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ABSTRACT 

Apple growers may suffer up to 90% yield losses from various physiological disorders 

if orchards are not managed properly. Thus, the incidence of pre and postharvest 

physiological disorders is a major concern worldwide. Therefore, the present study was 

conducted to assess the apple orchards of Swat, Pakistan for disorders and nutrient 

status in soil, leaves, and fruits of different apple cultivars. Soil samples of two 

different locatities (Kalam and Matta) of Swat and plant tissues (leaves and fruits) of 6 

apple cultivars (Treco Gala, Jonica, Gala Must, Jonagored, Golden Smoothee, and Pink 

Lady) were examined to establish the occurrence of disorders and to relate them with 

the nutritional status of apple trees. The experiment was laid out in Randomized 

Complete Block Design (RCBD) and replicated three times. The results showed that 

soil, leaf, and fruit calcium content, and fruit yield in Kalam were lower than Matta 

location. All the cultivars varied significantly in terms of leaf and fruit calcium content, 

as well as fruit yield. Regarding the means for locations, leaf and fruit calcium content 

and fruit yield with lower prevalence of physiological disorder i.e. bitter pit, internal 

browning, internal breakdown, water core and lenticels breakdown was recorded in 

Matta as compared to Kalam valley. Moreover, among the cultivars, apple cultivar 

Golden Smoothee was found to be the most prone and susceptible cultivar with 

maximum bitter pit incidence, internal browning, internal breakdown, water core and 

lenticles breakdown with minimum leaf and fruit calcium content. Minimum fruit yield, 

maximum leaf and fruit calcium content with least incidence of physiological disorders 

was recorded in cultivar Pink Lady. Maximum fruit yield was observed in cultivar 

Jonica. It is concluded that orchards of cultivar Pink Lady and Jonica need to be 

established in Kalam locations to obtain better yield and minimum physiological 

disorders of apple. While treatments need to be applied to minimize physiological 

disorders with maximum yield in apple cultivar Golden Smoothee.  

Key words: Apple cultivars, locations, nutrientional status, physiological disorders, 

yield.    

Introduction 

Apple trees grow well in a broad range of soil types. However, soils with a 

texture of sandy loam to a sandy clay loam are preferred. Proper soil drainage is critical 

for successful apple production. The desirable soil pH for the cultivation of apple trees 

is around 6.4. Waterlogged soils, raised water tables to the root zone, soils with 

hardpan, and shallow soils are not favorable for the growth and development of apple 

trees (Chaudhary 1994). Several disorders threaten the quality of apple fruit, especially 

in storage. The most important among these are bitter pit, brown heart, cork spot, scald, 
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water core, and fruit drop. These disorders result in significant losses both in quality 

and quantity during storage. Apple growers may suffer up to 90% yield losses from 

bitter pit if orchards are not managed properly (Beckerman et al. 2015). Thus, the 

incidence of postharvest physiological disorders is a major concern worldwide. Among 

the disorders, the bitter pit reduces the fruits’ market values to a large extent. Bitter pit 

appears as small brown spots of 3-8 mm in diameter. In this case, the tissue beneath the 

fruit skin becomes dark. Normally, in the beginning, it’s invisible. However, over time, 

the affected areas become depressed making spots on the surface during storage. It can 

be prevented through the foliar application of calcium well before harvest (Khan 2015). 

Brown heart is a disorder associated with large and full-grown fruits and occurs when 

the ambient carbon dioxide concentration rises above 1%. Brown symptoms appear 

with clear borders and dehydrated holes because of dryness (Weber 2009). Cork spot is 

another disorder of apple fruits where the primary signs appear in the red area of the 

fruit. The affected tissue is usually much more rigid than the normal tissue (Weber 

2009). Scald is also a major concern of apple growers. It varies in appearance and 

characteristics according to the atmosphere, cultural practices, and variety of apple. 

This disorder also develops due to not enough aeration in storage rooms or packaging 

materials (Mitropoulos et al. 2004). Another disorder of apple fruit is water core, which 

mostly occurs in mature fruits and appears as water-soaked regions in the tissue around 

the seed. The fruits should be harvested before the development of the water core. The 

fruits with water core signs should not be stored but urgently marketed. The proper 

time of harvest is the most effective way to control the incidence of water core 

(Brackmann et al. 2010). Fruit drop is one other problem for apple growers. Nutrient 

content in apple leaves is specific to cultivars. However, it can also be influenced by 

the rootstock, soil structure, climatic conditions, phase of vegetation, and orchard 

management practices, such as irrigation and fertilization (Peck et al. 2006). Apple fruit 

needs an optimum level of calcium. Lower levels of calcium in fruit bring about several 

disorders during storage. Apple fruit can not get enough calcium from the soil because, 

depending upon pH, calcium is not fully mobile from the roots to the leaves and fruit 

(Yamane 2014). Apple fruits grown with calcium deficiency tend to loose more weight 

during storage (Weibel et al. 2000). High calcium content is essential for successful 
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storage (Sindha et al. 2018). In apples, calcium can be increased by various 

management practices (Droby, 2006). Keeping in view the significance of apple 

cultivars' susceptibility to diseases and their link with nutrient deficiencies especially 

calcium, the current study was conducted with the objectives to determine the 

nutritional status of the soil of apple orchards in the Swat region. To collect plant 

tissues (leaves and fruits) from selected orchards and determine their nutrient status, 

especially calcium and to find apple cultivars that are most sensitive to physiological 

disorders and further study them to extend their fruit shelf life. 

Materials and Methods 

Experimental site and plant material 

The experiment was conducted in two locations (Kalam and Matta) in the 

district of Swat, Pakistan in 2017. Kalam and Matta are located at altitudes of 1800 m 

and 1500 m above sea level respectively. The swat region has a cool climate in winter and 

pleasing to hot in the summer. Mean annual rainfall ranged from 480-650 mm during the 

experimental period of 2017 with slight summer dominance. The soils of experimental 

sites were calcareous and silty clay loam in Kalam and Matta, respectively. These soils 

were low in pH having little organic matter and low to medium calcium content. Different 

cultivars of apple were selected in established orchards in Kalam and Matta. 

Experimental Design and treatment combinations  

The experiment was laid out in Randomized Complete Block Design with two 

factors replicated three times. Two apple orchards in Kalam and Matta were evaluated 

for soil and plant tissues (leaves and fruits) to know the nutritional status of apple trees. 

Six apple cultivars i.e. Treco Gala, Jonica, Gala Must, Jonagored, Golden Smoothee, 

and Pink Lady were evaluated in both the orchards of Kalam and Matta. There were 12 

treatments combination in the experiment and the total experimental units were 36. 

Soil analyses 

At the start of the experiment, composite soil samples were collected and analyzed 

for various soil physico-chemical properties. Eighteen soil samples were collected from 
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the orchards on 15 June 2016 for analyses. The soil samples were taken from depths of 

0-30 cm from each plot to know the physical and chemical properties of the orchard’s 

soils. The collected soil samples were brought to the soil testing laboratory, Agriculture 

Research Institute (ARI) Mingora for further evaluation. Soil analyses were performed 

according to the methods used by Glover et al. (2000) to determine the soil nutrient 

status of the apple orchards. The detail of physico-chemical analysis is given in the 

results section.  

For the determination of soil texture, 10ml 1N Na2CO3 was added to 50g soil as a 

dispersing agent and mechanically shaken for 10 minutes and the reading for soil texture 

was taken after 40 seconds as determined by Moodie et al. (1959).  

For the analysis of soil pH, 10g of air-dried soil was taken in a plastic bottle and 

50ml of distilled water was added to it. Then it was agitated on a shaker for 30 minutes. 

After adjustment of the pH meter with standard buffer solutions of pH 4, 7, and 10, the 

samples readings were recorded as described by Mclean (1982).  

Electrical conductivity was measured in dSm-1 as described by Rhoades (1996). 

From collected soil samples, 10g of each was mixed with 50 ml of water (at a 1:5 ratio) 

in a 100ml size bottle and shaken for 60 minutes. After shaking, the suspension was left 

overnight to allow the soil to settle down. A pipette-type conductivity cell was filled 

with the supernatant. For the determination of soil organic matter, 1g air-dried soil was 

taken in a 500 ml beaker and 10 ml potassium dichromate solution was added followed by 

20 ml concentrated sulfuric acid. The samples were left for 30 minutes and 200 ml 

distilled water and 10 ml concentrated orthosphosphoric acid were added. After that, 15 

drops of diphenylamine indicator were added and the solution was then titrated with 0.5 M 

ferrous ammonium sulfate for organic matter (Nelson and Sommers, 1982) 

For nitrogen content, a 0.2 g soil sample was digested with 3 ml of concentrated 

H2SO4 in the presence of a digestion mixture containing K2SO4, CuSO4, and Se 

(100:10:1) on a block digester for about 4 hours. The digestion started at 50ºC and the 
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temperature was raised gradually from 100 to 350ºC for 1 hour. After cooling, 20 ml of 

the digest was distilled in the presence of 5 ml of 40% NaOH solution and 5 ml of boric 

acid mixed indicator solution. The distillate was titrated against standard 0.005 M HCl 

and then N was calculated and also a blank reading was taken at the same time. 

For the determination of phosphorous, a 10 g soil sample was mixed with 20 ml 

AB-DTPA extractant solution in an open flask and shaken for 15 minutes. The suspension 

was then filtered through Whatman No. 42 filter paper. From the filtrate, a 5 ml sample 

was taken and a 10 ml color reagent (0.4 g ascorbic acid and 100 ml ammonium 

molybdate solution) was added and the volume was made up to 50 ml in a volumetric 

flask with distilled water. Then extractable Phosphorus in the soil sample was determined 

(Soltanpour, 1985). 

For AB-DTPA (Ammonium Bicarbonate- Diethylene Triamine Penta Acetic 

acid) potassium determination, AB-DTPA extractable potassium was extracted in 

solution by AB-DTPA in a flame photometer as described by Sultanpour (1985). Standard 

solution of K as 20, 40, 60, 80, and 100 mg L-1 was tested. One blank was also run in start 

on the machine with AB-DTPA extract only (without the sample). Extractable K was 

determined using the formula; 

AB − DTPA extractable K (mg/kg)  =
(𝐼. 𝑅. −𝑏𝑙𝑎𝑛𝑘) × 𝑣𝑜𝑙𝑢𝑚𝑒 × 𝐷. 𝐹. (𝑖𝑓 𝑎𝑛𝑦)

𝐹𝑎𝑐𝑡𝑜𝑟 × 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒
 

Where 

R = Initial Reading 

D.F. = Dilution factor 
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Meterological data of both the location 

2D Graph 1

Ja
n

Feb

M
ar

ch
A
pr

il
M

ay
Ju

ne Ju
ly

A
ug

us
t

S
ep

te
m

be
r

O
ct

ob
er

N
ov

D
ec

em
be

r

m
m

 a
n
d

 %

0

20

40

60

80

100

o
C

0

5

10

15

20

25

30

2016

m
m

 a
n
d

 %

0

20

40

60

80

o
C

0

5

10

15

20

25

30

Relative Humidity 

Rainfall 

Max. Temp

Min. Temp 

2017

Kalam, Swat

  

Fig. 1 Rainfall, relative humidity, maximum and minimum temperature of Kalam 

Swat.  
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Fig. 2. Rainfall, relative humidity, maximum and minimum temperature of Matta, 

Swat. 
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Attributes studied 

Leaf and fruit calcium content (%) 

Leaf calcium concentrations were recorded from 54 leaves randomly selected 

from each tree taken from mid-awning height. Fruit calcium concentrations were taken 

for 18 fruits from each tree. Leaf and fruit calcium contents were recorded following 

the procedure of Isaac and Kerber (1971). Both leaf and fruit calcium samples were 

collected two weeks before harvest to know the calcium status in leaf and fruit tissues. 

The sample was first pulverized to a particle size of 1 mm and 1 g of plant sample was 

taken in a digestion flask. It was left overnight after adding 10 ml HNO3. After that, 4 

ml perchloric acid (HClO4) was added and heated for 20 minutes and thus the solution 

became colorless. After cooling the sample was transferred to a volumetric flask and 

the volume was made to the mark. This solution was used for recording the calcium 

content in leaves and fruits. 

Fruit Yield (Kg tree-1) 

Apple fruits harvested from each cultivar were weighed with electronic balance 

and the total yield tree-1 for each cultivar was calculated. 

Identification of disorders 

The harvested fruits from each cultivar were stored at room temperature for one 

month to observe disorders. During storage, apple fruits were regularly examined and 

checked for various physiological disorders described below. 

Bitter pit incidence in apple was determined when dark depressions on the fruit 

surface associated with the collapse of flesh cells below the peel, were observed 

(Amarante et al. 2013).  The apples were cut equatorially to check the incidence of 

internal browning (Kittemann et al. 2015). The internal breakdown was determined 

when the internal tissues were broken down and became spongy (Martins et al. 2013). 

Water core was measured when water-soaked areas appeared on the cortex, which 

caused the tissue to become translucent (Baranowski et al. 2008). Lenticels breakdown 
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was measured when sunken circles around lenticels were observed (Curry et al. 2008). 

Percentages for each physiological disorder were measured using the following formula 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝑖𝑛𝑓𝑒𝑐𝑡𝑒𝑑 𝑓𝑟𝑢𝑖𝑡𝑠 =
𝑁𝑜. 𝑜𝑓 𝑖𝑛𝑓𝑒𝑐𝑡𝑒𝑑 𝑓𝑟𝑢𝑖𝑡𝑠 

𝑇𝑜𝑡𝑎𝑙 𝑛𝑜. 𝑜𝑓 𝑓𝑟𝑢𝑖𝑡𝑠 
× 100 

Statistical analysis 

The recorded data were arranged according to randomized complete block 

design (RCBD) and subjected to analysis of variance technique as given by Jan et al. 

(2009). It was then analyzed using statistical software (Statistix 8.1, 2003). In case the 

data were found significant, the least significant difference (LSD) test was applied for 

individual means comparisons. 

Results and Discussion  

Soil Status of Sites 

The data concerning physico-chemical properties of soil are shown in Table 

3.3.1. In Kalam, the soil was calcareous having 5.83 pH, 0.62 ds/cm electrical 

conductivity, 0.89% organic matter, 6.50% calcium, 16.4 mg kg-1 nitrogen, 7.8 mg kg-

1phosphorous, and 132 mg kg-1 potassium. The Matta orchard soil was silty clay loam 

having 6.52 pH, 0.55 ds/cm electrical conductivity, 0.96% organic matter, 9.73% 

calcium, 18.2 mg kg-1 nitrogen, 11.8 mg kg-1 phosphorous, and 133 mg kg-1 potassium. 

The soil pH and organic matter in Kalam were lesser than those of Matta. The fertility 

status of the Kalam orchard soil was also lower than that of Matta soil. In addition, the 

soil calcium of the Matta orchard was higher than the Kalam one (Table 1).  

Soil physicochemical properties depend largely on the size, shape, arrangement, 

and mineral composition of the soil. High soil fertility in organic systems improves soil 

biological properties, which influence nitrogen availability to plants (Rocha et al. 2001). 

Orchard management influences fruit resistance to bitter pit and internal browning and 

fruit decay can be decreased by adjusting the cultural practices and proper nutrition 

(Ferguson et al. 1999). Calcium spray plays an important role in increasing crop yield 

(Fageria et al., 2009). Soil or foliar application of chemical fertilizer is important for 

nutrient management in apple orchards. Some growers often apply too many fertilizers 

https://journals.ashs.org/horttech/search?f_0=author&q_0=Eric+A.+Curry
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to their orchards to ensure maximum productivity. However, the overdose of chemicals 

not only increases production costs but may also adversely affect the produce quality. 

Foliar fertilizer application, especially calcium is beneficial for improving the 

nutritional status of apple plants, which in turn increases fruit set, productivity, and 

quality (Fornes et al. 2002). 

Table 1 Physico-chemical properties of soil at both locations. 

Properties 
Locations 

Kalam Matta 

Soil texture Silty clay loam Silty clay loam 

pH 5.83 6.52 

EC 0.62 ds/cm 0.55 ds/cm 

Organic matter 0.89% 0.96% 

Calcium carbonate 2.9% 3.1% 

Total N 16.4 mg kg-1 18.2 mg kg-1 

AB-DTPA  phosphorus 7.8 mg kg-1 11.5 mg kg-1 

AB-DTPA  potassium 132 mg kg-1 133 mg kg-1 

 

Leaf Calcium Content (%) 

Table 2 depicts considerable variation in leaf calcium content in both the 

locations (P≤0.01) as well as apple cultivars (P≤0.01). However, the interaction 

between locations and apple cultivars was non significant. Regarding the means for 

locations, maximum (1.30%) leaf calcium content was recorded in the apples of Matta 

while it was minimum (0.85%) in the case of Kalam apples. Among the cultivars, 

maximum leaf calcium content (1.25%) was recorded in cultivar Pink Lady, followed 

by GalaMust and Treco Gala exhibiting leaf calcium contents of 1.14 and 1.10 % 

respectively. The lowest leaf calcium content (0.66%) was recorded in cultivar 

Golden Smoothee.  

More Leaf calcium content of apple was recorded in Matta as compared to 

Kalam which may be because calcium content in the soils of Matta (9.73%) was more  

than that of Kalam (6.50%)  as evident from the soil analysis of both the areas (Table 
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1). The availability of more calcium in the soil would have resulted in more 

absorption by plants and hence more accumulation in the leaves. Furthermore, more 

leaf calcium content in the cultivar Pink Lady might be due to its genetic makeup of 

having an  efficient root system that could absorb nutrients from the soil more 

efficiently  as compared to other cultivars.   

Fruit Calcium Content (%) 

Significant differences in fruit calcium content were recorded for locations as 

well as apple cultivars. The interaction between locations and cultivars was found non 

significant (Table 2). More fruit calcium content (0.048%) was recorded in Matta 

while less fruit calcium content (0.030%) was observed in Kalam.  Regarding the 

means for apple cultivars, the maximum fruit calcium content (0.039%) was recorded 

in cultivar Pink Lady, followed by fruit calcium content (0.031%) in Jonagored. 

Cultivar Golden Smoothee was found to be the lowest in fruit calcium content 

(0.018%).  

Mineral analysis of leaf and fruit tissues has commonly been used to optimize 

mineral nutrition in fruit trees; Similarly, fruit analysis is more useful to estimate 

quality (Fallahi et al. 1985). Moreover, there is a great link between postharvest 

quality and pre-harvest mineral nutrients along with orchard practices (Sharples, 

1980). Fruit calcium content of apple was recorded higher in Matta region as 

compared to Kalam valley which may be due to the availability of calcium content in 

excess in Matta region as compared to Kalam (Table 1). More calcium content in the 

soil results in better absorption of nutrients especially calcium by the plants and 

translocated to the leaf and fruit portion where it has accumulated in access. 

Furthermore, more leaf calcium content in the cultivar pink Lady might be due to its 

capability to absorb nutrients from the soil more efficiently (may be due to an 

efficient root system) as compared to other cultivars.  An efficient and strong root 

system and better absorption of the nutrients from the soil by the Pink Lady cultivar 

of apple may be one of the reasons for increased calcium content in its fruits as 

compared to other cultivars under the study.  
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Fruit Yield (kg tree-1) 

Significant differences in fruit yields were observed among the cultivars as well 

as the locations. The interaction between locations and cultivars was non-significant 

(Table 2). Fruit yield (118.9 Kg tree-1) of Kalam was considerably lower than that of 

Matta (133.2 Kg tree-1)  location. Among the apple cultivars, maximum fruit yield 

(148.8 Kg tree-1) was recorded in cultivar Jonica, followed by cultivar Treco Gala with 

a yield of 133.2 Kg tree-1). Cultivar Pink Lady produced minimum fruit yield (108 Kg 

tree-1).  

The reason for the higher yield in Matta might be due to the favourable environmental 

conditions as well as the better nutrient availability in the area as supported by table 1. 

Although the environmental condition of both locations favour apple production, they 

are slightly different. Moreover, the fertility status of Matta soil was better than that of 

Kalam, which resulted in the yield difference. The increased nutrient status of the 

Matta soil led to the translocation of more nutrients to the plant, which in turn 

increased yield considerably compared to Kalam. Moreover, maximum fruit yield was 

produced by cultivar Jonica compared to the other studied cultivars. It may be due to 

the genetic makeup of the cultivar that produced more yield as compared to other 

cultivars, though all of them were provided with similar growing conditions. It seems 

that cultivar Jonica utilized the environmental conditions and the available resources 

more efficiently and hence produced more fruit. In addition, cultivar Jonica showed 

more tolerance to physiological disorders compared to the others that were sensitive 

to such disorders. This may be another reason for the better fruit yield shown by this 

cultivar. The present results are in close conformity with Kucuker et al. (2015) who 

also observed significant differences in fruit yield of apple cultivars.  
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Table 2 Leaf calcium content, fruit calcium content, and fruit yield collected 

from various apple cultivars at Kalam and Matta orchards, district 

Swat, Pakistan. 

 

Locations (L) 
Leaf Calcium content 

(%) 

Fruit calcium content 

(%) 

Fruit yield 

(kg tree-1) 

Kalam 0.85 B 0.021 B 118.9 B 

Matta 1.30 A 0.033 A 133.2 A 

Significance  
*** *** *** 

Apple Cultivars (Cv)    

Treco Gala 1.10 BC 0.024 C 133.2 B 

Jonica 1.00 D 0.029 B 148.8 A 

GalaMust 1.14 B 0.020 D 116.0 D 

Jonagored 1.03 CD 0.031 B 123.5 CD 

Golden Smoothee 0.91 E 0.018 D 126.7 BC 

Pink Lady 1.25 A 0.039 A 108.0 E 

LSD value  0.66 0.0025 7.97 

Interaction (L×Cv)   - 

Significance  
NS NS NS 

Means followed by the same letter(s) in the respective columns, do not differ 

significantly from each other 

***: Significant at P≤0.01, *,**: Significant at P≤0.05 

Disorders in Apple Orchards at Swat 

Bitter Pit Incidence (%) 

Significant differences were observed among the cultivars as well as the 

locations. However, the interaction between the growing locations and the cultivars 

was non significant (Table 3). In Kalam, apple fruits were mostly affected by bitter pit 

(17%) compared to Matta location, where the incidence of bitter pit was 13%. Among 

the cultivars, Golden Smoothee had the highest (22%) bitter pit incidence, followed 

by Treco Gala (16.17%), Jonica and Gala Must (14.67%). Cultivar Pink Lady showed 

the least (9%) bitter pit incidence.  

The incidence of postharvest physiological disorders is a major concern 

worldwide. Bitter pit was the most serious and prevalent disorder of apple fruits. Apple 

growers can experience up to 90% yield losses from bitter pit if orchards are not 
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managed properly (Beckerman et al. 2015). Bitter pit and internal breakdown are 

calcium-related disorders that cause 5% to 10% postharvest losses every year. Calcium 

and other plant nutrients are key factors that influence fruit quality and storability 

(Conway et al. 1991), especially in fleshy crops, such as apples (White and Broadley, 

2003; De-Freitas and Mitcham, 2012). Comparing both the experimental sites, the soils 

of Kalam were mostly low in nutrients that showed different physiological disorders 

compared to the soils of Matta (Table 1). Bitter pit is closely associated with calcium 

and according to the soil analysis of both locations, Matta soil is richer in calcium 

content than that of Kalam. Thus the availability of more calcium in Matta soil may 

have reduced the incidence of bitter pit compared to Kalam apples. Moreover, Frasnelli 

and Casera (1996) reported that orchards located in areas where vegetative growth is 

high and yield is low, tend to have more secondary infections, thereby incurring more 

losses due to bitter pit. Furthermore, apple trees grown at low fertility have low 

productivity and up to 65% of damage is caused by different physiological disorders, 

especially bitter pit (Tough et al. 1998). Cultivar Pink Lady was relatively more 

resistant to various disorders as compared to other cultivars. Cultivar Golden Smoothee 

was susceptible to a range of disorders. This might be due to the genetic variability in 

sensitivity and its inability to extract the proper amount of calcium and other essential 

nutrients from the soil to increase its vigor and resist the influence of diseases and 

disorders, especially the occurrence of bitter pit (Volz et al. 2006). Another reason for 

more susceptibility of different cultivars to bitter pit might be that these cultivars lose 

xylem functionality at various fruit growth stages (Miqueloto et al. 2014). As calcium 

ions move through the xylem (Saure, 2005), a lower amount of calcium is provided to 

the leaf and fruit, thus resulting in the susceptibility of these cultivars to the incidence 

of bitter pit (Miqueloto et al. 2014).  

Internal Browning (%) 

Significant variations were observed for internal browning among the cultivars 

and locations. However, their interaction was non significant (Table 3). The incidence 

of internal browning was maximum (8.44%) in Kalam, while minimum (5.50%) in 

Matta apples. Among the cultivars, Golden Smoothee was greatly affected by internal 

browning (14.50%), followed by Jonagored where the disorder was 7.83%. Pink Lady 

was the least affected cultivar with internal browning of 3.33%.  

Many physiological disorders of apples are due to the lack of calcium in the soil or 

its availability to the plant (Amarante et al. 2010). In Kalam, among the apple cultivars, 
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Golden Smoothee had a high incidence of physiological disorders where bitter pit and 

internal browning were the most prevalent. In Matta, apple cultivars were less 

susceptible to physiological disorders including bitter pit and internal browning. 

Cultivar Golden Smoothee was mostly affected by bitter pit and internal browning. 

Bitter pit damaged cultivars Treco Gala, Jonica, Jonagored, and GalaMust more than the 

others. Cultivar Pink Lady was more resistant to bitter pit, internal browning, internal 

breakdown, water core, and lenticels breakdown (Table 3). susceptibility of cultivars to 

bitter pit and internal browning may be an inherent defect among the cultivars because 

they extract lesser amounts of calcium from the soil (Conway et al. 1991). The 

susceptibility to flesh browning also increases with advancement in fruit maturity 

(Herremans et al. 2013). Internal browning of apples is possibly more related to fruit 

ripening and senescence processes (Kittemann et al. 2015).  

Internal breakdown (%) 

Significant differences were observed between the locations, as well as, 

among the cultivars in terms of internal breakdown. However, their interaction was 

found non significant (Table 3). In Kalam, apple trees were more affected by the 

internal breakdown (7.22%) compared to Matta, where the damage was 5.78%. 

Concerning the cultivars, Golden Smoothee was highly affected by the internal 

breakdown (14.17%). Cultivar Treco Gala was slightly affected with an internal 

breakdown incidence of 3.58%.  

Apple production is greatly affected by biological and physiological disorders 

(Martins et al. 2013). Information regarding the nutrient status of calcium in apple trees 

is important to observe the accurate rationale of the issue. Peck et al. (2006) stated that 

the main reason for the decrease in apple production and quality is the deficiency of 

nutrients. The fruits remain small, abnormal, and suffer from various disorders. These 

disorders are characterized by the breakdown of the flesh on one side of the fruit or the 

whole fruit. The flesh becomes off-white to yellow, then brown, soft, and mealy. 

Sometimes, an outer narrow margin between the skin and the affected area stays sound. 

The skin is also discolored, becomes dull, and the fruit cracks. The internal breakdown 

is also associated with old age where strong respiration and calcium deficiency become 

limiting factors, which can be cured by pre-harvest calcium treatment (Raese et al 

1993; Kays, 1999). In the present study, cultivar Golden Smoothee showed these 

symptoms and had the highest incidence of internal breakdown while cultivar Treco 

Gala was competent in internal breakdown and water core.. The reasons for the 
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difference in the internal breakdown incidence in the studied locations might be due to 

the nutritional status and poor soil management strategies which led to the vulnerability 

of plants to the incidence of pests, diseases, and physiological disorders (Martins et al. 

2013). This is also confirmed by the soil analysis of the studied location where less 

calcium was found in the soils of Kalam as compared to Matta (Table 1). Frank et al. 

(2007) stated that calcium sprays in mid-July are effective to increase fruit calcium 

concentration, which is the most important mineral element determining fruit quality 

and incidence of physiological disorders, especially internal breakdown. Hafez and 

Haggag (2007) and Amarante et al. (2008) observed that apple fruits from the orchard 

harvested at commercial maturity had more yellowish skin backdrop color and firmness 

than fruits from the conventional orchard. Haq and Rab (2012) observed that foliar 

application of calcium and borax significantly increased the fruit calcium content, 

thereby reducing the incidence of physiological disorders. Danner et al. (2015) reported 

that calcium applied to the soil can replace the leaf application frequently used in apple 

orchards to reduce production costs. Doryanizadeh et al. (2017) stated that the 

measurement of fruit mineral composition before and during harvest time might be a 

plan for predicting postharvest issues of apple fruits (bitter pit and internal breakdown) 

during cold storage. 

Water core (%) 

Considerable variations were observed for water core between the locations 

and cultivars. The interaction between the locations and the cultivars was found non 

significant (Table 3). In Kalam, apple fruits were more affected by the water core 

(4.77%) compared to Matta, where the incidence was 3.92%. Among the cultivars, 

Golden Smoothee had the highest water core (8.15%). Cultivar Treco Gala was the 

least affected with a water core incidence of 2.17% . 

Water core is another serious disorder associated with dysfunction in 

carbohydrate physiology, low calcium levels, and advanced maturity (Brown and 

Watkins, 1997). It is characterized by water-soaked areas near and around the core of 

the apple flesh, which later develop into hard and glassy areas. The affected fruits are 

heavier than sound fruits and may be isolated by measuring light transmittance through 

intact fruits. Heat, drought, sunlight, calcium deficiency, and over-maturity are some of 

the factors that promote this disorder (Brown and Watkins, 1997).  In the present study, 

the water core was more pronounced in Kalam as compared to Matta. The reason for 

the higher incidence in Kalam might be due to the environmental conditions favourable 
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for the occurrence of water core. Another reason for this might be that the apple 

orchards are exposed to high temperatures, which cause water core in fruits (Roper, 

1999). Moreover, water core is also associated with calcium deficiency and it is evident 

from the soil analysis that Kalam soils have calcium as compared to Matta soils, which 

indicates the occurrence of this disorder at a high rate. Cultivar Treco Gala was 

competent in water core.  The difference in water core among the cultivars might be due 

to their genetic characteristics (Khan, 2015). Roper (1999) also reported that some 

cultivars are far more susceptible to water core than others. He was also of the opinion 

that the age of trees also had a role in the incidence of water core. He observed that 

larger apples produced on young trees had a higher incidence of water core. The 

present results are in line with Neuwald et al. (2014) who observed the incidence of 

water core in Fuji apples. Moreover, Brackmann et al. (2001) reported that the 

incidence of water core was cultivar and season dependent.     

Lenticels breakdown (%) 

Significant differences were observed among the cultivars as well as the locations. 

However, the interaction between the locations and the cultivars was found non 

significant (Table 3). In Kalam, the incidence of lenticels breakdown in apple fruits 

was 7.39%, which was significantly higher than that of Matta (4.81%). Among the 

cultivars, Golden Smoothee had the highest (8.72%) incidence of lenticels 

breakdown, whereas, Gala Must was the least affected cultivar having 4.64% lenticels 

breakdown.  

Lenticel breakdown and other lenticel‐related disorders can be serious quality 

defects in apple. Lenticel breakdown appears after postharvest handling but the damage 

starts at the pre-harvest stage. During the rapid fruit development, micro-cracks appear 

in the fruit cuticle thereby exposing the epidermis and skin to desiccation that results in 

cell death and pits around the lenticels. Fruits with more incidence of lenticel 

breakdown are of poor quality (Blakey, 2018).  The symptoms of lenticel breakdown 

appear to be darkened pits, centered on a lenticel, ranging from 1 to 8 mm in diameter 

(Curry et al. 2008). Expansion in the fruit cuticle is undertaken by shearing and 

cracking as the fruits proceed to enlargement (Faust and Shear, 1972; Meyer, 1944). 

Enlargement is also due to the stretching of the hypodermal cells by the process of 

mitosis (Curry, 2003), thereby appearing the symptoms of lenticel breakdown. 

Lenticels are often the source of multiple microcracks that may further stress or induce 

injury to underlying cells, leading to desiccation pre- and postharvest (Maguire et al. 
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1999). The variability in the incidence of lenticel breakdown might be due to 

differences in environmental and cultural factors (Curry, 2005). In addition, the 

difference in surface wax morphology and chemical composition of the cultivars also 

have a significant role in lenticel breakdown (Veraverbeke et al. 2001). Characteristics 

and composition of apple cuticular wax also change in response to chemicals (Curry, 

2008), as well as environmental stresses such as rain acidity (Rinallo and Mori, 1996), 

temperature (Lurie et al. 1996), and radiation (Kasperbauer and Wilkinson, 1995) that 

lead to the occurrence of lenticel breakdown injury. 

Table 3.3.3 Bitter pit, internal browning, internal breakdown, water core, and 

lenticels breakdown identified in apple orchards at Kalam and 

Matta locations of district Swat, Pakistan. 
 

Locations (L) Bitter pit 

(%) 

Internal 

Browing 

(%) 

Internal 

Breakdown 

(%) 

Water 

Core (%) 

Lenticels 

Breakdown 

(%) 

Kalam 17.00 A 8.44 A 7.22 A 4.77 A 7.39 A 

Matta 13.00  B 5.50 B 5.78 B 3.92 B 4.81 B 

Significance *** *** *** *** *** 

Apple Cultivars (Cv)      

Treco Gala 16.17 B 5.17 C 3.58 C 2.17 D 6.28B 

Jonica 14.67 B 5.33 C 5.25 B 2.97 CD 6.42 B 

GalaMust 13.83 B 5.67 BC 5.53 B 4.30 BC 4.64 C 

Jonagored 14.67 B 7.83 B 5.40 B 5.33 B 5.60 BC 

Golden Smoothee 22.00 A 14.50 A 14.17 A 8.15 A 8.72 A 

Pink Lady 9.00 C 3.33 C 5.08 BC 3.17 CD 4.95 C 

LSD value 2.60 2.36 1.57 1.55 1.19 

Interaction (L×Cv)      

Significance NS NS NS NS NS 

Means followed by the same letter(s) in their respective columns, do not differ 

significantly at 5% (lower case) and 1% (upper case) from each other 

***: Significant at P≤0.01, *,**: Significant at P≤0.05 
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Conclusions 

The leaves and fruits of the cultivar Pink Lady were rich in calcium, while the lowest 

amount of calcium was observed in the leaves and fruits of cultivar Golden Smoothee 

at both locations. The fruit yield of cultivar Pink Lady was the lowest among all other 

cultivars in both locations. Cultivar Golden Smoothee was extremely susceptible to 

disorders such as bitter pit and internal breakdown. 

References 

Amarante, C. V. T., C.A. Steffens, I.E.B. Blum. 2010.Coloração do fruto, distúrbios 

fisiológicos e doenças em maçãs ‘Gala’ e ‘Fuji’ pulverizadas com 

aminoetoxivinilglicina. Revista Brasileira de Fruticultura, Jaboticabal. 32(1) 9-

18. 

Amarante, C.V.T., A. Miqueloto, S.T.D. Freitas, C.A. Steffens, J.P.G. Silveira, T.R. 

Corrêa. 2013. Fruit sampling methods to quantify calcium and magnesium 

contents to predict bitter pit development in ‘Fuji’ apple: A multivariate 

approach. Sci. Hortic. 157 (0): 19-23. 

Amarante, C.V.T., C.A. Steffens, A.L. Mafra and J.A. Albuquerque. 2008. Yield and 

fruit quality of apple from conservative and natural management systems. Pesq. 

Agropec. Bras., Brasília. 43(3): 333-340. 

Baranowski, P., J. Lipecki., W. Mazurek and R.T. Walczak. 2008. Detection of 

watercore in ‘Gloster’ apples using thermography. Postharvest Biol. Tech. 47: 

358–3 

Beckerman, J.L., G.W. Sundin and D.A. Rosenberger. 2015. Do some IPM concepts 

contribute to the development of resistance? Lessons learned from the apple 

scab patho-system in the United States. Pest Manag. Sci. 71: 331-342. 

Blakey, R. 2018. Managing Lenticel Breakdown – Don’t get caught by the snowball. 

Expo proceedings. Washington State University. http://www.hort.cornell 

.edu/expo/proceedings/2018/Managing%20Lenticel%20Breakdown%20summa

ry.pdf   

Brackmann, A. et al. 2010. Aplicações pré-colheita de calico na qualidade pós-colheita 

de maçãs ‘Fuji’. Ciência Rural, Santa Maria. 40(6): 1435-1438. 

Brackmann, A., D.A. Neuwald, C.A. Steffenns. 2001. Storage of ‘Fuji’ apples with 

watercore incidence. Revista Brasileira de Fruticultura. 23:526-31 

Brown, J.H. and C.B. Watkins. 1997. Fruit maturity, carbohydrate and mineral content 

relationships with water core in ‘Fugi’ apples. Postharvest Biol. Technol. 11: 

31-38. 



Journal of Xi’an Shiyou University, Natural Science Edition                                                           ISSN: 1673-064X   
    

               http://xisdxjxsu.asia                                 VOLUME 19 ISSUE 06 JUNE 2023                                           894-917  
 

Chaudhary, M.I. 1994. Fruit crops in horticulture. M.N. Malik. (Editor) 1st Edition, 

National Book Foundation, Islamabad: 471-473.  

Conway, W.S., C.E. Sams, J.A. Abbott and B.D. Bruton. 1991. Postharvest calcium 

treatment of apple fruit to provide broad spectrum protection against postharvest 

pathogens. Plant. Dis. 75: 620-622. 

Curry, E.A. 2003. Factors associated with lenticel breakdown in apples. Proc. 

Washington State Hort. Assn.  http://postharvest.tfree.wsu.edu/REP2003B.pdf 

Curry, E.A. 2005. Ultrastructure of cpicuticular wax aggregates during fruit 

dcvclopulent in apple (Ma/its do;ncstzca Borkh). J. Hort .Sci. Biotechnol. 

80:668-676. 

Curry, E.A. 2008. Efhcts of 1-MCP applied postharvest on epicuticular wax of apples 

Mitus domestica ( Borkh.) during storage. J. So. Food. Agr. 88:996-1006. 

Curry. E. A., C. Torres and L. Neubauer. 2008. Preharvest Lipophilic Coatings Reduce 

Lenticel Breakdown Disorder in ‘Gala’ Apples. Hort. Tech. 18(4): 690-696. 

Danner, M.A., S. Scariotto, I. Citadin, G.A. Penso and L.C. Cassol. 2015. Calcium 

sources applied to soil can replace leaf application in ‘Fuji’ apple tree. Pesq. 

Agropec. Trop. Goiânia. 45(3): 266-273. 

De-Freitas, S.T. and E.J. Mitcham. 2012. Factors involved in fruit calcium deficiency 

disorders. Hort. Revs. 40: 107-146. 

Doryanizadeh, M., M. Ghasemnezhad and A. Sabouri.  2017. Estimation of postharvest 

quality of “Red Delicious” apple fruits based on fruit nutrient elements 

composition. J. Agric. Sci. 9(1): 164-173. 

Droby, S. 2006. Improving quality and safety of fresh fruit and vegetables after harvest 

by the use of bio-control agents and natural materials. Acta. Hort. 709: 45-51. 

Fageria, N.K., M.P.B. Filho, A. Moreira and C.M. Guimaraes. 2009. Foliar fertilization 

of crop plants. J. Plant Nutr. 32: 1044–1064. 

Fallahi, E., D.G. Richardson, M.N. Westwood and M.H. Chaplin. 1985. Relationship 

among mineral nutrition, ethylene, and postharvest physiology in apples on six 

rootstocks. Scientia Hort. 25: 163-175. 

Faust, M. and C.B. Shear. 1972. Fine structure of the fruit surface of three apple 

cultivars. J. Amer. Soc. Hort. Sd. 97:35 1- 355.  

Ferguson, I., R. Volz, A. Woolf. 1999. Preharvest factors affecting physiological 

disorders of fruit. Postharvest Biol. Technol. 15(3): 255-262. 

http://dx.doi.org/10.1016/S0925-5214(98)00089-1. 

http://postharvest.tfree.wsu.edu/REP2003B.pdf
https://journals.ashs.org/horttech/search?f_0=author&q_0=Luis+Neubauer
https://journals.ashs.org/horttech/view/journals/horttech/18/4/horttech.18.issue-4.xml


Journal of Xi’an Shiyou University, Natural Science Edition                                                           ISSN: 1673-064X   
    

               http://xisdxjxsu.asia                                 VOLUME 19 ISSUE 06 JUNE 2023                                           894-917  
 

Fornes, F., M. Sanchez and J.L. Guardila. 2002. Effect of seaweed extract on the 

productivity of ‘DeNulus” clementine Mandarin and Navelina orange. Botanica 

Mar., 45(5): 487-489. 

Frank, J.P., H.N. Gerry and F. Dana. 2007. Start-timing for calcium chloride spray 

programs influences fruit calcium and bitter pit in apples. J. Plant Nutr. 30(8): 

1213-1227. 

Frasnelli, K., C. Casera. 1996. Influence of harvest date on fruit quality and storability 

in the varieties Braeburn and Gala. In: Cost 94, The postharvest treatment of 

fruit and vegetables; Jager AD (ed), pp: 105-115. Lofthus, Norway. 

Glover, J.D.,  J.P. Reganold and P.K. Andrews. 2000. Systematic method for rating soil 

quality of conventional, organic, and integrated apple orchards in Washington 

State. Agri. Ecosys. Environ. 80 (1–2): 29-45. 

Herremans, E., P. Verboven, E. Bongaers, P. Estrade, B.E.  Verlinden, M. Wevers, 

M.L.A.T.M. Hertog and B.M. Nicolai. 2013. Characterisation of ‘Braeburn’ 

browning disorder by means of X-ray micro-CT. Postharvest Biol. Technol. 

75:114-124. 

Haq, I. and A. Rab. 2012. Foliar application of calcium chloride and borax affects the 

fruit skin strength and cracking incidence in litchi (Litchi chinensis Sonn.) 

cultivars. African J. Biotech. 11(10): 2445-2453. 

Isaac, R.A. and J.D. Kerber. 1971. Atomic absorption and flam photometery: 

Techniques and uses in soil, plant and water analysis. In: Instrumental methods 

for analysis of soils and plants tissue. (ed) Walsh, L.M. Soil Sci Soc Am 

Madison, WI pp: 18-38. 

Jan, M.T., P. Shah, P.A. Hollington, M.J. Khan and Q. Shohail. 2009. Agriculture 

Research: Design and Analysis. 1st Ed. Dept. of Agronomy, The Uni. of Agric., 

Peshawar, Pakistan. 

Kasperbauer, M.l. and R.F. Wilkinson. 1995. Mulch surface color affects accumulation 

of epicuticular wax on developing leaves. Photochem. Photohiol. Sci. 2:861-

866. 

Kays, S.J. 1999. Preharvest factors affecting appearance. Postharv. Biol. Technol. 

15:233-247. 

Khan, A.D. 2015. Apple fruit physiological disorders. A lecture to ToT trainees (FFS). 

https://www.slideshare.net/AllahDadKhan/apple-physiological-disorders-a-

lecture-by-allah-dad-khan-to-ffs-trainees. Retreived on 22 June, 2018. 

Kittemann, D., D.A. Neuwald and J. Streif. 2015. Internal Browning in ‘Kanzi’ Apples 

– Reasons and Possibilities to Reduce the Disorder. Acta Hort. 1079: 409-414. 

Kucuker, E. and K. Y. Y. Ozkan. Tree growth yield and fruit quality of different apple 

culitvars trained as super spindle. Aceh internal j. Sci. Tech. 4(1): 26-31 

https://www.sciencedirect.com/journal/agriculture-ecosystems-and-environment
https://www.sciencedirect.com/journal/agriculture-ecosystems-and-environment/vol/80/issue/1
https://www.slideshare.net/AllahDadKhan/apple-physiological-disorders-a-lecture-by-allah-dad-khan-to-ffs-trainees
https://www.slideshare.net/AllahDadKhan/apple-physiological-disorders-a-lecture-by-allah-dad-khan-to-ffs-trainees


Journal of Xi’an Shiyou University, Natural Science Edition                                                           ISSN: 1673-064X   
    

               http://xisdxjxsu.asia                                 VOLUME 19 ISSUE 06 JUNE 2023                                           894-917  
 

Lurie, S., E. Fallik, and J.D. Klein. 1996. The effect of heat treatment on apple 

cpicuticular wax and calcium uptake. Postharvest Biol. Technol. 8:271- 277. 

Maguire, K.M., A. Lang, N.H. Banks, A. Hall, D. Hoperoft, and R. Bennett. 1999. 

Relationship between water vapour permeance of apples and micro-cracking of 

the cuticle. Postharvest Biol. Technol. 17:89-96. 

Martins, C.A., A. Hoffmann, C. V. Rombald, R. D. Farias, A.V. Teodoro. 2013. Apple 

biological and physiological disorders in the orchard and in postharvest according 

to production system1. Rev. Bras. Frutic. Jaboticabal. 35(1): 001-008 

Martins, C.R., Hoffmann, A., Rombaldi, C.V., Farias, R.D. & Teodoro, A.V. 2013. 

Apple biological and physiological disorders in the orchard and in postharvest 

according to production system. Revista Brasileira De Fruticultura, 35(1): 1-8. 

Mclean, E.O. 1982. Soil pH and lime requirement. pp. 199-233. In: A.L. Page, R.H. 

Miller and D.R. Keeney (eds.) Methods of Soil Analysis Part 2. Amer. Soc. of 

Agron. Madison, Wisconsin, USA. 

Meyer, A. 1944. A study of the skin structure of 'Golden Delicious' apples. Proc. Amer. 

Soc. Hort. Sci. 45:105-110. 

Miqueloto, A., C.V.T. Amarante, C.A. Steffens, A.D. Santos, E. Mitcham. 2014. 

Relationship between xylem functionality, calcium content and the incidence of 

bitter pit in apple fruit. Sci. Hortic. 165: 319-323. 

http://dx.doi.org/10.1016/j.scienta.2013.11.029. 

Mitropoulos, D., G. Lambrinos and G. Xanthopoulos. 2004. Moisture loss prediction of 

Delicious pilafa apple during storage in proceedings of the AgEng. Conference; 

Engineering the Future, Leuven-Belgium. J. De-Baerdemaeker. 2nd Ed. 1110-

1111. 

Moodie, C.D., H.W. Smith and R.A. Mcreery, 1959. Laboratory manual for soil 

fertility. Pullman State College of Washington, Mimeograph, Washington, DC., 

USA., Pp: 31-39. 

Nelson, P.W. and L.E. Sommers. 1982. Total carbon, organic carbon and organic 

matter. In: Methods of Soil Analysis, (Eds.): A.L. Page, R.H. Miller, D.R. 

Keeney. Am. Soc. Agron., pp. 539-579. 

Neuwald, D.A., D. Kittemann and J. Streif. 2009. Water core dissipation in ‘fuji’ apples 

at different holding temperatures. Conference paper in section 3: quality 

management of fruit and vegetables. “Environmentally friendly and safe 

technologies for quality of fruits and vegetables”. https://www.researchgate.net 

/publication/268216826 

Hafez, O.M. and K.H.E. Haggag. 2007. Quality improvement and storability of apple 

cv. Anna by pre-harvest applications of boric acid and calcium chloride. Res. J. 

Agri. Biol. Sci.  3(3):176-183. 

http://dx.doi.org/10.1016/j.scienta.2013.11.029
https://www.researchgate.net/


Journal of Xi’an Shiyou University, Natural Science Edition                                                           ISSN: 1673-064X   
    

               http://xisdxjxsu.asia                                 VOLUME 19 ISSUE 06 JUNE 2023                                           894-917  
 

Peck, G.M., P.K. Andrews, C. Richter and J.P. Reganold. 2006. Globalization of the 

natural fruit market: the case of Washington State’s natural apple exports to the 

European Union. Rene. Agri. and Food System, 20:101-112. 

Raese, J.T and S.R. Drake. 1993. Effect of pre-harvest calcium sprays on apple and 

pear quality. J. Plant Nutri. 16: 1807-09. 

Rhoades, J.D. 1996. Salinity: Electrical Conductivity and Total Dissolved Solids. In: 

Sparks et al. Eds., Methods of Soil Analysis Part 3, Soil Science Society of 

America and American Society of Agronomy, Madison. 417-435. 

Rinallo, C. and B. Mon. 1996. Damage in apple (Mains domestica llorkh) fruit exposed 

to different levels of rain acidity. J. Hurt. Sci. 71:17-23.  

Rocha, A.M.C.N. and A.M.M.B. Morais. 2001. Influence of controlled atmosphere 

storage on polyphenoloxidase activity in relation to colour changes of 

minimally processed „Jonagored‟ apple. Int. J. Food Sci. Tech. 36(4): 425-432. 

Roper, T.R. 1999. Water core of apples. Cooperative Extension publishing, 201 Hiram 

Smith Hal, 1545, University of Wisconson-madison. A3280. 

www.uwex.edu/ces/pubs/  

Sharples, R.O. 1980. The influence of orchard nutrition on the storage quality of apples 

and pears grown in the United Kingdom. In: Atkinson, D., Jackson, J.E., 

Sharples, R.O., & Waller, W.M. (Eds.), Mineral Nutrition of Fruit Trees. 

Butterworth’s, London, 17-28 pp. 

Sindha, D.J., B.N. Satodiya and N.K. Sutariya. 2018. Effect of foliar application of 

different chemicals and humic acid on fruit yield and quality of custard apple 

(Annona squamosa L.) cv. Local. Intern. J. Chem. Stu.6(5): 75-77. 

Soltanpour, P.N. 1985. Use of AB-DTPA Soil Test to Evaluate Element Availability 

and Toxicity. Comm. Soil Sci. Plant Analysis. 16: 323-338. 

http://dx.doi.org/10.1080/00103628509367607 

Tough, H.J., D.G. Park, K.J. Crutchley, F.B. Bartholomew, G. Craig. 1998. Effect of 

crop load on mineral status, maturity and quality of ‘Braeburn’ Malus 

domestica Borkh. Apple fruit. Acta. Hort. 464: 53-58. http://dx.doi.org/ 

10.17660/ActaHortic.1998.464.4. 

Veraverbeke, E.A., J. Lammertyn, S. Saevels and B.M. Nicolai,  2001. Changes in 

chemical wax composition of three different apple (Malus domestica Borkh.) 

cultivars during storage Postharvest Biol. Technol. 23: 197-208 

Volz, R., P. Alspach, D. Fletcher, I. Ferguson. 2006. Genetic variation in bitter pit and 

fruit calcium concentrations within a diverse apple germplasm collection. 

Euphytica. 149(1-2):1-10. http://dx.doi.org/10.1007/s10681-005-9000-8. 

http://www.uwex.edu/ces/pubs/
http://dx.doi.org/10.1080/00103628509367607
http://dx.doi.org/%2010.17660/ActaHortic.1998.464.4
http://dx.doi.org/%2010.17660/ActaHortic.1998.464.4
http://dx.doi.org/10.1007/s10681-005-9000-8


Journal of Xi’an Shiyou University, Natural Science Edition                                                           ISSN: 1673-064X   
    

               http://xisdxjxsu.asia                                 VOLUME 19 ISSUE 06 JUNE 2023                                           894-917  
 

Weber, R.W.S. 2009. An evaluation of possible effects of climate change on 

pathogenic fungi in apple production using fruit rots as examples. Erwerbs- 

Obstbau. 51: 115-120. 

Weibel, F.P., R. Bickel, S. Leuthold and T. Alföldi. 2000. Are organically grown 

apples tastier and healthier? A comparative field study using conventional and 

alternative methods to measure fruit quality. Acta. Hort. 517: 417-426. 

White, P.J. and M.R. Broadley. 2003. Calcium in plants. Ann. Bot. 92:487-511. 

Yamane, T. 2014. Foliar application of calcium for the control of fruit disorders and 

storage life of trees. J.A.R.Q. 48(1): 29-33. 

 


