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Abstract: The main apple production areas of the Loess Plateau, China limited information on soil and leaf K,
Ca, Mg, and micronutrients and their relationships in these orchards. Therefore, we collected soil and leaf
samples from the main apple production areas of the Loess Plateau and analyzed them to assess soil and leaf
K, Ca, Mg, Cu, Mn, Zn, and Fe as well as to visualize their relationships. The investigated apple orchards in
the Loess Plateau exhibited low soil Mn, moderate soil K, Zn, Fe, and high Cu and deficiency of leaf Fe,
Moderate of leaf K, Cu, and Zn, high of leaf Ca, Mg, and excessive in leaf Mn. Moreover, soil pH negatively
correlated with soil K, Cu, Zn, and Fe and positively related to exchangeable Mg, leaf Mg, and leaf Ca.
Exchangeable Ca was negatively related to soil Mg, Cu, Mn, and Fe. Meanwhile, exchangeable K also negative
correlation with leaf Mg, indicating the importance of soil pH and exchangeable Ca as an indication of apple
production. In addition, available Zn also negative correlation with leaf Ca and leaf Zn. Soil micronutrient
contents in Shaanxi province trend lower than in other provinces, suggesting that soil Mn and Zn deficiency
may be a limiting factor for apple production. Consequently, it is suggested that the soil pH be reduced in the
Loess Plateau, replenishing soil organic matter and micronutrients, controlling soil Ca and Mg, and the Loess
Plateau must pay attention to controlling K fertilizer application to avoid soil exchangeable cation and
enhancing organic fertilizer application to improve soil micronutrients (Zn, Mn, and Fe) are highly necessary
and it is necessary to enhance leaf Fe.

Keywords: soil nutrient; leaf nutrient; nutrient diagnosis; apple orchard

1. Introduction

One of the most important fruits currently produced and consumed worldwide is the apple, and
China's apple harvesting area accounts for 45.0% of the world, The Loess Plateau is the largest apple-
producing region in China [1,2], which also produces 27.0% of the world's apple production and the
Loess Plateau is China's highest apple-producing region [3]. As a result, it is the world's largest apple-
producing region [4]. However, The Loess Plateau's apple yield (14.4 tons/hectare (t/ha)) is lower
than the national (18.6 t/ha) and global (16.8 t/ha) averages [1]. Because of the good climatic
circumstances and ap-pealing economic benefits, the cultivation area has rapidly increased [5]. The
apple industry on the Loess Plateau has developed rapidly and excessively applied chemical
fertilizer, the application of fertilizer is seriously unreasonable and has accounted for the problem of
nutrients and yield loss continuous adoption of this practice leads to a serious nutrient imbalance in
the soil, and low nutrient efficiency affects crop performance [6]. Chemical fertilizers have been used
excessively in Chinese apple orchards over the last two decades [7]. Notably, the average annual rates
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applied in the Loess Plateau apple production region have risen to 1220 kg N ha, 685 kg P05 ha,
and 920 kg K20 h year™ [8], especially in K fertilizer. High chemical fertilizer inputs cause soil
acidification, macronutrient enrichment, and imbalance [9]. Additionally, nutrient imbalances in
apple orchards have been observed in recent years due to inadequate soil fertility and long-term
imbalances created by such a fertilization process [10-12].

Potassium (K), Calcium (Ca), Magnesium (Mg), and Micronutrients play essential roles in the
sustainability of agriculture [13]. The availability of K, Ca, and Mg in agricultural soils varies
significantly [14,15] and It is dependent on various soil parameters, including pH and the amount of
exchangeable K, Ca, and Mg in the soil [16]. Soil K, Ca, and Mg deficiencies are caused by either low
absolute concentrations in the soils or nutrient imbalances [17]. Therefore, assessing the
concentrations and stoichiometry of K, Ca, and Mg in soils and plant tissues is critical for a better
understanding of nutritional status and developing effective fertilizer management for sustainable
crop production [18,19].

Moreover, Micronutrient deficiency is common in intensively cultivated soils due to crop
production removal [20], while lowering micronutrient inputs from chemical fertilizers [21]. High
soil pH may affect the availability of micronutrients such as Cupper (Cu), Iron (Fe), Manganese (Mn),
and Zinc (Zn) [22-24]. Understanding soil fertility and leaf nutrients provides the foundation for
fertilizer recommendations, which is critical for increasing apple fruit quantity and quality, Fertilizer
recommendations for apples and other crops are based on soil and leaf test calibration [25,26]. In
addition, K imbalance, K shortage, and Mg insufficiency are common in different apple-growing
regions of China, affecting productivity [27]. Soil K, Ca, and Mg deficiency are caused by either low
absolute concentrations of these elements in the soil or nutrient imbalances and interactions produced
by comparable ions in the soil [17]. Consequently, assessing the concentrations and equilibrium of K,
Ca, and Mg in soils and plant tissues is critical for a better understanding of nutrient status and
developing efficient fertilizer management strategies for sustainable crop production [18,19].

In China, the soil and leaf nutrients in a Chinese apple orchard have been studied [28-36] and,
in The Loess Plateau soil nutrients and leaf nutrients in apple orchards also have been investigated
[31,36,37]. Unfortunately, Soil or leaf nutrient levels have always been reported in the results and the
result always ignored determining critical elements for apple growth such as Ca, Mg, and
Micronutrients (Fe, Mn, Cu, and Zn), and none of them used the results to determine a soil nutrient
and leaf nutrient status to evaluate soil and leaf nutrients. Consequently, there is still room for
improvement because most soil fertility research has been limited to assessing the Ca and Mg
contents, while little attention has been paid to the micronutrient (Fe, Mn, Cu, and Zn) contents,
which are nevertheless crucial for maintaining the balance of nutrients and for the sustainable
production of perennial crops such as apple. Although many studies have addressed the soil
nutrients and leaf nutrients in the Loess Plateau apple orchard, only a few studies on the relationship
between soil fertility and leaf nutrients in apple orchards have been conducted. Thus, in the context
of widespread and severe overfertilization, large-scale investigations of soil fertility and leaf nutrients
in apple orchards in the Loess Plateau in relation to multiple important parameters still need to be
conducted to ensure the sustainable development of apple production in the Loess Plateau. We
hypothesized that ensuring the significant variations in the concentrations of soil and leaf K, Ca, Mg,
and Micronutrients (Cu, Mn, Zn, and Fe) and their relationships in the Loess Plateau, China. This
information is necessary for the successful administration of these nutrients on China's Loess Plateau
and elsewhere. Therefore, the objectives of this research were to assess the soil and leaf nutrient status
of the main apple production in the Loess Plateau, by analyzing 8 soil parameters (soil pH,
Exchangeable K, Ca, Mg, Available Cu, Mn, Zn, and Fe) and 7 leaf nutrients (Total K, Ca, Mg, Cu,
Mn, Zn, and Fe) of 160 apple orchards including 5 provinces (Shaanxi, Shanxi, Henan, Gansu, and
Ningxia province), and to evaluate their relationships to inform management decisions for improved
K, Ca, Mg, and Micronutrients nutrition in the main apple production of the Loess Plateau, China.
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2. Materials and Methods

2.1. Study site and climate conditions

Based on their geographical locations, the Loess Plateau apple production provinces were
sampled for this study (Table 1), the study site has an annual temperature of 11.3, a significant
temperature difference between day and night, and an elevation of 880 m on average. The region is
rain-fed and not irrigated, and all orchards are handled conventionally. The average annual
precipitation is 506 mm, with the majority falling from July to September due to long daylight hours,
and the loess plateau is the only source of water for cultivation. Most of the apple trees planted in the
research regions are Fuji apple (Malus pumila Mil.) orchards, and the apple tree was planted during
a ten-year period.

Table 1. Geographical location of the sampling in the Loess Plateau apple production of China.

Province Latitude (N) Longitude (E)
Shaanxi 35°21'~37°71 109°40'~110°30’
Shanxi 34°52'~36°13' 111°09'~110°73'
Henan 34°41'~34°36' 110°94'~116°36'
Gansu 35°54'~34°56 105°73'~115°95'
Ningxia 37°49'~38°65' 105°84'~116°14'

2.2. Soil Sampling and Analysis

Extensive soil and leaf sampling was performed in the following five provinces in late July and
early August 2022: 64 orchards in Shaanxi province, 32 orchards in Shanxi province, 31 orchards in
Henan province, 21 orchards in Gansu province, and 10 orchards in Ningxia province). Most of the
samples were collected in Shaanxi province, which is the main apple-producing region in China's
Loess Plateau. Soil samples were collected using a stainless-steel auger from 4 separate sites close to
the outer canopy of each apple tree at 0-20 and 2040 cm soil depths. Each sample was formed from
random apple orchard samples that were mixed to make one representative sample for examination
and sealed in a plastic bag. The soil samples were then immediately carried into the laboratory and
dried in the shade at room temperature, roots and debris were removed, and the samples were sieved
(2 mm) and analyzed to assess different chemical characteristics. The samples were analyzed for soil
pH, Exchangeable K, Ca, Mg, Available Cu, Mn, Zn, and Fe. Soil pH was assessed in 1:2.5 soil: water
(w/v) suspension using a DELTA320 pH meter [38]. Exchangeable cations (K*, Ca%, and Mg?), 2.50
grams of air-dried soil, and 25 mL of 1 M ammonium acetate (NH«OAc) solution were placed in
Erlenmeyer flask (50 mL), shaken for 30 minutes, and then filtered through 11 cm NO.5 filter paper
and analyzed by AAS (Atomic Absorption Spectrophotometer) for the soil exchangeable K, Ca, and
Mg [38]. Micronutrients (Fe?, Mn*, Cu?*, and Zn*) were extracted using a DTPA extractant
containing 0.05 M diethylenetriaminepentaacetic acid (DTPA) and analyzed using an AAS (Atomic
Absorption Spectrophotometer) [38].

2.3. Leaf Sampling and Analysis

Leaf samples were collected from the same locations at which soil samples were obtained after
the fruit maturation stage in 2022. From the upper, middle, and lower parts of an apple tree's eastern,
western, southern, and northern aspects, the seventh to ninth leaves counted from the base of the
outer crown long shoot (>40 cm) were taken, and 20-30 leaves were picked from each tree. The leaf
samples were then combined and decontaminated by being washed in tap water, 0.1 mol/L HCL, and
distilled water before being dried at 70 °C for 72 hours. The samples were ground to a fine powder
and stored for examination after passing through a 30-mesh screen. Total K, Ca, Mg, Cu, Mn, Zn, and
Fe levels were determined in leaf samples. For total K, the samples were digested with concentrated
sulfuric acid (H2504, AR, 98%) and H20: (GR, >= 30%). Total K concentration was determined using
an AAS (Atomic Absorption Spectrophotometer) [38]. The samples were digested with concentrated
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HNO:s and H20: digestion using a microwave oven to determine total Ca, Mg, Cu, Mn, Zn, and Fe.
The concentration was determined using an AAS (Atomic Absorption Spectrophotometer) [38].

2.4. Data Analysis

The primary data in this study was organized and calculated using Microsoft Excel 2020
software (Microsoft Corporation, 2020). Differences among provinces followed by different letters
are significant at the 0.05 level (LSD). Pearson correlation was tested at p <0.05 and determined using
the corrplot R module in R version 4.3.0 software (R Core Team, Indianapolis, Indiana, USA) and
graphs were created using OriginPro program 2023.10 (OriginLab Corporation, Northampton,
Massachusetts, USA).

3. Results

3.1. Soil pH, Exchangeable K, Ca, Mg, and Micronutrients Status and Spatial Distribution of the — main
apple production areas in The Loess Plateau, China

The soil K, Ca, Mg, and micronutrients evaluated at two depths (0-20 and 2040 c¢m soil depth)
with Shaanxi, Shanxi, Henan, Gansu, and Ningxia Province, the average content of soil pH,
exchangeable K, Ca, Mg, available Cu, Mn, Zn, and Fe were 8.56, 269.36 mg kg™, 5.14 g kg™, 0.20 g
kg, 1.11 mg kg™, 4.46 mg kg™, 0.94 mg kg™, and 5.94 mg kg, respectively (Table 2). Most of the soils
were characterized by high pH and medium Ca, indicating that the soils in The Loess Plateau’s apple
orchards were calcareous. Moreover, 29.1% and 26.1% of the orchards had excess soil exchangeable
K and Mg, respectively. In contrast, 27.4%, 63.8%, 20.1%, and 32.2% of the soils were low in
exchangeable K, available Mn, Zn, and Fe, respectively and over 25.00% of the soil samples were
deficiency in exchangeable K and available Zn (Table 2). Additionally, 38.9%, 45.4%, 36.2%, 31.3%,
and 52.0% of the soils were medium in exchangeable Mg, available Cu, Mn, Zn, and Fe, respectively,
and 15.7% and 33.5% of the soils were high in exchangeable Mg and available Cu, respectively (Table
2). The soil pH values of the main apple production areas in The Loess Plateau were concentrated in
the range of 7.14 to 9.33 with an average 8.55 of 0-20 cm soil depth and ranged of 7.27 to 9.31 with an
average 8.57 of 20-40 cm soil depth (Table 3), indicating that the soil of the main apple production
areas in The Loess Plateau was alkaline. The mean values of soil pH at 0-20 cm soil depth followed
the order in Ningxia> Shaanxi> Gansu> Shanxi> Henan province. Likewise, the mean values of pH at
20-40 cm soil depth in Ningxia also was higher than in other provinces (Table 3).

Table 2. Soil nutrient status of five provinces of the main apple production in the Loess Plateau.

. Deficiency Low Medium High Excess
Soil property Mean
Frequency (%)Frequency (%)Frequency (%)Frequency (%)Frequency (%)
Soil pH 8.56 - - - - -
Exchangeable K (mg kg—1)269.36 27.7 27.4 8.5 7.4 29.1
Exchangeable Ca (g kg—!) 5.14 - - 100 - -
Exchangeable Mg (g kg—') 0.20 - 19.3 38.9 15.7 26.1
Available Cu (mg kg—') 1.11 3.3 9.9 45.4 33.5 7.9
Available Mn (mg kg—') 4.46 - 63.8 36.2 - -
Available Zn (mg kg—1) 0.94 34.4 20.1 31.3 9.1 5.1
Available Fe (mg kg-1) 5.94 5.4 32.2 52.0 8.8 1.6

Frequency (%) based on the standard classification of apple soil nutrients in The Loess Plateau.

One unanticipated finding was that in the exchangeable K of five Provinces, there were
significant differences in the exchangeable K, especially in Shanxi was excessive of ex-changeable K
(Table 3). The study areas had high exchangeable K contents, which were concentrated in the range
of 71.13 to 677.70 mg kg with an average of 294.78 mg kg in 0-20 cm soil depth and 48.29 to 697.80
mg kg with the average 243.93 mg kg1 in 20-40 cm soil depth (Table 3). Highly differences between
the exchangeable K, the highest of exchangeable K was found in Shanxi province at 0-20 cm soil


https://doi.org/10.20944/preprints202312.0636.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 December 2023 doi:10.20944/preprints202312.0636.v1

5

depth and the lowest was found in Ningxia province. Meanwhile, at 2040 cm soil depth of the
highest exchangeable K and the lowest were also recorded in Shanxi and Ningxia provinces,
respectively (Table 3).

Additionally, the soil exchangeable Ca levels in most orchards were sufficient (Table 2). The
exchangeable Ca was relatively similar at both depths sampled, exchangeable Ca varied from 3.12 to
6.41 g kg with an average of 5.15 g kg™ in 0-20 cm soil depth and 3.24 to 6.65 g kg™ with an average
of 5.12 g kg™ in 20-40 cm soil depth. The highest of exchangeable Ca was found in Shaanxi and the
lowest exchangeable Ca was in Henan province at 040 cm soil depth (Table 3). However, in most of
the study areas an apparent exchangeable Ca sufficient was indicated by the relatively moderate
levels of exchangeable Ca.

Furthermore, the soil exchangeable Mg contents in most orchards also were sufficient (Table 2),
the exchangeable Mg varied considerably across in the main apple production areas in The Loess
Plateau, with exchangeable Mg between 0.08 to 0.55 g kg™ with the average was 0.20 g kg in 0-20
cm soil depth and ranged from 0.09 to 0.44 g kg™ with an average 0.20 g kg in 20-40 cm soil depth
(Table 3). Moreover, the highest exchangeable Mg was found in Ningxia province and the lowest was
found in Shaanxi province. Meanwhile, at 2040 cm soil depth of the highest exchangeable Mg was
also recorded in Ningxia province and the lowest exchangeable Mg was also in Shaanxi province
(Table 3).

The soil available Cu in most orchards was sufficient in soil ranging from 0.20 to 6.54 mg kg™
with an average of 1.07 mg kg in 0-20 cm soil depth and 0.15 to 8.87 mg kg with an average of 1.14
mg kg in 2040 cm soil depth (Table 3). The highest soil available Cu was found in Henan province
at 0-20 cm soil depth and the lowest available Cu was in Ningxia province. Meanwhile, at 20-40 cm
soil depth of the highest available Cu and the lowest were recorded in Henan and Ningxia provinces,
respectively (Table 3).

The study area had low soil available Mn contents (Table 2), which were concentrated in the
range of 1.43 to 11.36 mg kg with an average of 4.49 mg kg™ in 0-20 cm soil depth and 1.63 to 9.49
mg kg with an average 4.43 mg kg in 20-40 cm soil depth, The highest of available Mn (6.14 mg
kg) was found in Gansu province and the lowest available Mn was in Shaanxi province at 0-40 cm
soil depth (Table 3).

For soil available Zn varied considerably across the main apple production areas in the Loess
Plateau, the soil available Zn in 0-20 cm soil depth in the orchards of Henan province was 4.2 times
higher than those of the Shaanxi province (Table 3). Soil available Zn values were concentrated in the
range of 0.11 to 3.30 mg kg with an average of 0.99 mg kg in 0-20 cm soil depth and 0.13 to 3.67
mg kg with an average of 0.99 mg kg™ in 20-40 cm soil depth (Table 3). Henan province had the
highest soil available Zn, followed by Shanxi> Ningxia> Gansu> Shaanxi provinces. The highest of
available Zn in 20-40 cm soil depth was found in Henan province and the lowest available Zn was
recorded in Gansu province (Table 3).

In addition, the observation of soil available Fe were similar trend of value in 0-20 cm soil depth
and 20-40 cm soil depth (Table 3). Soil available Fe values were concentrated in the range 2.08 to 16.58
mg kg'with an average of 5.99 mg kg in 0-20 cm soil depth and 2.29 to 12.98 mg kg with an average
of 5.88 mg kg in 2040 cm soil depth. However, in the most of study areas, an apparent available Fe
moderate was indicated by the relatively low levels of available Fe across 0-20 cm soil depth and the
highest of available Fe in 0-40 cm soil depth was found in Henan province and the lowest available
Fe was recorded in Shaanxi province (Table 3).
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Table 3. The comparison of five provinces in soil nutrient of the main apple production in the Loess
Plateau.
Soil Province
. Sample CV
Soil property depth ) ) . . Mean o
(cm) Shaanxi Shanxi Henan Gansu Ningxia range (%)
cm
Soil pH 0-20 867+031b 828+029c 827£033c 8.64x027b 9.01+029% 855 7.14-9.33 3.57
Ol
P 20-40  867+025b 825+029d 850+02lc 8.62+027bc 892%035a 857 7.27-9.31 3.04
404.12 + 326.47 + 304.40 + 147.74 +
Exchangeable K (mg 0-20 25825+12622¢ | 1" 0 173.9%b 123.8%bc co15d 29478 711367770 4654
ke—1 . 185.65 + 390.70 + 292.87 + 237.61 + 11197 = g
&) 20-40 134.04cd 171.00a 157.02b 101.60bc 51124 24398 482969780 s34
Exchangeable Ca (g 0-20 575+044a 4.69+03% 4.23+0.60c 570+029a 450+029bc 515 3.12-6.41 8.64
kg=1) 20-40  566+04la  4.65+026b 429+057c 572+032a 454:062bc 5.12 3.24-6.65 8.35
Exchangeable Mg (g 0-20 0.16+0.10c  0.22+0.08a 0.24+008a 020+0.15ab 0.26%0.07a 0.20 0.08-0.55 42,53
kg=1) 20-40  016%0.07b 021%007a 023+0.07a 0230.1la 026+007a 020 0.09-0.44 39.28
Available Cu (mg kg—  0-20 0.87+047bc  1.11+05% 190+146a 092+034bc 057+024c 1.07 0.20-6.54 67.96
1) 20-40  112+085b 1.08+052b 1.65:1.59a 0.88%02lbc 054+037c 114 0.15-8.37 63.23
Available Mn (mg kg—  0-20 330+140c  504+1.04b 510+131b 6.14+1.83a 529x136ab 449 1.43-11.36 30.77
1) 20-40 353x127b 524%149a 476+128a 520+173a 487:124a 443 1.63-9.49 31.34
Available Zn (mg kg=  0-20 043+040d 122+073b 1.80+0.8% 071+0.29cd 1.07+0.66bc  0.89 0.11-3.30 66.12
D 20-40  076+047b  137+057a 144+1.07a 0.65+0.44b 1.04+0.40ab 0.99 0.13-3.67 62.90

0-20 446+137d 720+298b 8.65+336a 6.06+1.56bc 4.63+191cd 599 2.08-16.58 37.86

Available Fe (mg kg—")
20-40  507+142c  643x20lb 7.37+199%a 551x155bc 550+237bc 588  229-1298  29.82

+, SDs. Different letters indicate significant differences between five provinces for each given parameter at (p <
0.05); CV, Coefficient of variation.

The distribution pattern of each soil parameter at deficiency, low, medium, high, and excess
levels for the five provinces coincided with the statistical results mentioned above (Figure 1 and Table
2). According to the grading of soil nutrient classification standards for apple orchards in the Loess
Plateau by Zhang et. al. [37] (Table 4), we graded soil samples from apple orchards in the Loess
Plateau regions. The exchangeable K of 69.6% and 45.2% out of soil samples at 0-20 cm soil depth
samples in Shanxi and Henan were excessive levels, respectively, and 65.2% and 32.0% of the 20-40
cm soil depth samples in Shanxi and Henan also were excessive level, respectively (Figure 1a,b). In
contrast, 60.0% of the samples were deficient in Ningxia province at 0-20 cm soil depth (Figure 1a).
59.3% and 80.0% of 20-40 cm soil depth was deficient in Shanxi and Ningxia provinces, respectively.
Moreover, 52.0% of 20-40 cm soil depth was low in Gansu province (Figure 1b).

The exchangeable Ca contents of 100% out of the soil samples were medium, most of soils were
characterized by medium level, indicating that the soils in five provinces were calcareous soil (Figure
1a,b). The results of soil exchangeable Mg distribution soil depth were summarized in Figure 2.
Results suggested that exchangeable Mg content of 32.3%, 41.9%, 43.8%, and 40.0% out of the
orchards had excessive in Shanxi, Henan, Gansu, and Ningxia provinces, respectively at 0-20 cm soil
depth. Meanwhile, 37.5%, 35.5%, 40.0%, and 60.0% of the orchards had excessive in Shanxi, Henan,
Gansu, and Ningxia provinces, respectively at 2040 cm soil depth (Figure 1a,b). In contrast, 50.8%,
31.3%, 25.8%, 53.3%, and 30.0% of the samples were low exchangeable Mg in Shaanxi, Shanxi, Henan,
Gansu, and Ningxia provinces, respectively (Figure 1a,b). Therefore, the results indicate that the
content of exchangeable Mg in the main apple production areas in the Loess Plateau was high level.

As shown in Figure 1a,b, the available Cu of 45.3%, 58.1%, 76.2%, and 20.0% out of the soil
samples were medium levels in Shaanxi, Shanxi, Gansu, and Ningxia provinces, respectively in 0-20
cm soil depth and 38.7%, 56.7%, 39.4%, 71.4%, and 20.0% out of the soil samples were medium in
Shaanxi, Shanxi, Henan, Gansu, and Ningxia province, respectively in 2040 cm soil depth. While
31.3%, 35.5%, 56.0%, 23.8%, and 20.0% of the soil samples were high level in Shaanxi, Shanxi, Henan,
Gansu, and Ningxia provinces, respectively in 0-20 cm soil depth and 32.3%, 33.3%, 39.4%, 28.6%,
and 20.0% of the soil samples were high in Shaanxi, Shanxi, Henan, Gansu, and Ningxia provinces,
respectively in 20-40 cm soil depth. We graded soil available Mn content of 89.4%, 43.8%, 48.4%,
28.6%, and 50.0% out of the orchard had low level in Shaanxi, Shanxi, Henan, Gansu, and Ningxia


https://doi.org/10.20944/preprints202312.0636.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 December 2023 doi:10.20944/preprints202312.0636.v1

7

provinces, respectively at 0-20 cm soil depth. Meanwhile, 88.9%, 53.1%, 58.1%, 66.7%, and 50.0% out
of the orchard had low level in Shanxi, Shanxi, Henan, Gansu, and Ningxia provinces, respectively
at 2040 cm soil depth (Figure 1a,b). Furthermore, 56.3%, 51.7%, 71.4%, and 50.0% of the samples
were medium level in Shanxi, Henan, Gansu, and Ningxia provinces, respectively at 0-20 cm soil and
46.9%, 41.9%, 66.7%, and 50.0% of the samples were medium levels in Shanxi, Henan, Gansu, and
Ningxia provinces, respectively at 2040 cm soil depth (Figure 1a, b). Hence, the results indicate that
the content of available Mn in the main apple production areas in The Loess Plateau was moderate
to low level.

As shown in Figure 1, the available Zn at 0-20 cm soil depth 70.9% of Shaanxi province orchards
had deficiency levels and 39.7% also had deficiency levels in Shaanxi province at 20-40 cm soil depth.
Meanwhile, 19.4%, 37.5%, 33.3%, and 44.4% of the orchard had low levels in Shaanxi, Shanxi, Gansu,
and Ningxia provinces, respectively at 0-20 cm soil depth. Additionally, 37.9%, 67.7%, 43.5%, 26.4%,
and 55.0% of the orchard had low level in Shaanxi, Shanxi, Gansu, and Ningxia province, respectively
at 2040 cm soil depth. Although, soil available Zn varied considerably across the main apple
production areas in the Loess Plateau. Nevertheless, the results indicate that the content of available
Zn in the main apple production areas in the Loess Plateau was medium (Figure 1a,b).

Results suggested that available Fe content of 32.3%, 56.3%, 48.2%, 80.9% and 40.0% out of the
orchard had medium levels in Shaanxi, Shanxi, Henan, Gansu, and Ningxia provinces, respectively
at 0-20 cm soil depth. Meanwhile, 50.0%, 66.7%, 63.3%, 57.1%, and 50.0% out of the orchard had
medium levels in Shanxi, Shanxi, Henan, Gansu, and Ningxia provinces, respectively at 20-40 cm soil
depth. Furthermore, 50.8%, 25.0%, and 30.0% of the samples were low levels in Shaanxi, Shanxi, and
Ningxia province, respectively at 0-20 cm soil depth and 43.6%, 23.3%, 42.9%, and 40.0% of the
samples were low level in Shaanxi, Shanxi, Gansu, and Ningxia provinces, respectively at 20-40 cm
soil depth (Figure 1a,b). Hence, the results indicate that the content of available Fe in the main apple
production areas in the Loess Plateau was medium to low level.
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Figure 1. Soil exchangeable K, Ca, Mg, and Micronutrient distribution of five provinces of the main apple production in the Loess Plateau: (a) 0-20 cm soil depth; (b) 20-40 cm soil
depth. Based on the standard classification of apple soil nutrients in The Loess Plateau, China from Zhang et al. [37]. The red color represents deficiency, the orange represents low, the
yellow represents medium, the green represents high, and the brown color represents excessive levels of soil nutrients.
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Table 4. The standard classification of apple soil nutrients in The Loess Plateau, China.

Soil properties Deficiency Low Medium High Excessive
Exchangeable K (mg kg—1) <150  150-250 250-300 300-350  >350
Exchangeable Ca (g kg—") <2 2-3 3-7 7-10 >10

Exchangeable Mg (g kg—') <0.06 0.06-0.120.12-0.18 0.18-0.24  >0.24
Available Cu (mg kg—1) ~ <0.30 0.30-0.500.50-1.00 1.00-2.00  >2.00
Available Mn (mg kg—')  <1.00  1.00-5.005.00-5.0015.00-30.00 >30.00
Available Zn (mg kg—=') ~ <0.50  0.50-0.800.80-1.80 1.80-2.50  >2.50
Available Fe (mg kg—1) <3.00  3.00-5.005.00-9.00 9.00-13.00 >13.00

Based on soil nutrients classification of apple standards from Zhang et al. [37].

3.2. Evaluation of leaf K, Ca, Mg, and Micronutrients Status and Spatial Distribution of the main apple
production areas in The Loess Plateau, China

The leaf nutrient status evaluation with Shaanxi, Shanxi, Henan, Gansu, and Ningxia Provinces.
The main apple production areas in the Loess Plateau, the average content of total K, Ca, Mg, Cu,
Mn, Zn, and Fe were 19.76 g kg1, 24.43 g kg1, 3.64 g kg, 24.90 mg kg, 119.37 mg kg, 23.35 mg kg,
and 87.46 mg kg, respectively (Table 5). The Leaf nutrients evaluation with Shaanxi, Shanxi, Henan,
Gansu, and Ningxia Province, the main apple production areas in the Loess Plateau, China. We found
that 32.4%, 33.6%, 24.8%, and 72.2% of the orchard were excessive in leaf K, Ca, Mg, and Mn,
respectively and 38.7% and 28.5% of the orchard were high in leaf Ca and Mg. Moreover, 46.3% of
the orchards were medium in leaf K (Table 5). In contrast, 66.2% of the orchards showed deficiency
leaf Fe, and 68.0% and 40.0% of the orchards were low in leaf Cu and Zn (Table 5).

Table 5. Leaf nutrient status of five provinces of the main apple production in the Loess Plateau.

. Deficiency Low Medium High Excessive
Leaf nutrient Mean
Frequency (%)Frequency (%)Frequency (%)Frequency (%)Frequency (%)

Total K (gkg~") 19.76 - 11.0 46.3 10.3 324
Total Ca (g kg~!) 24.43 - 29 24.8 387 33.6
Total Mg (g kg~!) 3.64 9.5 13.9 234 28.5 24.8
Total Cu (mg kg—') 24.90 10.3 68.0 10.3 5.2 6.2
Total Mn (mg kg—1)119.37 - 2.4 8.7 16.7 722
Total Zn (mg kg~1) 23.35 20.7 40.0 29.6 8.9 0.7
Total Fe (mg kg—!) 87.46 66.2 18.5 12.3 1.5 1.5

Frequency (%), based on the standard classification of apple leaf nutrients in The Loess Plateau.

These results showed that the total K content varied from 8.51 to 33.69 g kg™ with an average
was 19.17 g kg™, while the total K of Ningxia province was higher than another province and the
lowest total K was observed in Shanxi province (Table 6). Furthermore, the content of total Ca varied
from 10.12 to 39.73 g kg with an average was 24.43 g kg'. Shaanxi had the highest leaf Ca
concentration, followed by Ningxia> Henan> Shanxi> Gansu province (Table 6). Surprisingly, the
total Mg in the orchards of Ningxia province were 2.9 times higher than that Shanxi province, a
significant difference was observed between province for total Mg, the total Mg in five provinces
were summarized in Table 5. Results suggested that the total Mg content varied from 043 to 7.26 g
kg with the average was 3.64 g kgl. However, the highest total Mg was observed in Ningxia
province and the lowest total Mg was observed in Shanxi province (Table 6).

The total Cu varied considerably across in the main apple production areas, total Cu content
within leaves was inconsistent with that of the soil in the main apple production areas in The Loess
Plateau. No significant difference was observed between provinces for total Cu, the content of total
Cu varied from 7.56 to 145.82 mg kg™ with an average was 24.90 g kg-!. Shaanxi province had the
highest leaf Cu concentration, followed by Henan> Shanxi> Gansu> Ningxia province (Table 6). For
the leaf Mn, the content of total Mn varied from 43.66 to 202.55 mg kg! with an average was 119.37
mg kg. The contents of total Mn were very high of leaf Mn, Shannxi had the highest leaf Mn
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concentration, followed by Shanxi> Henan> Ningxia> Gansu province (Table 6). While the total Zn
was significantly different for each province, the total Zn contents varied from 8.65 to 79.19 mg kg™
with an average of 23.35 mg kg™ (Table 6). There were different greater under each province, the
highest of the total Zn was found in Henan province and the lowest of total Zn was observed in
Shanxi province (Table 6). Likewise, the total Fe was significantly different in each province,
Deficiency of leaf Fe levels was observed in almost all the orchards. The total Fe contents varied from
20.23 to 187.38 mg kg with an average of 87.46 mg kg'. The highest total was observed in Ningxia
province and the lowest total Fe was observed in Henan province (Table 6).

Table 6. Leaf nutrient status of five provinces of the main apple production in the Loess Plateau,
China.

. Province
Leaf nutrients MeanSample rangCV (%)

Shaanxi Shanxi Henan Gansu Ningxia

Total K (g kg=!) 18.70+5.66b 17.70+3.03b 21.55+4.23a 20.53 +6.32ab 22.73+6.15a 19.76 8.51-33.69 26.83
Total Ca (g kg*l) 26.17 £7.66a 22.33+331b 23.36+391b 21.74+6.11b 25.13+3.83ab 24.43 10.12-39.73  25.36
Total Mg (g kg—') 339+15lc 1.81+0.34d 425+1.50b 4.10+1.08b 528+093a 3.64  043-7.26 36.53
Total Cu (mg kg_l) 32.13+40.03a 17.32+4.82a 22.34+12.86a 16.01 +11.4la 12.85+3.08a 249 7.56-145.82 119.12
Total Mn (mg kg—1)130.01 + 33.64a126.83 + 14.79a121.78 + 31.88a 80.42 £ 19.08b 88.08 + 21.06b 119.37 43.66-202.55 24.77
Total Zn (mg kg—") 19.78 £ 6.27cd 16.10+5.23d 32.56 + 15.81a 24.24 + 10.74bc28.40 + 20.86ab 23.35  8.65-79.19 46.99
Total Fe (mg kg*l) 79.54 +31.13c 103.68 + 22.24b 71.82 + 25.15¢ 99.22 + 25.22b 128.55 +40.27a 87.46 20.03-187.38 33.13

#, SDs. Different letters indicate significant differences between five provinces for each given  parameter at
(p <0.05); CV, Coefficient of variation.

According to the grading of leaf nutrient classification standards for apple orchard in The Loess
Plateau by An et al. [31] and Li et al. [39] (Table 7), The distribution pattern of each leaf nutrient at
deficiency, low, medium, high, and excess levels for the five provinces agreed well with the statistical
results of leaf nutrient concentrations (Figure 2 and Table 5). We graded leaf total K content of 51.6%,
73.3%, 34.5%, 30.0%, and 40.0% of the leaf samples were medium in Shanxi, Shaanxi, Henan, Gansu,
and Ningxia provinces, respectively and 22.6%, 13.63%, 51.7%, 45.0%, and 40.0% of the leaf samples
were excessive in Shaanxi, Shanxi, Henan, Gansu, and Ningxia provinces, respectively. In addition,
19.05%, 66.67%, 55.17%, 50%, and 50.0% of the leaf samples were high in Shanxi, Shaanxi, Henan,
Gansu, and Ningxia province, respectively and 47.62%, 27.59%, and 40.0% of the leaf samples were
excessive in Shanxi, Henan, Gansu, and Ningxia provinces, respectively (Figure 2). We graded leaf
total Mg content of 17.5%, 41.4%, 20.0%, and 70.0% of the leaf samples were excess in Shaanxi, Henan,
Gansu, and Ningxia provinces, respectively and 26.9%, 24.1%, 60.0% and 30.0% of the leaf samples
also were high in Shaanxi, Henan, Gansu, and Ningxia provinces, respectively. In contrast, 80.0% of
the leaf samples were low in Shanxi province (Figure 2).

Shaanxi province, where 12.2% of the orchards showed excessive leaf Cu levels. In contrast, leaf
Cu levels in 65.3%, 92.9, 50.0%, 53.3%, and 100% of samples were low in Shaanxi, Shanxi, Henan,
Gansu, and Ningxia Provinces, respectively (Figure 2). We graded leaf total Mn content shown in
Figure 2, we found 82.5%, 100%, and 76.0% of the leaf samples were excessive in Shaanxi, Shanxi,
and Henan provinces, respectively. Therefore, the results indicate that the content of total Mn in the
main apple production areas in The Loess Plateau was excessive, especially in Shaanxi, Shanxi, and
Henan provinces. We graded leaf total Zn content of 32.1% of the leaf Zn was high levels in Henan
province. In contrast, 47.6% and 35.2% of the leaf Zn were low in Shaanxi and Shanxi province and
50.0% of the leaf Zn also was deficient in Shaanxi province. Consequently, these results suggest that
the leaf Zn in the main apple production areas in The Loess Plateau was present in eedium to low
levels (Figure 2). Leaf total Fe content of 77.9%, 82.1%, 60.0%, and 30.0% out of the leaf samples were
deficiency in Shaanxi, Henan, Gansu, and Ningxia provinces, respectively. Therefore, the results
indicate that the content of total Fe in the main apple production areas in The Loess Plateau was
deficiency, especially in Henan, Shaanxi, and Gansu province and Low in Shanxi and Ningxia
province.
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Figure 2. Leaf nutrient distribution of five provinces of the main apple production in the Less Plateau.
Based on leaf nutrients classification standards from Li et al. [39] and Guiyang et al. [31]. The red color
represents deficiency, the orange represents low, the yellow represents me dium, the green represents
high, and the brown color represents excessive levels of leaf nutrients.

Table 7. The standard classification of apple leaf nutrients in The Loess Plateau, China.

Leaf nutrient Deficiency Low Medium High Excessive
Total K (g kg=") <8.0  8.0-14.014.0-20.0020.0-22.0 >22.0
Total Ca (g kg—1) <7.5  7.5-0.010.0-20.0020.0-26.0 >26.0
Total Mg (gkg=?)  <1.5 1522 2235 3548 >48
Total Cu (mgkg=1) <10 11-19 1950 50-100  >100
Total Mn (mg kg—1) <40 40-50  50-80  80-00  >100
Total Zn (mg kg—') <15 15-23 2345 4575 >75
Total Fe (mg kg—!) <100  100-119 119-150 150-180 >180

Based on leaf nutrients classification of apple standards from Li et al. [39] and Guiyang et al. [31].

3.3. Relationship between soil nutrients and leaf nutrients for the main apple production areas in ~ The
Loess Plateau, China

Pearson’s correlation analysis was conducted to analyzed the relationship between soil nutrients
and leaf nutrients (Figure 3). The results implied that soil pH and soil ex-changeable Ca are important
parameters related to the other chemical properties in 0-20 and 20-40 cm soil depth. The analysis of
the relationship between selected soil properties and leaf nutrients in 0-40 cm soil depth is shown in
Figure 3. Soil pH contents of the 0-20 cm soil depth in the orchards of the Loess Plateau had an
extremely significant negative correlation with exchangeable K, available Cu, Zn, and Fe (p < 0.001).
Moreover, soil pH had a significant negative correlation with Available Mn (p < 0.05). Meanwhile,
Soil pH contents of the 2040 cm soil depth also had an extremely significant negative correlation
with available Mn, Zn, and Fe (p < 0.001). While negatively associated with exchangeable K and
available Cu (p < 0.01). On the contrary, soil pH contents of the 0-20 cm soil depth in the orchards of
the Loess Plateau had a highly significant positive correlation with Exchangeable Mg (p < 0.01) and
an extremely significant positive correlation with leaf Mg (p < 0.001). Moreover, soil pH also had a
significant positive correlation with leaf Ca (p < 0.05). A similar trend in soil pH contents of the 2040
cm soil depth was also observed in Exchangeable Mg (p < 0.05), leaf Mg (p < 0.001), and leaf Ca (p <
0.05).

Similarly, an extremely significant negative correlation was also found between exchangeable
Ca with available Cu, Mn, and Fe (p <0.001) and a highly negative correlation with exchangeable Mg
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(p < 0.01) in 0-20 soil depth. Meanwhile, a significant negative correlation was also found with
available Fe and Mn, both parameters were negatively associated with exchangeable Ca contents of
the 20-40 cm soil depth (p <0.01 and p < 0.05, respectively). Additionally, exchangeable K had a highly
significant negative correlation with leaf Mg (p < 0.01) in 0-20 cm soil depth and an extremely
significant negative correlation with leaf Mg (p < 0.001) in 2040 cm soil depth. In contrast,
exchangeable K had a significant positive correlation with available Cu (p < 0.01), available Mn (p <
0.05), leaf K (p < 0.05), and leaf Cu (p < 0.05) in 0-20 cm soil depth. In addition, exchangeable Mg had
a highly significant positive correlation with available Mn (p < 0.05), leaf Mg (p < 0.01), and leaf Mn
(p <0.01) in 0-20 cm soil depth. Likewise, exchangeable Mg contents of the 2040 cm soil depth had
a significant positive correlation with leaf Mg (p <0.01) and leaf Mn (p < 0.05) except for available Mn
not observed in 2040 cm soil depth. By contrast, exchangeable Mg had a highly significant negative
correlation with leaf Zn (p < 0.01) in 2040 cm soil depth. The correlation coefficients between
available Cu of the 0-40 cm soil shown in Figure 3, there was an extremely significant positive
correlation with available Mn and Fe (p <0.001) and available Cu had a significant positive correlation
with leaf Mn (p < 0.05) in 0-20 cm soil depth, but available Cu had significant positive correlation
with leaf Zn (p < 0.05) in 20-40 cm soil depth.
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Figure 3. Pearson correlations between soil nutrients and leaf nutrients of the main apple production
in the Loess Plateau: (a) 0-20 cm soil depth; (b) 2040 cm soil depth. E. indicates the Exchangeable, A.
indicates the available soil nutrient, and T. indicates the total leaf nutrient. The hollow dark rectangles
indicate significant correlations between the same element for soil and leaf. The red and blue colors
of the circles indicate the negative and positive signs of the correlations, respectively. Significant (p <
0.05), highly significant (p < 0.01) and extremely significant (p < 0.001).

Moreover, available Mn had an extremely significant positive correlation with available Zn and
Fe (p < 0.001) in 0-20 cm soil depth and available Mn contents of the 2040 cm soil depth had an
extremely significant positive correlation with available Fe (p < 0.001). available Zn had an extremely
significant positive correlation with Fe (p < 0.001) in 0-40 cm soil depth. By contrast, Figure 3 shows
that the amount of available Zn in the orchards of the Loess Plateau had an extremely significant
negative correlation with leaf Ca (p < 0.001) in 040 cm soil depth. More importantly, available Zn
had a highly significant negative correlation with leaf Ca (p < 0.001) and leaf Zn (p < 0.01) in 0-40 cm
soil depth. Additionally, leaf K had a significant positive correlation with leaf Ca (p < 0.05) and leaf
Fe (p <0.05) in 0-20 cm soil depth. Whereas in 2040 cm soil depth, Leaf K had positively correlated
with leaf Cu (p < 0.05). Leaf Ca had a positive correlation with leaf Zn (p < 0.001) and leaf Mg (p <
0.05) in 0-20 cm soil depth. A similar trend in leaf Ca was also observed positively related to leaf Zn
(p <0.001) but not observed with leaf Mg in 2040 cm soil depth. Moreover, Leaf Mg had an extremely
significant positive correlation with leaf Mn (p < 0.001) in 0-20 and 20-40 cm soil depth. By contrast,
leaf Mg high significant negative correlation was also found between leaf Cu (p <0.01) in 0-40 cm soil
depth. However, leaf Fe did not significant correlation with soil nutrients in 0-40 cm soil depth.
Surprisingly for leaf Fe was no significant correlation with soil nutrients in 0-40 cm soil depth.
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4. Discussion

4.1. Soil pH, Exchangeable K, Ca, and Mg of apple orchard in the Loess Plateau

In The Loess Plateau, the soil nutrient status evaluation at two depths of soil depth with Shaanxi,
Shanxi, Henan, Gansu, and Ningxia provinces was characterized by high pH, indicating that the soil
of apple orchards was alkaline, which is in accordance with Dong et al. [37] and Zheng et al. [36] who
is reported the soil pH in the Loess Plateau were alkaline and calcareous soils. According to the soil
nutrient grading standard (Table 5), the soil of the Loess Plateau apple production region exhibited
a medium exchangeable K and Ca, and high Mg in soil of the Loess Plateau. The results obtained
were supported by Wang et al. [40], Dong et al. [37], and Ge et al. [29], who determined that K and
Ca were sulfficient, with high Mg in the Loess Plateau soil.

However, although the soil exchangeable K was sufficient in most orchards. The observed
exchangeable K varied considerably across the main apple production areas of The Loess Plateau,
especially in Shanxi and Ningxia provinces. This variance in exchangeable K content in soils is mostly
due to changes in parent material, climate, and moisture regimes, all of which influence native and
applied K transformations [41]. Furthermore, the amount of K fertilizer added, soil-crop management
practices used, and crop uptake affect exchangeable K status in the soil. As shown in Figure 1, The
soil samples at 0-40 cm soil depth in Shanxi province were excessive (>350 mg kg) in exchangeable
K, the reason for this is generally due to K-rich parent materials and recurrent high K fertilizer
applications [8]. In contrast, most of the soil samples at 0-40 cm soil depth in Ningxia province were
deficient in exchangeable K, in agreement with K uptake may be less affected by a rise in soil Mg
concentration due to this effective K+ uptake mechanism [42]. The variation in exchangeable K content
in the Loess Plateau soils is mostly accounted for by differences in parent material, climate, and
moisture regimes, all of which influence native Thus, the survey areas of the main apple production
areas in the Loess Plateau should pay attention to K fertilizer and the higher available K level in soil
may be impacting Ca absorption, and the bitter pit, caused by low Ca concentration in fruit, was
common in this apple growing location [43].

Similarly in the soil exchangeable Ca content in the main apple production areas in The Loess
Plateau was sufficient, in most of the study areas an apparent exchangeable Ca sufficient was
indicated by the relatively medium levels of exchangeable Ca. The soil Ca contents of 100% out of the
soil samples were medium, most of soil were characterized by medium level, indicating that the soils
in The Loess Plateau were calcareous soil (Figure 2a,b), supports the previous finding that soil
exchangeable Ca in The Loess Plateau was sufficient for apple tree [29]. A higher trend of soil pH at
surface and subsurface depth might be due to the presence of high CaCOs content at the respective
depths and the average soil exchangeable Ca content (5.14 g kg') was similar to previous survey
results [29,37].

On the other hand, the exchangeable Mg varied considerably across the main apple production
areas in the Loess Plateauhe content exchangeable Mg was high level (0.19-0.24 g kg™), there are
relative differences of the province, the average content of soil exchangeable Mg (0.20 g kg™') were
higher than values of 108 ‘Fuji’ orchards in 12 dominant apple-producing counties in the Loess
Plateau production region [37]. Most of the soil exchangeable Mg content in the main apple
production areas in the Loess Plateau, especially in Ningxia and Shanxi were observed in excessive
Mg (Table 3) in agreement with Ghafoor et al. [44] and Karajeh et al. [45], soils with high amounts of
exchangeable Mg?* can have their productivity increased by raising the levels of Ca? on the cation
exchange complex to offset the effects of Mg?*, while soils with neutral or high pH levels usually have
sufficient Mg.

4.2. Soil Cu, Mn, Zn, and Fe of apple orchard in the Loess Plateaus

Micronutrient deficiencies may affect plant growth, yield, and quality, risking human and
animal health and productivity [46-48]. Fertilizers and cropping practises that absorb crop residue
into the soil also influence micronutrient availability in the soil [49]. Our results showed that the apple
orchards in the Loess Plateau were low Mn, moderate soil Zn, Fe, and high Cu. However, we found


https://doi.org/10.20944/preprints202312.0636.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 December 2023 doi:10.20944/preprints202312.0636.v1

14

that the soil Cu content was high, which is consistent with previously reported results in this region
[34]. High Cu levels were obtained from applied organic matter, and high Cu levels hinder the
formation of new branches on apple trees and decrease the amount of active Fe in leaves [50].

The soil available Zn content (0.94 mg kg) was a similar trend with the values of 108 'Fuji'
orchards in 12 dominant apple-producing counties in the Loess Plateau production region [37].
Although, soil available Zn was generally sufficient at 0-20 and 2040 cm soil depths. As shown in
Figure 2, 70.9% of soil samples in Shaanxi province orchards had deficiency at 0-20 cm soil depth,
and 39.7% also had deficiency level in Shaanxi province at 2040 cm soil depth. For soil available Zn
varied considerably across the main apple production areas in the Loess Plateau, the soil available
Zn in 0-20 cm soil depth in the orchards of Henan province were 4.2 times higher than those of the
Shaanxi province, According to Hou et al. [51], the soil Zn status of apple orchards in Shaanxi
province indicates that Zn deficiency may be a limiting factor for apple yield. As a result, increasing
Zn concentration is important, especially in orchards with highly diseased plants. The soil available
Fe content (5.94 mg kg') was generally moderate, which is consistent with previous studies on the
soil nutrient status of apple orchards in the Loess Plateau [37]. However, 50.8% and 25.0% out of the
samples were low level in Shaanxi, and Shanxi province, respectively at 0-20 cm soil depth and 43.6%,
23.3% out of the samples were low level in Shaanxi and Shanxi province, respectively at 2040 cm soil
depth (Figure 2a,b), agree with Wang et al. [40], who is reported soil total Fe levels in some orchards
in, Shanxi, and Shaanxi were low. Micronutrient availability in soil is influenced by a variety of
complex chemical processes and interactions. Because of the critical roles they play in fruit
production, substantial research is required for micronutrient management in the Loess Plateau,
China.

4.3. Leaf K, Ca, and Mg of apple orchard in the Loess Plateau

Based on the leaf nutrient classification standards for apple orchards in the Loess Plateau by Li
etal. [39] and Guiyang et al. [31], we found that the leaf K content was high, As shown in Table 3, our
results showed that the apple orchard in the Loess Plateau were sufficient in leaf K. Moreover, 32.4%
of the orchards observed excessive leaf K, the excessive application of readily K fertilizers has resulted
in extremely high leaf K levels in most apple orchards. Most of the leaf Ca contents in the Loess
Plateau were sufficient, which is consistent with previously reported results in this region [29,31].

The relatively high Mg in most orchards, 28.5% and 24.8% of the leaf samples were high and
excessive in leaf Mg. The soi exchangeable Mg in the Loess Plateau was high, thus causing extremely
high leaf Mg of the orchard in the Loess Plateau. This result may be explained by the relatively high
leaf Mg levels in most orchards were closely related to excessive leaf N levels. Leaf Mg levels in the
Red Fuji apple trees increased as the amounts of soil application of N fertilizers increased [52].

4.4. Leaf Cu, Mn, Zn, and Fe of apple orchard in the Loess Plateaus

In the Loess Plateau, the content of leaf Zn was low, especially in Shaanxi and Shanxi provinces.
These results are consistent with province studied [29,31], therefore it is necessary to enhance Zn
content, especially in orchards with low and deficiency of leaf Zn. The contents of total Mn were very
high leaf Mn, As shown in Figure 2, we found 82.5%, 100%, and 76.0% of the leaf samples were
excessive in Shaanxi, Shanxi, and Henan provinces, respectively in agreement with previously
studied Wang et al. [31] who corroborated the research performed very high of leaf Mn in the Loess
Plateau. Additionally, in agreement with Mn uptake by the apple tree was often excessive and
accompanied by a Fe deficiency [53]. This effect is consistent with the excessive leaf Mn and
deficiency leaf Fe in The Loess Plateau apple orchard in the current study. In The Loess Plateau, the
contents of leaf Fe were deficient, the lack of Fe in leaves was corroborated by research performed by
Lietal. [39] and Guiyang et al. [31], who concluded that Fe was the limiting factor in apple production
in the Loess Plateau. Zhang et al. [37] also reported that The Fe content of Fuji apple leaves in Jiaodong
Peninsula was low, the leaf Mn content was high, and leaf Mn poisoning appeared in some orchards.
Meanwhile, the soil of the Loess Plateau was calcareous, with a high pH value and high HCO:s-
concentration, and the apple orchard from that region showed Fe-deficient chlorosis [30,31]. Thus,
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the authors suggested the application of Fe fertilizer be reasonably increased. However, our results
showed that the orchards in the Loess Plateau were adequate in terms of their total leaf Fe despite
their soil Fe deficiency (Tables 3 and 4). In contrast, the content of leaf Cu was higher than that of Ge
et al. [29]. These discrepancies in nutrient concentrations may have an etiological root in previous
imbalanced fertilizer applications. As a result of these findings, fertilizer containing Fe and Zn should
be recommended to increase quality in the Loess Plateau apple growing region, nevertheless, Mn
should be avoided and should pay more attention to Cu fertilization. Overall, soil-applied fertilizer
utilization is low in calcareous and alkaline soils because of high nitrogen fixing and lower nutrient
mobility [54,55]. In contrast, foliar spray is the fastest way to cope with the deficiency and translocate
micronutrients in plant organs.

4.5. Relationship between soil nutrients and leaf nutrients for the main apple production areas in The Loess
Plateau, China

The correlations between the various soil and leaf nutrient parameters were statistically
significant, the observation was general closely between in 0-20 cm soil depth and 20-40 cm soil
depth. (Figure 3a,b). Notably, a significant relationship was established between soil fertility
measures rather than soil leaf characteristics. The soil base cation and available micronutrient
concentrations were found to be positively and negatively correlated with soil pH [56]. Most
importantly, Soil pH and exchangeable Ca may be the most important variables for indicating soil
fertility of the main apple production areas in The Loess Plateau, because both were significantly
correlation with other chemical properties. Our investigation indicated that soil pH in 0-40 cm soil
depth negatively correlated with several soil elements (K, Cu, Zn, and Fe) and positively related to
exchangeable Mg, leaf Mg, and leaf Ca in 0-40 cm soil depth. The soil exchangeable cation and
available micronutrient concentrations were suggested to be positively and negatively correlated
with soil pH, respectively [23,56].

A negative correlation between soil pH and soil-available micronutrients (Figure 3a, b), an
increase in soil pH has the potential to decrease the availability of certain micronutrient metals. [57-
59]. Micronutrients are commonly lacking in high-pH soils and are frequently available in acidic soils.
Soil pH is an important factor that influences the solubility and availability of plant nutrients. Indeed,
the solubility of micronutrients was suggested to decrease 100-fold (for Mn and Zn) and 1000-fold
(for Fe) with a one-unit increase in soil pH [24]. High soil pH can limit the availability of
micronutrients such as Fe and Zn [22,60]. Consequently, the pH of the soil is the most important
factor in limiting micronutrient availability. However, the influence of soil K availability under-
regulated pH varies between soil types, particularly between temperate and tropical or subtropical
soils. This demonstrated that increasing soil pH with lime will most likely release exchangeable sites
by removing Al**ions and improving soil K availability. [61,62]. In addition, crop K uptake decreased
significantly when the application rate of lime was higher than 3 t/ha for wheat and rice in sub-
tropical soil [63]. However, soil pH also was positively related to exchangeable Mg, leaf Mg, and leaf
Ca in 040 cm soil depth, Thus, the result suggests that maintaining an appropriate and stable soil
pH is central to the sustainable soil nutrient management of the main apple production areas in The
Loess Plateau.

A strong correlation was observed between exchangeable Ca with soil elements (Mg, Cu, Mn,
and Fe) in 0-40 cm soil depth. Exchangeable Ca was negatively related to exchangeable Mg, Available
Cu, Mn, and Fe. These results agree with Wacal et al. [64] reported that increased soil exchangeable
Ca and Mg levels resulted in decreased K concentrations in sesame leaf tissue cultivated on converted
paddy uplands in Japan. Similarly, soil Mg availability and plant absorption are controlled by Ca and
K availability, and by Ca/Mg [65]. Osemwota et al. (2007) also reported the influence of soil Ca/Mg
ratio on soil Mg availability and Mg concentration in maize cultivated in forest and derived savanna
ecological zones of Nigeria was also observed. Meanwhile, Micronutrients, on the other side of hand,
play an important role in plant development and health, soil calcareousness and alkaline pH are all
factors in micronutrient deficiency [66,67].
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Exchangeable K had a highly significant negative correlation with leaf Mg (p < 0.01) in 0-20 cm
soil depth and an extremely significant negative correlation with leaf Mg (p < 0.001) in 2040 cm soil
depth (Figure 3a,b). Especially in Shanxi province, leaf Mg leaf Mg tends to be reduced more
consistently by high exchangeable K. Moreover, many investigations have shown that Mg?" and K*
have a strong antagonistic interaction, with increased K* concentrations inhibiting Mg?* uptake. The
Mg content of rice (Oryza sativa L.) has been found to be lower [68] and cowpea crops (Vigna
unguiculata L. Walp.) at higher K* concentrations [69]. Increased K concentrations in roots have been
reported to depress Mg translocation from roots to shoots, leading to low leaf Mg [70,71]. The
antagonism between K* and Mg? may occur in the processes involved in nutrient uptake and
translocation within the plant. Competition for similar transporters on the cell membrane is the main
reason for antagonism between K and Mg?* [68,72,73]. Therefore, the presence of abundant K* in the
solution prevents Mg uptake [74]. The basic reason for antagonism between K* and Mg?* is
competition for comparable transporters on the cell membrane [75,76]. Our results showed that soil
exchangeable Mg is relatively high in most orchard, most research involving K, Ca, and Mg have
explored a two-way, or even three-way interaction with increased (or decreased) rates of either of the
three nutrients causing a concurrent decrease (or increase) in the other two, resulting in a stable
cationic to [42]. Excessive application of high rates of K, antagonistically interferes with plant Mg
uptake, thus enhancing the risk of Mg deficiency.

More importantly, available Zn had a highly significant negative correlation with leaf Ca (p <
0.001) and leaf Zn (p < 0.01) in 0-20 cm soil depth, In agreement with Davis-Carter et al. [77], leaf Zn
increased during increased soil Zn rates, while leaf Zn fell with rising pH levels, and soil Zn treatment
decreased leaf calcium in some cases in peanuts. However, no relations of leaf K and Ca
concentrations with exchangeable K and Ca in soils of The Loess Plateau, there are reports of the
contribution of non-exchangeable K towards K nutrition of the crops [78,79]. Therefore, there is a
need to study the internal K, Ca, and Mg use mechanisms of apples to have a better understanding
of the relationships of soil and leaf K, Ca, and Mg concentrations in The Loess Plateau for their
efficient management.

5. Conclusions

Our results showed that the apple orchards in the main apple productions of the Loess Plateau
were characterized by high soil pH, moderate Ca, and high Mg, indicating that the soils were
calcareous. The investigated apple orchards in the Loess Plateau exhibited low Mn, moderate soil K,
Zn, Fe, and high Cu and deficiency of leaf Fe, Moderate leaf Cu, and Zn, as well as high Ca, Mg, and
excessive in leaf Mn. The observation soil property was generally closely between 0-20 cm soil depth
and 20-40 cm soil depth. Except for soil exchangeable K and Available Zn, these results are consistent
with the large variation for those nutrients, which may be attributed to the unbalanced application
of K and Zn fertilizers in the main apple production areas in The Loess Plateau, China, and in the
Loess Plateau region.

Moreover, Soil pH in 0-40 cm soil depth negatively correlated with several soil elements (K, Cu,
Zn, and Fe) and positively related to exchangeable Mg, leaf Mg, and leaf Ca. Moreover, exchangeable
K was positively and significantly correlated with leaf Mg in 0—40 cm soil depth, especially in 20-40
cm soil depth and A strong correlation was observed between exchangeable Ca with soil element
(Mg, Cu, Mn, and Fe) in 0-40 cm soil depth, indicating the importance of soil pH and exchangeable
Ca as an indication of apple production.

However, soil micronutrient contents in Shaanxi province trend lower than in other provinces,
suggesting that soil Mn and Zn deficiency may be a limiting factor for apple production.
Consequently, it is suggested that the soil pH be reduced in the Loess Plateau, replenishing soil
organic matter and micronutrients, controlling soil Ca and Mg, and the Loess Plateau must pay
attention to controlling K fertilizer application to avoid soil enchantable cation and enhancing organic
fertilizer application to improve soil micronutrients (Zn, Mn, and Fe) are highly necessary and it is
necessary to enhance Fe content, especially in orchards with low and deficiency of leaf Fe for the
sustainable management of apple orchards in the Loess Plateau.
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