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ABSTRACT 
 
 Rind pitting is a physiological disorder that reduces the commercial value and marketability of "Nova" 
tangerines. Such cultivar has recently been adopted in the Egyptian Agriculture. Several causes were associated 
with the incidence of preharvest pitting such as the tree vigor, the microclimate around fruits and the nutritional 
status. In this study , preharvest spray was applied early in the season when the fruit diameter was about 4-6 
mm. The treatments included: the control (water) ; potassium sulphate at 2% (w/v) ; GA3 at 10 ppm alone or 
plus potassium sulphate 2% (w/v);  CPPU at 5 ppm alone or plus potassium sulphate; in addition to the 
combination of GA3 plus CPPU together or in the presence of potassium sulphate as one formulation. The 
results showed that there was a reduction or mitigation of the incidence of rind pitting early in the season with 
the application of potassium sulphate, CPPU, and all other CPPU – containing formulations in a consistent 
manner in both seasons of study 2010 and 2011 as compared with the control. The significant effect of CPPU on 
mitigating or alleviating pitting incidence was for longer duration when compared with that of potassium. The 
application of GA3 was considerably less effective than potassium or CPPU on reducing the pitting intensity. In 
general, it is recommended to spray early the formulation containing CPPU plus GA3 and potassium as it, 
consistently mitigate the incidence of rind pitting in addition to improving fruit properties such as the increase of 
fruit weight, the reduction of peel weight, the increase of juice volume and greater TSS to acidity ratio relative 
to the control fruits. 
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Introducton 
  
 There has been an expansion of growing tangerines in many regions around the world especially in Egypt 
and the southern parts of some Mediterranean countries such as Spain, South of Portugal and Italy (Medeira et 
al., 1999). This type of citrus has been known in the Egyptian market as the "Chinese mandarins". Fruit 
producers in newly cultivated areas have been adopting these cultivars since their fruits have an attractive dark 
orange color, juicy, tasty and late maturing, in addition to their reduced seed number and non-puffing rind 
during ripening. However, many fruits suffer from incidence of pitting (dimpling) in different levels of intensity, 
especially at  the  distal  end  of the fruit (the blossom end). The exact cause of rind pitting whether in  the  field 
before  harvest, or during the harvest process or after  harvest  in the storage room is not well defined. Several 
factors have been reported to be involved in the development of pitting such as the climate, postharvest chilling, 
mechanical injury or chemical treatments (Freeman, 1976 and Almela et al., 1992). The incidence of preharvest 
pitting could manifest symptoms very early in the season especially in the southern direction of the tree when 
the exposure to high temperature is for longer duration in some arid regions. It was reported that fruits oriented 
to the north west in the canopy were the most affected (Agusti and Almela, 1989). It is also noticeable that 
pitting is more severe during the little load of fruits in the same areas. Thus, high temperature has been 
associated with damaging some weak oil cells at the distal end of the fruit. This volatile oil, mainly D-Limonene 
was reported to damage some cell membrane and resulting in the collapse of these oil cells and the release of 
some phenolic compound from their cell vacuoles (Heinrich, 1970; Sawamura et al.,1984 and Obenland et al., 
1996 and 1997). Rind pitting may also occur prior to harvest at the time of ripening when temperature goes 
down and consequently air humidity is reduced. Rain fall in some areas in the last few weeks before harvest in 
January, as occurs in Egyptian orchards, may represent another factor associated with the increase of pitting 
since it causes the breakdown of some volatile oil cells. Many tangerine growers complain about the destructive 
problem of pitting since it negatively affect the commercial value and marketability of fruits and they have been 
forced to sell the crop in a low price since a large part of the blossom and of these fruits become very dry, 
distorted in image and even hard to peel. There is a lack of research in this area and the available literature is 
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relatively scant. Thus, the objectives of this study were to mitigate or alleviate the incidence of pitting in the rind 
of "Nova" tangerines through early application after fruit set by using GA3 or CPPU. The study was also 
concerned with investigating the role of early spray of potassium alone or in combinations with GA3 or CPPU 
on the level of pitting. 
 
Material and Methods 
 
 This study was carried out during the two successive seasons 2009/2010 and 2010/2011, using "Nova" 
tangerines grown in a private orchard at AL-Khatatba, Menofaiya, Egypt. The trees were uniform, healthy, free 
of visible defects and under standard cultural practices. The sour orange rootstock was used while all trees at 
same age (6 years old) and under fertigation program all the year around. Trees were sprayed after fruit set when 
the fruitlet diameter reached 4-6 mm in both seasons (May 17, and April 24 in both seasons, respectively). A 
back-held sprayer was used to spray fruits to the run-off point. The treatments included: Control (as water), GA3 
at 10 ppm, CPPU (also called Promoter SP, 1% ) at 5 ppm, potassium sulphate (2%, w/v), the combination of 
GA3 plus either potassium sulphate or plus CPPU at the same mentioned concentrations; CPPU (at 5 ppm) plus 
potassium sulphate and finally the formation containing GA3 in the presence of potassium sulphate and CPPU. 
The surfactant Agro-film was added to all treatments at 0.05% (v/v). Periodical assessment was made 
throughout the season (four evaluations) to the development of pitting in the northern half of the tree according 
to the set pitting score as follow: Normal (1), negligible (2), visible (3), clear to severe (4), and severe (5). In 
both seasons, fruits were harvested on January 25, 2010 and 2011 at the ripening stage. Three replications were 
used with each in a completely randomized design. At harvest, seven fruits were randomly picked from the 
northern half of each replication. The least significant difference (LCD) at 0.05 level was used to compare the 
means. The following parameters ere taken to assess the quality of harvested fruits: fruit weight (g), fruit 
diameter at the tropic (cm), peel weight (g), juice volume (cm3), total soluble solids (TSS) by using a hand 
refractometer, juice acidity by titration against NaOH (0.1N) in the presence of phenolphthalene according to 
(A.O.A.C., 1984), the TSS to acidity ratio was calculated, and finally vitamin C content by the titration method 
against 2, 6 dichlorophenolindophenol pigment according to (Egan et al., 1987). Analysis of variance was done 
by using SAS statistical software (SAS, 1996). 
 
Results and Discussions 
 
I. Physical Characteristics: 
 
 Changes in fruit weight of “Nova” tangerines as influenced by various applied treatments during the two 
seasons of study were reported in Table 1. The data reveals that GA3 alone or in the presence of potassium 
sulphate and CPPU caused a significant increase in fruit weight in both seasons. However, when GA3 was 
incorporated with either potassium sulphate or CPPU, there was no further increase in such property as 
compared with just using GA3 alone in the both seasons. Meanwhile, this early application of CPPU either 
alone or in the presence of GA3 led to similar fruit weight to that obtained in the control. Again, CPPU-treated 
fruits had significantly lower fruit weight than that found with GA3 alone. The spray of potassium sulphate 
resulted in a consistent trend of smaller fruit weight than GA3 alone or when combined with CPPU and 
potassium during both seasons. 
 
Table 1: The effect of preharvest treatments with CPPU, GA3, Potassium or their combinations on some physical characteristics of "Nova" 

tangerines during the two successive seasons 2009 / 2010 and 2010 / 2011. 
Characteristics 

 
Treatments 

Fruit weight 
(g) 

Fruit diameter 
(cm) 

Peel weight 
(g) 

Juice volume 
(cm3) 

2010 2011 2010 2011 2010 2011 2010 2011 
Control 139.27  bc* 161.02   bc 5.95  ab 6.97   ab 41.34   a 44.71   a 51.43   e 57.26 e 
GA3 157.12   a 181.66   a 6.04  a 7.33   a 41.56   a 44.95   a 75.71   a 84.29 a 
CPPU 138.93   bc 160.63   bc 5.77  b 6.56   b 35.35   b 38.23   b 68.57   cd 76.34 cd 
K2SO4 134.40   c 155.39   c 5.74  b 6.84   ab 33.72   bc 35.11   c 65.00   d 72.37 d 
GA3+ K2SO4 145.06   abc 167.72   abc 5.84  ab 6.95   ab 40.19   a 43.47   a 75.31   ab 83.84 ab 
GA3 + CPPU 148.41   ab 171.59   ab 5.81  ab 6.86   ab 40.18   a 43.40   a 68.09   d 75.81 d 
CPPU+K2SO4 136.14   bc 157.40   bc 5.90  ab 7.09   a 42.57   a 46.04   a 69.05   bcd 76.88 bcd 
GA3+ K2SO4 + CPPU 156.47   a 180.91   a 5.87  ab 6.97   ab 33.72   bc 36.47   bc 74.72   abc 83.19 abc 

*  Means not sharing the same letters within columns were significantly different when compared according to the least significant 
difference (LSD at 0.05 level). 

 
 With regard to fruit diameter at harvest of “Nova” tangerines as affected by early spray of GA3, CPPU, 
potassium sulphate or their combinations, the data (Table 1) showed that GA3-treated fruits had similar diameter 
to that of the control in both seasons. In a similar manner, potassium sulphate-treated fruits did not significantly 
vary from that found in the control in a consistent trend. On the other hand, CPPU influence on fruit diameter 
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was similar to the control in both seasons, but considerably lower than that of GA3-treated fruits. Furthermore, 
GA3 containing formulation did not cause further increase in fruit diameter in both seasons. In other words, 
there was no added advantage from incorporating potassium or CPPU or both with GA3 in terms of their effect 
on fruit diameter as compared with the sole application of GA3. That was the case with CPPU-containing 
treatments that had similar frit diameter in both seasons to each others, except with CPPU plus potassium in the 
second season.  
 The changes of peel weight of tangerines at harvest were also determined in response to applied treatments 
after fruit set and recorded in Table 1. The data indicated that while GA3 treatment resulted in similar peel 
weight to that of the control, the application of CPPU or potassium caused a significant reduction in that fruit 
property in both seasons relative to the control. When GA3 was combined with either CPPU or potassium 
sulphate, no further change occurred in peel weight as compared with GA3-treated fruits. Furthermore, the 
incorporation of K sulphate into CPPU solution caused a significant increase in peel weight in both seasons 
when compared with the single application of CPPU. Even the formulation containing GA3 plus K2SO4 and 
CPPU led to lower peel weight than that found with the combination lacking CPPU in the two seasons 
consistently. 
 Concerning juice volume response of “Nova” tangerines as influenced by preharvest treatments with CPPU, 
GA3, Potassium or their combinations (Table 1), it was evident that juice volume results took a consistent trend 
when both seasons were compared relative to the control since all individual treatments of GA3, CPPU, 
potassium had greater juice volume than that of the control. Similar results were found when the effect of CPPU 
alone was compared with its combination with GA3 or potassium, they all had similar juice volume in both 
seasons. Thus, there was a synergistic effect by combining GA3 plus CPPU and potassium sulphate since these 
components in a formulation resulted in increasing juice volume relative to the control, or GA3 plus CPPU in the 
absence of potassium in both seasons. 
 
II. Chemical Characteristics: 
 
 The percentage of total soluble solids (TSS) in “Nova” tangerines as influenced by various preharvest 
treatments was reported in Table 2. It was evident that the application of GA3, CPPU, or potassium sulphate did 
not cause any significant change in TSS in both seasons as compared with the control. However, when GA3 was 
combined with either CPPU or potassium sulphate, there was no significant reduction in TSS relative to the 
control except with GA3 plus CPPU in the second season that caused a significant increase in TSS relative to the 
control. When CPPU in the presence of potassium sulphate was sprayed early in the season after fruit set, no 
further enhancement of TSS content was obtained at harvest as compared with the control in both seasons. 
Furthermore, that was not the case with the formulation containing GA3, potassium sulphate and CPPU since 
TSS increase was consistent when compared with the control or relative to just the application of potassium salt 
with either GA3 or CPPU. 
 With regard to the changes in juice acidity at harvest as affected by early application of GA3, CPPU, or 
potassium, the data revealed that treating “Nova” fruits with each of the above chemicals individually resulted in 
a significant reduction in juice acidity in both seasons as compared with the control. Meanwhile, the acidity of 
CPPU-treated fruits was not significantly different from that treated with GA3 alone or potassium sulphate 
(Table 2). However, when GA3 was combined with potassium, the resulting juice acidity was considerably 
lower than that fruits treated with CPPU but similar to that treated with GA3 or potassium sulphate alone. When 
CPPU was sprayed in a combination plus either GA3 or potassium sulphate, juice acidity in “Nova” fruits at 
harvest remained similar to that found in the control in both seasons. On the other hand, when a triple formula 
containing the mixed compounds were applied to fruits early in the season, juice acidity was significantly 
reduced in both seasons as compared with the control. That was the trend also when acidity of fruits treated with 
GA3 plus CPPU and potassium was compared with just CPPU plus either GA3 or potassium sulphate in both 
seasons. Thus, the incorporation of CPPU along with GA3 and potassium achieved the advantage of lowering 
juice acidity that is favorable by many consumers. 
 Changes in TSS to acidity ratio at harvest in response to various applied treatments, after fruit set, to the 
small “Nova” fruitlets was reported in Table 3. The data indicated to a significant reduction in TSS/acidity by 
GA3 treatment relative to the control in both seasons. Meanwhile, such ratio did not vary between the control 
and CPPU, or potassium sulphate treated fruits. On the other hand, combining CPPU with either GA3 or 
potassium resulted in a ratio of TSS to acidity similar to that found in the control fruits. However, a significant 
increase in TSS to acidity ratio was achieved by the application of GA3 plus potassium sulphate or even when 
CPPU was incorporated with both of them as compared with the control. Aforementioned, there was an 
advantage from formulating and applying the three compounds, namely GA3 plus potassium sulphate and CPPU 
in terms of TSS to acidity ratio in the juice at harvest. 
 With respect to vitamin C content in “Nova” tangerines at harvest as influenced by various used treatments, 
the data in Table 2 showed that there was a significant reduction in vitamin C in GA3-treated fruits in both 
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seasons when compared with the control. Moreover, the individual application of CPPU or potassium sulphate 
resulted in similar vitamin C but still lower than found in the control fruits in both seasons. In addition, the 
combination treatments containing either GA3 plus potassium or CPPU as well as CPPU plus potassium did not 
vary in their influence on vitamin C content when compared with each others but treated fruits had even 
significantly lower vitamin C content than the control in both seasons. Furthermore, the triple combination of 
GA3 plus CPPU and potassium did not result in a significant change in vitamin C content in the juice in both 
seasons when compared with just applying CPPU or potassium alone. Thus, the control fruits had higher 
vitamin C content than most other treatments except the combination of GA3 plus CPPU which caused a similar 
effect on vitamin C at harvest to that obtained with the control. 
 
Table 2: The effect of preharvest treatments with CPPU, GA3, Potassium or their combinations on some chemical characteristics of "Nova" 

tangerines during the two successive seasons 2009 / 2010 and  2010 / 2011. 
Characteristics 

 
Treatments 

TSS 
(%) 

Acidity 
(%) 

TSS / Acidity 
(ratio) 

Vitamin C 
(mg/ 100 ml) 

2010 2011 2010 2011 2010 2011 2010 2011 
Control 12.80   b* 13.13   b 1.324   a 1.055   a 9.63     de 12.45   c 45.43   a 43.68   a 
GA3 12.33   b 12.60   b 1.102   cd 0.878   cd 11.21   bc 14.35   b 35.86   d 34.48   d 
CPPU 12.53   b 12.85   b 1.179   bc 0.939   bc 10.65   cd 13.68   b 40.56   bc 39.00   bc 
K2SO4 12.33   b 12.65   b 1.147   cd 0.914   cd 10.77   cd 13.84   b 39.13   bcd 37.62   bcd 
GA3+ K2SO4 12.73   b 13.06   b 1.051   d 0.837   d 12.12   ab 15.60   a 40.88   bc 39.31   bc 
GA3 + CPPU 13.13   ab 14.09   a 1.260   ab 1.004   ab 10.20   cde 14.03   b 42.80   ab 41.15   ab 
CPPU+K2SO4 12.53   b 12.85   b 1.324   a 1.050   a 9.47     e 12.24   c 39.34   bcd 37.82   bcd 
GA3+ K2SO4 + CPPU 13.73   a 14.09   a 1.108   cd 0.883   cd 12.40   a 15.96   a 37.18   cd 35.75   cd 

*  Means not sharing the same letter(s) within columns were significantly different when compared according to the least significant 
difference (LSD at 0.05 level). 

 
III. Pitting Development in Tangerine Rind: 
 
 Pitting score differences among various treatments during the two seasons were reported in Table 3. The 
data revealed that the control fruits had apparent to severe pitting in the first season. Moreover, the application 
of GA3, CPPU, or Potassium sulphate, when sprayed individually, caused a significant reduction in the 
incidence of pitting in both seasons in a consistent manner. The degree of pitting, however, varied between 
treatments. Fruits of “Nova” tangerines appeared normal and devoid of pitting disorder in both seasons as 
indicated by the rating of pitting. (Table 3). The application of GA3 alone was not able to alleviate or mitigate 
the incidence of pitting eventhough its pitting score was significantly different from that obtained with the 
control in both seasons. Although the incidence of pitting and its level in the control fruits in the second season 
was lower than the first season, but the early application of CPPU either alone or in combinations caused a 
significant reduction in rind pitting. In fact, all CPPU-containing treatments resulted in a highly considerable 
pitting reduction or elimination (Fig.1). However, this was not the case with GA3 treatment since “Nova” fruits 
did not appear to be devoid of the pitting disorder in both seasons. The best performance of GA3 on mitigating 
pitting disorder when it was combined with CPPU or in the formulation containing GA3 plus CPPU and 
potassium sulphate. Meanwhile, the application of potassium  seemed to be able to mitigate the pitting disorder 
in “Nova” rind but with lower potential than that obtained with CPPU treatment as indicated by the pitting 
score. 
 
Table 3: The effect of preharvest treatments with CPPU, GA3, Potassium or their combinations of pitting score in "Nova" tangerines during 

the two successive seasons 2009 / 2010 and 2010/2011. 
Treatments Seasonal pitting score* 

2009 - 2010 2010- 2011 
Control 4.08  a** 2.75   b 
GA3 2.50  b 2.08   c 
CPPU 1.00  c 1.00  e 
K2SO4 2.17  bc 1.67  cd 
GA3+ K2SO4 1.25  bc 3.50   a 
GA3 + CPPU 1.83  bc 1.00  e 
CPPU+K2SO4 1.67  bc 1.50  cde 
GA3+ K2SO4 + CPPU 1.00 c 1.25  de 

*     Pitting score: 1: Normal; 2: Negligible; 3: Visible; 4: Clear to severe; 5: Severe. 
**  Means not sharing the same letter(s) within columns were significantly different when compared according to the least significant 
difference (LSD at 0.05 level). 
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Fig. 1: The effect of various applied treatments on the  development of  pitting in "Nova" tangerines rind during 
the two successive seasons 2009-2010 and 2010-2011. 

 
 With regard to the effect of time on the progress of the pitting disorder in “Nova” tangerines, the data was 
reported in Table 4 and Fig.2. According to the periodical scoring of pitting incidence throughout the season of 
attached fruits on the northern half of the tree, the data showed that the incidence of pitting started early in the 
season, regardless the treatments, eventhough the treatments were applied early after fruit set when their 
diameter was about 4-5 mm, while the first assessment of pitting score was almost three months before harvest. 
Thus, the incidence of the pitting disorder was not associated with mature or ripe fruits. There have been 
reporting about the incidence of pitting or dimpling disorders associated with aging or late harvesting of 
mandarins tangerines (Medeira et al., 1999). 
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Fig. 2: Trends of pitting progress throughout the season in "Nova" tangerines rind as influenced the time factor 
during the two successive season 2009-2010 and 2010-2011. 

 
 Moreover, the second assessment (T2) was done almost one month after the first one (T1) did not indicate 
to a significant change in the progress of pitting incidence development on fruit rind (Table 4). As the season 
progressed, there was a considerable pitting development in both seasons as shown in the third (T3) and fourth 
(T4) assessment of pitting level on fruit rind. Thus, regardless the treatments factor, the increase in pitting on the 
rind of “Nova” did not cease but was actually progressing until harvest on Jan. 25th in both seasons. Such late 
increase in the incidence of pitting or dimpling disorder could be attributed to the rapture of same weak oil gland 
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cells as the temperature goes down and relative humidity, consequently, is reduced which drives to more loss or 
burst in oil cells in the rind. 
 
Table 4: The effect of time on the progress of pitting score in "Nova" tangerines during the two successive seasons 2009 / 2010 and 2010 / 

2011. 
Time Seasonal pitting score * 

2009 / 2010 2010 / 2011 
T1** 1.63  c*** 1.58   c 
T2 1.79   bc 1.67  bc 
T3 2.00   b 1.88   b 
T4 2.33  a 2.25   a 

*       Pitting score: 1: Normal; 2: Negligible; 3: Visible; 4: Clear to severe; 5: Severe. 
**     The first assessment of the pitting disorder was done almost three months before harvest (on the 5th and 2nd of  November in both 
seasons, respectively). 
***  Means not sharing the same letter(s) within columns were significantly different when compared according to the least significant 
difference (LSD at 0.05 level). 

 
 With respect to the effect of the interaction between various treatments and time on pitting score of “Nova” 
tangerine (Table 5 and Fig. 3 A,B),  the data revealed that pitting incidence started early in the season in green 
fruits (as shown under T1) during the stage of fruit enlargement and was not associated with ripening or age-
related problem. The pitting score in the control fruits was higher than all other used treatments in the first 
season while this degree of pitting in the control was greater than most other treatments in the second season. 
The pitting score of CPPU treated fruits was significantly lower than that found in the control throughout the 
assessment duration (from T1 to T4). Furthermore, the individual treatment of "Nova” tangerines with GA3 
resulted in a significant reduction of pitting early in the season since the first assessment (T1) as compared with 
the control and this trend continued throughout the first season until T4 . However, in the second season this was 
not the case since GA3 treated fruits had significantly less pitting score than occurred in the control fruits only at 
harvest time (T4). Moreover, the individual treatment with CPPU had superior influence on alleviating pitting 
incidence and performed considerably better than GA3 throughout the assessment periods from T1 until T4 in 
both seasons. In addition, CPPU treatment significantly reduced the incidence of pitting early in the season 
when compared with pitting score of potassium-treated fruits throughout the assessment periods T2 to T4 in the 
first season and T3 to T4 in the second season. On the other hand, there was no added advantage resulting from 
the addition of GA3 to CPPU in terms of changing the degree of pitting when compared with just CPPU 
treatment and this trend was consistent throughout assessment period from T1 to T4 in the first season while 
both the combination of GA3 plus CPPU and the individual treatment with CPPU were equally effective on their 
influence on pitting incidence during the four times of assessments. When the combination of CPPU plus 
potassium sulphate was compared with just using CPPU, it was found that they did not differ in their influence 
on pitting during the periods of T1 and T2 in both seasons. However, CPPU alone performed better than its 
combination with potassium sulphate with regard to their influence on pitting score in both seasons during the 
assessment times of T3 and T4. With regard to triple formulation containing GA3 plus potassium and CPPU, the 
pitting score results indicated that such formulation was superior to that formulation containing just GA3 plus 
CPPU in most times. However, such combination of the three chemicals resulted in similar pitting score to that 
obtained with just the individual treatment of CPPU. Thus, the relative significance of the triple formulation 
would be of added advantage if affected some physical and chemical properties at the harvest time. 
 
Table 5: The effect of the interaction between some preharvest treatments and time of pitting score in "Nova" tangerines during the two 

successive seasons 2009 / 2010 and 2010 / 2011. 
Time 

 
Treatments 

Seasonal pitting score * 
2009 / 2010 2010 - 2011 

T1** T2 T3 T4 T1 T2 T3 T4 
Control 3.67 bc*** 4.00 b 4.00 b 4.67 a 2.33 c 2.33 c 2.33 c 4.00 a 
GA3 2.00 ef 2.33 e 2.33 e 3.33 cd 1.67 cd 2.00 c 2.33 c 2.33 c 
CPPU 1.00 h 1.00 h 1.00 h 1.00 h 1.00 e 1.00 e 1.00 e 1.00 e 
K2SO4 1.33 gh 2.00 ef 2.33 e 3.00 d 1.33 de 1.33 de 1.67 cd 2.33 c 
GA3+ K2SO4 1.00 h 1.00 h 1.33 gh 1.67 fg 3.00 b 3.00 b 3.67 a 4.33 a 
GA3 + CPPU 1.67 fg 1.67 fg 2.00 ef 2.00 ef 1.00 e 1.00 e 1.00 e 1.00 e 
CPPU+K2SO4 1.33 gh 1.33 gh 2.00 ef 2.00 ef 1.33 de 1.33 de 1.67 cd 1.67 cd 
GA3+ K2SO4 + CPPU 1.00 h 1.00 h 1.00 h 1.00 h 1.00 e * 1.33 de 1.33 de 1.33 de 

*       Pitting score: 1: Normal; 2: Negligible; 3: Visible; 4: Clear to severe; 5: Severe. 
**   The first assessment of the pitting disorder was done almost three months before harvest (on the 5th and 2nd of  November in both 
seasons, respectively). 
***  Means not sharing the same letter(s) within columns were significantly different when compared according to the least significant 
difference (LSD at 0.05 level). 
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Fig. 3: Pitting score of "Nova" tangerines rinds as influenced by the interaction between treatments and time 

factors during the two successive seasons 2009-2010 (A) and 2010-2011(B). 
 
 In spite of the damage caused by preharvest pitting which adversely affect the fruit marketability, the 
available research and information about pitting disorder are scant. There are also variations in the susceptibility 
of citrus cultivars and the degree of pitting intensity even varied from year to year and among fruits of the same 
tree (Agusti and Almela, 1989). The orange cultivar Pineapple is particularly susceptible to a form of surface 
injury in which small areas of peel collapse, hence the term pitting (Pratt, 1958; Smoot et al., 1971). Although 
the disorder may not clearly apparent at harvest on some citrus fruits, it may develop sharply after harvest, 
particularly if the fruits were held at low humidity. In “Nova” tangerines, symptoms of pitting, specially at the 
distal end of the fruit, started early on the fruit by several months before maturity. 
 To a very marked extent, the pitting disorder is associated with the size of the crop upon the tree, since the 
heavier the crop, the more tendency towards pitting in the fruit. However, it was found that “Nova” tangerine 
trees during the off year season (light load) had more apparent severe symptoms of pitting. This disorder was 
even classified as a nutritional disorder (Klotz, 1978). Analyses of leaves adjacent to affected and unaffected 
fruit indicated that low potassium levels were implicated (Grierson, 1965 and 1981) but no clear-cut relationship 
has been established between nutritional programs and the incidence of this disorder. Thus, the translocation of 
nutrients within the tree, particularly under the stress of abnormally heavy crops, may be involved. In this study, 
potassium was directly applied to fruitlets when they were only 4–6 mm in diameter, the level of pitting before 
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harvest was significantly reduced by the application of potassium sulphate as compared with the control in both 
seasons, with no further improvement when other growth regulators were incorporated with potassium whether 
CPPU or GA3 plus CPPU (Table 3). However, the interaction between the treatments and the time factor 
showed that CPPU treatment was markedly better than potassium sulphate throughout three assessment times 
(T2 to T4) in terms of the level of pitting during the first season and throughout two assessment times in the 
second season (T3 to T4). Furthermore, there was a level of pitting incidence in potassium-treated fruits but 
CPPU-treated ones appeared normal consistently throughout the season until harvest. In a similar manner, the 
fruits appeared normal throughout the season when treated with GA3 plus CPPU and potassium sulphate. The 
obtained advantage of the triple formulation over the single application of CPPU with respect of mitigating the 
incidence of pitting could be the greater TSS content and higher TSS and acidity ratio. 
 On a cellular and membrane levels, it was found that phospholipase A2 activity is involved in the 
development of peel pitting in citrus fruits which causes membrane deterioration and increase in electrolyte 
leakage leading to the surface pitting (Mao, et al., 2007). Fruit tissues exposure to abiotic stress, in general, may 
induce phospholipid catabolism by activation of phospholipases, eventually leading to cellular membrane 
breakdown and/or  triggering a lipid signaling cascade (Matos et al., 2001; Denekamp and Smeekens, 2003; 
Alferez et al., 2008) and accelerating tissue senescence. In accordance with such explanation is the finding of 
Farag and Palta, 1993 that the lysophosphatidylethanolamine (LPE), a phospholipase D inhibitor, was shown to 
delay fruit softening and senescence in tomato fruits and leaves. 
 The overall conclusion and recommendation from this study is to apply CPPU plus GA3 and potassium in a 
formulation early in the season when the fruit diameter was about 4-6 mm since this treatment caused an 
increase in fruit weight, a reduction in peel weight, higher juice volume, and greater TSS to acidity ratio, as 
compared with the control. Meanwhile, this above formulation mitigated the incidence of rind pitting in a 
consistent manner and provided needed potassium to replenish its loss and avoid its depletion due to its uptake 
and consumption by activily growing fruits and leaves. 
 

 
 
Photo 1: Typical symptoms of pitting disorder in "Nova" tangerines adopted in Egyptian orchard.  
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