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Abstract

This research sought to evaluate the effects of different pruning and hand thinning practices on the yield, productivity, and
fruit quality of the "Murcott” mandarin cultivar. Pruning occurred after winter harvest, removing 25 % or 50 % of vegetative
growth. Hand thinning was done in summer by removing 25 % or 50 % of the total fruit per tree. Control trees were left untreated,
with no pruning or thinning performed. The results indicated that, while the 50 % pruning treatment resulted in the lowest number
of fruits per tree, it had a positive effect on yield, productivity, peel thickness, juice volume, and vitamin C content. The results of
hand thinning indicated that, although the control trees produced the greatest number of fruits, the treatments, particularly the 50
% hand thinning, significantly enhanced fruit weight, size, dimensions, titratable acidity (TA), total soluble solids (TSS), and the
TAJTSS ratio. Both pruning and hand thinning treatments led to a reduction in percentage of sunburned fruits compared to the
control. The results emphasize how these management practices can improve the profitability of "Murcott” mandarin cultivation

while aligning with international market standards.
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1. Introduction

Citrus is Egypt's premier fruit crop, cultivated
extensively and yielding substantial quantities. It also plays
a significant role in the country's agricultural exports. This
fruit is rich in carbohydrates, proteins, dietary fiber,
minerals, and vitamins, with particularly high concentrations
of vitamin C. According to the Economic Affairs Sector of
the Ministry of Agriculture and Land Reclamation [1], the
total area allocated to citrus cultivation in Egypt is estimated
at 519,788 feddans, with an annual production of
approximately 4,708,427 tons. "Murcott" is a prominent
citrus variety that has been extensively cultivated in Egypt
in recent decades. While it is highly productive, the tree
tends to produce a large quantity of small, low-quality fruits,
which negatively impacts consumer preference and
marketability. Some citrus cultivars, such as "Murcott,"
exhibit alternate bearing pattern of fruit production, where
trees produce large quantities of smaller fruit during "on"
years, followed by significantly reduced yields of larger fruit
in "off" years. This pattern appears to be linked to the timing
of flower bud differentiation and the crop load. In citrus,
flower bud differentiation generally coincides with the onset
of new spring growth. An excessive fruit set in one season
has been observed to result in no blossom production the
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following season [2]. Thinning methods are implemented
through various agricultural practices, including chemical
thinning, hand thinning, and pruning-based thinning [3-5].
Moreover, these techniques enhance the market value of the
remaining fruit and helps mitigate the tree’s tendency
toward biennial bearing [6].

Pruning is a vital horticultural technique in citrus
production, with a substantial effect on both yield and fruit
quality. The development of a dense canopy and the
associated shading effect can lead to a gradual decline in
fruit yield. Thus, the systematic removal of excess plant
growth by pruning is essential for maintaining sustainable
production and enhancing orchard efficiency [7]. Pruning
aims to reduce competition for resources between leaves and
productive twigs by eliminating unproductive leaves, shoots,
and twigs. Varying levels of pruning can yield different
outcomes, affecting both tree health and the characteristics
of the fruit produced [8]. Fruitlet hand thinning is the precise
removal of a portion of the developing fruit before it reaches
full maturity on the tree.

Considering the significance of "Murcott" mandarin
fruits both in local markets and for export, this study
assessed the impact of pruning and hand thinning on
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productivity and fruit quality of "Murcott" mandarin, aiming
to satisfy the demands of both local and global markets.

2. Materials and Methods
2.1. Plant materials and study location

This study aimed to evaluate the response of
"Murcott" mandarin trees (Citrus sinensis (L.) Osbeck x
Citrus reticulata Blanco) to pruning and hand thinning
practices, and to examine their effects on productivity and
fruit quality. The experiment was conducted over the 2021
and 2022 growing seasons at a private orchard in the Wadi

El Natroun district (30°16'12.5"N, 30°13'08.7"E), situated in
the El-Behera governorate. This study utilized five-year-old
"Murcott" mandarin trees grafted onto 'Volkamer Lemon'
rootstock (Citrus volkameriana). All trees were spaced at 4
X 6 meters, planted in sandy soil, and irrigated using a drip
irrigation system. In each season, trees of similar age and
size were carefully selected, ensuring they were in their "on"
year of production. All trees were provided with the
recommended monthly doses of irrigation and fertilization,
as outlined in Figure 1.
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Figure 1. The irrigation and fertilization practices adopted in this study for the "Murcott" mandarin farm.

2.2. Treatments

Pruning (Pr) was performed in the winter directly
after the crop harvest, specifically on February 25 for both
growing seasons. This process included the removal of 25 %
(Pr 25 %) or 50 % (Pr 50 %) of the trees' vegetative growth,
especially the previous year's growth. Hand thinning (H.Th)
was performed on July 10 in both seasons, after the
physiological fruit drop stage. The thinning percentages
were determined by first calculating the total number of
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fruits on the tree and then removing either 25 % (H.Th 25
%) or 50 % (H.Th 50 %) of the fruit. Control trees were
those that were neither pruned nor thinned. Pruning and
hand thinning experiments were conducted independently,
using 3 Murcott mandarin trees per treatment, with a total of
9 trees for each experiment.

2.3. Data recorded

Upon the completion of each of the two seasons
studied (with harvest dates on January 15 for the 2021
1232
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season and January 21 for the 2022 season), the following
parameters were determined: the number of fruits per tree,
the percentage of sunburned fruits per tree, fruit weight (in
grams), yield (in kilograms per tree), and productivity (in
tons per feddan). Subsequently, thirty fruits from each
treatment (10 fruits per replicate) were randomly selected to
assess their physical and chemical characteristics. These
included fruit length (cm), fruit diameter (cm), length-to-
diameter (L/D) ratio, fruit size (cm3), peel thickness (mm),
and juice volume (ml). Titratable acidity (TA %) was
determined according to A.O.A.C. [9] methods, while total
soluble solids (TSS %) were measured using a refractometer
at room temperature. Then, the TSS/TA ratio was
calculated. Also, vitamin C content (mg/100g) was analyzed
following the A.O.A.C. [10] methods.

2.4. Statistical analysis

The experiment was structured with three replicates
for each treatment, consisting of three trees per replicate,
utilizing a completely randomized design. Data collected for
the years 2021 and 2022 were combined and statistically
analyzed using two-way analysis of variance (ANOVA)
implemented in R statistical software, version 4.4.1 [11].
The results are presented as the average of the two combined
seasons. Differences in significance were assessed using the
Duncan range test at a 0.05 significance level [12]. Pearson's
correlation  coefficient was calculated to identify
relationships between the measured parameters in the study.

3. Results and Discussion

3.1. Effect of pruning and hand thinning on vyield
components of ""Murcott™ trees

Figure 2A illustrates a significant difference (P >
0.05) among the treatments regarding the total number of
fruits remaining on the "Murcott" trees at harvest. The
control group exhibited the highest significant (P < 0.05)
fruit number (892.41), followed by the 25 % pruning and 25
% hand thinning treatments (641.50 and 528.83,
respectively), while the 50 % pruning and 50 % hand
thinning treatments resulted in the lowest number of fruits at
harvest (431.33 and 337, respectively). Although the control
treatment had the highest number of fruits, it recorded the
lowest significant (P < 0.05) fruit weight (118 g), while the
50 % hand thinning treatment showed the highest significant
(P < 0.05) fruit weight among all treatments, measuring
231.33 g (Figure 2B). Similarly, as illustrated in Figure 2C,
the treatment involving 25 % hand thinning produced the
highest significant (P < 0.05) yield per tree (122.10 kg).
Conversely, the treatment with 50 % tree pruning yielded
the lowest significant (P < 0.05) yield per tree at 65.72 kg,
in comparison to the other treatments. As a result, these
findings were mirrored in the productivity per feddan, where
a similar trend was observed across all treatments evaluated
in the study (Figure 2D).

Fruit thinning is a widely practiced technique in
citrus and other fruit orchards, aimed at regulating crop load.
This practice is essential for maximizing fruit size and
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enhancing quality characteristics, including color, shape,
and overall marketability, while also maintaining the health
and structural integrity of the tree. Moreover, thinning
contributes to increased crop value and helps ensure regular
blooming, which is important for reducing the impact of
alternate bearing cycles [13]. In this study, all treatments
reduced the tree's yield and thus productivity compared to
control, except for the 25 % pruning treatment, which
resulted in an increase in yield and productivity, which is
attributed to the noticeable increase in the fruit number and
weight. These findings align with observations made by
other researchers who have investigated the effects of both
pruning and hand thinning across various horticultural
species [14, 3, 15, 16]. A field experiment was conducted to
evaluate the effects of fruit hand thinning at 10 %, 20 %, and
30 % intensity during the pea stage on the growth, yield,
fruit grading, and quality of nectarines. The results
demonstrated that hand thinning significantly enhanced fruit
size, weight, and the proportion of higher-grade fruits [17].

Additionally, a study with similar findings examined
the effects of pruning on the quality of Siamese citrus fruits.
The treatment that involved trimming young shoots,
diseased twigs, and shaded leaves improved fruit quality,
resulting in a harvest weight of 3638.77 g per tree, a fruit
weight of 173.58 g, and total dissolved solids of 9.63 °Brix
[18]

3.2. Effect of pruning and hand thinning on the
percentage of sunburned fruits

Figure 3 indicates that the control group exhibited the
highest significant (P < 0.05) percentage of sunburned fruits
per tree, with a value of 4.53 %. However, no significant
differences were observed among the other treatments. The
percentage of sunburned fruits is one of the important
criteria that indicates the quality of the fruits, and thus their
marketing and export value. This study demonstrated that
increased levels of hand thinning or pruning led to a
reduction in sunburned fruits. This can be attributed to the
fact that during pruning or hand thinning, limbs or fruits that
will be directly exposed to sunlight are usually selectively
removed, leaving behind only those protected from direct
sunlight within the tree canopy.

Sunburn is a major concern in arid and semi-arid
regions with intense solar exposure. In these areas, the high
occurrence of fruit sunburn is often linked to elevated plant
water stress caused by heat and drought.

Thin-skinned fruits are especially prone to damage,
significantly affecting their quality and market value, though
other types of fruit can also be impacted [19]. These
findings align with the results reported by other researchers
studying mandarin fruit [20, 3, 21].

Also, the occurrence and intensity of sunburn are
influenced by climatic factors, cultivar selection, hormonal
balance, nutritional status, and soil moisture levels [22]. The
damage resulting from sunburn varies across different
varieties, ranging from 0.9 to 19.13 % [23].
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Figure 2. Impact of pruning and hand thinning treatments on A) fruit number per tree, B) fruit weight, C) yield, and D)
productivity of "Murcott" trees over the two combined seasons. Different lower-case letters indicate statistical differences (P <
0.05, Duncan). Vertical bars show the + SD.
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Figure 3. Impact of pruning and hand thinning treatments on the percentage of sunburned fruits per tree of "Murcott" trees over
the two combined seasons. Different lower-case letters indicate statistical differences (P < 0.05, Duncan). Vertical bars show the +
SD.
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Figure 4. Impact of pruning and hand thinning treatments on A) fruit dimensions, B) fruit size, C) peel thickness, and D) juice

volume of "Murcott" trees over the two combined seasons. Different lower-case letters indicate statistical differences (P < 0.05,
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3.3. Effect of pruning and hand thinning on physical fruit
characteristics

Figure 4A illustrates the significant effects of
different treatments on fruit length (L), fruit diameter (D),
and the length-to-diameter ratio (L/D). Concerning fruit
length, the 50 % hand thinning treatment resulted in the
greatest length (6.13 cm), while the shortest length (4.21
cm) was recorded in the control group. Likewise, it was
observed that the fruit diameter was also significantly (P <
0.05) affected between the different treatments under this
study, as the 50 % hand thinning treatment recorded the
highest significant (P < 0.05) fruit diameter (7.41 cm), while
the lowest significant (P < 0.05) diameter of the fruit was
recorded in the control treatment (5.31 cm). Moreover, it is
noted from the fruit length-to-diameter (L/D) ratio that the
50 % pruning treatment gave the highest significant (P <
0.05) ratio (0.84), followed by the 50 % hand thinning
treatment (0.82), while there were no significant differences
between the rest of the treatments in this ratio (Figure 4A).

The fruit size was markedly influenced by the various
treatments (Figure 4B), with the 50 % hand thinning
treatment yielding the largest size (260.66 cm3), followed by
the 50 % pruning treatment (213.33 c¢cm?3). In contrast, the
smallest size was observed in the control fruit (74.00 cm3).
Also, significant differences in fruit peel thickness were
observed across the treatments (Figure 4C). The 50 %
pruning treatment resulted in the greatest peel thickness
(0.24 cm), followed by the 25 % pruning treatment (0.19
cm). The control treatment exhibited the lowest peel
thickness, with a value of 0.12 cm. It is also observed from
Figure 4D that the volume of fruit juice in the 50 % pruning
treatment gave the highest significant (P < 0.05) volume of
juice (149.33 ml), followed by the 50 % hand thinning
treatment (144.00 ml), while the control treatment achieved
the lowest significant (P < 0.05) volume of fruit juice (65.50
ml).

The removal of excess developing fruitlets has also
been reported to enhance fruit size in citrus [24, 15, 16, 4].
Moreover, hand thinning markedly enhanced fruit
development, resulting in a significant increase in both
transverse and longitudinal diameters relative to the control
group. This growth stimulation became apparent 15 days
after thinning and led to a considerable rise in average fruit
weight by the conclusion of the study [13].

3.4. Effect of pruning and hand thinning on chemical fruit
characteristics

As can be seen from Figure 5A, no significant
differences in titratable acidity (TA) percentage were
observed among the treatments, except for the 50 % hand
thinning treatment. This treatment exhibited the lowest
acidity percentage in  "Murcott" fruits, which was
significantly lower compared to the other treatments. In
terms of total soluble solids (TSS) percentage, the 50 %
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hand thinning treatment resulted in the lowest significant (P
< 0.05) value (11.65 %), followed by the 50 % pruning
treatment (14.02 %). Both the control and the 25 % hand
thinning treatments recorded the highest TSS values (14.35
and 14.33 %, respectively), with no significant differences
observed between them. With respect to the TSS to TA
ratio, the highest value was observed in the 50 % hand
thinning treatment, followed by the control and 25 % hand
thinning treatments.

The lowest ratios were recorded in the two pruning
treatments (Figure 5A). Figure 5B indicates that the 50 %
pruning treatment significantly (P < 0.05) enhanced the
vitamin C content of "Murcott" fruits, reaching 33.23
mg/100 g. In contrast, the control treatment exhibited the
lowest vitamin C content, with a value of 26.16 mg/100 g.
This is consistent with findings from Salama et al. [25], who
reported that pruning "Olinda" orange trees raised ascorbic
acid content. Similarly, Baghdady [26] found that removing
75 % of 2-year-old branches resulted in the highest Vitamin
C levels in "Balady” mandarins. The rise in ascorbic acid
content may be associated with enhanced nutrient
availability, especially potassium, as suggested by Rekha et
al. [27] to slow ascorbic acid oxidation, allowing greater
accumulation in fruits. Reducing the number of fruit either
by hand thinning or pruning can increase fruit size, which
may lead to a lower yield but results in enhanced citrus fruit
quality and improved physico-chemical characteristics [28,
14, 29-31, 15, 16, 32, 18, 13]. Thinned fruits showed
significantly higher levels of total soluble solids (TSS),
titratable acid (TA), and vitamin C compared to the control
group, indicating better sugar accumulation and increased
nutritional value.

The study further found that hand thinning increased
the expression of sugar transporter genes, suggesting
enhanced sugar movement from leaves to fruit. In addition,
hand thinning influenced hormone synthesis, particularly
auxins and gibberellins, which are critical for fruit
development and quality [13]. Furthermore, a study assessed
the impact of pruning on 5-year-old "Murcott" and
"Fremont" mandarin trees (Citrus reticulata Blanco). The
trees underwent pruning to retain 25 % (light), 50 %
(moderate), or 75 % (heavy) of the previous year’s shoots,
while a control group was left unpruned. Findings revealed
that "Fremont" produced a higher fruit yield than "Murcott."”
Light pruning (25 %) led to a significant yield increase
compared to the control, whereas moderate pruning (50 %)
achieved the highest overall yields. Moreover, ‘Fremont’
demonstrated greater total soluble solids (TSS) and
TSS/acid ratio than "Murcott." All pruning treatments
positively affected TSS and TSS/acid ratios in both
cultivars, suggesting that light and moderate pruning
enhanced both yield and fruit quality [32].
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Figure 5. Impact of pruning and hand thinning treatments on the chemical fruit characteristics (TA, TSS, and TSS/TA ratio (A);
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3.5. Correlation analysis

Figure 6 revealed a significant positive correlation
between fruit length, diameter, size, weight, and juice
volume. Similarly, tree yield showed a strong positive
correlation with productivity. In contrast, a significant
negative correlation was observed between the number of
fruits per tree and fruit characteristics such as length,
diameter, diameter-to-length ratio, size, weight, and juice
volume.

4. Conclusion

The study found that both pruning and hand thinning
practices enhanced yield, productivity, and fruit quality of
the "Murcott" mandarin cultivar. For optimal outcomes,
either a 50 % pruning or 50 % hand thinning level is
recommended. This will enable growers to meet
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international standards and contribute to the expansion of
global citrus exports.
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