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Abstract: The study was carried out on three orange cultivars: Sweet,
Olinda, and Valencia, grown at Balouza Research Station, North Sinai
Governorate, Egypt, during 2024 and 2025 seasons. The objective was
to evaluate the effect of nutrients on productivity and fruit quality of
cultivars grown under North Sinai conditions. Seven spray treatments
were tested: T1, control (water only); T2, Ca at 1.5 cm/L; T3, Ca at 3
ml/L; T4, K at 1.5 ml/L; T5, K at 3 ml/L; T6, Mo +B at 0.5 ml/L; and
T7, Mo +B at 1 ml/L. The experiment was arranged in a split-plot
design with three replications, where cultivars were assigned to the
main plots and nutrient treatments to the sub-plots. The results revealed
that nutrition significantly improved productivity and fruit quality
compared with the control. Overall, spraying K at 3 cm/L generally
gave the highest values for fruit yield per tree, fruit weight, fruit
dimension, juice volume, and juice density. In addition, Mo +B at 1
ml/L and K at 3 ml/L were also the most effective treatments for
improving juice percentage, properties, highest maturity index, and
reducing juice acidity. Among the cultivars, Olinda exhibited the best
performance in terms of yield and external fruit quality, whereas
Valencia showed superior internal fruit quality, including properties.
Sweet cultivar matured earlier than the other cultivars. Therefore, foliar
spraying with K at 3 ml/L, Mo +B at 1 ml/L, or Ca at 1.5 ml/L is
recommended for improving productivity, juice characteristics, and
chemical quality under North Sinai conditions.

Key words: Foliar spraying, Nutrients, Productivity, Fruit quality,
Orange cultivars.

Citrus (Citrus spp.) is among the world’s most important fruit crops, grown in more than 140
countries and marketed mainly as fresh fruit, juice, or concentrate. Its sensory quality and perceived
health value are strongly associated with a rich phytochemical profile, including vitamins, carotenoids,
minerals, flavonoids, phenolic acids, limonoids, volatiles, and sugars. (Saini et al., 2022 and Fabela-
Moron, 2024). In 2023, global orange production exceeded 77 million tons, with Brazil ranking first,
followed by China and India, while Egypt was among the leading producers and one of the major
exporters of fresh oranges worldwide (FAO, 2024).
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In Egypt, Citrus trees are considered one of the main fruit crops cultivated. In recent years, the
area of citrus cultivation has rapidly increased, reaching approximately 529405 feddans, with a total
production of around 5142829 tons. Orange orchards represent nearly t 350290 feddans, producing
3471806 tons. Valencia oranges, specifically, covered around 144419 feddans, with an annual
production of 1510545 tons, according to the Egyptian Ministry of Agriculture and Land Reclamation.
(MALR, 2023).

Balanced plant nutrition is a key factor in improving citrus growth, yield, and fruit quality, as
citrus trees require a continuous supply of macro- and micronutrients throughout the season. Since
citrus trees remain evergreen and produce flushes of growth several times a year, their nutrient
demand is constant, and balanced fertilization is essential for achieving high productivity and superior
fruit quality. In addition, foliar fertilization is considered an efficient strategy to enhance nutrient
uptake and reduce nutrient losses when soil availability is limited, making it particularly useful for
sustaining productivity under challenging growing conditions (Cao et al., 2022 and Krug et al.,
2023).

Fertilization in fruit trees has become an indispensable tool for intensive crop production, as the
soil lacks the capacity to meet the optimal nutritional requirements demanded by such commercial
agricultural operations. The absence of adequate fertilization leads to nutritional imbalances in plants,
resulting in physiological disorders that can impact fruit yield and quality (Kumar and Kumar, 2016
and Srivastava and Malhotra, 2017)).

Potassium plays a crucial role in the loading and translocation of assimilates within the phloem,
facilitating the movement of nutrients and energy throughout the plant. It also contributes to
maintaining phloem turgor pressure, which is essential for the efficient transport of nutrients and
signalling compounds. In citrus, potassium application has been associated with several beneficial
effects, including enhanced sugar accumulation, improved sucrose metabolism and transport,
activation of key enzymes, increased photosynthetic efficiency, and better regulation of carbohydrate
distribution within the plant (Wu et al., 2021 and Babst et al., 2022).

Calcium (Ca) plays a vital role as a macronutrient in the growth and development of plants. it is
an essential macronutrient in plants, which is involved in several biochemical and physiological
processes needed for growth and development as both a structural component and an intracellular
second messenger in a variety of processes. The important role of calcium is to connect pectin
polymers in the middle layer, which has the function of maintaining the stability of cell wall structure.
(Hocking et al., 2016; Thor 2019 and Morales et al., 2023).

Boron has a structural role and is critical for the architecture of fruit walls and membranes.
Thus, its deficiency weakens cell walls by limiting the formation of dRG-II-B complexes
(rhamnogalacturonan Il-borate dimers), leading to cracking, deformities, reduced mechanical
resistance, and faster deterioration, which decreases post-harvest storage. From a physiological
standpoint, B deficiency causes conditions such as corky spots (abnormal suberization), internal rot
(activation of enzymes that degrade the cell wall), blossom end rot (involvement in calcium mobility),
and segment drying in citrus fruits (dehydrated vesicles) (Thakur et al., 2023 and Vera-Maldonado
et al., 2024). Additionally, metabolically, the absence of B reduces sugar transport, alters acidity and
pH, raises respiration rates, accelerates the degradation of ascorbic acid, and diminishes fruit colour
intensity. It also results in decreased fruit mass, size, and overall yield due to its role in pollen
germination and pollen tube extension (Hapuarachchi et al., 2022 and Haleema et al.,2024).

Molybdenum is a crucial micronutrient for plant growth, particularly in nitrogen metabolism. It
exists in molybdate form and is essential for over 50 enzymes involved in significant processes such as
nitrogen acclimatization, phytohormone synthesis, purine degradation, and sulfite detoxification.
Molybdenum plays a unique role in the synthesis of abscisic acid (ABA), influencing stress responses
and stomatal control, which are vital for transpiration rates and water relations. Its direct or indirect
impact on phytohormones and nitrogen metabolism is critical for effective plant functioning and
development. (Rana et al., 2020 and Zahedi et al., 2024).

Future of Hort., 1 (2026) 159-174 160 of 174


https://www.sciencedirect.com/science/article/pii/S0304423822006100#bib0011

Haleem, 2026

Therefore, the aim of the present study is to investigate the effect of foliar application of some
nutrients, calcium, potassium, molybdenum and boron, on the productivity and fruit quality attributes
of three orange cultivars, Sweet, Olinda, and Valencia, grown under North Sinai conditions.

2. Martials and Methods

The experiment was carried out during two successive seasons, 2024 and 2025, at Balouza
Research Station, North Sinai Governorate, Egypt, on three sweet orange cultivars (Citrus sinensis L.),
namely Sweet, Olinda, and Valencia, grown under the environmental conditions of the station. The
trees were grafted onto VVolkamer lemon (C. volkamerina L.) rootstock and spaced at 6 x 4 m in silty
clay soil. Laboratory analyses were conducted at both Balouza Research Station, North Sinai
Governorate, Egypt, and the Faculty of Agriculture, Cairo University, Egypt. Orchard management
practices were standardized, with particular emphasis on fertilization and phytosanitary control
through the application of the recommended agricultural chemicals. The experiment was arranged in a
split-plot design, where the main plots were assigned to orange cultivars, while the sub-plots were
devoted to nutrient treatments. Seven treatments were evaluated, each replicated three times, with one
tree per replicate. Foliar spraying was applied twice: the first spray was carried out two weeks after
fruit set, and the second spray was repeated one month later. Spraying was performed using a 25-L
backpack sprayer, and the trees were sprayed until runoff.

The experiment included two factors:
- Main factors (A): cultivars
Al: Sweet A2: Olindat  A3: Valencia
- Sub-factors (B): spraying treatments
The seven different treatments were as follows:
T1: Control
T2: Spraying Ca 1.5 ml/L
T3: Spraying Ca 3 ml/L
T4: Spraying K 1.5 ml/L
T5: Spraying K 3 ml/L
T6: Spraying Mo +B 0.5 ml/L
T7: Spraying Mo +B 1 ml/L

To evaluate the effect of these treatments on yield and fruit quality, the following parameters
were studied.

1-yield per tree: The yield per tree (kg) was calculated by multiplying the average fruit weight (g) by
the total number of fruits on each tree after the fruits were harvested and their weight (g) was noted.

2-Fruit quality parameters: To determine the physical and chemical characteristics, ten mature fruits
were randomly selected from each tree at harvest time.

a- Fruit physical characteristics: fruit weight (g), fruit dimensions, juice volume was determined by
measuring the extracted juice from each fruit, while juice percentage was calculated as the ratio of
juice weight to fruit weight x 100. Juice density was determined by dividing juice volume by juice
weight, whereas maturity index was calculated as the ratio between total soluble solids (TSS) and
titratable acidity.
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b—Fruit chemical characteristics: According to A.O.A.C. (2000), the percentages of juice, ascorbic
acid (Vitamin C) content (mg/100 ml Juice), and the percentage of Juice acidity (g citric acid /100 g
F.Wt.) were determined. Total soluble solids (T.S.S.) was measured using a hand refractometer.

Statistical analysis

The experiment was arranged in a split-plot design with three replicationswith one tree per
replicate. All data were recorded and analyzed according to Gomez and Gomez (1984). Data were
statistically analyzed using SAS software (2006). Mean comparisons were performed using Duncan’s
multiple range test (Duncan, 1955) at a 5% significance level to determine significant differences
among treatments.

3. Results
3.1. Yield components and fruit characters

The data presented in figures (1 to 4) show the effect of foliar application of certain nutrients on
fruit yield per tree, fruit weight and fruit dimensions of Sweet, Olindat and Valencia orange cultivars
during both seasons. In general, the results showed the same trend during two seasons, where the
nutrient sprays consistently improved all studied fruit characteristics compared with the control
treatment.

Fruit yield per tree, fruit weight, fruit length, and fruit diameter were significantly influenced by
the different nutrient treatments and the three cultivars throughout two studied seasons.

Among the evaluated treatments, spraying trees with K at 3 ml/L (T5) consistently produced the
highest values for all measured traits, followed by Mo +B at 1 ml/L (T7) and Ca at 3 ml/L (T3),
whereas control recorded the lowest values. Spraying K at 3 ml/L (T5) resulted in the highest Fruit
yield per tree which giving (50.03 and 53.04 kg/tree), fruit weight (240.67 and 249.94 g), fruit length
(7.33 and 7.67 cm), and fruit diameter (7.58 and 7.65 cm), while control treatment recorded the lowest
corresponding values 34.33 and 39.55 kg/tree &165.00 and 174.60 g & 6.60 and 6.58 cm, and 6.75 and
6.95 cm, respectively.

The corresponding increments in fruit yield per tree over the control were 45.73 % and 34.11 %,
while fruit weight were 45.86 % and 43.15% during the two seasons, respectively.

The recorded value of fruit yield per tree was (34.33, 38.31, 42.08, 45.28, 50.03, 42.75 and
48.17 & 39.55, 42.50, 47.37, 49.65, 53.04, 47.07 and 51.35 (kg) and fruit weight was (165.00, 194.89,
223.56, 206.11, 240.67, 189.11 and 212.33 & 174.60, 192.84, 230.60, 212.60, 249.94, 187.03 and
218.94 %, as an av. of the two studied seasons, respectively) due to spray water (Control) (T1),
spraying Ca 1.5 ml/L (T2), spraying Ca 3 ml/L (T3), spraying K 1.5 ml/L (T4), spraying K 3 ml/L
(T5), spraying Mo +B 0.5 ml/L (T6) and spraying Mo +B 1 ml/L (T7), respectively.

Concerning cultivar performance, Olinda generally showed the highest mean values for fruit
yield, fruit weight, fruit length, and fruit diameter, followed by Valencia, whereas Sweet recorded the
lowest means in most cases. Olinda fruit yield per tree gave (45.37 and 50.07 kg/tree), fruit weight
(216.10 and 221.05 g), fruit length (7.28 and 7.39 c¢cm) and fruit diameter values were (7.30 and 7.37
cm) in 2024 and 2025, respectively, followed by Valencia, fruit yield per tree was (44.04 and 48.45
kg/tree), fruit weight (200.10 and 209.62 g), fruit length (7.16 and 7.33 cm) and fruit diameter values
were (7.10 and 7.25 cm) while Sweet showed the lowest values, fruit yield per tree was (39.56 and
43.13 kg/tree), fruit weight (197.38 and 197.86 g, fruit length (6.67 and 6.55 c¢cm) and fruit diameter
values were (7.15 and 7.21 cm) during the two studied seasons respectively.

Overall, Olinda was the best cultivar under North Sinai conditions, and spraying K at 3 cm/L
was the most effective treatment for improving yield and fruit quality.
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Means in the same column followed by the same letter (s) are not significantly (p > 0.05) different.

T1: Control T2: Spraying Ca 1.5 ml/L  Ta: Spraying Ca3 ml/L  Ta: Spraying K 1.5 ml/L

Ts: Spraying K 3 ml/L Te: Spraying Mo +B 0.5 cm/L T7: Spraying Mo +B 1 ml/L

Fig (1). Effect of foliar application of certain nutrients on fruit yield per tree of three orange
cultivars during the 2024-202S5 seasons
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Fig (2). Effect of foliar application of certain nutrients on fruit weight of three orange cultivars
during the 2024-2025 seasons
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Fig (3). Effect of foliar application of certain nutrients on fruit length of three orange cultivars
during the 2024-2025 seasons
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3.2. Fruit juice

The data presented in Tables 1 to 4 indicate that foliar application of the tested nutrients
significantly affected juice volume, juice percentage, juice density, and juice acidity of Sweet, Olinda,
and Valencia orange cultivars during the two studied seasons. In general, the same trend was observed
in both seasons, as nutrient sprays consistently improved the studied juice characteristics compared
with the control treatment. The results revealed that juice volume, juice percentage, and juice density
were significantly enhanced, while juice acidity was significantly reduced by the different nutrient
treatments and the three cultivars during the two studied seasons.

Among the evaluated treatments, spraying K at 3 ml/L (T5) recorded the highest juice volume
(103.50 and 112.07), the highest juice density (1.058 and 1.060), and the lowest juice acidity (0.918
and 0.913) in during two study seasons, respectively, whereas spraying Mo +B at 0.5 cm/L (T6) gave
the highest juice percentage (48.12 and 49.47), followed by spraying K at 1.5 cm/L (T4) and spraying
Mo +B at 1 cm/L (T7). On the other hand, control treatment recorded the lowest juice volume (74.33
and 77.94) and juice density (1.031 and 1.033), while it showed the highest juice acidity (1.061 and
1.039), compared with the nutrient-sprayed trees.

The corresponding increments in juice volume over the control were 39.24 % and 43.79 %,
while juice percentage were 4.20 % and 7.59 % during the two seasons, respectively.

The recorded values of juice volume were (74.33, 83.39, 101.94, 92.71, 103.50, 86.44 and
92.22)& (77.94, 84.66, 105.61, 98.42, 112.07, 87.58 and 100.72 as an av. of the two studied seasons,
respectively, due to spraying water (Control) (T1), Ca at 1.5 ml/L (T2), Ca at 3 ml/L (T3), K at 1.5
ml/L (T4), K at 3 ml/L (T5), Mo +B at 0.5 ml/L (T6), and Mo +B at 1 ml/L (T7), respectively.
Similarly, the recorded values of juice percentage were (46.18, 44.53, 47.90, 47.52, 45.51, 48.12 and
45.76), & (45.98, 45.71, 48.24, 48.97, 47.56, 49.47 and 48.80 as an av. of the two studied seasons,
respectively.

Concerning cultivar performance, Olinda generally recorded the highest mean juice volume was
(102.13 and 99.41), juice percentage was (49.59 and 50.45 %), whereas Sweet recorded the lowest
juice volume values which was (79.94 and 86.86) and juice percentage was (42.27 and 45.73). In
addition, Valencia gave the highest juice density (1.060 and 1.062) and juice acidity (1.092 and 1.070)
in both seasons, whereas Sweet recorded the lowest values for juice density (1.043 and 1.044) and
juice acidity (0.854 and 0.838). Overall, Olinda and Valencia appeared to be the most promising
cultivars under North Sinai conditions, while spraying K at 3 cm/L was the most effective treatment
for improving juice volume, density, percentage, and acidity.

Table (1). Effect of foliar application of certain nutrients on juice volume of three orange
cultivars during the 20242025 seasons

Juice volume
Treatments Frist Season (2024) Second season (2025)
Sweet Olindat | Valencia [Means (C)| Sweet | Olindat | Valencia | Means (C)
T1 59.67m | 90.50gh | 72.831 | 74.33E | 62.17m | 88.00ij | 83.67) | 77.94F
T2 7433kl | 93.00fg | 82.83i | 83.39D | 73.171 |96.17efg| 84.63) | 84.66 E
T3 97.17 cde | 110.33a | 98.33cd | 101.94 A | 100.33 df| 108.00 bc |108.50 bc| 105.61 B
T4 78.67) | 104.47b | 95.00def | 92.71B | 88.501ij | 98.77 ef |108.00 bc| 98.42C
T5 98.83cd | 112.00a | 99.67c | 103.50A | 112.30b | 106.33 ¢ | 117.57a | 112.07 A
T6 72.671 | 99.67c | 87.00h | 86.44C | 77.90k |94.43fgh| 90.40hi | 87.58 D
T7 78.23 jk | 104.93b | 93.50efg | 92.22B | 93.67 gh | 104.20 cd |{104.30 cd| 100.72 C
Means (T) 79.94C | 102.13 A | 89.88B 86.86B | 99.41 A | 99.58 A

Means in the same column followed by the same letter (s) are not significantly (p > 0.05) different.
Ta: Control T2: Spraying Ca 1.5 ml/L  Ta: Spraying Ca 3 ml/L  Ta: Spraying K 1.5 ml/L
Ts: Spraying K 3 ml/L Te: Spraying Mo +B 0.5 cm/L T7: Spraying Mo +B 1 ml/L
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Table (2). Effect of foliar application of certain nutrients on juice percentage of three orange
cultivars during the 2024-2025 seasons

Juice percentage
Treatments Frist Season (2024) Second season (2025)
Sweet Olindat | Valencia |Means (C)| Sweet | Olindat | Valencia | Means (C)
T1 429413 | 4999bc | 45.60h | 46.18 B | 41.311 | 50.61cd | 46.04 gj | 45.98D
T2 39.89k |46.93e-h|46.76 fgh| 4453 C | 43.73k | 45.641j | 47.77ef | 4571 D
T3 46.33 gh |49.59 bed | 47.79 d-g| 4790 A | 46.17 f-j | 50.80 bc |47.75 efg| 48.24 BC
T4 41.06jk | 51.25ab | 50.24bc | 47.52 A | 4597 hij | 53.29a |47.65¢-h| 48.97 AB
T5 42.451) | 4849 c-f| 45.60h |45.51BC | 47.19fi | 50.54 cd | 4495jk | 47.56 C
T6 43211 | 5229a |48.84cde| 48.12A | 48.96de | 4991 cd | 49.54cd | 4947A
T7 3999k | 48.59 c-f| 48.69 c-f | 45.76 B | 46.79 f-i | 52.34 ab | 47.27 e-i | 48.80 AB
Means (T) 4227 C | 49594 | 47.65B 4573 C | 50454 | 47.28 B

Means in the same column followed by the same letter (s) are not significantly (p > 0.05) different.

Table (3). Effect of foliar application of certain nutrients on juice density of three orange
cultivars during the 2024—-2025 seasons

Juice density
Treatments Frist Season (2024) Second season (2025)
Sweet Olindat | Valencia |Means (C)| Sweet Olindat | Valencia | Means (C)
T1 1.020h | 1.030g | 1.043ef | 1.031D | 0.023g | 1.030g | 1.047ef | 1.033C
T2 1.030g | 1.040ef | 1.050def | 1.040C | 1.030g | 1.047 ef |1.050def| 1.042B
T3 1.050 def | 1.050 def | 1.060 cd | 1.053 B | 1.050 def| 1.053 def | 1.060 cd | 1.054 A
T4 1.047 ef | 1.057 cd | 1.067 bc | 1.057 AB | 1.050 def | 1.060 cd | 1.067 bc | 1.059 A
T5 1.053 de | 1.050 def | 1.070ab | 1.058 A |1.057 cde| 1.050 def | 1.073ab | 1.060 A
T6 1.050 def | 1.063 bc | 1.057 cd | 1.057 AB | 1.047 ef | 1.067 bc | 1.060cd | 1.058 A
T7 1.050 def | 1.040e | 1.073a |1.054 AB|1.053def| 1.043f | 1.080a | 1.059 A
Means (T) 1.043B | 1.047B | 1.060 A 1.044C | 1.050B | 1.062 A

Means in the same column followed by the same letter (s) are not significantly (p > 0.05) different.

Table (4). Effect of foliar application of certain nutrients on juice acidity of three orange
cultivars during the 20242025 seasons

Juice acidity
Treatments Frist Season (2024) Second season (2025)
Sweet Olindat | Valencia [Means (C)| Sweet | Olindat | Valencia | Means (C)
T1 09231 | 1.067e | 1.193a | 1.061A | 0903k | 1.057d | 1.157a | 1.039A
T2 0.893m | 1.023gh | 1.157b | 1.024B | 0.8801 | 1.010f | 1.130b | 1.007B
T3 0.863n | 0.990i | 1.113c | 0.989C | 0.847m | 0.977g | 1.080c | 0.968C
T4 0.8430 | 0.973j | 1.080d | 0.966D | 0.830n | 0.957h | 1.053d | 0.947D
T5 0.817p | 09231 | 1.013h | 0.918F | 0.8130 | 0.913j | 1.013f | 0.913F
T6 0.8430 | 0953k | 1.053f | 0.950E | 0.823n | 0.943i | 1.030e | 0.932E
T7 0.797q | 0.897m | 1.033g | 0.909G | 0.767p | 0.8801 | 1.023e | 0.890G
Means (T) 0.854C | 0.975B | 1.092 A 0.838C | 0.962B | 1.070A

Means in the same column followed by the same letter (s) are not significantly (p > 0.05) different.
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3.3. Fruit chemical quality

The data presented in Tables 5 to 8 indicate the effect of foliar application of certain nutrients on
TSS, total sugars, Vitamin C, and maturity index of Sweet, Olindat and Valencia orange cultivars
during 2024 and 2025 seasons. In general, a consistent trend was observed across both seasons, where
nutrient sprays substantially improved all studied chemical fruit characteristics compared to the
control treatment. The results revealed that TSS, total sugars, and Vitamin C concentrations, as well as
the maturity index, were significantly enhanced by the various nutrient treatments across the three
cultivars.

Among the evaluated treatments, spraying Mo + B at 1 ml/L (T7) produced the highest TSS
(12.60 and 12.91%), the highest total sugars (9.03 and 9.36%), and the highest Vitamin C content
(61.73 and 63.52 mg/100 ml) and the highest maturity index (13.97 and 14.66) during the two studied
seasons, respectively, followed by spraying K at 3 ml/L (T5). Conversely, control treatment (spraying
with water) consistently recorded the lowest values for TSS (11.25 and 11.40%), total sugars (7.76 and
7.93%), Vitamin C (50.31 and 51.38 mg/100ml), and maturity index (10.70 and 11.07) during both
seasons. The corresponding increments in TSS over the control were 12.00 % and 13.24 %, while
maturity index was 30.56 % and 32.43 % during the two seasons, respectively.

The recorded mean values for TSS were (11.25, 11.56, 11.95, 12.09, 12.60, 12.19, and 12.60
&11.40, 11.79, 12.19, 12.37, 12.84, 12.44, and 12.91) and total sugars were (7.76, 8.04, 8.49, 8.59,
9.03, 8.71, and 9.03 &7.93, 8.29, 8.70, 8.88, 9.37, 9.11, and 9.36) due to treat with spraying water
(Control) (T1), Ca at 1.5 ml/L (T2), Ca at 3 ml/L (T3), K at 1.5 ml/L (T4), K at 3 ml/L (T5), Mo +B at
0.5 ml/L (T6), and Mo +B at 1 ml/L (T7), respectively.

Concerning cultivar performance, Valencia generally recorded the highest mean values for TSS
(12.59 and 12.82%), total sugars (9.03 and 9.31 %), and vitamin C (62.03 and 63.12 mg/100ml) during
both seasons. Olinda followed in the second rank, while sweet orange recorded the lowest values for
these chemical parameters. Interestingly, for maturity index, the trend was reversed as sweet orange
recorded the highest means (13.60 and 14.12), followed by Olinda (12.33 and 12.79), while Valencia
showed the lowest maturity index values (11.57 and 12.04) in both seasons.

Overall, Valencia appeared to be the most superior cultivar in terms of internal fruit quality
(TSS, total sugars, and vitamin C), while sweet orange reached maturity earlier. Furthermore, the
application of Mo + B at 1 ml/L (T7) or K at 3 ml/L (T5) proved to be the most effective treatments
for enhancing the chemical quality profile of the studied orange cultivars under the experimental
conditions.

Table (5). Effect of foliar application of certain nutrients on TSS of three orange cultivars
during the 2024-2025 seasons

TSS
Treatments Frist Season (2024) Second season (2025)
Sweet Olindat | Valencia [Means (C)| Sweet | Olindat | Valencia | Means (C)
T1 11.02m | 11.191 | 1153k | 11.25F | 11.15p | 11.320 |[11.74Im| 11.40G
T2 11.241 | 1152k | 1191h | 1156E | 11370 | 11.73m | 12.26i 11.79F
T3 1152k | 1191h | 1242e | 1195D | 11.66n | 12.14j | 1277f | 1219E
T4 11.64j | 12.02g | 12.62d | 12.09C | 11.791 | 12409 | 1292e | 1237D
T5 1191h | 1243e | 13.44a | 1260A | 12.19j | 12.78f | 1355a | 12.84B
T6 11.70i | 12.09f | 12.79c | 12.19B | 1198k | 12.25i | 13.10c | 12.44C
T7 11.99¢g | 12.61d | 13.20b | 1260A | 12.32h | 13.03d | 13.39b | 1291 A
Means (T) 11.58C | 11.97B | 1256 A 11.780C| 12.24B | 12.82 A

Means in the same column followed by the same letter (s) are not significantly (p > 0.05) different.
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Table (6). Effect of foliar application of certain nutrients on total sugars of three orange
cultivars during the 2024-2025 seasons

Total Sugars
Treatments Frist Season (2024) Second season (2025)
Sweet Olindat | Valencia [Means (C)| Sweet Olindat | Valencia | Means (C)
T1 74700 | 7.787m | 8.0371 7.764F | 7.640q | 7.897p | 82630 | 7.933F
T2 7.707n | 7.9971 8.403i | 8.036E | 7.860p | 8.2970 | 8.723kl | 8.293E
T3 7.9931 8.3701i 8.950e | 8438D | 82530 | 8.6931 | 9.160g | 8.702D
T4 8.103k | 8537h | 9.127d | 8589C | 8373n | 8.790ij | 9.490d | 8.884C
T5 8.397i 8.880f | 9.800a | 9.026 A | 8.760jk | 9.297f | 10.047a | 9.368 A
T6 8.203j | 8.623g | 9.307c | 8711B | 8603m | 9.087h | 9.627c | 9.106 B
T7 8.490h | 8.987e | 9.600b | 9.026 A | 8.853i | 9.393e | 9.847b | 9.364 A
Means (T) 8.052C | 8.454B | 9.032A 8.335C | 8.779B | 9.308 A

Means in the same column followed by the same letter (s) are not significantly (p > 0.05) different.

Table (7). Effect of foliar application of certain nutrients on vitamin C of three orange cultivars
during the 2024-2025 seasons

Vitamin C
Treatments Frist Season (2024) Second season (2025)
Sweet Olindat | Valencia |[Means (C)| Sweet Olindat | Valencia | Means (C)
T1 45.800q | 50.063 0 | 55.053k | 50.306 G | 47.213u | 50.997s | 55.917n | 51.376 G
T2 48.093p | 52.9971 | 57.990 h | 53.027 F | 48.943t | 53.700p | 59.080i | 53.908 F
T3 50.987n | 56.073j | 61.060f | 56.040 E | 52.027r | 57.2531 | 62.227f | 57.172E
T4 52.037m | 57.050i | 62.990d | 57.359D | 53.000q | 58.810j | 63.493e | 58.434 D
T5 54,983k | 59.980¢g | 67.113a | 60.692B | 56.613 m | 61.770g | 68.630a | 62.338 B
T6 53.0231 | 58.000 h | 63.907c | 58.310C | 54.693 0 | 58.590 k | 65.143c | 59.476 C
T7 57.057i | 62.023e | 66.097b | 61.726 A | 59.397 h | 63.797d | 67.377b | 63.523 A
Means (T) 51.711 C | 56.598 B | 62.030 A 53.127 C | 57.847 B | 63.124 A

Means in the same column followed by the same letter (s) are not significantly (p > 0.05) different.

Table (8). Effect of foliar application of certain nutrients on maturity index of three orange
cultivars during the 2024-2025 seasons

Maturity Index

Treatments Frist Season (2024) Second season (2025)
Sweet Olindat | Valencia |[Means (C)| Sweet Olindat | Valencia | Means (C)
T1 1194k | 10.50n 9.66 p 10.70G | 12.35Ilm | 10.72p | 10.15q | 11.07G
T2 12.59 h 11.25m 10.290 11.38F 12.92 11610 10.85p 11.79F
T3 13.35ef | 12.03jk | 11.16 m | 12.18E | 13.77g | 12.431 | 11.83n | 1268E
T4 13.81d 12.35i 11.68 | 12.61D 14.20 e 12.96ij | 12.27m 13.14D
T5 1459b | 13.46e 1327f | 13.77B | 1498b | 13.99f | 13.38h | 14.12B
T6 13.88d | 12.68gh | 12.14j | 1290C | 1455d | 12.99ij | 12.72k | 13.42C
T7 15.06 a 14.07 c 12.77 g 1397 A 16.07 a 1481c 13.09i 14.66 A
Means (T) 13.60A | 12.33B | 1157C 1412 A | 12.79B | 12.04C
Means in the same column followed by the same letter (s) are not significantly (p > 0.05) different.
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4. Discussion

Foliar nutrition has become an important tool in citrus production because it allows rapid
nutrient uptake, especially when soil conditions limit availability. Recent studies have shown that
foliar fertilizers can efficiently enhance nutrient utilization and improve fruit quality, particularly when
applied during active flush growth stages, which makes this approach highly valuable in citrus
orchards under stress-prone environments. (Shrestha et al., 2025 and Zekri et al., 2025).

Potassium is one of the most influential nutrients in citrus fruit development because it supports
assimilate translocation, sugar accumulation, and sink strength, all of which directly affect fruit size,
weight, and internal quality. Recent citrus studies reported that foliar potassium sulfate application
significantly improved fruit weight, soluble solids, and sugar accumulation, while reducing titratable
acidity, confirming the positive role of K in enhancing both yield and eating quality. (Thu et al,
2024).

Spraying Washington navel orange trees grown under similar environmental conditions and
horticulture practices adopted in present experiment with 0.20% potassium silicate x 200 ppm salicylic
acid is a beneficial mean in order to improve productivity, fruit quality and nutritional status of such
favorite sweet orange cultivar. (ElI-Gioushy, 2016)

Foliar spraying of Valencia orange trees with Chelated calcium, Chelated zinc and boron
significantly increased fruit quality in comparison to control and other treatments. (Baghdady et al.,
2014). Foliar application of calcium chloride, zinc sulphate, and potassium sulphate significantly
improved yield and fruit quality of Washington navel orange trees compared with the control. They
reported increases in average fruit weight, volume, diameter, length, vitamin C content, and TSS,
accompanied by a reduction in juice acidity, with the best results obtained from potassium sulphate at
2 and 3%. (Aly et al., 2015).

The increased levels of vitamin C seen in Valencia orange juice fruits due to calcium and boron
application may be attributable to increased nucleic acid synthesis from a maximum availability of
Valencia orange tree metabolism (Sajid et al., 2012). The results of this study highlighted the
significant role of CaCl2 treatments on fruit quality properties. Similarly, Samaan et al. (2001)
showed that pre-harvest CaCl2 treatments significantly increased TSS, TSS/acid ratio, and vitamin C
content, and decreased juice acidity in both Navel and Succary oranges compared with untreated trees.
Similar results were found by Baghdady ez al. (2014) who indicated that spraying Valencia orange
trees with 300 ppm chelated calcium and boric acid significantly increased fruit quality compared to
control trees.

Spraying Valencia orange trees with 10 g/L of seaweed at flower bud differentiation and after 21
days the first treatment followed by CaCl2 at 1g/L. + H3BO3 at 0.5 g/L at full bloom (80% flowering)
and after 21 days the first treatment is recommended to increase the final yield, and enhanced the
physico-chemical properties of the fruit. (Alebidi and Abdel-Sattar, 2024).

Foliar application of Navel orange trees at 70 % flowering with 6 % ammonium molybdate and
4 % boric acid led to obtaining the best quantitative and qualitative production compared to other
treatments and control. (Abobatta et al., 2024). Foliar Mo application, combined with the appropriate
nitrogen source, enhances fruit quality and juice yield in “Péra” oranges, optimizing commercial
orchard production. (Silva et al., 2025).

5. Conclusion

Therefore, based on the study’s findings, foliar spraying of Olinda and Valencia orange trees
with potassium at 3 ml/L, Mo + B at 1 ml/L, or calcium at 1.5 ml/L can be recommended to improve
productivity, juice characteristics, and fruit chemical quality under North Sinai conditions. In addition,
Sweet cultivar can be considered for earlier maturity.
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