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INTRODUCTION

Apple (Malus x domestica Borkh.), belongs to the Rosaceae family, is one of the first known
fruits since prehistoric times, it is the most widespread fruit species in the world (Robinson et
al., 2001; Harris et al., 2002). The apple originated in Central Asia and was brought to North
America by European immigrants after thousands of years of cultivation in Asia and Europe.
The genus Malus currently has 23 primary species and more than 7500 diverse genotypes
(Elzebroek, 2008). After bananas, citrus, and grapes, the apple is the fourth most important
fruit in the world as well as the most important fruit in temperate regions. In recent years, the
global production of apples has increased from 83.33 million tons in 2018 to 86.44 million
tons in 2020 (FAOSTAT, 2022).

Apple’s skin color plays an important role in consumer appeal and strives for that bright
red color to entice the buyer (Dar et al., 2019). There are three major pigments found in apple
skin, and the concentration of all three pigments changes during the season. Chlorophylls,
which are green and exist in chloroplasts; carotenoids which are yellow, orange, or red and
observed in chromoplasts; and anthocyanins that are red, blue, or purple in the vacuole
(Jahangir et al., 2019; Matsuoka, 2019).

The color of the apple is primarily due to the background color of the skin, and
secondarily due to the anthocyanin pigments. The main anthocyanin pigment in apples is
cyanidin-3-galactoside, which is called “idaein” belongs to the class of organic compounds
known as anthocyanidin-3-o0-glycosides. These are phenolic compounds containing one
anthocyanidin moiety which is O-glycosidically linked to a carbohydrate moiety at the C3
position (Jahangir et al., 2019; Dar et al., 2019). In other words, these natural pigments are
glycosides in which a sugar, usually glucose, is attached to carbon number 3 (Saure, 1990).

A literature review (Castle, 1995; Plunkett et al., 2019; Jahangir et al., 2019; Dar et al.,
2019; Chen et al., 2019) revealed that there are six main factors affect apple skin color
development. These factors can be mentioned as genetic factors and mutations; physiological
stage of the plant; light and temperature of the growing site; tree nutrition management; crop
load; and stresses.

Fruit color and anthocyanin biosynthesis can be adjusted by using shade net, light,
ethylene, temperature, radiant open foil, and the use of different chemicals (Blanke, 2008;
Whale et al., 2008; Gouws & Steyn, 2014; Dar et al., 2019). Anthocyanins and other pigments
such as flavonols and carotenoids, mineral compounds, vacuole acidity, and cell shape are
known to be effective in fruit phenotype and color (Kim et al., 2003, Moradinezhad et al.,
2024).

The biosynthesis of anthocyanins in the skin of the fruit is suppressed and stopped at
warmer temperatures. Currently, the formation of weak and less pigments in colored cultivars
has become a major problem due to global climate changes in some regions (Iglesias et al.,
2008). Recently, apples with red flesh, well-liked in Japan, new cultivars with red flesh and
low acidity have been registered, including "Rose Peal™ and "Ruby Sweet" (Abe et al., 2017).
Temperature during the ripening period is an important factor in anthocyanin synthesis in the
flesh and skin of apple fruit (Honda et al., 2017). Sunlight is not critical for anthocyanin
biosynthesis in the red flesh of some apple cultivars, unlike the apple skin. Fruits that were
covered with a bag, almost 70% of fruits that were exposed to light had anthocyanin
accumulation in the skin (Honda et al., 2017). Furthermore, for some cultivars, sunlight is
needed for the maximum accumulation of anthocyanin in the skin and flesh.

Besides natural coloration induced by geographical and climatic factors, apple growers
are always seeking the application of some chemicals to improve skin color and to attain
fruits with intense red color (Brighenti et al., 2017). It has been reported that potassium (K) is
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effective in increasing the coloring of apples and grapes with the accumulation of
anthocyanins (Neilsen et al., 2004; Nava et al., 2008). Among the macro elements, calcium,
nitrogen, potassium, and phosphorus are more related to the quality characteristics of the fruit
(Fallahi et al., 2010). Compounds containing phosphorus have been recorded to increase the
concentration of anthocyanin and improve the color of the fruit (Li et al., 2002). Also,
calcium stabilizes the cell wall and maintains the uniformity of the cell membrane, which is
closely related to the firmness of the fruit flesh (Solhjoo et al., 2017; Musacchi & Serra,
2018). Potassium is the most important component of the fruit, however, any excess should be
avoided and the proper ratio of potassium to calcium should be obtained in order to prevent
pre-harvest and post-harvest disorders (Brunetto et al., 2015; Jahani et al., 2024). Also, the
development of fruit color depends on the regular supply of sugar in the fruit (Lueangprasert
etal., 2010).

In a preliminary survey, we have emphasized the importance of selecting the right
geographical location and proper elevation for cultivating colored apples (Habibzadeh et al.,
2022). So, we have highlighted the key factors influencing anthocyanin synthesis, which is
closely tied to light and temperature. It was revealed that apples grown at lower altitudes,
such as Mashhad (Mazraeh Nemooneh at 982 meters), experienced a significant reduction in
external quality. This decline particularly affected the intensity of skin color (anthocyanin
accumulation) and the level of soluble solids (sugars). In contrast, apples harvested from
higher elevations like Jang village (1350 meters) and Kardeh (1550 meters) displayed vibrant
colors and higher red pigment density (Fig. 1). Karagiannis et al. (2020) recently found that
several key color parameters, such as redness and color index, were significantly increased by
high altitude. Supporting this observation, higher levels of anthocyanins and other phenolic
compounds were also identified in the peels of apples cultivated at elevated altitudes.

The ‘Braeburn’ apple was also recently cultivated in eastern Iran (Mashhad), with low-
altitude conditions. Hence, the deficiency in red coloration is a significant drawback for its
marketability as well as apple orchard development in this area. The present research aimed to
investigate the foliar application of mono-potassium phosphate (MKP) and calcium pro-
hexodione (ProCa) on the development of red pigments and certain biochemical traits of
apple fruits. Furthermore, as the ‘Braeburn’ cultivar was grafted on two different rootstocks,
the interaction of chemical spray and rootstock was also studied.

Fig. 1. Role of growing site on Gala apple color intensity. The apples grown at: (a) lower altitudes (982 meters;
Mashhad, Mazraeh Nemooneh) as compared to fruits harvested from (b) Jang village (1350 meters) and (c)
Kardeh (1550 meters).
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MATERIALS AND METHODS

The study was carried out in a commercial orchard, with 8-year-old ‘Braeburn’ apple trees
grafted on either M.9 (intensive; 0.8 x 3.2 m) or MM.111 (semi-intensive; 2.5 x 4.0 m)
rootstocks trained to a scaffold-pyramid system. The orchard was located in Eastern Iran,
Mazraeh Nemooneh, Razavi Agro-Industrial, Khorasan-e-Razavi province, Mashhad (59° 43'
48.26" E, 36° 11' 20.13" N; altitude of 982 m). The orchards were equipped with an intelligent
drip irrigation system, mist sprinkler, and net shading system against hail and sunburn (Fig.
2).

The experimental treatments included control, three concentrations of MKP (0.1, 1.0, and
2.0 grams per liter; g/L) sprayed in three periods (20 days after petal fall, 45 and 30 days
before commercial harvest fruit), and three concentrations of ProCa (125, 250, and 500 mg/L)
was applied one month before harvest (three times with 10-day intervals). It is important to
note that the concentrations of MKP and ProCa are determined by the volume of water used
for spraying. The trees were sprayed from May 1, 2022 until August 27, 2022.

The six fruits per tree were harvested at the commercial maturity stage for analysis. The
maturity index was determined by assessing the fruit color and drawing on the expertise of
local apple producers. Fruits were immediately transferred to the laboratory and the following
traits were measured.

Morphological traits include fruit weight, length, diameter, volume, and firmness of fruit
texture. Fruit biochemical characteristics: sugars (including sucrose, glucose, fructose, total
sugars), total phenol, total soluble solids (TSS), pH, titratable acidity (TA), fruit flavor index,
and vitamin C. Pigments: chlorophyll (chlorophyll a, b, and total), carotenoids, anthocyanin,
and color indices (a°, b", L").

Fig. 2. Apple orchard equipped with an intelligent drip irrigation system, mist sprinkler, and net shading system
against hail and sunburn. Mazraeh Nemooneh, Razavi Agro-industrial Co., Mashhad, Iran.
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The fruit weight was measured using a digital desktop scale with an accuracy of 0.001 g.
The fruit length from the pedicle cavity up to the calyx, and the fruit diameter (from the waist
of the fruit) were measured with a digital caliper of 0.01 mm accuracy. The fruit volume was
evaluated by immersion in water and direct displacement of the water with a graduated
cylinder. The firmness of the fruit tissue was assessed using a hand-held penetrometer with an
8 mm diameter tip (Model 327 FT, manufactured in Italy). This involved removing the skin
along with a thin layer of flesh, after which pressure was applied and measured at the area
corresponding to the fruit's greatest diameter. The firmness of the fruit tissue was expressed in
kilograms per square centimeter. The pH of fruit juice with Labtron-110 pH meter, TA by
titration with sodium hydroxide, vitamin C by Kashyap et al. (2012) method, phenol by
Singleton & Rossi (1965) method, TSS with a Belgian refractometer model 060279, were
measured.

The extraction of sugars by the Omokolo et al. (1996) method was performed and glucose
by the Miller (1959) method, and fructose by the Ashwell (1957) method were estimated.

To measure pigments, the anthocyanin was measured with Wagner's (1979) method in
520 nm wavelength. The method of Barnes et al. (1992) was used for chlorophylls and
carotenoids which are a spectrophotometric method based on DMSO solvent and 480, 510,
645, and 663 nm wavelengths. The fruit samples were also subjected to Hunterlab device to
obtain the color parameters.

Statistical analysis

This research work was conducted as factorial experiment based on a randomized complete
block design, with three replications. Each tree was considered a replication. The first factor
was rootstock type (M.9 or MM.111) and the second factor was chemical treatments in seven
aforementioned levels. The collected data were analyzed using SAS software, and mean
comparisons were conducted using Duncan's test at both the 1% and 5% significance levels.

RESULTS AND DISCUSSION

Fruit physical traits

Table 1 displays the ANOVA results for the physical characteristics of apple fruits as affected
by rootstock and chemical spray. While the rootstock did not impact the overall physical traits
of the apple fruit, it only did influence the diameter of the fruits. Specifically, using the M.9
rootstock resulted in a higher fruit diameter compared to MM.111.

Among the fruit physical traits, the fruit diameter and firmness were significantly affected
by the application of chemical compounds. Table 2 shows that the fruits treated with both
MKP or ProCa were greatly firmer than the control. The trees sprayed with ProCa (250 and
500 mg/L) had the highest fruit firmness among the treatments. Calcium is used in large
amounts by plants after nitrogen and potassium. It is a component of the middle lamellae,
(Ca-pectates) of the cell wall, which strengthens the cell, increasing the length of the walls,
and cell division, membrane permeability and the activation of several vital enzymes in
nitrogen and protein metabolism (Njira & Nabwami, 2015; Solhjoo et al., 2017).
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Table 1. The ANOVA results for rootstock type (M.9 and MM.111) and chemical compounds (mono-potassium

phosphate and calcium prohexadione) on some physical characteristics of 'Braeburn' apple.

Mean Square
Source df - - -

Firmness Weight Volume Diameter Length
Block 2 1.87™ 168.8™ 47.25M 1.27m 2.15™
Rootstock (RS) 1 0.06™ 8.9m 139.58"™ 43.03™ 12.77™
Treatment (T) 6 13.16™ 246.62™ 439.75™ 25.62" 8.99m
RSxT 6 2.13" 81.84" 80.4™ 9.96" 5.55m
Error - 0.22 183.37 216.16 2.98 7.48
CcVv - 7.69 12.2 12.44 2.7 5.09

*, ** and ns are significant at 1%, 5% and non-significant levels, respectively.
Abbreviation: df, degree of freedom; CV, coefficient of variation.

Table 2. The interaction of rootstock type (M.9 and MM.111) and chemical compounds (mono-potassium

phosphate and calcium prohexadione) on some physical characteristics of 'Braeburn' apple.

Fruit physical traits

Rootstock  Treatment Firmness  Weight Volume Diameter Length
(kg/cm?) (9) (cm?) (mm) (mm)

Control 4.0+052 *  106+3.8° 108.242.75*  62.7+0.5>° 51.5+0.5°
KH,PO4 (0.1 mg/L)  5.1+0.58%"  111+20% 122.24213¢  65.4+0.28%  63.1+2.78%
KHPO4 (1.0 mg/L)  5.2+0.4%" 110+12.1%°  123.6+8%¢ 60.3+1.96° 53.62.97%

M.9 KH,PO4 (2.0 mg/L)  5.7+0.2% 130+15.72  137.5#18.5%  66.7+2.29°  57.4+2.46
ProCa (125 g/L) 7.7+1.8° 105+14.6°  127.246.96°° 61.442.84°  52.6+3.15"
ProCa (250 g/L) 8.9+1.052 10620.7°  110+9.64" 57.0+2.18f 51.446.26"
ProCa (500 g/L) 8.06x0.7% 106+7.49° 110.5+3.46°°  60.4+1.39° 52.3+1.11°
Control 4.4%0.3" 107+1.42%  118.3+2.88%° 62.9+1.99"¢  53.4+0.46%
KH2PO4 (0.1 mg/L) 5.1+0.579" 1142427 1155+6.9%¢  67.7+2.07%¢  55,8+2.94%
KH2PO4 (1.0 mg/L) 5.60.26™ 1131572 112.7+7.5 64.0+0.8*¢ 54.8+1.73%

MM.111 KH,PO,4 (2.0 mg/L)  5.9+0.7% 11845.14%  128.846.73®  65.4+0.42%®  54.3+152%
ProCa (125 g/L) 7.5+0.20¢f 1166.35®  120.5+13.5%¢ 65.0+1.7%¢ 53.9+0.53%
ProCa (250 g/L) 6.86+0.45%¢ 102+8.82°  105x6.6° 62.4+0.82°  53.9+0.86%
ProCa (500 g/L) 8.30.6? 109+17.5%  112.7+256%  63.7+1.39%  53,5+327%

* The data in each column followed by the same letter(s) are not significantly different at 5%. The + values
represent standard deviation.

Foliar application is one of the common methods of meeting the nutritional needs of
plants, which is more effective than soil application of fertilizer when the soil conditions are
unsuitable for the access of elements. Calcium also has little mobility and foliar application of
Ca compounds can improve the product quality (Njira & Nabwami, 2015). It has already
reported that foliar application of ProCa on apple trees increases fruit calcium content (De
freitas et al., 2010; Amarante et al., 2021). Consequently, the enhanced calcium levels
contribute to maintaining higher fruit flesh firmness, aligning with the findings of our current
research. Other studies proved that calcium reduces the incidence of many postharvest
physiological disorders (De freitas et al., 2016; Solhjoo et al., 2017).

Potassium is a crucial nutrient absorbed by plants that remains in ionic form and serves as
an activator for cellular enzymes. It plays a key role in plant nutrition and growth, regulating
metabolic processes like photosynthesis, and ultimately influencing plant performance and
quality (Njira & Nabwami, 2015; Xu et al., 2020). Potassium is essential for plant growth,
regulating water balance, enhancing stress resistance, activating critical enzymes, and
maintaining optimal metabolic functions. Potassium deficiency inhibits protein synthesis,
leading to stunted growth and reduced protein content in plants (Dzida et al., 2018; Yaldiz et
al., 2018). The fruits harvested from the trees treated with MKP (2.0 g/L) showcased
enhanced physical characteristics such as weight, volume, diameter, and length. This
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enhancement was particularly noticeable in trees grafted onto M.9 rootstock, suggesting that
the combination of MKP treatment and M.9 rootstock resulted in even more pronounced
improvements in fruit quality. Potassium plays a crucial role in improving fruit physical traits
due to its various functions in plant physiology. Potassium helps regulate water uptake and
distribution within the plant, which contributes to enhanced fruit size, weight, and volume.
Additionally, potassium is involved in the activation of enzymes responsible for carbohydrate
metabolism, which is essential for fruit growth and development (Kuzin et al., 2020). By
promoting proper cell division and expansion, potassium can lead to larger and more uniform
fruits. Furthermore, potassium contributes to the overall health and vigor of the plant,
resulting in better nutrient uptake and utilization, all of which directly impact the physical
characteristics and quality of the fruits. The presence of an adequate amount of potassium in
the plant's system is essential for optimizing fruit physical traits and ensuring healthy and
productive fruit production.

Fruit biochemical traits

A different pattern emerged when examining the biochemical traits of the apple fruits (Table
3). The rootstock had a significant impact on many of these traits, particularly TA, TSS,
flavor index, and vitamin C content. The type of rootstock played a very significant role in
determining the levels of these biochemical traits. Additionally, with the exception of TSS,
the biochemical traits were significantly influenced by the application of chemical
compounds. The data in Table 4 revealed that when M.9 rootstock was utilized the TA, TSS,
flavor index, and vitamin C significantly improved. It is clear that TA, TSS, and flavor index
were at the highest level in fruits picked from trees onto M.9 rootstock that received MKP
spray.

Rootstocks are generally important in the improvement of the fruit quality for crops like
apples, grapes, and citrus (Castle, 1995). Rootstocks influence the morphological,
biochemical, and physiological characteristics of the scion portion (Kumar et al., 2024). Some
researchers emphasized the influence of rootstock on improving fruit quality through TSS,
reducing the sugar and acidity content of the fruits (Shahkoomahally et al., 2020). The TSS,
also known as Brix, refers to the concentration of sugars, organic acids, and other soluble
solids in the fruit juice. Rootstock selection plays a crucial role in influencing the TSS content
and overall quality of apple fruits by affecting nutrient uptake, growth, root system efficiency,
scion compatibility, and stress tolerance (Habibzadeh, 2022; Kumar et al., 2024).

In the present study, specific findings from the sugar analysis were not deemed
statistically significant, thus the data is omitted from the presentation. However, a notable
variance was observed for the amount of fructose in fruits harvested from M.9 rootstocks. The
application of chemicals spray, specifically about total sugars and glucose levels, had a
significant impact. Conversely, no significant effects were noted for other sugars. Especially,
the use of MKP at 1 g/L led to the highest total sugar levels in M.9 rootstocks, a trend that
was similarly evident for glucose.

Pigments and fruit color indices

The apple skin pigments and color indices (a*, b, L") were influenced by both the rootstock
and chemical spraying. It is crucial to note that a* value corresponds to the Red/Green color
component. The b* value stands for the Blue/Yellow color component, and the "L*" value
represents Lightness. While Table 5 presents the analysis of variance for the color indices, the
analysis of variance for pigments is not shown. Instead, only the average comparison graphs
for pigments are provided (Fig. 3). What is certain is that the application of MKP (2 g/L) on
MM.111 rootstock led to the greatest increase in the a* index (redness). In both rootstocks,
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calcium treatments yielded higher values of the b* index, indicating a shift towards a brighter
green-blue color spectrum and a lack of red color development. Furthermore, ProCa
treatments increased the L” index. The highest L index was observed in ProCa 500 mg/L
when using M.9 rootstock. All MKP concentrations had a lower L* index than the control
trees. These findings align with the research by Amarante et al. (2021), who demonstrated
that calcium treatments delayed ripening, decreased anthocyanin levels, and reduced skin
pigmentation in apple fruit.

The alterations in chlorophyll, carotenoid, and anthocyanin levels in apple skin are
depicted in Figure 3. These pigment changes align with the evaluated color indices. The
greatest quantity of anthocyanin was noted in both rootstocks following MKP spraying.
Conversely, when ProCa was applied, regardless of the concentration, the anthocyanin levels
were markedly low. If we judge only based on the changes of anthocyanin pigment, these two
substances (ProCa and MKP) have opposite effects in the formation of fruit color. However,
the fluctuations in other pigments also further validate this phenomenon. The negative effect
of ProCa on apple fruit red coloration was also already demonstrated by Bizjak et al. (2012).
Their findings revealed that late application of ProCa to ripening apple cultivar 'Braeburn’
fruit results in decreased anthocyanin levels and changes in the phenolic content.
Furthermore, warnings about high concentrations of ProCa and fruit color degradation have
already been given by Cline et al. (2008).

The formation of red color in fruits is the result of anthocyanin production and
accumulation, often accompanied by the breakdown of chlorophyll in the fruit peel (Tijskens
et al., 2011; Kamiab et al., 2023). In apples, the red color development is influenced by
genetic, environmental, and developmental factors, as well as agricultural practices (Saure,
1990). In the present research, foliar application of MKP has been found to effectively boost
anthocyanin production and create a more vibrant red coloration. Specifically, the application
of MKP at a concentration of 1.0 g/L proved to be the most successful treatment, as illustrated
in Figure 3. The high temperatures can negatively affect the anthocyanin biosynthesis process,
with warmer temperatures hindering adequate red color development (Gouws & Steyn, 2014;
Honda & Moriya, 2018), a concern exacerbated by the global trend of rising temperatures. In
areas with low altitude, like the study location, high temperatures may impede the
development of red color in fruits. Planting the same cultivar at higher altitudes would
circumvent this issue and removing the necessity for chemical sprays or similar treatments.
Nevertheless, in such regions, MKP can serve as a straightforward strategy to slightly
enhance the color.

Table 3. The ANOVA for rootstock type (M.9 and MM.111) and chemical compounds
(mono-potassium phosphate and calcium prohexadione) on chemical characteristics
of '‘Braeburn’ apple.

Source df Mean Square
pH TA TSS Test Index Vitamin C

Block 2 0.008 ™ 0.16™ 0.15™ 0.92"m 0.03m
Rootstock (RS) 1 0.039 ™ 10.7™ 7.45™ 8.6™ 1.22™
Treatment (T) 6 0.043™ 0.43" 1.16 ™ 1.57" 0.34™
RSxT 6 0.023™ 0.67" 0.99m 3.5™ 0.18"
Error - 0.005 0.13 0.5 0.62 0.06

CcVv - 2.04 17.6 4.8 18.3 30.06

*, ** and ns are significant at 1%, 5% and non-significant levels, respectively.
df, degree of freedom; CV, coefficient of variation.
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Table 4. The interaction of rootstock type (M.9 and MM.111) and chemical compounds (mono-potassium

phosphate and calcium prohexadione) on some physical characteristics of ' Braeburn ' apple.

Fruit biochemical traits

Rootstock ~ Treatment
H TA TSS Vitamin C Total phenol
p Em)g /100 %) Flavor Index (mg /100 ml) (mg/g FW)
Control 3.5440.04 & 1.93+0.39°¢  14.66+0.4 bed 3.97+09 ¢ 0.58+0.12 b 0.57+£0.07 ab
KH2PO, (0.1 mg/L)  3.43+0.032  258+0.37"  15.8+0.12 5.72+0.84 " 1.61#0.25 @ 0.43+0.03dc
KH,PO, (1.0 mg/L) 3.6 £0.07%¢ 3.4240.362  14.83+0.4 @c 7.11+0.25¢2 0.88+0.44 ® 0.48+0.01 e
M.9 KH2PO4 (2.0 mg/L) 3.53+0.03 %  2.17+0.3%  15.4+0.3%® 4.7+1.1%¢ 0.88+0.44 ® 0.58+0.05 @
ProCa (125 g/L) 3.68+0.04 @ 1.93+0.04¢  14.4+05bd  355+0.1°¢ 0.88+0° 0.41+0.02 &
ProCa (250 g/L) 3.64+0.04 3¢ 1.93+0.27°¢  14.1+0.4 ¢ 3.8#0.3¢ 0.58+0.25° 0.58+0.07 @
ProCa (500 g/L) 3.65 +0.12¢ 1.83+0.23¢  14.01+0.6%¢  3.6x0.4¢ 1.460.25 2 0.56+0.06
Control 3.63+0.06%°  1.62+0.16°  14.03+0.65 %  3.7+0.46 ¢ 0.76+0.1" 0.4+0.03 %
KH,PO, (0.1 mg/L)  358+0.07%  1.73+0.04¢ 142407  3.43+0.09 ¢ 0.79+0.4 0.4+0.01 ©
KH,PO, (1.0 mg/L)  3.3+0.01°¢ 1.85+0.05¢ 13.66+1.4%  3.54+0.47°¢ 0.57+0.13 P 0.61+0.12
MM.111 KH2PO4 (2.0 mg/L) 3.64+0.11 < 1.96+0.23¢  14.36+0.32°¢ 3.68+0.4 ¢ 0.49+0.05 0.42+0.01 %
ProCa (125 g/L) 3.7+0.04 ® 1.15+0.2 P 14.66+0.45 % 4.3+053 ¢ 0.52+0.17° 0.42+0.01 %
ProCa (250 g/L) 3.67+0.05 % 1.98+0.35%  14.13+0.35 4  4,03+0.65 ¢ 0.58+0.1° 0.37+0.05 ¢
ProCa (500 g/L) 3.67+0.06 1.79+0.14¢  14.16+1.053c  3,71+0.16° 0.76+0.1 ® 0.34+0.05 ¢

* The data in each column followed by the same letter(s) are not significantly different at 5%. The + values

represent standard deviation.

Table 5. The ANOVA results for rootstock type (M.9 and MM.111) and chemical
compounds (mono-potassium phosphate and calcium prohexadione) on
colorimetric indices of 'Braeburn’ apple.

Mean Square

Source df

a* b* L*
Block 2 0.009 ™ 0.32" 0.008"
Rootstock ns - -
(RS) 1 0.84 40.69 372.5
Treatment (T) 6 7.07" 6.69" 17.12™
RSxT 6 0.53" 1.24 9.05"
Error - 0.34 1.24 1.17
CVv - 9.04 11.4 1.64

* ** and ns are significant at 1%, 5% and non-significant levels, respectively.
Abbreviation: df, degree of freedom; CV, coefficient of variation.
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Fig. 3. Changes in chlorophylls (left), anthocyanins (top, right), and carotenoids (bottom, right) of Braeburn
apples on M.9 and MM.111 rootstocks following spray with mono-potassium phosphate and calcium
prohexadione. Columns followed by a different letter (s) indicate statistical significance at 1% probability.

CONCLUSION

The findings from this study demonstrated that applying MKP foliar spray at a concentration
of 1.0 g/L during three key stages (20 days after flowering, 45 days prior to harvest, and 30
days before harvest) yielded positive outcomes in enhancing fruit quality and promoting the
anthocyanin pigmentation in the skin of "Braeburn™ apples. Furthermore, the use of ProCa
positively influenced fruit firmness. However, an increase in ProCa concentration was found
to have a negative impact on color development and anthocyanin levels. Based on the
observations and results of this study, it is not advisable to grow bi-colored apple varieties in
locations like Mashhad and other similar low-altitude regions (specifically below 1000 m).
While chemical applications may enhance certain fruit characteristics, they cannot fully
replace the influence of environmental factors, particularly low temperatures, in the
development of red pigmentation.
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