone or in a formulation while they had more round shape with the application NAA, MCP or 
their combinations.  
 Response of peel thickness to various applied treatments was reported in Table 2. The data indicated that 
there was a considerable increase in such thickness caused by the single treatment of either with NAA, GA3 or 
MCP as compared with the control in both seasons. However, among the above treatments, the greatest 
thickness was achieved by GA3 in a consistent manner. Similar results were found when GA3 was applied in a 
formulation plus NAA. Meanwhile, the presence of MCP along with GA3 also caused a significant increase in 
peel thickness relative to the control. Furthermore, the application of MCP plus NAA resulted in a significant 
increase in that thickness but in a lower magnitude than that caused by MCP plus GA3. Thus, the increase of 
peel thickness by GA3 alone or with the inclusion of NAA could be attributed to the ability of both 
phytohormones to stimulate cell enlargement or elongation reaching to the maximum potential by the 
application of GA3 alone. The above results were in line with those reported by Lima and Davies, 1984; Ibrahim 
et al., 1994; Pharis and King, 1995 and El-Choayra, 2001. 
 Juice volume was also determined in "Washington" navel oranges at harvest in response to applied 
treatments and its data was reported in Table 2. The data proved that juice volume was significantly increased 
by NAA, GA3 or MCP as compared with control in both seasons. The increase in such volume by GA3, 
however, was much higher than that obtained by NAA or MCP. Meanwhile, the combination of GA3 plus NAA 
followed the resulting juice volume by the single application of GA3. Such increase could be explained on the 
basis that GA3 treatment causes an increase in the sink strength leading to greater flux of water and solutes to 
treated cells. On the other hand, MCP plus GA3 treatment was also effective on increasing juice volume as 
compared with the single application of MCP alone reflecting the remarkable influence of the GA3 presence in 
such formation. Aforementioned trends were in agreement with those reported by Ben – Ismail et al., 1995; El-
Choayra, 2001; Saleem et al., 2007 and Nawaz et al., 2008. 
 
Table 2: The effect of preharvest treatments with NAA, GA3, MCP or their combinations on some physical Characteristics of "Washington" 

navel orange fruits during the two successive seasons 2008 and 2009.                                   
 Characteristics 
Treatments  

Fruit length (cm) Fruit diameter (cm) L/D ratio Peel thickness (cm) Juice volume (cm3) 
2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 

Control 7.00 d 7.31 d 6.67 d 7.00 d 1.05 d 1.04 d 0.39 e 0.42 e 72.50  e 74.00  f 
NAA 8.56 b 8.94 b 8.20 a 8.90 a 1.04 e 1.00 e 0.51 bc 0.53 bc 96.15  c 96.44  cd 
GA3 9.37 a 9.71 a 7.25 c 7.90 c 1.29 a 1.23 a 0.57 a 0.60 a 115.95 a 122.71 a 
MCP 7.80 c 8.17 c 7.59 b 8.22 b 1.03 f 0.99 e 0.46 d 0.48 d 86.23  d 89.15  e 
NAA + GA3 9.30 a 9.78 a 7.67 b 8.41 b 1.21 b 1.16 b 0.54 a 0.60 a 109.19 b 116.81 b 
NAA + MCP 7.83 c 8.14 c 8.12 a 8.70 a 0.96 g 0.94 f 0.48 cd 0.50 cd 87.98  d 93.48  de 
GA3 + MCP 8.53 b 8.91 b 7.41 bc 7.96 c 1.15 c 1.12 c 0.52 b 0.54 b 100.96bc 100.08 c 

* Means having the same letters within a column were not significantly different according to LSD at 5% level.  

 
III. Chemical Characteristics:  
 
 Soluble solid content (SSC) in "Washington" navel orange was assessed at harvest and the results were 
reported in Table 3. The data revealed that NAA caused a significant increase in SSC as compared with the 
control or the single treatment with either GA3 or MCP. However, either GA3 or MCP did not cause a 
significant change in SSC relative to the control especially in the first season. On the other hand, MCP treatment 
caused a significant reduction in SSC especially in the second season. However, when MCP was incorporated 
with GA3, the resulting SSC was consistently similar to the control in both seasons. Meanwhile, when NAA was 
combined with GA3, no further increase was found in SSC when compared with the individual application of 
NAA alone. Thus, the consistent increase in SSC was found with NAA treatment alone or when it was 
combined with GA3 relative to the control. Reported trends were in line with those found by Ibrahim et al., 1994 
and El-Choayra, 2001. 
 Changes of juice acidity at harvest in response to various applied treatments to "Washington" navel oranges 
were reported in Table 3. It was found that both of GA3 or NAA caused a consistent reduction in such acidity as 
compared with the control in the first season. However, MCP application resulted in a significant increase in the 
first season. The single treatment of each of the above three growth regulators did vary in their influence on 
juice acidity in the second season relative to the control. When MCP was applied in a combination with GA3, no 
significant change occurred in acidity in a consistent manner relative to the control. Meanwhile, combining 
NAA plus either GA3 or MCP resulted in inconsistent effect on juice acidity when the two seasons were 
compared with that of the control. The reported trends were in agreement with other studies such as El-Choayra, 
2001 and El- moneim et al., 2007. 
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 Soluble solids content to acidity ratio was reported in Table 3 as influenced by used treatments. The data 
showed that either NAA or GA3 caused a significant increase in such ratio at harvest as compared with the 
control. On the contrary, MCP resulted in reducing SSC to acidity ratio in a consistent manner whether when 
compared with those of the control, NAA, or GA3 - treated fruits. The role of MCP as an antiethylene compound 
might have retarded the progress toward fruit maturity and ripening. However, no further increase in SSC to 
acidity was obtained when GA3 was combined with NAA relative to the individual application of NAA. 
Furthermore, the incorporation of NAA with MCP led to a marked reduction in SSC/ acidity relative to NAA- 
treated fruits in both seasons. Similarly, the addition of MCP to GA3 caused a reduction in such ratio when 
compared of GA3 alone. Thus, the presence of MCP in a formulation containing either NAA or GA3 led to 
further reduction in SSC to acidity ratio. These above trends were in accordance with those reported by Ibrahim 
et al., 1994 and El-Choayra, 2001. 
 With respect to the changes in vitamin C as influenced by applied treatments, the data in Table 3 indicated 
that the application of either NAA or GA3 led to a significant increase in vitamin C relative to the control. 
However, the highest vitamin C content was obtained with NAA in a consistent manner in both seasons. When 
NAA was incorporated with GA3, there was a further increase in vitamin C as compared with the application of 
GA3 alone in both seasons. On the other hand, when MCP was combined with NAA, an additional increase in 
vitamin C was significantly achieved relative to MCP alone. Moreover, the application of MCP in the presence 
of GA3 resulted in similar vitamin C content as compared with the sole application of MCP. Thus, the presence 
of NAA in the applied combinations had a positive influence on vitamin C content at harvest while GA3 did not 
synergistically work with MCP on altering vitamin C in fruit juice. The above trends were in line with those 
reported by El-Choayra, 2001; Xiao et al., 2005 and Nawaz et al., 2008. 
 With regard to the changes in total sugars of "Washington" navel oranges in response to applied treatments, 
the data in Table 3 showed that NAA caused a significant increase in these sugars as compared with the control. 
This result was also found with GA3  treatment but total sugars were still lower than that obtained with NAA. 
The single application of MCP, however, did not result in a consistent change in total sugars relative to the 
control. The incorporation of NAA with GA3  did not result in a further enhancement of sugar formation but 
gave similar sugars to the sole application of NAA in both seasons. Moreover, when NAA was combined with 
MCP, no additional advantage was obtained in terms of the total sugars content especially in the second season. 
Meanwhile, the addition of GA3  to MCP resulted in similar total sugars to that found with the single application 
of GA3. Thus, it was evident that no further additional change in total sugars was achieved by combining of the 
two growth regulators when compared with the single of each of them. In general, the above trends were in line 
with those reported by Saleem et al., 2007.  
 
Table 3: The effect of preharvest treatments with NAA, GA3, MCP or their combinations on some chemical characteristics of "Washington" 

navel orange fruits during the two successive seasons 2008 and 2009.  
Charact
eristics 
Treatme
nts  

SCC (%)  Titratable Acidity 
(TA) (%) 

SSC/ TA (ratio) Vitamin C (mg/ 
100 ml juice) 

Total sugars 
(%) 

Carotene (mg 
/ L) 

2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 

Control 10.60 
bc* 

9.68   c 1.032 b 0.925 ab 10.27 c 10.47 c 42.81 e 40.0
0 e 

5.97 
d 

7.71  
c 

4.00 
a 

4.15 
a 

NAA 12.00 a 12.21  a  0.950 d 0.947 a 12.63a 12.89 a 61.35 a 56.4
9 a 

8.76 
a 

8.90  
a 

3.85 
b 

3.98 
b 

GA3 11.00 b 10.53  b 0.986 c 0.917 ab 11.16 b 11.48 b 51.48 c 46.1
6 cd 

7.55 
b 

8.16  
b 

3.29 
e 

3.40 
e 

MCP 10.40 c 8.32   d 1.179 a 0.924 ab 8.82  d 9.00  d 47.34 d 43.1
0 de 

6.94 
c 

7.86  
bc 

2.80 
g 

2.91 
g 

NAA + 
GA3 

11.80 a 11.91  a 0.911 e 0.902 b 12.95 a 13. 21 
a 

58.62 b 51.8
6 b 

8.54 
a 

8.75  
a 

3.68 
c 

3.81 
c 

NAA + 
MCP 

11.00 b 10.61  b 0.978 cd 0.932 ab 11.25 b 11.39 b 52.66 c 49.8
5 bc 

7.61 
b 

8.14  
b 

3.48 
d 

3.60 
d 

GA3 + 
MCP 

10.80 
bc 

9.88   c 1.031 b 0.924 ab 10.48 c 10.69 c 47.47 d 44.3
0 d 

7.09 
c 

8.01  
bc 

3.04 
f 

3.15 f 

* Means having the same letters within a column were not significantly different according to LSD at 5% level.  

 
 Carotene content in the rind was also assessed in the response to applied treatments (Table 3). The data 
revealed that there was a significant reduction in that carotene in NAA or GA3 treated fruits in both seasons 
relative to the control. The magnitude of such reduction was greater with GA3 treated fruits as compared with 
NAA- treated ones. However, using the antiethylene compound, MCP, resulted in the lowest carotene content in 
the rind as compared with other growth regulators in both seasons. Thus, the highest carotene content was found 
in the control in a consistent manner. Meanwhile, the incorporation of NAA in a formulation containing GA3 led 
to the formation of more carotenes than just applying GA3 alone. In a similar manner, the inclusion of NAA plus 
MCP caused a significant increase in carotene content when compared with the sole application of MCP. Thus, 
it was not surprising to find that the combination of GA3 plus MCP caused a drastic reduction in carotenes as 
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compared with NAA- included formulations. This could be attributed to the role of MCP as antiethylene 
compound and GA3 as a ripening retardant of fruits. The above trends were in agreement with those found by 
Ragone, 1992; Porat et al., 1999 and Nagy, 2000.  
 
IV. Fruit Drop: 
 
 Data in Table 4 expressed the percentage of cumulative fruit drop as influenced by various applied 
treatments at full bloom. The data revealed that the single application of NAA successfully reduced this drop 
during both seasons, in a significant way as compared with the control. Moreover, GA3 was also able to reduce 
cumulative fruit abscission when compared with NAA or the control. The greatest reduction in fruit drop was 
obtained with the single application of MCP relative to that attained with either NAA or GA3 in a consistent 
manner. Meanwhile, there was a synergetic influence from combining NAA plus GA3 since they remarkably 
reduced fruit drop along the season much less than found with the scale application of each of them. On the 
other hand, MCP- included formulations caused a drastic reduction of fruit drop whether MCP was combined 
with NAA or GA3 in both seasons. Furthermore, the magnitude of fruit drop with the combination of GA3 plus 
MCP was significantly greater than that of NAA plus MCP. Thus, there was an added advantage from 
combining NAA plus MCP as compared with applying MCP alone in terms of fruit drop percentage along the 
season. Aforementioned trends of results were in line with those reported by Lima and Davies, 1984; Ryugo, 
1988; Farag and Kassem, 2000; El-Choayra, 2001; Yuan et al., 2002; Pozo et al., 2004; Abd El- moneim et al., 
2007; Zhu and Yuan, 2010.   
 
Table 4: The effect of preharvest treatments with NAA, GA3, MCP or their combinations on the Cumulative percentages of fruit drop at 

harvest in "Washington" naval orange fruits during the two successive seasons 2008 and 2009.  
 
Treatments 

Accumulative fruit drop  (%) 
2008 2009 

Control 72.30 a* 74.11 a 
NAA 26.03 c 26.68 c 
GA3 29.93 b 30.78 b 
MCP 17.00 f 17.43 f 
NAA + GA3 21.50 d 22.04 d 
NAA + MCP 14.00 g 14.25 g 
GA3 + MCP 17.68 e 18.00 e 

* Means having the same letters within a column were not significantly different according to LSD at 5% level.  

 
 The data in Table 5 showed the effect of various treatments on the magnitude of relative abscission of 
"Washington" navel orange, regardless the time factor. It was evident that NAA was able to drastically reduce 
fruit drop in both seasons relative to the control. GA3 in a single application caused a significant reduction in 
such abscission but lower than that obtained with NAA or MCP. The greatest influence on the reduction of fruit 
abscission was found with MCP- containing treatments. Furthermore, no additive influence was found when 
GA3 was combined with MCP as compared with the sole application of MCP. However, when NAA was 
combined with MCP, there was a further reduction in fruit drop as compared with just using each of MCP or 
NAA alone. Moreover, it was also beneficial to combine both NAA and GA3 to attain further reduction in fruit 
drop since the magnitude of such reduction was still significant when compared with that of individual treatment 
with each of them. Thus, all used treatments were remarkably effective in reducing fruit drop when compared 
with the control while MCP had the best performed in that respect. The reported trends were in agreement with 
other studies such as Yuan et al., 2002; Pozo and Burns, 2006; El- moneim et al., 2007 and Burns, 2008.   
 
Table 5: The effect of preharvest treatments with NAA, GA3, MCP or their combinations of "Washington" navel orange fruits during 2008 

and 2009 seasons.     
Season 2 Season 1 Treatments 
14.82 a 14.46 a* Control 
5.34 c 5.21 c NAA 
6.15 b 5.98 b GA3 
3.49 e 3.40 e MCP 
4.41 d 4.30 d NAA + GA3 
2.85 f 2.80 f NAA + MCP 
3.60 e 3.54 e GA3 + MCP 

 * Means having the same letters within a column were not significantly different according to LSD at 5% level.  
 

 The data in Table 6 showed the percentage of fruit drop at various assessment times, regardless the 
treatments. The data indicated that the greatest fruit drop of "Washington" navel occurred at the middle of April 
following fruit set (T1) while the lowest abscission occurred at the middle of December (T5) prior to harvest. 
However, the magnitude of abscission from one assessment date to another was significant and June drop was 
not the greatest among all waves. It was evident that the values of postset abscission (T1 to T2 together) ranged 
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between about 22 to 23 %. Meanwhile, as known for oranges, preharvest abscission was less than 1% in each 
season. Even in the middle of July, there was a fruit drop ranging between 1.63 to 1.42 % in the two seasons, 
respectively. Thus, early applications of growth substances such as GA3, NAA or MCP at full bloom were 
necessary to mitigate the incidence of fruit abscission especially those occurring following fruit set. The 
reported magnitudes of abscission were in agreement with others such as El-Choayra, 2001. 
 
Table 6: The effect of time on assessment of the magnitude of each abscission wave of "Washington" navel orange fruits during 2008 and 

2009 seasons. 
 Season 2 Season 1 Time 

16.02 a 15.50 a* T1 
7.64  b 7.78  b T2 
3.03  c 2.49  c T3 
1.42  d 1.63  d T4 
0.93  e 0.94  e T5 

 * Means having the same letters within a column were not significantly different according to LSD at 5% level.  

 
 The magnitude of each abscission wave was assessed in response to various applied treatments. Thus, the 
reported data in Table 7 included both periods of abscission, namely the postset and preharvest fruit drop. The 
greatest magnitude of postset abscission was found during the first wave in the middle of April (T1). However, 
it was possible to significantly reduce such abscission by the application of various used growth regulators. 
Meanwhile, the most effective single treatment in reducing fruit drop was the use of MCP. Moreover, the 
addition of MCP to either NAA or GA3 enhanced their ability to reduce fruit drop as compared with just using 
GA3 or NAA alone. Postset assessment of the middle of May (T2) fruit drop also indicated to the magnitude of 
such abscission wave was highly considerable as shown in the control. In a similar manner, the application of 
NAA drastically reduced fruit drop relative to the control. However, further reduction in the sbscission 
percentage was reported with the single application of either GA3 or MCP in both seasons. In addition, it was 
beneficial to add MCP to either NAA or GA3 to get further reduction of fruit drop especially in the second 
season. Moreover, the combination of NAA plus GA3 was consistently effective in reducing fruit during the 
critical abscission waves (T1 and T2). Meanwhile, the June drop (T3) magnitude was still high in the control 
(8.8 % and 10.70 %, respectively) during the two seasons. It was very interesting to find that the application of 
MCP alone or in a combination containing either NAA or GA3 caused a cessation of fruit drop during the 
middle of June wave and their effectiveness continued until harvest (T5). In the mean time, there was still a fruit 
drop with NAA, GA3, or their combinations during the two seasons. Thus, the application of the antiethylene 
compound during flowering had a long- lasting effect on inhibiting fruit drop relative to NAA or GA3 in a 
consistent manner.  
 
Table 7: Assessment of the magnitude of each abscission wave and at harvest as influenced by preharvest treatments with NAA, GA3, MCP 

or their combinations of "Washington" navel orange fruits during 2008 and 2009 seasons.  
         Time 
Treatments  

Season 1 Season 2 
15/4 15/5 15/6 15/7 15/12 * 15/4 15/5 15/6 15/7 15/12 * 

Control 30.00  a ** 24.80 b 8.80  g 5.70 ig 3.00 n 37.00  a** 18.00 b 10.70 f 5.00 k 3.41 m 
NAA 15.61  d 5.20  jk 1.74 o 1.74 o 1.74 o 10.72  f 7.00  h 5.33  j 2.00 o 1.63 p 
GA3 19.95  c 3.85  m 2.28 o 2.00 o 1.85 o 15.08  c 10.25 g 2.50 n 1.50 p 1.45 p 
MCP 12.75  e 4.25  lm 0.00 p 0.00 p 0.00 p 11.64  e 5.79  i 0.00 q 0.00 q 0.00 q 
NAA + GA3  8.60   g 6.30  i 4.60 kl 2.00 o 0.00 p 15.24  c 2.70  n 2.70 n 1.40 p 0.00 q 
NAA +MCP 11.00  f 3.00  n 0.00 p 0.00 p 0.00 p 10.17  g 4.08  l 0.00 q 0.00 q 0.00 q 
GA3 + MCP 10.61  f 7.07  h 0.00 p 0.00 p 0.00 p 12.31  d 5.69  i 0.00 q 0.00 q 0.00 q 

 * Harvest date.  
 ** Means having the same letters within a column were not significantly different according to LSD at 5% level. 
 
 Aforementioned, it was obvious that the used concentrations of NAA and GA3, when sprayed at flowering 
were able to drastically reduce cumulative fruit abscission in both seasons. Auxins have been reported to inhibit 
the cell wall hydrolyses, such as galacturonase and pectinmethylesterase, responsible for the breakdown of cell 
walls in the abscission zone (Osborne, 1989). The increase of NAA concentration in the small fruitlet of 
"Washington" navel also stimulates cell division after fruit set and enhance cell elongation as a result of causing 
loosening of the cell walls (Ray, 1987 and Cleland, 1987). Increasing the rate of fruitlet growth means more 
resistance to dry hot air and reduction of abscission. The effect of GA3 in reducing abscission could be attributed 
to its increase to the "sink" strength (Ryugo, 1988). Thus, more water and metabolites could be directed towards 
sprayed fruits and enhance their growth rate. 
 The data in Table 3 supported this conclusion and explanation. Moreover, there was a synergistic influence 
on the reduction of fruit drop when both NAA and GA3 were combined since they significantly reduced 
cumulative abscission as compared with just using each of them separately and relative to the control in both 
seasons. Meanwhile, the application of 1-MCP was markedly effective on reducing cumulative fruit drop. This 
effect could be ascribed to its ability to act as an antiethylene compound (Abeles et al., 1992). Ethylene 
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biosynthesis was found to increase in the cells adjacent to the abscission zone, which in turn trigger the activity 
of cell wall hydrolyses. It was interesting to find that all MCP-containing treatments were able to reduce 
cumulative fruit drop in a consistent manner in both seasons relative to the control. 
 Furthermore, monthly assessment of the magnitude of each abscission wave (Table 7) revealed that the 
most dangerous waves were during the duration from the middle of April to the middle of May during both 
seasons. Meanwhile, no further fruit drop was reported with the application of MCP whether alone or in a 
combination with either NAA or GA3. However, the control trees continued to lose more fruits through the 
continuous drop in the middle of May, June and July and even lasted during the preharvest period as indicated 
by the assessment done in the middle of December. Thus, the efficiency of MCP on reducing fruit abscission 
was greater than that found with NAA or GA3 in both seasons. In other words, the long- lasting effect on the 
reduction of fruit drop means the need of less sprayed growth regulators throughout the season. The antiethylene 
efficiency on reducing fruit drop was further supported by the finding that AVG (1- aminoethoxyvinylglycine) 
was able to significantly reduce fruit abscission even in sensitive fruits such as apples as reported by (Faust, 
1989). The reduction of carotene found by MCP alone or in combination with NAA (Table 3) might indicate a 
delay in fruit ripening relative to the control. However, many growers of "Washington" navel have been willing 
to manipulate harvesting and even delay it by storing ripe fruits on the trees. Such delay in harvesting could 
have an adverse effect in the next season since it causes the incidence of some physiological disorders such as 
creasing, granulation and juice sacs dryness. Meanwhile, the combination of NAA plus MCP would achieve 
many desired fruit attributes to the growers such as reduced peel thickness, increased vitamin C, and more 
roundish fruit relative to the control. Generally as a compromise, the formulation containing NAA plus MCP 
would be more beneficial to the growers since it provides them with a long- lasting influence on the reduction of 
fruit drop while enhance many demanded qualities.  
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