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Introduction

Mineral nutrients (macro and micro) and polyphenolic compounds are natural components of many fruits and
play an important role in maintaining the quality and nutritional value of the fruit. Therefore, optimal
management of plant nutrition in order to increase the quantity and quality of the product and improve the
synthesis of secondary metabolites, especially during fruit growth, is necessary and unavoidable. Nevertheless,
in the last decade, the occurrence of pomegranate (Punica granatum L.) aril paleness has been reported as a new
and pervasive factor in reducing the quality of pomegranate fruit in many countries, including Iran. The present
research was conducted with the aim of comparing the mineral concentrations (iron, zinc, and calcium) and
biochemical characteristics (anthocyanin content) in pomegranates affected by aril paleness and healthy
pomegranates of the ‘Malase Saveh’cultivar (2022). Additionally, the study aimed to investigate the effect of
foliar application of the mentioned mineral elements on the incidence and severity of the aril paleness condition
(2023).

Materials and Methods

This study was carried out during two years (2022 and 2023) and two independent trials. First, based on the
introduced factors affecting the occurrence of pomegranate paleness (temperature, irrigation water and soil
salinity), two orchards with medium and high percentage of pomegranate aril paleness (orchard number 9 and
17, respectively) were selected based on the results of Faraji & Karami (2024a). The first trial in 2022 (orchard
No. 9): At harvest and after splitting fruits, twenty healthy fruits and affected fruits by the aril paleness disorder
were randomly selected and were used for determination of mineral nutrient (Fe, Zn and Ca) and anthocyanin
content in the laboratory. The second trial in 2023 (orchard No. 17): In the first phase, 70 trees were selected and
labeled, then at the end of September (2022), percent and severity aril paleness of each tree was calculated. In
the second phase (2023), based on the results of the first year, 54 trees as experimental unit (with aril paleness
percentage>85 and paleness severity of high/very high) were selected from previous trees. Afterwards, a
factorial experiment (3x3x2) based on a randomized complete block design with three replications and two
stages (the beginning of fruit set and the beginning of fruit ripening) were implemented. Experimental treatments
included foliar spraying with three concentrations of iron sulfate (0, 2 and 4 per thousand respectively Fo, F» and
F4), three concentrations of zinc sulfate (0, 3 and 6 per thousand respectively Zng, Zns and Zng) and two
concentrations of calcium chloride (0 and 4 per thousand respectively Cao and Cas). Then at harvest, the
percentage and severity of aril paleness each treatment was calculated.
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Results and Discussion

Data analysis using the independent t-test (.-0.0s, dr=3g) for the first trial (2022) showed that, the nutritional
value of the affected fruit by aril paleness is anticipated to be far less than that of the healthy fruit; so that except
for the Zn concentration, the concentration of Fe, Ca and anthocyanin content in affected fruits were lower than
in healthy fruits. The results of the variance analysis for the second trial (2023) indicated that foliar spraying
with iron sulfate, zinc sulfate, and calcium chloride, either individually or in combination, was effective in
reducing the occurrence and severity of aril paleness. A comparison of the mean percentage of aril paleness
between the two groups (before and after foliar spraying, regardless of the treatment combination) using a
dependent t-test (0=0.05, df=16) also showed that foliar spraying was effective in reducing the percentage of aril
paleness. Furthermore, the involvement of calcium in reducing the incidence and severity of aril paleness was
found to be significant. In the absence of calcium element, the incidence of paleness was recorded in the range of
60.17-75.00%, and with the inclusion of calcium in the treatment compounds, the percentage of paleness was
recorded in the range of 21.83-0.53%. Also, the mean comparison of the double interaction and main effects of
elements indicated the synergistic effect of calcium element with Fe and Zn element in reducing the aril paleness
disorder. So that, the combination of Fe-Ca and Zn-Ca has been more successful in reducing the aril paleness
disorder than the pure application of each element of iron, zinc and calcium.

Conclusions
Overall, the simultaneous application of Zn-Fe in combination with Ca was more effective in reducing of the
mentioned traits than other treatments. Therefore, in order to simultaneously reduce the occurrence and severity
of aril paleness, spraying with FesZne¢Cas and FesZnsCas is recommended in two stages of pomegranate fruit
development, including the beginning of fruit set and the beginning of fruit ripening.
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Figure 1- Severity of pomegranate aril paleness complication in ‘Malase Saveh’ cultivar with scale 1 (healthy and without

complications); 2 (complication with low intensity); 3 (complication with moderate intensity); 4 (complication with high
intensity); S (complication with very high intensity)
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Table 1- Comparison of mineral elements and anthocyanin content in healthy and damaged pomegranates (pomegranate aril
paleness) using parametric t-test independent (a=0.05; 4= 38) (Year 2022-Orchard No. 9)
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* In each row, means with a common letter do not statistically have a significant difference at the 5% probability level
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Table 2- Physicochemical properties of soil used in the experiment (Orchard No. 17)

: O35 pawly Fod o 1)) o R ) -
Organic e T K P Cu Zn Mn Fe S Qg !
oy Lime % mg.kgl)  (mg.kg? mg.kgl) (mgkg?) (mgkg?) (mg.kg? EC P

(%) (%) (%)  (mgkgh) (mgkg?) (mgkg') (mgkg') (mgkg') (mg.kg?) (@s.mY)
0.34 28.3 0.02 9.10 3.2 0.21 0.97 4,63 441 4< 8.93
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Physicochemical properties of soil was measured at two depths: 0-30 and 30-60 cm
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Table 3- The concentration of nutrients in the leaves of selected trees before spraying (Orchard No. 17)

95k polis 9,540 polie
Macro elements Micro elements
039 Aud ply el o2 P $9) e »
N P K Ca Fe Mn Zn Cu B
(%) (%) (%) (%) (nggh) (@mggh) @ggh) (@ggh) (nggh)
1.95 0.10 1.21 2.45 108 28 16 7 15
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Table 4- ANOVA for the effect of foliar spraying of iron sulfate, zinc sulfate, and calcium chloride on the percentage of
paleness of pomegranate arils of ‘Malase Saveh’cultivar (Year 2023-Orchard No. 17)

) ©la e ube
Ol i 2alio &3l as Mean squares
S.0.V df JYEL N PR I VR VeI
Pomegranate aril paleness
s 2 20.28
Rep.
0! 2 485.1"
Fe
g9 2 1117.6™
Zn
v 1 2147.2"
Ca
$9 X2l 4 577 6
FexZn
el 02! 2 835.4"
FexCa
59 el 2 1526.6™
ZnxCa
el X (59, % p2] 4 1118.2"
FexZnxCa
- 34 60.62
Error
Oy - 13.05
C.V(%)

o) S Jlois ] prdans 50 Iy pixe e
**: significant at the 1% of probability level
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Table 5- Comparison of the means percentage and intensity of pomegranate aril paleness under the treatments of iron, zinc
and calcium in different concentrations based on LSD test and dependent t- test

S b Moy (S doyd

LKWV SRRV S i CId

- - oy EYS ) L e
FRCARE N HIE BT g 1 g S adake 3 -\jub' Jo! ;'Jf;b‘ Jol
» b Jgloce b Jgloxe Sl dslone 5 x5 wwt“ w‘jds:w
Tre)alt;nent (093 Jlw) _ (Js! Jw) _ Thedifference in the (‘°9°fj ) (Js ‘J )
Pomegranate aril ~ Pomegranate aril  paleness percentage of Severity of Severity of
paleness paleness pomegranate arils pomegranate aril pomegranate aril
percentage after percentage after  pefore and after foliar  Paleness after foliar ~ paleness before
foliar application  foliar application spraying application (second  foliar application
(second year) (first year) year) (second year)
FeoZnoCao 89.85? 88.91 0.94 High-very high High-very high
Fe2ZnsCao 75.00° 86.71 -11.717 Moderate High-very high
Fe2ZneCao 70.16° 86.05 -15.89" Low-moderate High-very high
FeoZnsCao 72.00°¢ 85.91 -13.91" Moderate High-very high
FeoZneCao 69.50° 86.71 -17.21" Low-moderate High-very high
Fe2ZnoCao 65.33¢ 89.03 -23.81" Low High-very high
FeaZnoCao 64.75¢ 88.91 -24.16" Low High-very high
FeaZnsCao 64.00¢ 88.71 -24.71" Low High-very high
FesZnsCayg 60.17¢ 87.05 -26.88" Low High-very high
Fe,ZnsCay 53.30¢ 88.92 -35.61" Low High-very high
Fe,ZnsCay 50.33¢f 86.42 -36.19" Low High-very high
FeoZnoCay 48.80f 87.10 -38.30" Low High-very high
FeoZnsCay 45.339 87.32 -42.10" Low High-very high
ZneCay Feon 41.83 86.85 -45.02" Low High-very high
Fe, ZneCay 38.001 87.22 -49.22" Low High-very high
Feq ZnoCay 30.33K 87.56 -57.34" Low High-very high
FesZn;Cay 22.80' 86.43 -63.63" Low High-very high
FesZnsCa, 21.83' 87.94 -66.11" Low High-very high
S A (il B
Sam s J o)l
ibsle

The difference in -34.98"

the average of aril
paleness before and
after foliar spraying

5,15 gyl me Coglis do > gty Jleis] e )3 (glel s 1

LSD) s gxe M3l Jolas 9051 wllpy S juiie G b olapSilio

ity T oygosl bl (3L glome 5l am g b JU1 o] (Stbsii o pd (ke ey iy Jless] gedaws 53 )l gize coglés 1
Means with a common letter based on the LSD test are not statistically significant at the 5% of probability level
*: significant difference at the 5% of probability level between the means paleness percentage of pomegranate arils before and after

foliar spraying bas
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