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ABSTRACT 

Reduction of seed number in fruits is appreciated by consumers and producers because it 
increases fruit quality. This study was conducted in (2015, 2016) to reduce fruit seed number of 
Balady or common mandarin (Citrus deliciosa) budded on sour orange rootstock (Citrus aurantium L. 
Osbeck.) without modifications in fruit quality. The study involved two experiments as follows:  

Experiment I with GA3 at 200,250 ppm and NAA at 25, 50 ppm. The trees were divided into 
two groups. The first group was sprayed in the pre-anthesis stage (15 days before anthesis) and the 
second group was sprayed at anthesis stage (full bloom). 

 Experiment II with GA3 at 300,400 ppm and NAA at 25, 50 ppm. Trees sprayed at ovary 
stage at petal fall (15days after anthesis). In addition to, control treatment (untreated trees). Obtained 
results indicated that, spraying trees at ovary stage was the best time for achieving  the greatest 
reduction number percentage of developed seeds / fruit with trees treated by 25ppm NAA (58.3%) 
followed by 200 ppm GA3 (52.0%) at anthesis stage . Application of all treatments led to promoting 
abscission of some excess fruits (thinning) and increased the weight of the remaining fruits compared 
with control treatment. Maximum productivity was obtained with application of 25ppm NAA at ovary 
stage (90.0, 107.2 kg / tree) followed by 200ppm GA3 at anthesis stage (88.2, 91.8 kg / tree) compared 
with control treatment (82.7, 85.0 kg / tree) in the first and second seasons, respectively. All 
treatments application improved fruit quality. The study revealed that, there is a positive correlation 
between the increasing of gibberellins content or both gibberellins and auxins content in the seeds and 
the reduction of developed seeds number depending on the time of the application .Anatomical study 
of the developed and aborted seeds was presented. It could be recommended to use 25ppm NAA as a 
cheap foliar spray on Balady mandarin at ovary stage to obtain fruits with a few seeds, bigger weight, 
with high quality and have a desirable comparative advantage in the markets. Thus, minimizing seeds 
/ fruit improved its quality. 
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Introduction 

In Egypt, mandarin fruits occupy the third rank after navel orange and valencia orange fruits. 
Some markets require a specification quality of citrus fruits. One of these specifications is to obtain 
seedless fruits or fruits with a few seeds.  Balady mandarin is one of the popular citrus cultivars due to 
its beautiful shape, easy peel, and yellow-orange when fully mature, thin and smooth. It peels with the 
utmost ease, and the rind oil has a distinct fragrant aroma unique to Mediterranean mandarin. The 
segment walls are moderately tough, but the orange-colored pulp is tender, melting and very juicy, 
with a distinct mild, aromatic and sweet flavor (James, 1990). However, Balady mandarin is seedy 
with an average more than 20 seeds per fruit which disturbs it's economic value and further 
development. There has been increasing demand by consumers for seedless easy peeling citrus 
varieties. The processes of seed and fruit development are controlled by phytohormones (Gillaspy, et 
al., 1993). A plant is considered to be seedless when its fruits are completely devoid of seeds, contain 
a much-reduced number of seeds or present aborted seeds. Seedless fruit can be obtained through 
parthenocarpy if the fruits develop without fertilization and by stenospermocarpy if the seeds abort 
after fertilization (Voraquaux, et al., 2000). In the latter case, the fruits contain traces of the aborted 
seeds.  The phytohormone auxin regulates almost all developmental processes in plants, including 
fruit development. Natural and artificial auxins supplied exogenously to unpollinated flowers induce 
fruit growth in tomato and in other horticultural plants, suggesting that these hormones can replace the 
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signals provided by pollination and fertilization (Schwabe and Mills, 1981).This hypothesis is in 
accordance with the finding that increased auxin levels are detected in flower organs after fertilization 
of the ovules (Gillaspy, et al., 1993). Recently, molecular analyses have confirmed the prominent role 
played by auxin signaling in triggering and coordinating the transition from flower to fruit Wang, et 
al., (2009) and Dorcey, et al., (2009). The data published so far support the idea that the growth of the 
ovary is blocked before pollination and that auxin is involved in derepression of ovary growth after 
fertilization (Pandolfini, et al., 2007). Gibberellins (GAs) are a second group of phytohormones that 
play a prominent role in coordinating fruit growth and seed development. The application of 
bioregulators to induce parthenocarpic fruits should be carried out at the time of flowering, varying 
before or after anthesis (full bloom) Lawes, et al., (1991), where it is still possible to interfere in seed 
formation. According to Talon, et al. (1994), gibberellins are responsible for the development of 
parthenocarpic fruits in Satsuma mandarin and other cultivars of seedless, parthenocarpically genetic 
mandarins. The application of GA3 at 200 mg/L-1 promoted seed reduction in fruits, when the 
application occurred at the anthesis, but the absence of seeds was observed in the smallest fruits, 
while the larger ones had the same number of seeds as the witness. These results were similar when 
the application occurred 30 days after the anthesis (Tominaga, 1998). Also, the mixture of GA3 and 
benzyladenine (BA), applied two months after the anthesis, accelerated the growth of parthenocarpic 
fruits of grapefruit. This effect is a result of the synergism between gibberellic acid and benzyladenine 
(Susanto, et al., 1993). Moreover, the amounts of GA3 are higher in parthenocarpic fruits, as in the 
case of the mandarins, due to the presence of auto incompatibility, presenting mechanism of fall 
mainly in the Clementine cultivars (Talon, et al., 1992). Also, according to Feinstein, et al. (1975), 
Dancy and Temple tangerine, GA3 at 20 mg/L-1 and 150 mg/L-1 naphthalene acetic acid (NAA), 
applied during full bloom, reduced the number of seeds by 28% in Dancy and 18 % in Temple, where 
the effect of NAA is better than GA3. In addition, The application of 100 and 200 mg/L-1 of NAA and 
100 mg/L-1 of GA3 showed a reduction of 30% of total seed of Tangor Murcott fruits in Pratania, São 
Paulo State, Brazil ( Domingues  and  Rodrigues, 2007). 

The aim of this study was to evaluate the efficiency of different substances application on the 
induction of fruit formation with lower number of seeds of Balady mandarin fruits based on obtaining 
fruits having the same qualitative and quantitative characteristics.    

 
Materials and Methods 
 
  The study was conducted in a private orchard at Toukh area, Kalubia governorate. Twenty 
four years-old of Balady mandarin trees (Citrus deliciosa) budded on sour orange rootstock (Citrus 
aurantium L. Osbeck.) were used under study to examine the effect of spraying trees with different 
growth regulators which are: Gibberellin (GA3) and auxin, {(naphthalene acetic acid (NAA)} on 
reduction of fruit seed number without modifications on fruit quality. Trees were selected according 
to vigor and number of flowers for data collection during the two seasons on year “heavy load yield” 
(2015 and 2016). The trees were planted at 5 x 5 m apart, under flood irrigation system and grown in 
a clay loamy soil. The trees received organic and inorganic fertilization according to recommendation 
of Ministry of Agriculture. Irrigation was given at intervals of about ten days in summer and 15-20 
days in winter. However, a balanced foliar fertilization of the all microelements was adopted twice 
yearly in mid February and mid August. The study involved two experiments and trees sprayed with 
different treatments as follows:  
Experiment I with GA3 at 200,250 ppm and NAA at 25, 50 ppm. The trees were divided into two 
groups. The first group was sprayed in the pre-anthesis stage (15days before anthesis) and the second 
group was sprayed at anthesis stage (full bloom).  
Experiment II with GA3 at 300,400 ppm and NAA at 25, 50 ppm. The trees were sprayed in ovary 
stage at petal fall (15 days after anthesis). In addition to, control (untreated trees) for two experiments.  
A solution of 10% alcohol and 0.05% Tween 20 was used a surfactant for dissolution of the 
exogenous hormone (Chalupka 1981). 
 
Parameters of the study. 

Ten fruits of Balady mandarin were randomly taken from the yield in two seasons for each 
replicate and the following determinations were carried out: 
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Fruit seed number. Developed and aborted (undeveloped) seed numbers per fruit were counted and 
the reduction percentage of developed seeds number per fruit over control was calculated. 
Gibberellins and auxins content in the seeds. Samples of developed and aborted seeds were taken 
and both endogenous hormones (Gibberellins and auxins) were determined according to (Axel Muller, 
et al., 2002) 
Yield. The number of fruits per tree was counted at the harvesting time (mid February). Average of 
fruit weight (gm.) was determined. The yield per tree (kg) was determined. 
Fruit quality.  Juice weight percentage was calculated and recorded. Total soluble solids (T.S.S %) 
was determined by using Zeiss hand refractometer. Total acidity (%) was determined in fruit juice as 
percentage of anhydrous citric acid according to (A.O.A.C, 1995). Total soluble solids/acid ratio was 
calculated. Ascorbic acid (Vitamin C) was calculated as mg. /100 ml. juice according to (Horwitz, 
1972).  
Anatomical studies of embryo abortion. Samples of fruitlets were taken when they were 10-15mm 
in cross diameter and stored in FAA fixative (10 ml formalin, 5 ml glacial acetic acid and 85 ml ethyl 
alcohol 70%). The selected materials were washed in 50% ethyl alcohol, dehydrated in a normal butyl 
alcohol series, embedded in paraffin wax of melting point 56 Co, sectioned to a thickness of 20 
micron, double stained with crystal violet-erythrosine, cleared in xylem and mounted in Canada 
balsam (Nassar and El-Sahhar, 1998). Slides were analyzed microscopically and photomicrograph. 
 
Statistical analysis.  

The experiment was designed in a completely randomized block design with four replicates for 
each treatment and each replicate was represented by one tree. The obtained data of both seasons were 
subjected to analysis of variance according to Clarke and Kempson, (1997) and the means were 
differentiated using Duncan multiple range test at 5% level (Duncan, 1955). 
 
Results and Discussion 
 
Fruit seed number 

 Data presented in Table 1. and (Fig. 1) showed the developed and aborted seed numbers per 
fruit of Balady mandarin as affected by foliar spraying trees by different treatments at pre-anthesis 
stage (15 days before anthesis) and anthesis stage(full bloom).  The results indicated that, spraying 
trees by all treatments caused a great reduction in developed seed number/ fruit as compared with 
control treatment especially the trees treated by 200 ppm GA3 at anthesis stage which reduced seed 
number up to (15.2, 14.8) followed by 250 ppm GA3 at anthesis stage (16.5, 17.6) as compared with 
control treatment (31.5, 31.0) during the two seasons (2015 and 2016), respectively. In addition to, the 
late stage was the best than the early stage, where the reduction of seed number per fruit of treated 
trees at anthesis stage was higher than the other treated at pre-anthesis stage. As for aborted seed 
number / fruit the results revealed that, control treatment has minimum number (6.7 and 8.3) in the 
first and second seasons (2015 and 2016), respectively, while the other treatments resulted in an 
increasing the aborted seed number, especially, 25 ppm NAA in the first season (18.2) and 200ppm 
GA3 in the second season (16.7) while, the other treatments were in between during the two seasons. 
On the other hand, spraying trees at anthesis stage (full bloom) achieved a great number of aborted 
seed than the pre-anthesis stage. 

Concerning the spraying trees at ovary stage (at petal fall), results in (Table 2) indicated that, 
NAA at 25 ppm resulted in a great reduction in developed seed number/ fruit (13.9, 12.2) followed by 
GA3 at 300ppm (15.9, 16.9) compared with control treatment (31.5, 31.0) during the two seasons 
(2015 and 2016), respectively, while, the other treatments were in between and didn't show any 
obvious trend during the two seasons. Regarding aborted seed number / fruit, data showed that, all 
treatments increased undeveloped (aborted) seed number and the trees treated by  NAA at 25 ppm 
were superior for giving the maximum values ( 19.2, 20.8) compare with control treatment ( 6.70, 
8.30) in the first and second seasons (2015 and 2016), respectively. Anyhow there were always 
negative correlations between developed and undeveloped seeds number per fruit. The decrease in the 
number of developed seeds is matched by an increase in the number of undeveloped ones, as 
previously shown by Feinstein, et al. (1975). 
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Also, results in (Fig. 2&3) showed the averages of the reduction percentage of developed seed number 
per fruit over control at different spraying times of trees during the two seasons(2015 and 2016). 
Results showed that, the ovary stage was the best time of trees spraying for causing the greatest 
reduction number percentage of developed seeds per fruit followed by anthesis stage (full bloom) and 
pre-anthesis stage. In more details, the reduction in seed number percentage at ovary stage was (from 
40 to 58.3 %) and at anthesis stage was (from 39.3 to 52.0%) while, at pre-anthesis stage was (from 
25.2 to 39.2%). On the other side, concerning the best treatments for all times of trees spraying were 
25ppm NAA (58.3%)  at ovary stage (Fig.3) , 200 ppm GA3 (52.0%) at anthesis stage (full bloom) 
and 200 ppm GA3 ( 39.2%) at pre-anthesis stage (Fig.2). 

 

 
Fig .1: A.Balady mandarin fruits. ;B. Cross section of fruit .; C. Developed seeds;  and  D.Aborted ( undeveloped) seeds. 
 

Table 1: Effect of some growth regulators application at pre-anthesis and anthesis stages on seed number of 
Balady mandarin fruits . 

                 
Treatments  

1st season 
Developed seed  

No. / fruit 
  Aborted seed  

No. / fruit 
Pre 
anthesis Anthesis Mean 

 Pre 
anthesis Anthesis Mean 

Control 31.5a 31.5a 31.5a 

 

6.7 f 6.7 f 6.7 e 
GA3 at200 ppm 19.1cd 15.2d 17.2d 14.3bc 16.3ab 15.3b 
GA3 at250 ppm 17.5d 16.5d 17.0d 9.1e 11.5d 10.3 d 
NAA at 25 ppm 26.4ab 20.7cd 23.5b 15.8b 18.2a 17.0a 
NAA at 50 ppm 22.9bc 18.0cd 20.5c 11.2d 13.4cd 12.3c 

Mean  23.5a 20.4 b  11.4 b 13.2 a  
                            2nd season 

 

Control  31.0a 31.0a 31.0a 

 

8.3c 8.3c 8.3 c 

GA3 at 200 ppm 18.9bc 14.8d 16.9c 15.7a 16.7a 16.2a 

GA3 at250 ppm 20.5bc 17.6bcd 19.0bc 10.1bc 13.1ab 11.6b 

NAA at 25 ppm 20.4bc 17.3cd 18.9bc 14.2a 15.5a 14.9a 

NAA at 50 ppm 21.5b 18.7bcd 20.1b 13.9a 15.2a 14.6a 

Mean 22.4 a 19.9 b  12.4 b 13.8 a  
Values that don’t share the same letter are significantly different. Mean separation  within columns by Duncan’s multiple 
range test, 5% level.  
 

To get fruits with a few seeds is usually appreciated by consumers and producers because it 
improves fruit quality. Interestingly, many studies revealed that seedlessness in fruits can be induced 
by the exogenous application of some growth regulators. These results are in the same line with the 
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obtained by Okamoto and Miura (2005) and Mesejo, et al.,(2008) who indicated that, application of 
GA3 has been found to impair fertilization by either inducing seed abortion or reducing pollen tube 
growth in mandarin and grapes . In this respect, Cheng, et al., (2013) on grape reported that, the 
mechanisms driving GA3-induced seedlessness are similar in both seeded and seedless cultivars, and 
that the observed abortion of seeds may result at least in part from a GA3-induced increase in cell 
damage caused by reactive oxygen species, a decrease in antioxidant enzymatic activities, and an 
alteration of the expression of genes related to seed development. Also, Gambetta, et al.,(2013)  found 
that, GA3 applied during flowering period reduced the percentage of seeded fruits and seed number 
per fruit on "Afourer" mandarin and  the most efficient treatment was three applications of GA3 (50 
mg l−1) combined with CuSO4 (25 mg l−1), that increased seedless fruit from 19% to 31% and reduced 
from 3.7 to 2.3 the number of seeds per fruit.  

In addition, NAA could work by inhibiting pollen grain germination and /or interrupting pollen 
tube growth and impairing new embryo development causing ovule / embryo abortion as previously 
reported by   Reig, et al., (2014) who found that, by applying 20ppm NAA to loquat tree flowers prior 
to or at anthesis pollen grain germination was inhibited and pollen tube growth was halted. 
 
Table 2: Effect of some growth regulators application at ovary stage on seed  Number of Balady 

mandarin fruits. 

Treatments  

Ovary stage 
           1st season 2nd season 
Developed seed  

No. / fruit 
Aborted seed 

 No. / fruit 
 Developed seed  

No. / fruit 
Aborted seed  

No./ fruit 
 
Control  31.5 a 6.70 d  31.0 a 8.30 d 

GA3 at 300 ppm 15.9 c 16.3 b  16.9 c 18.3 b 

GA3 at 400 ppm 17.3bc 15.4bc  18.3bc 15.4 c 

NAA at 25 ppm 13.9 d 19.2 a  12.2 d 20.8 a 

NAA at 50 ppm 18.1 b 13.7c  19.4b 15.7 c 
Values that don’t share the same letter are significantly different. Mean separation  within columns by Duncan’s multiple 
range test, 5% level. 
 

  
(Fig.2) (Fig.3) 

Averages of reduction (%) of developed seed number / fruit at pre-anthesis and anthesis stages (Fig.2) 
and at ovary stage (Fig.3) during the two seasons (2015 and 2016). 
 

Gibberellins and auxins content in the seeds. 
Both endogenous hormones (gibberellins and auxins) content (ppm) in developed and aborted 

seeds at pre anthesis and anthesis stages are shown in Fig. 4, 5. In general, it could be noticed that 
gibberellins concentration is much higher than the auxins content in both of developed and aborted 
seeds. Also, there is a positive correlation between the increasing of endogenous gibberellins content 
in the seeds and the reduction of developed seeds number per fruit. In other words, foliar trees with 
200ppm GA3 led to an increase in gibberellins content in the developed and aborted seeds, in the same 
time induced maximum reduction percentage of developed seed number per fruit over control 39.2 % 
at pre anthesis and 52.0 % at anthesis stage (full bloom) as shown in (Fig 2). 
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Fig .4: Averages of gibberellins and auxins content (ppm) in developed and  aborted seeds at pre 

anthesis stage during the two seasons (2015 and 2016). 
 

In the case of spraying trees in ovary stage at petal fall (15 days after anthesis), it is quite 
evident in (Fig. 6) that, trees treated by 25ppm NAA increased both gibberellins in developed and 
aborted seeds and also increased auxins in aborted seeds, also this treatment achieved the greatest 
reduction percentage of developed seed number 58.3% as shown in (Fig 3). 

Fruit growth is stimulated by ovule fertilization, and requires coordination between seeds 
development, growth and differentiation of the ovary to host seeds. Hormones are known to act at the 
same time of these two processes, but the role of each hormone, and the mechanism by which they 
interact, are still unknown. Both gibberellins and auxins act in parallel with different levels (Dorcey, 
et al., 2009). Our results suggested that, the reduction of developed seed number per fruit is associated 
with increasing of gibberellins or both gibberellins and auxins content in the seeds according to the 
time of treatments application. Results of the present are in parallel with these mentioned by (Talon, 
et al., 1992) who reported that, GA concentration is much higher in the parthenocarpic citrus variety 
Satsuma than in the non-parthenocarpic self-incompatible Clementine. Also, tomato mutants show 
enhanced expression of GA biosynthetic genes and increased levels of GAs, which in turn induce 
parthenocarpic development (Olimpieri, et al., 2007). In addition, exogenous application of GA3 or 
naphthylacetic acid (NAA) to Arabidopsis plants under low humidity at anthesis promoted 
parthenocarpic fruit development, (Dorcey, et al., 2009).  
 

  
Fig. 5 Fig .6 

Averages of gibberellins and auxins content (ppm) in developed and aborted seeds at anthesis stage 
(Fig .5)  and at ovary stage (Fig .6)during the two seasons (2015 and 2016). 
 

Yield. Data in (Tables 3&4) showed fruit number / tree, fruit weight (gm) and productivity kg / tree. 
The results indicated that, all treatments led to promoting abscission of some fruits (thinning) and 
increased the weight of the remaining fruits compared with control treatment. In more details, control 
treatment in (Table 3) scored the maximum averages of fruit number per tree (950,1000) during the 
two seasons, respectively while the other treatments recorded the averages between (600-700) in the 
first season and between ( 650-780) in the second season. Results also revealed that  trees treated by 
all treatments at pre anthesis " pre- full bloom" had more averages of fruit number (716, 782) than the 
other treated at anthesis stage " full bloom"( 680, 726) in the first and second seasons, respectively. In 
addition, fruit weight (gm) was enhanced by all treatments also there were negative correlation 
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between fruit number and fruit weight. Hence, the heavier fruits were noticed at anthesis stage 
(128,124gm) than the other harvested from pre- anthesis ( 112, 108gm) and the best treatment was 
trees treated by  200ppm GA3 at anthesis stage (140,135 gm) compared with control treatment (87, 
85gm) during the two seasons, respectively. While, the other treatments scored intermediate values in 
this regard. In terms of productivity kg / tree, 200ppm GA3 applications at anthesis had a significant 
influence on averages productivity (88.2, 91.8 kg / tree) compared with control treatment (82.7, 85.0 
kg / tree), on the other hand, anthesis stage achieved higher averages of yield (84.0, 87.1 kg / tree) 
than pre-anthesis (78.8, 83.0 kg / tree) in the first and second seasons, respectively. Results in (Table 
4) revealed that, application of 25ppm NAA at ovary stage was the best treatment for achieving the 
heavier fruit weight (150,160 gm) and maximum productivity ( 90.0, 107.2 kg / tree) in the first and 
second seasons (2015, 2016), respectively. 

Judging by the previous results it could be noticed that, the reduction of developed seed number 
per fruit as a result of foliar spraying application of different treatments led to a decrease in fruits 
number per tree with an increase in their weight and eventually led to an increase in the productivity 
(kg / tree) of Balady mandarin. These results are in the same line with those obtained by Guardiola et 
al. (1993) who found that, application of gibberellins and cytokinins during or early flower opening 
enhances early fruit growth. This early increase in fruit size is due mainly to a transient increase in 
cell division in the ovary wall. Early application of auxins increases final fruit size more consistently 
(Agusti et al. 1998). Also, our results were in harmony with the findings by (Smith, 1993) in navel 
orange and (Brosh and Monselise, 1977) in tangerine hybrids. 
 

Table 3: Effect of some growth regulators application at pre-anthesis and anthesis stages on 
productivity of  Balady  mandarin during the two seasons . 

Treatments  

  1st season   
Fruit NO./tree  Fruit weight(gm)  Productivity kg / tree 

Pre 
anthesis 

Anthesis Mean  
Pre 

anthesis 
Anthesis Mean  

Pre 
anthesis 

Anthesis Mean 

 
Control  950a 950a 950a  87 e 87 e 87c  82.7ab 82.7ab 82.7a 
GA3 at 200ppm 700b 630c 665b  110d 140a 125b  77.0cd 88.2a 82.6a 
GA3 at 250ppm 650c 620c 635bc  118c 136a 127ab  76.7d 84.3a 80.5a 
NAA at 25 ppm 630c 600c 615c  126b 135a 131a  79.4bc 81.0ab 80.2a 
NAA at 50 ppm 650c 600c 625c  120bc 140a 130a  78.0cd 84.0a 81.0a 
Mean  716 a 680 b   112 b 128 a   78.8 b 84.0 a  
   2nd season   
 
Control  1000a 1000a 1000a  85d 85d 85d  85.0bc 85.0bc 85.0a 
GA3at 200 ppm 780b 680d 730b  105c 135a 120c  81.9d 91.8a 87.0a 
GA3 at250 ppm 680d 650d 665c  120b 135a 128a  81.6d 87.8ab 84.7a 
NAA at 25 ppm 700cd 650d 675c  120b 130a 125ab  84.0bc 84.5bc 84.3a 
NAA at 50 ppm 750bc 650d 700bc  110c 133a 122bc  82.5cd 86.5bc 84.5a 
Mean 782 a 726 b   108 b 124 a   83.0 b 87.1 a  

Values that don’t share the same letter are significantly different. Mean separation within columns by Duncan’s multiple 
range test, 5% level. 
 

Table 4: Effect of some growth regulators application at ovary stage on productivity of Balady 
mandarin during the two seasons. 

Treatments  

Ovary stage 
1st season  2nd season 

Fruit 
NO./tree 

Fruit 
weight(gm) 

Productivity 
kg / tree 

 Fruit 
NO./tree 

Fruit 
weight(gm) 

Productivity 
kg / tree 

Control  950a 87e 82.7c  1000a 85d 85.0c 

GA3 at 300 ppm 600c 145b 87.0b  590c 157ab 92.6b 

GA3 at 400 ppm 600c 140c 84.0c  550d 157ab 86.4c 

NAA at 25 ppm 600c 150a 90.0a  670b 160 a 107.2a 

NAA at 50 ppm 640b 135d 86.4b  590c 145c 85.5c 
Values that don’t share the same letter are significantly different. Mean separation within columns by Duncan’s  multiple 
range test, 5% 
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Fruit quality. 
Results in (Table 5) indicated the effect of trees sprayed with different treatments at different 

times on internal fruit quality of Balady mandarin. Concerning fruit T.S.S, results indicated that the 
best treatment for causing the maximum averages through the two times of applications was 250ppm 
GA3 (11.3, 11.3) followed by 200ppm GA3 (10.9, 11.0) during the two seasons (2015 and 2016), 
respectively. The time of spraying had no effect on fruit T.S.S whereas there were no significant 
differences among trees treated by all treatments either at pre-anthesis or anthesis stages. Anyhow, the 
differences among all treatments were low to be significant especially in the second season.  As for 
fruit  acidity percentage, (Table 5) revealed that, the averages values of fruit acidity (%) were higher 
in trees treated at pre-anthesis  than the other treated at anthesis stage in the first and second seasons. 
Concerning T.S.S/ acid ratio (Table 5) the results revealed that, 25 ppm NAA caused the greatest 
averages (11.7, 11.6) as compared with control treatment (10.0, 10.3) during the two seasons, 
respectively. Regarding ovary stage, data in (Table 6) indicated that, there were fluctuations in fruit 
T.S.S, acidity and T.S.S/ acid ratio. In general, 25 ppm NAA was superior for achieving the maximum 
T.S.S/ acid ratio (12.1, 12.4) while, the lowest values was obtained with control treatment (10.0, 10.3) 
in the first and second seasons (2015 and 2016), respectively. 
 
Table 5:  Effect of some growth regulators application at pre-anthesis and anthesis stages on internal 

fruit  quality of Balady mandarin during the two seasons. 

Treatments  

  1st season   
T.S.S%  Acidity (%)  T.S.S/ acid (ratio) 

Pre 
anthesis Anthesis Mean 

 Pre 
Anthesis Anthesis Mean 

 Pre 
anthesis Anthesis Mean 

Control  10.5ab 10.5ab 10.5b  1.05a 1.05a 1.05a  10.0b 10.0b 10.0c 
GA3at200ppm 11.0ab 10.8ab 10.9ab  0.96cd 0.95cd 0.96c  11.5a 11.4a 11.5ab 
GA3at250ppm 11.3a 11.2a 11.3a  1.02ab 0.99bc 1.01b  11.1a 11.3a 11.2ab 
NAAat25 ppm 10.3ab 10.7ab 10.5b  0.89f 0.90ef 0.89d  11.6a 11.9a 11.7a 
NAAat50 ppm 10.5ab 10.0b 10.3b  0.97bc 0.91de 0.94c  10.8ab 11.0ab 10.9b 

Mean 10.7 a 10.6 a   0.98a 0.96 a   11.0 a 11.1a  
   2nd  season   

Control  11.0ab 11.0ab 11.0a  1.07a 1.07a 1.07a  10.3d 10.3d 10.3d 
GA3at200ppm 11.5a 10.5ab 11.0a  1.01b 0.90d 0.96b  11.4ab 11.7a 11.5ab 
GA3at250ppm 11.5a 11.0ab 11.3a  1.08a 1.0b 1.04a  10.7cd 11.0bc 10.8c 
NAAat25 ppm 11.0ab 10.5ab 10.8a  0.94cd 0.91cd 0.93b  11.7a 11.5ab 11.6a 
NAAat50 ppm 10.0b 11.0ab 10.6b  0.93cd 0.96bc 0.95b  10.8cd 11.5ab 11.1bc 

Mean 11.0 a 
 

10.8 a   1.01 a 0.97b   11.0a 11.2 a  
Values that don’t share the same letter are significantly different. Mean separation within columns by Duncan’s multiple      
range test, 5% level.  
 
Table 6:  Effect of some growth regulators application at ovary stage on internal fruit quality of 

Balady  mandarin during the two seasons. 

Treatments  

Ovary stage 
1st season  2nd season 

T.S.S 
% 

Acidity 
(%) 

T.S.S/acid 
(ratio) 

 
T.S.S 

Acidity 
(%) 

T.S.S/acid 
(ratio) 

Control  10.5b 1.05 a 10.0 d  10.2 c 1.07 a 10.3 c 
GA3 at 300 ppm 11.5 a 0.98 b 11.7b  11.5ab 0.92 c 12.5 a 
GA3 at 400 ppm 10.2 b 0.90c 11.3c  11.0 b 0.93 c 11.8 b 
NAA at 25 ppm 11.3a 0.94bc 12.1a  11.8 a 0.95bc 12.4ab 
NAA at 50 ppm 10.2 b 0.91c 11.2 c  11.7ab 0.99b 11.8 b 
Values that don’t share the same letter are significantly different. Mean separation within columns by Duncan’s                     
   multiple range test, 5% level.  

 
It is obviously shown from Table. 7 that juice weight (%) increased with the application of all 

treatments especially with 25 ppm NAA and 200ppm GA3. Fruits from treated trees at anthesis stage 
had more juice than those harvested from treated trees at pre- anthesis stage during the two seasons. 
Concerning fruit vitamin C. content, results indicated that, the time of trees spraying didn't show any 
effect. The changes of fruit vitamin C. were slightly fluctuated in the first season, and no obvious 
trend could be detected during the two seasons. As for ovary stage, results in  (Table 8) indicated that,  
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all treatments increased fruit juice weight (%) and vitamin C. content comparing with control 
treatment .On the other hand, the differences between the other treatments were slightly significant. 
Generally, from the foregoing results, it seems that, reduction of fruit seed number of Balady 
mandarin led to obtaining bigger fruit and  fruit quality . These obtained results are in agreement with 
that of Hikal (2013) on Washington navel orange who found that TSS/acid ratio of fruits was 
improved while fruit total acidity was reduced by foliar spraying the plants with GA3 at 25 ppm+ 
NAA at 20 ppm.Khan, et al., (2014) found that application with GA3 at 20 ppm after fruit set 
increased TSS 'Blood Red' sweet oranges compared with control. Also, foliar spraying Washington 
navel orange trees with 20 ppm GA3 and 25 ppm of NAA one week after fruit set resulted in the 
highest values of yield (kg) /tree, fruit physical and chemical properties (Hifny, et al 2017). 
 
Table 7:  Effect of some growth regulators application at pre-anthesis and anthesis stages on juice 

weight (%) and Vitamin C. of Balady mandarin during the two seasons . 
                    

Treatments  

1st season 
Juice weight (%)  Vitamin C. (mg./100 ml. juice) 

Preanthesis Anthesis Mean  Preanthesis Anthesis Mean 
Control  39.3c 39.3c 39.3 c  30.1d 32.2cd 29.2 b 
GA3 at 200 ppm 46.5ab 48.1 a 47.3 a  36.3ab 39.6 a 35.9 a 
GA3 at 250 ppm 41.2 c 47.0 a 44.1 b  37.5ab 36.6ab 35.1 a 
NAA at 25 ppm 46.3ab 50.2 a 48.3 a  38.4 a 37.4ab 35.9 a 
NAA at 50 ppm 42.8bc 46.2ab 44.5 b  33.6bc 36.5ab 33.1 a 
Mean  43.2 b 46.2 a   35.2 a 36.5a  

                                                   2nd  season  
Control  41.5e 41.5e 41.5 d  31.4 c 29.5 c 30.5c 
GA3 at 200 ppm 49.2bc 51.9ab 50.7ab  30.4 c 33.6bc 32.0bc 
GA3 at 250 ppm 44.4de 48.3bc 46.4 c  32.5 c 31.5 c 32.0bc 
NAA at 25 ppm 51.7ab 54.6 a 53.2 a  34.4ab 38.5 a 36.4 a 
NAA at 50 ppm 46.6cd 48.7bc 47.7bc  37.6ab 32.4 c 35.0ab 
Mean  46.7 b 49.0 a   33.3 a 33.1 a  
Values that don’t share the same letter are significantly different. Mean separation within columns by Duncan’s multiple 
range test, 5% level.                    
 
Table 8:  Effect of some growth regulators application at ovary stage on juice weight (%) and 

Vitamin C. of Balady mandarin during the two seasons. 

Treatments 

Ovary stage 

1st season  2nd  season 

Juice weight (%) Vitamin C 
(mg./100juice) 

 Juice weight (%) Vitamin C 
(mg./100juice) 

Control 39.3 c 27.3 c  42.8 e 29.5 c 

GA3 at 300 ppm 49.4 a 34.5ab  53.1 a 33.7ab 

GA3 at 400 ppm 44.5 b 32.4ab  47.8 d 28.9 c 

NAA at 25 ppm 48.6 a 31.7 b  51.7 b 35.3 a 

NAA at 50 ppm 45.5 b 35.2 a  49.1 c 33.8ab 

Values that don’t share the same letter are significantly different. Mean separation within columns by  Duncan’s multiple 
range test, 5% level.  

 
Anatomical studies of developed and aborted seeds.  

Figure (7.A) shows the developed ovule untreated control, the relative size of a growing fertilized 
ovule, and no deformed ovules were found. While, Figure (7. B, C, D and E) showed ovules aborted, 
probably because of lack of fertilization. Abortied ovules are either depressed or contained large air spaces 
between the inner and outer integuments or between inner integument and nucellus and have ellipsoidal 
shape, as previously shown by Koltunow, et.al.(1995) who noticed that,  in unfertilized ovules, initial cells 
occur in an elliptical zone in the vicinity of the normal position of the embryo sac. Their cell walls increase 
in thickness compared with the surrounding nucellar cells. The embryogenic initial cells then become more 
rounded with thinner walls; the cells enlarge in size, become vacuolate, and have prominent nuclei. In 
unfertilized ovules, these spherical cells are mainly confined towards the chalazal end of the central region 
of the ovule and their development is accompanied by a degeneration of the nucellar tissue in that region 
of the ovule. Also, a viable seed is not produced in unfertilized ovules because the nucellar embryos arrest 
after the globular stage of development. 
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Fig.7: A. Developing normal ovule, untreated control. B, C, D and E. Aborted ovules, probably 

because of lack of fertilization of Balady mandarin fruits as affected by foliar spraying with all 
treatments. 

 
Conclusion  

The reduction of seed number in Balady mandarin fruits can be achieved successfully without 
affecting its fruit quality. Pronounced reduction in  percentage of  developed seed number per 
fruit(58.3%) was obtained with foliar application  of NAA at 25ppm at ovary stage at petal fall (15 
days after anthesis) followed by GA3 at 200 ppm (52.0%) at anthesis ( full bloom) stage. 
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