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Abstract

Apple fruits are one of the most commonly consumed fruits that can be enjoyed almost all year round. In order
to obtain high quality fruits, it is imperative to apply fertilizers according to maintain the proper nutritional
balance in the trees. The current research has been carried out to investigate the influence of fertilization in
three apple varieties from the first year of production. The results obtained in this study emphasize that tree
fertilization is essential to ensure optimal growth, superior fruit quality and high yield. Proper fertilization in the
first year of production helps to grow and develop trees properly. This hypothesis was validated in terms of
tree growth parameters and yield (annual growths, trunk diameter, trunk cross-sectional area, yield efficiency),
fruit physical and chemical characteristics (fruit length, fruit weight, firmness, soluble solid content, pH, water
content of the fruits). The results of this research reveal clear and significant differences between unfertilized
and fertilized trees in all varieties analyzed within each parameter analyzed. Moreover, it has been observed
that fruits harvested from fertilized trees had a longer shelf life and preserved much better compared to those
harvested from unfertilized trees.
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Introduction

Apples (Malus domestica Borkh.) are among the most widely cultivated and consumed fruits globally,
appreciated for their nutritional value, therapeutic effects and economic importance [19,21]. They are a key
source of essential vitamins, minerals, dietary fiber, and antioxidants, which contribute to human health and
well-being [31,4]. As one of the leading fruit crops in temperate regions, apples hold significant value in global
agriculture, with millions of tons produced annually [13,15]. The cultivation of apple trees is not only a critical
agricultural practice but also an important industry, supporting various sectors, including food processing,
retail, and export [23, 27]

The successful cultivation of apples depends on various factors, including soil fertility, climate
conditions, and effective orchard management practices. Among these, fertilization plays a pivotal role in
optimizing growth, health, and productivity of apple trees [16]. Proper fertilization ensures that trees receive
the necessary nutrients required for healthy vegetative development, robust root systems, and high-quality
fruit production [20]. Nitrogen, phosphorus, potassium, and trace elements are particularly vital, as they
support key physiological processes such as photosynthesis, cell division, and fruit development [17, 12].

Fertilization not only influences the growth rate of apple trees but also directly affects fruit quality,
including size, taste, aroma, texture, and shelf life [7, 15]. A well-balanced fertilization strategy helps to optimize
nutrient uptake, thereby enhancing fruit size, improving sugar content, and promoting uniform ripening [25].
Moreover, adequate nutrition strengthens the trees’ immune system making them resistant to various pests,
diseases, and environmental stresses, contributing to a sustainable and profitable orchard [28]. In contrast,
nutrient imbalances or deficiencies can lead to poor tree performance, reduced yields, and suboptimal fruit
quality [6].
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The interaction between fertilization and apple tree growth is complex, as the timing, type, and amount
of fertilizer applied must be tailored to the specific needs of the variety, soil conditions, and climatic factors of
the region. Research on fertilization practices in apple cultivation has demonstrated that proper nutrient
management not only boosts yield and fruit quality but also contributes to long-term tree vitality and orchard
sustainability. Consequently, understanding the effects of fertilization on tree health and fruit quality is crucial
for developing effective orchard management strategies and achieving optimal production outcomes.

In this context, this study aims to explore the role of fertilization in apple cultivation, focusing on its
impact on tree growth, fruit development, and overall productivity. In addition, the storage capacity of the apple
fruits was also monitored in order to determine the differences in shelf life between fruits stemming from
fertilized and unfertilized trees

Material and Method

The current research has been carried out in a family orchard that has been established in 2020
located in Pauca, Sibiu County, Romania (46°00'37"N 23°53'22"E). The apple cultivars chosen for this
research were ‘Pinova’, ‘ldared’ and ‘Generos’ (Figure 1) which were grafted on M9 and M26 rootstocks.

(a) T ()

Figure 1. Apple cultivars chosen for this study. (a) — Pinova; (b) — Idared; (c) — Generos
(Source: Authors’ own collection)

The trees were planted in rows, 4 m apart and at 2 m distance between the trees/row. The intervals
between the rows were grassed with frequent grass mowing and maintenance of 1.5 m wide herbicide strips
under the trees along the rows. The study was conducted on 24 randomly chosen trees of each cultivar out of
which 12 were subjected to fertilization while the other 12 were considered control. Four trees were treated as
one repetition. The agricultural practices applied in the orchard are presented in Table 1.

Table 1. Agricultural practices applied in the orchard in 2022 and 2023

No. Agricultural practice Date

1. Spraying with Kupferol, Ovipron + Mospilan 1st March

2. Spraying with Cupridin 50 WP 7t March

3. Application of manure - 5 kg/tree 25" March

4. Spraying with Chorus 50, Karate Zeon — Pinova 15% April

5. Spraying with Chorus 50, Karate Zeon Idared 18" April

6. Mowing the grass between the rows 201 April

7. Spraying with Chorus 50, Karate Zeon Idared 28" April

8. Spraying with Kumulus DF 1stMay

9. Application of Liquid Fertilizer from Cow Manure - 10 L/tree 6" May

10.  Spraying with Affirm, Karate Zeon 27" - May
11.  Application of Folig 3d- June

12. Mowing the grass between the rows 15" - June
13.  Spraying with Luna Experience, Decis 25 WG - 45 gr/ha 15t - September
14.  Fruit harvest 29t - September
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The weather conditions during the experimental years were favorable for apple tree cultivation (Table
2). The average annual temperature was ranging between 10.4-11.2°C which was slightly higher than the
optimum annual temperatures recommended for apple trees (7.5 and 11°C). Air humidity varied between
70.90% and 72.60% which was in accordance with the optimum average annual humidity. The rainfall was
higher in 2023 (993.10 mm) as compared to 2022 (670.51 mm) which was more evenly distributed during the
growing season and led to an optimum growth and productivity of the apple trees. Extreme summer
temperatures were recorded in both years, 34°C on the 23" of July in 2022 and 35.6°C on the 27t of August
in 2023. Based on the meteorological data, an increase of approx. 1°C was observed in 2023 comparing to
2022 regarding annual average temperatures which demonstrates the ongoing and unavoidable global
warming process.

Table 2. Meteorological data of the experimental sites recorded in 2022 and 2023

Meteorological parameter/year 2022 2023
Average annual temperature: 10.4°C 11.2°C
Average annual maximum temperature: 16.8°C 17.5°C
Average annual minimum temperature: 4°C 5.1°C
Average annual humidity: 70.90% 72.60%
Rain or snow precipitation total annual: 670.51 mm 993.10 mm
Annual average visibility: 9.7 km 9.8 km
Annual average wind speed: 8.2 km/h 8.4 km/h
Total days with rain: 146 179
Total days with snow: 31 35
Total days with thunderstorm: 39 36
Total days with fog: 42 28
Total days with hail: 1 1

Days of extreme values
The highest temperature 34°C on 27th August 35.6°C on 23 July
The lowest temperature -22°C on 10t February -20°C on 25t January
The maximum wind speed 82.8 km/h on 26t July

Source: https://en.tutiempo.net/climate

On the 15" of February 2022 and 2023 trunk diameters were measured at 30 cm height using and
electronic caliper. Afterwards, the trunk cross-sectional area (TCSA) and growth rate (GR) were calculated
using the following equations:

TCSA = nrr?, where r — radius of the circle [29];

GR (%) = @ x 100, where D1 is the trunk diameter from 2022 and D2 is the trunk diameter from

2023 [18].

Annual shoot growth was determined by measuring 10 annual shoots/tree with a flexible measuring
tape and then averaged.

Observations regarding fruit number and fruits per tree were made at the moment of harvest. Based
on the fruit production/tree yield efficiency for each variety was then calculated using the formula below:

yield /tree (kg)
TCSA (cm?2)

Yield ef ficiency = [14]

To determine the physical and chemical properties of the fruits, these were subjected to various
measurements and analyses after harvest. In this regard, fruit length, fruit weight, fruit firmness, total soluble
solids (TSS), fruit pH and fruit water content were determined using an analytical balance, portable
refractometer and fruit firmness tester. The water content of the fruits was determined after dehydrating the
fruits in the oven until constant weight was recached. The difference between the masses gives the quantity
of water evaporated during the drying proces which was calculated using the following formula:

270



JOURNAL of Horticulture, Forestry and Biotechnology
Volume 28(2), 2024, 268-276
https://jhfb.ro/index.php/jhfb

Print ISSN: 2066-1797

Online ISSN: 3045-1876

h weight—d igh
Water content (%) = fresh weight Ty WelIRt 100 [1]
fresh weight

After data collection, these were subjected to statistical analyses in order to determine significant
differences between the means. First, the analysis of variance was assessed and when the null hypothesis
was rejected, Tukey’s HSD test was performed to detect statistically significant differences between the means
of different cultivars and treatments at the confidence level of p<0.05.

Results and Discussion

Regarding the trunk diameter, the results of this research show that phytosanitary treatments and
fertilizer application to the three varieties analyzed had positive effects on the growth of the trunk diameter.
The results of the Tukey test as presented in Figure 2, show that there are statistically significant differences
between the unfertilized and fertilized trees in both experimental years. Thus, the largest trunk diameter was
recorded in ‘Pinova’ variety in fertilized trees in both years (2.08 and 2.29 cm) followed by ‘ldared’ (1.79 and
2.21 cm) and ‘Generos’ (1.57 and 2.22 cm).

3 035

o

25

H o
—o

How

030 T

H o
o
—

How

— o

2

-

025

— =
“Hw
— o

(cm)

15

. 020 b _a[
1 £ 0.15 il -T—
05 a
0.10 5_ T
0 L -
U”(figz";e“' U“(f;;tz'uie" Fertilised (2023)  Fertilised (2024) 0.05
Pinova 1.992 2214 2.082 2.298 0.00 Pinova Idared Generos
Idared 1754 2.192 1792 2214 Unfertilized 0.08 0.15 0.12
Generos 142 1.9 157 222 Fertilized 0.08 0.16 0.29
Pinova Idared Generos Unfertilized Fertilized
Figure 2. Trunk diameter growth of apple trees Figure 3. Grow rate of the trunk in apple trees
Different lowercase letters above the bars Different lowercase letters above the bars

denote significant differences between fertilized denote significant differences between fertilized
and unfertilized trees according to Tukey’s HSD  and unfertilized trees according to Tukey’s HSD
test at p<0.05. test at p<0.05.

The results obtained show that the growth rate of trees was more pronounced in the case of fertilized
trees compared to unfertilized trees. These differences can be explained by the fact that the application of
fertilizers required by trees, especially in the first years of development, can bring multiple benefits to the plant:
it contributes to improved growth, the development of a stronger root system and increased resistance to
diseases and pests. Therefore, it can be claimed that the importance of fertilizers and their application under
assimilable forms leads to a more balanced and vigorous growth of trees [10]. However, the results also show
that not all varieties have the same capacity to absorb nutrients or do not have the same needs. Liquid
fertilizers are widely used in agriculture due to their benefits over solid alternatives. One of the main advantages
is their quick absorption rate. Liquid fertilizers provide instant nutrient availability to plants, enabling quick repair
of shortages being applicable all through the year as long as soil temperatures do not drop below 0°C.
Immediacy is vital during critical growth phases like blooming and fruit setting, when the plant's nutritional
demands can increase significantly. Quick absorption can boost crop yields and quality over time [24]. Although
the growth rate after fertilization was significant in all varieties studied, compared to trees grown naturally
without fertilizers, the most considerable growth was observed in Generos variety, followed by ‘ldared’, while
the lowest growth rate was observed in Pinova variety (Figure 3).

Similar to trunk diameter, the cross-sectional area of the trunk was also larger in the case of fertilized
trees than in those without fertilization. The differences were statistically confirmed by Tukey’s HSD test. The
results indicate that among the three varieties analyzed, the largest trunk cross-sectional area was recorded
in ‘Pinova’ (an increase of 25%) followed by the ‘Generos’ (with an increase of 59%) as compared to the
unfertilized variants named also as control (Figure 4).
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according to Tukey’s HSD test at p<0.05.

Regarding annual shoot growth, the results of the Tukey's HSD test indicate significant differences
between the experimental treatments (Figure 5) indicating a positive effect of fertilizations on the length of
annual shoot growth. The largest differences were recorded in Idared and Generos varieties, for which the
annual growth lengths were 35.81 cm and 26.23 cm respectively. Although the average length of annual
growths in the case of the Pinova variety was not very different under the influence of the fertilizers applied,
these differences were statistically ensured according to Tukey’s HSD test.

Researchers in the field of pomology have investigated several methods for determining yield
efficiency in fruit trees. Since planting density works in conjunction with yield per tree to determine productivity
per ha, researchers used canopy sizes to estimate planting density and then estimated the potential yield per
ha. This approach is applicable only in case of unpruned trees. Once the canopy is reduced, and especially
when the trees are pruned differently according to tree sizes, the potential yield per hectare becomes almost
a meaningless calculation [3]. Another way to determine tree size is to measure the trunk near the graft point.
This method of measuring tree size is less affected by canopy pruning variance and is very similar to the size
of an unpruned canopy. Thus, comparing yield to trunk size can be used to determine relative productivity per
ha. Yield efficiency does this by comparing yield per tree to the trunk cross-sectional area about 30 cm above
the graft point. Although yield efficiency does not measure yield per ha, it enables direct comparison of trees
of different sizes without the requirement to plant them at optimal densities. The results of this research show
that fertilized trees have a significantly higher ratio than non-fertilized trees in terms of production efficiency
(Table 3). In all varieties analyzed, the fertilized trees gave a significantly higher yield than the unfertilized
ones. It can also be seen that all varieties reacted positively to the administration of fertilizers, which led to an
increased production efficiency.

Physical and chemical properties of fruits are fundamental not only for their sensorial characteristics
and nutritional value but also crucial for agricultural efficiency, post-harvest management and food processing.
For these reasons research should be done to improving the quality and shelf-life of fruits, ensuring a stable
food supply, and making fruits more accessible and beneficial for consumers worldwide [5, 30]. Considering
both physical and chemical properties of the fruits, considerable variation were observed between the cultivars
analyzed and also between the fertilized and unfertilized samples. In this regard, the result show that fruit
diameter ranged between 6.47 and 7.42 cm (Figure 6). Beside the differences detected between the cultivars,
clear significant differences were recorded between the experimental treatments as well.

Table 3. Yield efficiency of the investigated apple tree varieties under study

Variety/Treatment Unfertilized Fertilized
Pinova 0.64 bA 1.02 2A
Idared 0.59 bA 1.162A

Generos 0.42 b8 0.94 a4

Different lowercase letters above the bars denote significant differences between
fertilized and unfertilized trees according to Tukey’s HSD test at p<0.05.
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In this regard, Pinova variety had the lowest values registered in comparison to other varieties in both
experimental treatments. However, fruit size, color and taste are variety specific traits, the results show that
fertilization had a positive effect on fruit size in all varieties under study. The highest value for fruit diameter
was recorded in Generos variety in the case of fertilized trees (7.4 cm). The lowest value for fruit diameter was
recorded in Pinova variety without fertilization (6.47 cm).
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Figure 6. Fruit diameter Figure 7. Fruit weight
Different lowercase letters above the bars Different lowercase letters above the bars
denote significant differences between fertilized denote significant differences between fertilized
and unfertilized trees, while capital letter and unfertilized trees, while capital letter
indicate significant differences between the indicate significant differences between the
cultivars according to Tukey’s HSD test at cultivars according to Tukey’s HSD test at
p<0.05. p<0.05.

Fruit weight is another important fruit quality trait after fruit size [2]. Among the varieties studied, the
highest fruit weight was obtained for Pinova variety, when fertilizers were applied and the lowest value for fruit
weight was obtained for Idared variety in lack of fertilization (Figure 7). Similar to fruit size, it can also be seen
that not only fertilization but also the variety has a significant influence on fruit weight being a specific character
of each variety.

After fruit color, size and weight, fruit firmness is another crucial characteristic directly impacts
consumer's sensory experience, influencing their appeal and desirability. The firmness or softness of fruits
depends on the amount of water, fiber, and pectin which are present in fruit pulp and which is a direct result of
their chemical profile. For example, apples tend to be crunchy due to their high cellulose content, while peaches
are soft because of their lower pectin and higher water content [11]. Furthermore, skin thickness, firmness,
and the presence of natural preservatives (e.g., antioxidants like vitamin C) define how long fruits can maintain
their qualities after harvest. For example, apples have a waxy coating that helps slow down dehydration and
spoilage, while berries require careful handling due to their delicate skin and high-water content. In this study,
fruit firmness (texture) and sugar content (total soluble solids) of fruits were measured to determine their quality
and their storage capacity. These characteristics are important since they influence market prices, with
overripe fruits often sold at a discount or used for processing, while perfectly ripe fruits fetch higher prices in
fresh markets. Therefore, in this context, fruit firmness, total soluble solid content, fruit pH and water content
were determined at one-month interval through 6 months to reveal fruit quality and their storage capacity of
the three apple cultivars both in the presence and lack of fertilization.

Regarding fruit firmness it was observed that all varieties regardless the treatments, exhibited a
decrease in fruit firmness varying between 28.67 and 54.76% in unfertilized and 21.76-52.71% in fertilized tree
fruits during the storage period (Figure 8). Fruits coming from fertilized trees succeeded to maintain their
firmness for a longer period of time. The firmest fruits were Generos followed by Pinova and Idared varieties.

The results of this research highlight a positive influence of fertilization on the total soluble solids’
content in the harvested fruits. The highest TSS content was identified in Pinova variety (16°Brix), followed by
‘Idared’. ‘Generos’ had a slightly lower content (14°Brix). In all experimental variants, during storage an
increase in TSS was observed (Figure 9). The highest values were recorded in ‘Pinova’ in both experimental
variants. Generos variety, after 2 months showed a decrease in TSS content both in fertilized and unfertilized
variants.
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The highest pH values were identified in Generos variety, followed by Pinova and Idared. During the
6 months of storage, the acidity of the fruits followed an upward trend with a slight decrease in acidity after 3
months of storage of the fruit at a temperature of 4 °C. This decrease in pH can be explained by the activity of
some microorganisms and the conversion of sugar into alcohols and organic acids that contribute to the
decrease in the pH value of fruits [9]. The same fluctuations were observed in both fertilized and unfertilized
variants. Small differences were recorded however these differences were not statistically assured according
to the statistical analyses performed (Figure 10).

The water content of the fruits coming from unfertilized trees ranged between 81.48% and 84.22%,
the highest content being recorded in the fruits of Generos variety (Figure 11). The same trend was observed
in the case of fertilized fruits, but the water content was higher in all the varieties analyzed. The highest value
was recorded for the Generos variety (86.30%) and the lowest for the Idared variety (83.87%). Fertilization
can promote better root development and function, which enhances the plant's ability to take up water from
the soil. Nutrients like nitrogen and phosphorus are essential for root growth, osmotic regulation of cells, which
helps retain water within the fruit. Potassium acts in synthesis of sugars and starches, which further contribute
to the water-holding capacity of the fruit [22, 8].
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Conclusions

Based on the results of the current research, it can be concluded that fertilization plays an essential
role in fruit tree growth and fruit quality. Proper fertilization provides trees the necessary nutrients for optimum
growth, directly influencing vegetative growth through the harmonious development of shoots and leaves,
which are essential for photosynthesis and, consequently, for the overall health of the tree. Well-nourished
trees are more resistant to attacks from pathogens and harmful insects due to their better general health and
faster recovery capacity. Balanced fertilization contributes to increasing the size of the fruit, improving taste,
enhancing sugar content and aroma, and ensuring uniform ripening. It also positively influences the external
appearance of the fruit. Moreover, trees benefiting from a well-planned fertilization program produce higher
number of fruits, resulting in higher yield and profitability of the crop. To achieve these benefits, it is crucial that
fertilization is carried out wisely, considering the specific needs of each variety, the stage of development, and
the pedoclimatic conditions of the area. Varieties that have shown the best performance were ‘Generos’ and
‘Pinova’ which are recommended to be cultivated not only for the taste and aroma of the fruits, their prolonged
shelf life after harvest, but also for their productivity and disease resistance.

274



JOURNAL of Horticulture, Forestry and Biotechnology
Volume 28(2), 2024, 268-276
https://jhfb.ro/index.php/jhfb

Print ISSN: 2066-1797

Online ISSN: 3045-1876

References

[1] Aremu, A. K., & Fadele, O. K. (2011), Study of some properties of doum palm fruit (Hyphaene thebaica
Mart.) in relation to moisture content. African Journal of Agricultural Research, 6(15), 3597-3602.

[2] Arshad, M., Shahnawaz, M., Shahkeela, S., Hussain, M., Ahmad, M., & Khan, S. S. (2014), Significance
of physical properties of apple fruit influenced by preharvest orchard management factors. European
Journal of Experimental Biology, 4(5), 82-89.

[3] Autio, W. R., Greene, D. W., & Lord, W. J. (1996), Performance of'MciIntosh'apple trees on seven
rootstocks and a comparison of methods of productivity assessment. HortScience, Vol. 31, No. 7, 1160-
1163.

[4] Bondonno, N. P., Bondonno, C. P., Ward, N. C., Hodgson, J. M., & Croft, K. D. (2017), The cardiovascular
health benefits of apples: Whole fruit vs. isolated compounds. Trends in Food Science & Technology, 69,
243-256.

[5] Cavalcante, i. H. L., Martins, A. B. G., de Sousa Miranda, J. M., & Cavalcante, L. F. (2012), Physical and
chemical characteristics of tropical and non-conventional fruits. INTECH Open Access Publisher.

[6] Chatterjee, C., & Dube, B. K. (2004). Nutrient deficiency disorders in fruit trees and their management. In
Fruit and Vegetable Diseases. Dordrecht: Springer Netherlands, pp. 3-39.

[7] Cvelbar Weber, N., Koron, D., Jakopi€, J., Veberi¢, R., Hudina, M., & Basa Cesnik, H. (2021), Influence of
nitrogen, calcium and nano-fertilizer on strawberry (Fragariax ananassa Duch.) fruit inner and outer
quality. Agronomy, 11(5), 997.

[8] Daoud, B., Pawelzik, E., & Naumann, M. (2020), Different potassium fertilization levels influence water-
use efficiency, yield, and fruit quality attributes of cocktail tomato—A comparative study of deficient-to-
excessive supply. Scientia Horticulturae, 272, 109562.

[9] Doores, S. (2005), Organic acids. Food Science and Technology. New York, Marcel Dekker, 145, 91-127.

[10] Fageria, N. K., Baligar, V. C., & Jones, C. A. (2010), Growth and mineral nutrition of field crops. CRC
press. Pp.27-29.

[L1]Harker, F. R., Redgwell, R. J., Hallett, I. C., Murray, S. H., & Carter, G. (2010), Texture of fresh fruit.
Horticultural reviews, 20, 121-224.

[12] Kowalczyk, W., Wrona, D., & Przybytko, S. (2022), Effect of nitrogen fertilization of apple orchard on soll
mineral nitrogen content, yielding of the apple trees and nutritional status of leaves and fruits. Agriculture,
12(12), 2169.

[13]Kuden, A., Imrak, B., Comlekcioglu, S., & Kuden, A. (2023), Introductory Chapter: Apple Cultivation—
Recent Advances. Apple Cultivation-Recent Advances.

[14] Lanauskas, J., Kviklys, D., Uselis, N., & Stanys, V. (2023), Performance of sweet cherry cultivars and
advanced selections on Gisela 5 rootstock in young orchards. Plants, 12(3), 614.

[15] Lateef, M. A., Noori, A. M., Saleh, Y. M., & Al-Taey, D. K. (2021), The effect of foliar spraying with salicylic
acid and calcium chloride on the growth, yield, and storage traits of two Strawberry cultivars, Fragaria x
ananassa. Duch. Int. J. Agricult. Stat. Sci, 17(2), 611-615.

[16]Li, J., Liu, Y., Tang, Y., Shao, J., Xu, T., Ma, R., Jiang, Y., Cheng, D. (2022), Optimizing fertilizer
management based on controlled-release fertilizer to improve yield, quality, and reduce fertilizer
application on apples. Journal of Soil Science and Plant Nutrition, 1-13.

[17]Licina, V., Krogstad, T., Simi¢, A., AkSi¢, M. F., & Meland, M. (2021), Nutrition and fertilizer application to
apple trees-a review. NIBIO Rapport.

[18]Lin, Z., Fan, D., Ma, S., Miao, W., & Wang, X. (2022). Relative growth rate for trees at the growth stage is
coordinated with leaf bulk modulus of elasticity and osmotic potential in a subtropical forest of
China. Ecological Indicators, 141, 109135.

[19] Malik, A. R., Mushtaqg, R., Bhat, Z. A., & Ganie, M. A. (2020), Diversity of Fruits. In Emerging Technologies
for Shelf-Life Enhancement of Fruits. Apple Academic Press. pp. 1-20.

[20] Mota, M., Martins, M. J., Policarpo, G., Sprey, L., Pastaneira, M., Almeida, P., Mauricio, A., Rosa, C.,
Faria, J., Martins, M.B., De Sousa, M.L., Santos, R., de Sousa, R.M., Da Silva, A.B., Ribeiro, H., Oliveira,
C. M. (2022), Nutrient content with different fertilizer management and influence on yield and fruit quality
in apple cv. Gala. Horticulturae, 8(8), 713.

[21] Patocka, J., Bhardwaj, K., Klimova, B., Nepovimova, E., Wu, Q., Landi, M., Kuka, K., Valis, M., Wu, W.
(2020), Malus domestica: A review on nutritional features, chemical composition, traditional and medicinal
value. Plants, 9(11), 1408.

[22] Ripoll, J., Urban, L., Staudt, M., Lopez-Lauri, F., Bidel, L. P., & Bertin, N. (2014), Water shortage and
quality of fleshy fruits—making the most of the unavoidable. Journal of Experimental Botany, 65(15), 4097-
4117.

275



JOURNAL of Horticulture, Forestry and Biotechnology
Volume 28(2), 2024, 268-276
https://jhfb.ro/index.php/jhfb

Print ISSN: 2066-1797

Online ISSN: 3045-1876

[23]Shah, Z. A., Dar, M. A., Dar, E. A., Obianefo, C. A., Bhat, A. H., Ali, M. T., Alatawi, A. H., Ghamry, H.I.,
Shukry, M., Sayed, S. (2022), A multinomial approach to sustainable and improved agricultural
technologies vis-a-vis socio-personal determinants in apple (Malus domestica) cultivation. Journal of King
Saud University-Science, 34(7), 102286.

[24] Stamate, N., Ranta, O., Ghete, A., Marian, O., Bogdan, C., & Irimie, A. M. (2024), Equipment and Systems
for The Application of Liquid Fertilizers in Field Crops-News and Perspectives. Agricultura, 128(3-4).
[25]Vargas, Y., Diaz, A., Suarez-Tapia, A., & Viera, W. (2020), Use of multivariate statistics to determine

fertilization practices that affect fruit quality of naranjilla (Solanum quitoense Lam.). Fruits, 75(5), 216-223.

[26] Vasylieva, N., & Harvey, J. (2021), Production and trade patterns in the world apple market. Innovative
Marketing.Vol. 17, No. 1:16-25.

[27]Wani, S. A., Kumar, S., Nagash, F., Shaheen, F. A., Wani, F. J., & Rehman, H. U. (2021), Potential of
apple cultivation in doubling farmer's income through technological and market interventions: An empirical
study in Jammu & Kashmir. Indian Journal of Agricultural Economics, 76(2), 278-291.

[28] Wei, X., Chen, J., Gao, B., & Wang, Z. (2020), Role of controlled and slow release fertilizers in fruit crop
nutrition. In Fruit crops Elsevier. pp. 555-566.

[29] Wright, A. H., Embree, C. G., Nichols, D. S., Prange, R. K., Harrison, P. A., & Delong, J. M. (2006), Fruit
mass, colour and yield of ‘Honeycrisp’™ apples are influenced by manually-adjusted fruit population and
tree form. The Journal of Horticultural Science and Biotechnology, 81(3), 397-401.

[30]Yahia, E. M., & Carrillo-Lopez, A. (Eds.). (2018), Postharvest physiology and biochemistry of fruits and
vegetables. Woodhead publishing.

[31]Yeung, A. W. K.; Tzvetkov, N. T.; EI-Demerdash, A.; Horbanczuk, O. K.; Das, N.; Pirgozliev, V.; Lucarini,
M.; Durazzo, A.; Souto, Eliana; Santini, A.; Devkota, H. P.; Uddin, Md. S.; Echeverria, J.; Wang, D.; Gan,
R. -Y.; Brncic, M.; Kalfin, R. E.; Tancheva, L. P.; Tewari, D.; Berindan-Neagoe, |.; Sampino, S.;
Strzalkowska, N.; Marchewka, J.; Jézwik, A.; Horbanczuk, J. O.; Atanasov, A. G. (2021), Apple
polyphenols in human and animal health. Animal Science Papers and Reports, 39(2), 105-118.

276



