401/ Journal of Soil Research Vol. 39, No. 4, 2026

Publisher: Soil Science Society of Iran ;\?WNRL{%‘&
Journal of Soil Research N
(Soil and Water Sci.) %i“w“\"”ﬁ

https:// srjournal.areeo.ir/

The Effect of Foliar Application of Zinc and Calcium Sources on Improving
Quality Parameters and Reducing Fruit Drop in Apple

Hossein Azizi*", Aziz Majidi?, Jamal Ahmadaali®, and Rozita Mazlomi Oskoui®

2 Soil and Water Research Department, West Azerbaijan Agricultural and Natural Resources Research and Education Center,
Agricultural Research, Education and Extension Organization (AREEO), Urmia, Iran.

b Agricultural Engineering Research Department, West Azerbaijan Agricultural and Natural Resources Research and Education
Center, Agricultural Research, Education and Extension Organization (AREEO), Urmia, Iran.

¢ Food Industry Biotechnology Research Institute, Agricultural Biotechnology Research Institute of Iran, Tabriz, Iran

Article Info

Extended Abstract

Avrticle Type
Research Article

Received
September 28, 2025
Revised

December 15, 2025
Accepted
December 15, 2025
Published online
March 16, 2026

Keywords

Calcium citrate,
Fruit drop,

Fruit quality,
Micronutrients.

Red Delicious apple,
Zinc citrate.

*Corresponding author's
email
h.azizi@areeo.ac.ir

Background and Objectives: Pre-harvest fruit drop is a major challenge limiting both

yield and market quality in apple orchards, particularly in commercial orchards.
Nutritional imbalances, particularly deficiencies or improper ratios of calcium
and micronutrients, are known to cause fruit abscission and reduce fruit quality.
Zinc plays a key role in auxin metabolism and enzyme activity, while calcium is
crucial for maintaining cell wall structure, membrane stability, and fruit firmness.
Applying these nutrients as foliar sprays during critical stages of fruit
development can therefore help reduce fruit drop and enhance fruit quality. This
study aimed to assess the effects of foliar applications of zinc citrate and different
calcium sources, applied at various phenological stages, on pre-harvest fruit drop
and quality characteristics of ‘Red Delicious’ apples over four consecutive
growing seasons.

Materials and Methods: This study was conducted from 2019 to 2023 in a commercial

apple orchard in Balanj village, Urmia, Iran, chosen for its high incidence of fruit
drop. Uniform 20-25-year-old ‘Red Delicious’ trees were used, with two trees
per experimental plot. The experiment followed a factorial design with three
replications. The first factor included six foliar treatments: control (water), zinc
citrate, calcium citrate, calcium chloride, zinc citrate + calcium citrate, and zinc
citrate + calcium chloride. The second factor involved three spraying schedules
at key fruit development stages, from fruit set to two weeks before harvest.
Sprays were applied at 0.3% zinc citrate, 0.3% calcium citrate, and 0.5% calcium
chloride. Soil samples from 0-90 cm depth and irrigation water were analyzed
before treatments, and basal fertilizers were applied uniformly. Standard orchard
management practices, including irrigation, were followed. Leaf and fruit
samples were collected to measure macro- and micronutrient concentrations and
nutrient ratios (N/Ca, K/Ca, Mg/Ca, (K+Mg)/Ca, B/Ca). Pre-harvest dropped
fruits were collected, counted, and weighed. Fruit quality—firmness, total
soluble solids, titratable acidity, and juice pH—was assessed using standard
methods. Data were analyzed over four years using SAS software (version 9.1).

Results: The results indicated that foliar applications had a significant impact on both

fruit drop and fruit quality. Among the treatments, the combined use of zinc
citrate and calcium citrate, especially following the four-stage spraying
schedule, led to the largest reduction in pre-harvest fruit drop, bringing it down
to 17.65%. This combination also improved quality traits of the fruit, including
firmness, total soluble solids, and titratable acidity, while slightly lowering the
juice pH. Furthermore, the combined zinc and calcium treatments reduced
nutrient ratios in the fruit, such as N/Ca, K/Ca, Mg/Ca, and B/Ca. Levels of
calcium, zinc, boron, and manganese in the fruit increased, while nitrogen, iron,
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and potassium concentrations decreased. Analysis of leaf nutrients showed a
clear increase in most macro- and micronutrients under the combined treatments.

Conclusion: The results indicated that combining foliar applications of zinc and
calcium, particularly zinc citrate and calcium citrate, at key stages of fruit
development is an effective method for reducing pre-harvest fruit drop and
improving the quality of ‘Red Delicious’ apples. This approach helps balance
nutrients in both the leaves and the fruit, making it a practical and efficient

management strategy for apple orchards to reduce fruit drop.
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Table 3. Combined Analysis of Variance Table for Fruit Drop and Fruit Quality Traits
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Mean Square(MS)
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Jslose ol 2lge JS il pH 290 8L s o 093 ¢ ()df) ’ Source::fuvcz:riation
(TSS) (TA) Fruit Firmness Fruit Drop
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Year
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*ns, , and ** denote non-significant, significant at the 5% level, and significant at the 1% level, respectively.
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Table 4. Interaction effect of year and fertilizer type on fruit traits

- 523
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15.82d 0.29] 4.95] 56.56 b Y1AL
14.27 gh 0.35i 5.44i 28.44 hi YA,
13.27i 0.56 b 11.83c 18.33 ki Y1A3
14.70 efg 0.46 fg 5.72 hi 29.78 hi YA,
11.73j 0.59b 13.03a 13.00 Y1As
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15.36def 0.37i 591h 33679 YA,
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11.98j 0.56b 12.62b 18.89 ki YA
14.51 fgh 0.43gh 6.39 33444 Y2As
15.73d 0.43 gh 5.44i 68.67 a Y3A;
15.83d 0.49 def 5.96 h 45.78 d Y3A;
14.33 gh 0.59b 10.33¢e 37.00f Y3A3
16.10 cd 0.5 cde 6.0h 52.56 ¢ Y3As
12.99i 0.65a 11.78 ¢ 27.78 hi Y3As
15.23def 0.53c 6.81f 41.67 e Y3As
16.11cd 0.43h 496 57.56 b YA
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13.72hi 0.63a 11.7¢c 17.111 Y 4As
15.53 de 0.48¢f 6.41g 34.11¢ YA
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Means followed by the same letter within each column are not significantly different at the 5% level according to Duncan’s

multiple range test.
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Figure 1. Effect of fertilizer treatment type on fruit drop
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Means followed by the same letter indicate no significant difference at the 5% level according to Duncan’s multiple range test.
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Means followed by the same letter indicate no significant difference at the 5% level according to Duncan’s multiple range test.
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Means followed by the same letter indicate no significant difference at the 5% level according to Duncan’s multiple range test
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Figure 4. Effect of fertilizer treatment on soluble solids content
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Means followed by the same letter indicate no significant difference at the 5% level according to Duncan’s multiple range test
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Means followed by the same letter indicate no significant difference at the 5% level according to Duncan’s multiple range test
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Means followed by the same letter indicate no significant difference at the 5% level according to Duncan’s multiple range test

oS’ 5,18 AL aals Al
oedS Sl + g9y Syt 1 AS $9y Ol 1 A2
S 9,8+ (9, Oyt : AB el Sl :A3



FAO/F oylos | ¥ al> | S5 o gy cole a5 pid

Dol pas caol yipy (glasdss ol sl 5 0gee 5 puendlS” &505
b oS 0 yolie pl YL lacaus oy 4 dacuus (pl
THU, ) ol o 5em b3y Gl 5 (ol YOS

(2019

th oy =]

[T T~ R 7 N

~_

Al A2 A3

2T lad pod

8gm0 43 polis srCuwws
Dme Sials el b Jalowe &S ol ol wls
» B/Ca 4 K/(Ca+Mg) Mg/Ca K/Ca N/Ca slacuuws
5 ol deo 3l (Sb lcaws Lials cpl (VO SE) 05 sgue

w—te BICA
K/ICAMG
MG/CA
K/ICA

—~——"" \\..-/ | ———NCA

A5 A6

foalS 43 ol Cond g1 (5395 lod i Y JSUS
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