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Introduction

A noteworthy aspect of quince trees is their susceptibility to chlorosis caused by iron deficiency in calcareous soils.
Most of the quince genotypes identified in Iran are found in central regions (Tehran, Alborz, Isfahan, etc.) (Abdollahi,
2019), where soil lime content varies significantly. In the Tehran province, particularly in Damavand, soil lime content
ranges from 10% to 44% (Fallahi, 1977). Unfortunately, there are no precise estimates of iron chlorosis damage in fruit
trees in Iran. However, given the widespread distribution of calcareous soils in the country, lime-induced soil issues can
potentially affect many fruit orchards. Some sources report up to 70% yield loss in pome fruit trees under calcareous
soil conditions in Iran (Pirmoradian, 2019). Moreover, extensive genetic diversity in quince trees has been reported in
Iran. Several studies on soil science and agricultural land classification in Iran over the past 40 years, conducted by the
Soil and Water Research Institute, have shown that high to very high levels of soil calcium carbonate and alkaline pH
are major limiting factors for the productivity of many fruit orchards (Jamshidi et al., 2014). In central regions, soil
calcium carbonate levels range between 10% and 44% for soils with medium to heavy textures (Nurbbakhsh, 1999;
Fallahi, 1977; Banaei, 2017). The genetic diversity of quince trees and varying levels of soil lime can significantly
influence the physicochemical changes in quince fruit during storage (Mirabdulbaghi et al., 2023). Although valuable
information is available in scientific literature regarding the appropriate harvest time, storability, and fruit quality of
quince varieties/genotypes (Gunes et al., 2012; Radovi¢ et al., 2020), there is a lack of documented research in Persian
on the relationship between soil physicochemical properties and fruit quality. Therefore, this study aims to investigate
the physicochemical properties of soils with varying lime levels in loamy, loamy-clay, and silt-loamy-clay textures,
with alkaline pH, and their impact on the quality indices of quince fruit during storage.

Materials and Methods

The research was conducted at the Kamelabad research orchard in Karaj, belonging to the Horticultural Research
Institute/Central Research Institute for Temperate Fruits Research Center during the years 2020 and 2021. In 2020, the
experiment was conducted on the fruits of the KVD1 genotype (variety 'Vidoja'), KVD3 genotype (variety 'Esfahan
Quince"), PH2 genotype (variety 'Behta’), as well as promising genotypes (NB4, NB2, KVVD2). In 2021, the genotypes
KVD3 (variety 'Esfahan Quince") and PH2 (variety 'Behta’), along with the promising genotypes NB4 and NB2, were
subjected to statistical calculations. At the start of the project, the trees were in their ninth year of planting. As per
regional practice, the fruits were harvested on November 3rd (in 2020) and November 1st (in 2021), packed in five-fruit
packages, and stored at a temperature of 1 to 2°C with 80-90% relative humidity in a cold storage facility for quality
testing at storage durations of 0, 60, and 120 days. The study area is classified as having a Mediterranean climate with
hot, dry summers and cold winters. Soil physicochemical properties were measured to assess soil lime content (%), total
nitrogen (%), available phosphorus and potassium (mg/kg), pH, organic matter (%), and soil texture (%) before the
experiment (Table 1). Physicochemical characteristics, i.e., the pH, total acidity (TA, %), total soluble solids (TSS,
Brix), fruit flavor index (TSSA/TA) and moisture content (MC, %), , as well as the contents of some fruit mineral
elements were measured at harvest and in two-month intervals during cold storage. The experiment was performed in a
split-plot arrangement on the basis of the Randomized Complete Block Design (RCBD) with 3 replications, 10 trees per
replicate, and 6 seedling quince cultivarsThe main plots were the different levels of soil lime equivalent (10%, 12%,
14%, 16%, and 18%) and the subplot consisted of the seedlings of 6 cultivars/promising genotypes.The SPSS statistical
software was utilized to assess the surveyed data.

Results and Discussion

When examining the obtained results and comparing them with domestic and foreign scientific sources, it can be
acknowledged that in areas with soils of varying degrees of lime, as well as semi-heavy to heavy texture and alkaline
pH, the length of the storage period in cold storage can significantly improve the quality and shelf life of fruits.
Accurately adjusting the storage period in these areas can have significant positive effects on maintaining the quality
characteristics of fruits. Scientific sources recommend a storage period of up to five months for quince cultivars (Tatari
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et al., 2019). However, the results of this research showed that the physicochemical characteristics and nutrient
concentrations in the fruit of quince cultivars (Vidoja, Beh Isfahan, Behta) and promising genotypes (NB4, NB2,
KVD?2) varied during the storage period, influenced by the amount of lime and soil texture.

Conclusion

Our research findings indicated that fruit quality during cold storage is influenced by varying levels of soil calcium
carbonate equivalent, cultivar, and storage duration. Although in terms of taste index, the promising genotype NB4 and
the cultivar Behta can be considered as genotypes and cultivars tolerant to soils with up to 18% calcium carbonate
equivalent. Additionally, this study revealed that at high soil lime levels (18% calcium carbonate equivalent), one
cannot expect a suitable ratio of nutritional elements such as Ca/Mg+K, N/Ca, and B*10-3/Ca, which play a crucial role
in the manifestation of physiological nutritional disorders. They exhibited (brown spots on the fruit, water-soaked areas,
reduced sweetness, discoloration, and tastelessness) during the storage period.

Keywords: Mineral nutrient content, Taste index, Fruit moisture percentage, Fruit-PH.
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Table 1.Physic-chemical analyses and mineral substance content of the soil of an experimental orchard

Soiltype  K(mgkgl)  P(mgkg-l)  pH EC (dS/m) Sagf"ofg;m) Osgg(g‘&‘))z C'jg.ég‘zm) Sp(%) OC (%) N (%) Lime (%)
1 24410 36.84 735 0.94 17 53 30 38 160 0.048 13
2 146.18 2414 7.63 0.41 26 42 32 32 0.84 0.028 14
3 146.18 14.49 751 0.33 47 27 26 33 163 0.021 15
4 344.90 63.21 7559 0.40 44 30 26 38 189 0.033 16
5 56.90 14.49 772 0.62 35 39 26 21 149 0.025 18

"Soil types: 1, silt-clay-loamy (with 13% calcium carbonate equivalent), 2, clay- loamy (with 14% calcium carbonate equivalent), 3, silt-clay-loamy (with 15% calcium carbonate
equivalent), 4, loamy (with 16% calcium carbonate equivalent), 5, -loamy (with 18% calcium carbonate equivalent).
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Table 2-Results of simple variance analysis variance for the measured traits in quince fruit of promising cultivars/genotypes (2020 and 2021)

Mean square

Source DF . Fruit mineral nutrition
Moisture TSSITA PH N p K Ca Mg Fe 7n B
The year of 2020
Storage time (a) 2 108.03" 0.16x 1.87~ 085"  3.397 153~ 0.13~ 9.08™ 2866.40™ 43153.02" 115.71"
Soil (b) 4 20.26™ 0.08x 0.38™ 0.56™  0.0002" 0.01" 0.01" 0.09" 32.65™ 9.43" 0.99~
Cultvr (c) 5 29.81 0.99x 1.029™ 0.16™ 0.0001" 0.004" 0.01™ 0.06™ 66.85™ 28.14™ 1.76™
axb 8 20.517 0.44x 0.30™ 0.06™ 0.001™ 0.002' 0.02™ 0.07™ 42.09" 11.05™ 2.03"
bxc 20 17.99* 0.25% 0.30™ 0.17*  0.0003™ 0.01™ 0.02™ 0.07™ 25.96 7.76" 2.02"
axc 10 51.73" 1.71x 0.97* 0.12™  0.0004" 0.07™ 0.02™ 0.08™ 103.79™ 26.73" 3.74™
axbxc 40 19.95” 15.68x 0.42” 0.10™  0.0003™ 0.004™  0.03 0.09™ 29.32™ 7.59™ 2.04™
Cv (%) 1.77 1.35 0.68 6.98 12.53 20.23 13.83 9.23 8.17 1.21 12.96
The year of 2021
Storage time (a) 2 0.84™ 108.02™ 0.46™ 0.06™ 0.002" 0.65™ 0.24~ 0.08™ 442~ 151" 3.57"
Soil (b) 4 0.04~ 3.08™ 0.13™ 0.30™ 0.001" 0.02™ 0.26™ 0.04~ 256~ 526" 6.43
Cultvr(c) 3 0.05~ 51.55™ 0.49~ 0.08™ 0.001" 0.04™ 0.05~ 0.04~ 257~ 8.88™ 2.09”
axb 6 141" 42.29™ 017" 0.06™ 0.001" 0.053™ 0.03~ 0.04~ 5.28~ 2.28™ 6.40
axc 8 0.06™ 9.39" 0.25~ 0.01" 0.02m 0.03™ 0.24~ 0.05~ 259~ 6.56™ 3.68~
bxc 12 019" 42.82" 0.29" 0.16™ 0.001" 0.04™ 0.02~ 0.05~ 1.88~ 3427 3577
axbxc 24 018~ 23.44~ 0.46™ 0.05™ 0.002" 0.03™ 0.24~ 0.08~ 4427 151" 6.437
Cv (%) 9.71 0.60 8.32 14.49 14.43 29 30.08 22.10 5.80 6.15 11.19

*, ** are significantly different at 0.05 and 0.01 levels, respectively. ns: not significant

AN
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Fig. 1: Canonical Discriminant Functions of Group Means (soil calcium carbonate equivalents) for studied for studied
physicochemical properties and mineral contentsin quince (Cydonia oblonga Mill.) cultivars (2020&2021)
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Fig. 2: Canonical Discriminant Functions of Group Means (cultivars or/promising genotypes) for studied for studied
physicochemical properties and mineral contents in quince (Cydonia oblonga Mill.) cultivars (2020&2021)
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