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Abstract: - The goal of this study was to develop recommended macronutrient fertilization rates with the amount 

based on soil chemical analysis, yield, and leaf macronutrients, and to build a fast identification nutriture standard 

during the transition from the juvenile stage to adult in Prunus armeniaca × sibirica cultivation. The soil chemical 

and leaf macronutrients N, P, and K were the three main elements, and three yields at high, middle, and low levels 

were analyzed. The orthogonality experiment for the macronutrients N, P, K, and organic fertilizer in pot experiments 

was designed with four factors and five levels (L255
4
). The results showed that the production of apricot kernels was 

high when total nitrogen content was 0.075% ~ 0.089%, available nitrogen was 62.42 ~ 87.05 mg·kg
-1

, organic matter 

was 1.31% ~ 2.19% in soil, and the total nitrogen, phosphorus, and potassium, respectively, were 17.50~19.48 mg·g
-1

, 

0.29 ~ 0.67 mg·g
-1

, and 20.17 ~ 25.04 mg·g
-1

 in leaves. Based on above results, the fertilizer amounts of 20 g pure 

nitrogen, 15 g pure phosphorus, 40 g pure potassium, and 400 g organic fertilizer were suitable for transition from the 

juvenile stage to adult in kernel-apricots. 

Keywords: Prunus armeniaca × sibirica, Kernel-apricot, Foliar nutrient diagnosis, macronutrients 

I. INTRODUCTION 

China is the only country that produces and exports apricot kernels [1]. The cultivated area of kernel 

apricots is approximately 1.35 million hm
2
, with an annual output of 250,000 to 300,000 tons of apricot 

kernels [2]. The apricot kernels produced by Prunus armeniaca × sibirica in kernel apricots are fragrant, 

sweet, and nutrient-rich (containing 44% to 59% fatty acids, 24% to 34% protein, 18 trace elements, and 

multiple amino acids). Cultivation management is simple, such that their economic value is very high [1，

3]. In addition, the P. armeniaca × sibirica have significant drought tolerance (approximately one month 

for soil volume water content of 5.0%), cold tolerance (normally growth and development at -35 °C), and 

can grow in barren soil, which is widely distributed in China's north latitudes 39°–43°, and in arid and 
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semi-arid areas [1，3]. The P. armeniaca × sibirica can produce about 115,000 tons of apricot kernels per 

year, which makes it an important ecologic and economic tree in China. 

 

Nitrogen (N), phosphorus (P), and potassium (K) are the primary nutrients for plant growth and 

development. The lack of these elements directly hinders the growth of plants. When the lack of elements is 

supplemented in time, the development of plants can be quickly improved [4-10]. For example, nitrogen is a 

key element affecting crop yield and quality [11-12], and nitrogen deficiency can lead to leaf yellowing [13]. 

Potassium deficiency can result in leaf detachment and necrosis at the edge of the leaves [14]. These 

physiological deficiencies can alter plant photosynthetic processes, resulting in a significant decrease in 

photosynthetic product accumulation [15-17]. At the same time, excessive nutrient elements are also not 

conducive to crop production. Administration of excess nitrogen can cause relatively sour fruit [18], and 

exacerbation of the incidence of pitburn [19]. Excessive levels of phosphorus can result in a decrease in the 

stomatal conductance of the leaves, which in turn leads to a significant decrease in photosynthetic rate [20]. 

Therefore, reasonable levels of nutrients N, P, and K are important for crops to achieve high yields. The 

nutrient content in leaves not only reflects the overall nutrient level of the fruit trees and the nutrient supply 

capacity of the soil, but is also an important indicator for non-destructive nutrition diagnosis, judging soil 

fertility levels, and assessing economic yield [21-23]. 

 

In the production of kernel apricots, the diagnosis of soil fertility mainly relies on soil chemical analysis and 

production experience, but using soil chemical analysis alone may lead to errors because the nutrient content 

presented in the analysis is only an availability index and not a quantification of the nutrient actually 

available to the kernel apricots. Until now, the non-destructive nutrition diagnosis technology based on leaf 

nutrient levels has not been established. Long-term experience caused the application of a large amount of 

nitrogen fertilizer during the key period of the transition from juvenile phase to adult (the third year after 

planting), resulting in vegetative growth and reproductive growth disorders. The vegetative growth is strong, 

and the juvenile phase is significantly prolonged, which significantly reduces the economic output and 

increases management cost. Establishing a non-destructive nutrition diagnosis technology for kernel 

apricots, and real-time adjustment of fertilization according to the nutrient content of plants is an inevitable 

event necessary in the future to achieve the integration of water, fertilizer, mechanization, and precision 

cultivation, to improve the yield and quality of apricot kernels. This study is based on the relationship 

between soil nutrients and the content of macro elements in the leaves of the P. armeniaca × sibirica in 

different cultivated areas, the effects of nitrogen, phosphorus, potassium, and organic fertilizers on leaf 

nutrient accumulation, and biomass change of kernel-apricots as studied by pot exogenous fertilization, 

which provided a theoretical basis for macronutrients N, P and K fertilizer application and accurate nutrition 

diagnosis in cultivation. 

 

II. MATERIALS AND METHODS 

Experiment Design 

By studying the relationship between soil nutrient content and leaf nutrient content of P. armeniaca × 

sibirica under different yield levels (high, medium, and low) in adulthood, the content and proportion of 

macroelements in the leaves under the conditions of high-yield can be determined, and the criteria for 
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judging the leaf nutrients of high-yield gardens can be established. Artificially regulating the application 

amount and proportion of exogenous nutrients N, P, and K for potted 3-year-old P. armeniaca × sibirica, 

the effects of different fertilization ratios on leaf nutrient content and photosynthetic physiological indexes 

were studied, and the application amount and proportion of macronutrients suitable for P. armeniaca × 

sibirica from the juvenile phase to adulthood were determined. 

Study Site 

There were three sampling areas for adult apricot leaves and soil, which were located in Lingyuan City, 

Liaoning Province, Kalaqin County, Inner Mongolia; and Zhuolu County, Hebei Province. The leaf nutrient 

simulation test period from the juvenile phase to adulthood was located in Yuanyang County, Henan 

Province. The climate characteristics of the experimental site are shown in Table 1.  

Table 1 The growth conditions of sampling sites in this study 

Sampling sites 

Growth conditions 

Kalaqin County, 

Inner Mongolia 

Lingyuan City, 

Liaoning Province 

Zhuolu County, 

Hebei Province 

Yuanyang 

County, 

Henan 

Province 

Climate type 

Temperate 

continental semi-arid 

monsoon 

Temperate continental 

semi-arid monsoon 

Temperate 

continental semi-

humid monsoon 

Temperate 

continental 

semi-humid 

monsoon 

Average annual tempreture / ℃ 7.4 8.7 8.8 14.0 

Average duration of sunshine / h 2619.3 2748.1 2768 2345 

Average annual rainfall / mm 444.7 479.4 398.4 571.7 

multi-year average evaporation 

capacity / mm 
1639.3 1143.2 1326.0 1599.0 

Annual average frost-free 

period lasts / d 
146 150 130 229 

Soil type Red-clay soil Cinnamon soil Sandy-loam soil Sandy 
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Fig. 1 Plant material - P. armeniaca × sibirica cultivar ‘Youyi’ 

Plant Material 

P. armeniaca × sibirica cultivar ‘Youyi’ was studied in this paper and was selected by hybridization 

between P. armeniaca and P. sibirica and named ‘Youyi’ during production. It has features of high yield, 

sweet kernel, pulp, drought and cold resistance (Fig. 1). This has been the largest cultivation area for kernel 

apricots in China [3]. 

Experiment Treatment 

Apricots have a significant delay from the absorption to utilization of fertilizers [1]. In the first ten 

days of December 2014, an even-growth annual ‘Youyi’ grafted seedling (Prunus sibirica as rootstock) was 

planted in pots with a depth of 0.5 m and diameter of 0.6 m. We conducted routine field management of all 

saplings after planting. From the beginning of March 2015, we set 4 factors and 5 levels according to local 

fertilization habits (Table 2), and designed an orthogonal test according to L2554. The four factors were: 

N(CO(NH2)2, N≥46% (Yunnan Yuntianhua Limited Company, Kunming, China), phosphorus 

(Ca(H2PO4)2·H2O, P2O5≥12% (Yunnan Yuntianhua Limited Company, Kunming, China), potassium 

K2SO4, K2O ≥ 50% (Yunnan Yuntianhua Limited Company, Kunming, China), and organic fertilizer 

(fermented chicken manure, organic matter ≥ 45%, total nutrients ≥ 5%; Shuanghui Group, Luohe, China). 

Five plants were used for each treatment, and repeated 3 times. The fertilization was repeated once in March 

2016. In May 2016, various indexes were measured. 

Table 2 The elements of the orthogonal test in this study 
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Levels 
Factors 

Pure nitrogen / g Pure phosphorus / g Pure potassium / g Organic fertilizer / g 

1 0 0 0 200 

2 10 5 10 400 

3 20 10 20 600 

4 30 15 30 800 

5 40 20 40 1000 

 

Sampling and Nutrient Determination 

Sampling method for adults: Selected ‘Youyi’ with a tree age of 8–10 years were the experimental unit, 

using LY / T1588-2000 "Technical regulations for high yield and quality cultivation of kernel-apricot," 

7~10-year-old sweet kernel apricot production index as a reference standard. Individual plants producing 

0.8 to 1.0 kg kernels were classified as high-yield forests, between 0.5 kg and 0.8 kg were classified as 

middle-class forests, and those below 0.5 kg were classified as low-yield forest types. The three production 

levels were sampled separately as sample plots. During the ‘Youy’’ maturity period, from June 20 to July 5, 

samples and measurements were taken according to the five-point sampling method, and 50 samples were 

taken from each production level from a total of 450 locations. The detailed sampling method was as 

follows: collect soil directly below the canopy with a sampling shovel at 20~30 cm deep (the main 

distribution area of the root with absorption functions). In each location, 200.0 g soil was collected, total 

nitrogen, total phosphorus, total potassium, available nitrogen, phosphorus, potassium, soil organic matter, 

pH, and total salt content was measured for 9 indexes. The leaf sampling method was as follows: mature 

leaves in four directions around the outside of the ‘Youyi’ were selected for sampling. The sampling 

amount was 100.0 g for each pot, and the contents of total nitrogen, total phosphorus, and total potassium 

in the leaves were detected. The soil nutrient content was determined by the Institute of Soil, Fertilizer and 

Water-saving Agriculture, Gansu Academy of Agricultural Science. The specific experimental methods 

used were to determine total potassium by alkali fusion-flame photometry, organic matter content by the 

K2Cr2O7 oxidation-oil bath heating method, pH value by glass electrode method, available phosphorus by 

NaHCO3 extraction-molybdenum antimony colorimetric method, available potassium by flame photometry 

ammonium acetate extraction, hydrolysis of nitrogen by alkaline hydrolysis method, and total salt content 

in soil by the conductivity method. Leaf nutrient content was determined by the method of Xu et al. [24]. 

Photosynthetic physiological indicators and chlorophyll content were determined using the method of Zhu 

et al. [25]. Biomass was determined in the second year after the end of the fertilization test in mid-October 

2016, after the ‘Youyi’ stopped growing and before the first frost, Vernier calipers and tape measures were 

used to measure the diameter, crown width, and accumulation that were indicators of biomass accumulation 

of each treated plant. 
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Data Selection and Processing 

The data entry, collation, preliminary analysis, and related graphs were all conducted in Microsoft Excel 

2010. DPS (Data Processing System) 7.05 software [26] was used to analyse the variance of the 

experimental data obtained. For comparison and correlation analysis, the significance level was P≤ 0.05 and 

multiple comparisons were performed using the Duncan new complex range method. The orthogonal test 

analysis method used an intuitive analysis method. 

III. RESULTS 

Relationship between soil physicochemical properties and leaf nitrogen, phosphorus, and potassium content 

of adult P. armeniaca × sibirica at different yield levels.  

Differences in Soil Physicochemical Properties at Different Yield Leves 

The content and proportion of fertilizer nutrients in the soil determined the level of apricot kernel 

production. Under the high yield and low yield of the three main producing areas, the content of soil 

organic matter, total nitrogen, total phosphorus, available nitrogen, and available potassium showed 

significant differences (P ≤0.05) (Table 3). The results showed that there was a positive correlation 

between yield and nutrient content, indicating that these nutrient indexes played an important role in jointly 

determining kernel yield. In terms of organic matter content, the average content of Kalaqin was higher 

(maximum 21.9‰), whereas the minimum (9.1‰) appeared in low-yield forest land in Lingyuan, but the 

difference between Lingyuan and Zhuolu was not significant (P ≤0.05). In terms of total nitrogen content, 

the highest content (0.89‰) appeared in Kalaqin and was significantly different from that of the other two 

regions (P ≤0.05). The minimum value appeared in Lingyuan and the difference was significantly different 

from that of the other regions (P ≤0.05). The total phosphorus content was the highest in the high-yield 

orchard of Kalaqin (1.89‰) and was significantly different from that of the other regions (P ≤0.05). 

Furthermore, total phosphorus content in the low-yield orchard in Kalaqin was at the lowest level 

(minimum value 0.46‰), which was significantly different from that of the Zhuolu region (P ≤0.05). In 

terms of available nitrogen content, the overall level of Kalaqin was higher (maximum of 87.50 mg·g
-1

) and 

was different than that of the other regions. Lingyuan had the lowest nitrogen content (minimum of 42.00 

mg·g
-1

) but the difference with the Zhuolu area was not significant in rapidly available phosphorus content. 

Lingyuan had the highest content in the high-yield orchard (13.83 mg·g
-1

) and was significantly (P ≤0.05) 

different from that of other regions. The Kalalin region had the lowest content (0.10 mg·g
-1

) with low-yield 

(0.10 mg·g
-1

) and was significantly different with that of other regions (Table 3). The organic matter 

content and available nitrogen content of Kalaqin were the highest in different yield areas in the same 

region, and the difference was significant (P ≤0.05) with that of the other two regions (Table 3), indicating 

that the nutritional conditions in Kalaqin were the best of the three sampling areas. 
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Soil salinity showed significant differences in different regions and areas of different yield levels (Table 3). 

Zhuolu had the highest total salt content in different regions with the same production level, its maximum 

value of 0.79‰ appeared in the Zhuolu low-yield stands, and it was significantly different (P ≤0.05) from 

that of the other two regions. There was a negative correlation between apricot kernel yield levels and soil 

salt content. Kalaqin had the lowest total salt content, but the minimum value of 0.17‰ appeared in the 

high-yield stands in Lingyuan, although it was not significantly different from that of the Kalaqin area 

(Table 3). We believe that soil with a salt content of 0.17 ~ 0.48‰ is most suitable for the growth and 

development of P. armeniaca × sibirica. 

Soil pH was also a key factor in determining apricot kernel yield. The soil pH of Zhuolu was the highest 

among different regions of the same production level. The maximum pH value of 8.45 appeared in the low-

yield forest area of Zhoulou, and the difference was significant with that of other areas. The minimum 

value of 6.99 appeared in the middle-yield level in Lingyuan. However, there was no significant difference 

in pH between Lingyuan and Kalaqin (P ≤0.05). In different yield levels in the same region, the Lingyuan 

area showed significant pH differences, and there was no significant difference in soil pH in Zhuolu (Table 

3). We believe that the pH range most suitable for the growth of kernel apricots is between 7.48 to 8.25. 
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Table 3 The variance analysis of the soil nutrients in high-, middle-, and low-yield areas in Prunus armeniaca × sibirica 

Locations 
Production 

levels 

Organic 

matter / ‰ 

Total 

nitrogen / ‰ 

Total 

phosphorus / 

‰ 

Total 

potassium / 

‰ 

Available 

nitrogen 

/mg·g
-1

 

Available 

phosphorus 

/mg·g
-1

 

Available 

potassium /mg·g
-

1
 

Total salt / 

‰ 
pH 

Lingyuan 

High 15.1±0.2a2 0.75±0.1a2 0.73±0.1a3 23.9±0.0a2 66.06±5.42a2 13.83±2.82a1 175.00±9.37a1 0.17±0.0b2 7.82±0.46a2 

Middle 11.5±0.2b2 0.63±0.0b1 0.68±0.0ab2 22.9±0.0ab1 52.50±0.00b2 2.05±0.04b1 148.08±9.91b1 0.21±0.0b3 6.99±0.11c2 

Low 9.1±0.4c2 0.54±0.0c2 0.62±0.0b2 21.8±0.0b1 42.00±3.50c2 0.57±0.14c2 130.67±4.25c1 0.66±0.1a2 7.13±0.005b2 

Kalaqin 

High 21.9±2.4a1 0.89±0.1a1 1.89±0.1a1 26.3±5.1a1 87.50±3.83a1 0.40±0.03a2 168.00±17.17a1 0.19±0.0b2 7.48±0.13a2 

Middle 17.4±1.8b1 0.63±0.1b1 0.55±0.1b3 19.2±0.5bc2 70.00±4.95b1 0.18±0.05a2 118.50±5.72b2 0.29±0.0a2 7.07±0.02b2 

Low 11.9±0.5c1 0.59±0.0b1 0.46±0.0c2 16.3±1.3c2 55.13±3.35c1 0.10±0.03a3 109.00±0.21b2 0.35±0.0a3 7.12±0.05b2 

Zhuolu 

High 13.1±0.3a2 0.79±0.0a2 1.42±0.1a2 22.0±0.3a2 62.42±1.01a2 2.23±0.41a3 183.00±4.96a1 0.48±0.0b1 8.25±0.28a1 

Middle 11.5±0.1ab2 0.69±0.0ab1 1.12±0.1b1 20.8±0.0a1 56.00±0.00b2 1.85±0.22ab1 145.58±2.48b1 0.53±0.0b1 8.27±0.10a1 

Low 10.5±0.3b2 0.60±0.0b1 0.90±0.0c1 19.8±0.0a2 46.67±4.04c2 1.23±0.16b1 96.67±2.52c2 0.79±0.1a1 8.45±0.08a1 
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Difference in N, P, and K Contents in Leaves of Kernel Apricots at Different Yield Levels 

Table 4 The variance analysis of the leaf nutrients in high-, middle-, and low-yield areas in Prunus 

armeniaca × sibirica 

Site Level Total nitrogen / mg·g
-1

 Total phosphorus / mg·g
-1

 Total potassium / mg·g
-1

 

Lingyuan 

High 17.50±0.48a1 0.67±0.15a1 20.30±0.54a2 

Middle 15.12±0.20b1 0.48±0.01ab1 14.93±0.59b2 

Low 10.71±0.47c1 0.40±0.02b1 8.42±0.82c1 

Kalaqin 

High 19.48±2.87a1 0.59±0.32a1 20.17±1.73a2 

Middle 15.26±0.73b1 0.32±0.03b12 10.92±2.49b2 

Low 12.26±0.32c1 0.25±0.01b1 3.45±0.04c2 

Zhuolu 

High 17.99±0.44a1 0.29±0.01a2 25.04±4.18a1 

Middle 14.52±1.18b1 0.24±0.01a2 16.20±0.33b1 

Low 12.76±0.02c1 0.22±0.01b1 9.49±0.02c1 

The degree of tree nutrients is mainly determined by the soil nutrient content [19], which can be reflected 

by the nutrient content of the leaves. In this experiment, there were some differences in the total nitrogen 

content of P. armeniaca × sibirica in different areas. The maximum value of 19.48 mg·g
-1

 appeared in the 

high-yield in Kalaqin, and the minimum value of 10.71 mg·g
-1

 appeared in Lingyuan. In the low-yield area 

of the region, the differences between the three regions did not reach significant levels (Table 4). The 

differences in the high, medium, and low yield levels were significant (P ≤0.05) at different yield levels in 

the same region. The difference showed a trend wherein the total nitrogen content of the leaves was 

positively correlated with the yield of apricot kernels (Table 4). In the high-yield area, the total nitrogen 

content in the leaves ranged from 17.50 to 19.48 mg·g
-1

. 

There were also differences in total phosphorus content in leaves of P. armeniaca × sibirica trees in 

different regions. The highest content of 0.67 mg·g
-1

 appeared in the high-yield area of Lingyuan, and the 

difference was significantly different from that of Zhuolu, but not significantly different with that of 

Kalaqin. The minimum value of 0.22 mg·g
-1

 appeared in the low-yield forest in the Zhuolu area, and the 

difference was not significantly different among regions (Table 4). Under the different yield levels in the 

same area, the difference between high-yield and middle-yield trees was not significant, but the difference 

in low-yield samples was significant, and the overall phosphorus content in leaves was positively correlated 

with apricot kernel yield (Table 4). In the high-yield samples, the total phosphorus content in the leaves 

ranged from 0.29 to 0.67 mg·g
-1

. 

In terms of total potassium content of leaves, there were differences between different regions. In the high-

yield area in Zhuolu, the total potassium content of leaves was the highest (25.04 mg·g
-1

), and the 

difference was significant compared to the other two regions. In the low-yielding stands of Kalaqin, the leaf 
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potassium content was the lowest (3.45 mg·g
-1

), and the difference was significant with that of the other 

two regions (Table 4). In the same region, the yield of potassium in the high-, middle- and low-level areas 

reached a significant level, and the total potassium content in the leaves was positively correlated with the 

yield of apricot kernels (Table 4). For high yield samples, the total potassium content in the leaves ranged 

from 20.17 to 25.4 mg·g
-1

. 

Main Components of Soil and Leaves that Affect the Yield of Apricot Kernels 

Nine indexes of soil nutrient content and three leaf nutrient content were analysed by principal 

component analysis. The contribution values of the four principal components were 4.945, 2.681, 1.662, 

and 1.095, respectively. The first main component contained nutrients of soil total N, soil organic matter, 

and soil available N, with a contribution rate of 41.21%. The second principal component included leaf P 

and N with a contribution rate of 22.35%. The third principal component was soil pH with a contribution of 

13.85%. The fourth principal component was the total K of the leaves, and the contribution rate was 9.13%. 

The cumulative contribution rate of the four components was 86.53% (Table 5). Based on the results of 

principal component analysis, the contribution rate of organic matter and available nitrogen content in the 

soil, total nitrogen, and total potassium content in leaves reached 60%. Therefore, these four factors could 

the main factors with which to judge the soil nutrients and apricot kernel yield levels in real time.  

Table 5 Matrix of principal components of environmental factors 

Factor 
Compoment 

1 2 3 4 

Eigenvalue 4.945 2.681 1.662 1.095 

Contribution rate 41.21 22.35 13.85 9.13 

Accumlation contribution rate 41.21 63.55 77.40 86.53 

Organic matter of soil 0.899 0.116 -0.262 0.261 

Total nitrogen of soil 0.901 -0.011 -0.165 0.304 

Total phosphorus of soil 0.815 -0.344 0.279 0.259 

Total potassium of soil 0.707 0.025 0.299 -0.109 

Available phosphorus of soil 0.091 0.649 0.548 -0.373 

Available potassium of soil 0.691 0.163 0.428 -0.327 

Available nitrogen of soil 0.925 0.072 -0.186 0.181 

pH value of soil 0.002 -0.136 0.872 0.381 

Total salt of soil -0.657 -0.447 0.323 0.350 

Total potassium of leaf -0.374 0.740 0.090 0.414 

Total nitrogen of leaf -0.409 0.793 -0.074 0.368 

Total phosphorus of leaf 0.282 0.837 -0.047 -0.051 

 

The effects of nutrients N, P, and K in the soil for nutrient accumulation, photosynthetic physiological 

response of the leaves, and biomass accumulation during the transition from the juvenile phase to adult.  

Effects of Soil Nutrients on the Accumulation of N, P, and K Content in P. armeniaca × sibirica Leaves 

The orthogonal experiment was used to analyse the accumulation of macroelements in the leaves of 

P. armeniaca × sibirica under artificially regulated soil nutrient. Under potted conditions, the total nitrogen 

content in leaves was the highest (20.1±1.33 mg·g
-1

) when using pure nitrogen 40 g, pure phosphorus 10 g, 
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pure potassium 30 g, and organic fertilizer 400 g. With the application of exogenous pure nitrogen 40 g, 

pure phosphorus 10 g, pure potassium 40 g, and organic fertilizer 400 g (Table 6), the total phosphorus 

content in the leaves was the highest and could be up to 0.65 ±0 .02 mg·g
-1

. The total potassium content in 

the leaves was the highest with pure nitrogen 40 g, pure phosphorus 10 g, pure potassium 30 g, and organic 

fertilizer 800 g, which reach up to 29.39 ± 3.11 mg·g
-1

 (Table 6). Based on the above results, with the 

application of pure nitrogen 40 g, pure phosphorus 10 g, pure potassium 30 g, and organic fertilizer 400 g 

in the soil, the content of total nitrogen, total phosphorus, and total potassium in the leaves of the P. 

armeniaca × sibirica was the highest, and this content was positively correlated with the nutrient content in 

the leaves. 

Table 6 The intuitive and significance test analysis of variance table of the orthogonal experiment on leaf 

nutrient accumulation in Prunus armeniaca × sibirica 

Factor Level Nitrogen content / mg·g
-1

 Phosphorus content / mg·g
-1

 Potassium content / mg·g
-1

 

Pure 

nitrogen 

0 13.31±0.92d 0.54±0.05a 22.70±1.27b 

10 16.29±1.13c 0.50±0.01a 24.33±1.38ab 

20 17.72±2.01bc 0.51±0.02a 26.38±2.44ab 

30 18.38±1.89b 0.50±0.02a 27.75±1.79ab 

40 20.10±1.33a 0.55±0.02a 27.83±3.05a 

Pure 

phosphorus 

0 15.59±1.12b 0.42±0.04c 21.94±1.64c 

5 16.34±1.25ab 0.54±0.01b 25.80±1.29b 

10 18.63±1.34a 0.65±0.02a 29.39±3.11a 

15 17.45±1.29ab 0.50±0.00b 27.05±2.59ab 

20 17.78±2.11ab 0.53±0.01b 25.80±2.17b 

Pure 

potassium 

0 16.79±0.98a 0.48±0.01a 17.93±1.34c 

10 17.19±1.77a 0.53±0.03a 23.25±1.28b 

20 17.16±1.21a 0.53±0.00a 26.37±0.92a 

30 17.62±1.47a 0.52±0.07a 28.98±1.28a 

40 17.04±1.51a 0.54±0.07a 26.04±0.78ab 

Organic 

fertilizer 

200 17.09±1.29a 0.54±0.04ab 23.29±1.59a 

400 17.79±1.47a 0.58±0.11a 26.52±3.07a 

600 17.34±1.09a 0.52±0.02b 25.06±2.90a 
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800 16.98±0.99a 0.44±0.01c 26.68±2.18a 

1000 16.63±1.20a 0.52±0.07b 26.45±2.07a 

 

Effects of Soil Nutrient on Photosynthetic Physiology Response of P. armeniaca × sibirica 

In the pot treatment, the orthogonal experiment was used to analyse the effects of photosynthetic 

physiology response of P. armeniaca × sibirica under artificially regulated soil nutrients. The content of 

chlorophyll a in leaves was the highest (1.19 ± 0.02 mg·g
-1

) with the application of pure nitrogen 20 g, pure 

phosphorus 15 g, pure potassium 40 g, and organic fertilizer 400 g in the soil, and the total chlorophyll 

content was consistent with the chlorophyll, which was up to 1.56 ± 0.03 mg·g
-1

 (Table 7). Pn had the 

highest photosynthesis rate with the application of exogenous pure nitrogen 20 g, pure phosphorus 15 g, 

pure potassium 10 g, and organic fertilizer 400 g in soil, being up to 10.61 ± 0.17 μmol·m
-2

·s
-1

 (Table 7). Gs 

and Tr had the optimal combination of pure nitrogen 20 g, pure phosphorus 15 g, pure potassium 30 g, and 

organic fertilizer 400 g, respectively, at 0.23 ± 0.01 mol·m
-2

·s
-1

, 4.89 ± 0.23 mmol·m
-2

·s
-1

 (Table 7). Ci had 

the optimal combination with pure nitrogen content 20 g, pure phosphorus 5 g, pure potassium 10 g, and 

organic fertilizer 1000 g, being up to 287.52 ± 19.23 μmol·mol
-1

 (Table 7). WUE with pure nitrogen 40 g 

had the optimal combination with pure phosphorus 5 g, pure potassium 20 g, and organic fertilizer 400 g, 

and was 3.09 ± 0.18 μmol·mmol
-1

 (Table 7). According to the above parameters, when the fertilizer applied 

to a single plant in the exogenous soil was 20 g of pure nitrogen, 15 g of pure phosphorus, 40 g of pure 

potassium, and 400 g of organic fertilizer, the photosynthesis index of the P. armeniaca × sibirica was the 

best and the photosynthetic efficiency was the highest. 
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Table 7 The intuitive and significance test analysis of variance table of the orthogonal experiment on the photosynthetic indexes of Prunus 

armeniaca × sibirica  

Factor level 
Chlorophyll a 

content/mg·g
-1

 

Total chlorophyll 

content/mg·g
-1

 

Pn / 

μmol·m
-2

·s
-1

 

Gs 

/mol·m
-2

·s
-1

 

Ci / 

μmol·mol
-1

 

Tr / 

mmol·m
-2

·s
-1

 

WUE/ 

μmol·mmol
-1

 

Pure 

nitrogen 

0 0.77±0.01b 1.02±0.01b 8.06±0.21b 0.18±0.00a 287.52±19.23a 3.42±0.11b 2.70±0.09ab 

10 0.95±0.01ab 1.24±0.02ab 9.41±0.18ab 0.21±0.01a 270.28±23.01ab 4.78±0.15a 2.02±0.07b 

20 1.19±0.02a 1.56±0.03a 10.61±0.17a 0.23±0.01a 260.30±25.00b 4.83±0.10a 2.23±0.10ab 

30 1.18±0.03a 1.54±0.05a 10.06±0.14a 0.20±0.01a 264.84±31.89ab 3.79±0.19b 2.73±0.07ab 

40 1.02±0.05a 1.33±0.04ab 9.65±0.22a 0.19±0.01a 276.20±15.07ab 3.54±0.22b 3.02±0.11a 

Pure 

phosphorus 

0 0.79±0.01b 1.06±0.09a 8.10±0.25b 0.17±0.00b 269.54±10.98a 3.37±0.17b 2.52±0.19a 

5 1.09±0.04a 1.40±0.05a 9.70±0.14a 0.18±0.00ab 268.06±8.99a 3.74±0.09ab 2.92±0.13a 

10 1.06±0.04a 1.41±0.04a 10.31±0.29a 0.22±0.00a 268.16±11.04a 4.53±0.21a 2.37±0.08a 

15 1.11±0.06a 1.42±0.10a 10.40±0.10a 0.23±0.01a 277.50±37.01a 4.55±0.21a 2.53±0.13a 

20 1.05±0.03a 1.39±0.07a 9.28±0.41ab 0.20±0.00ab 275.88±24.33a 4.17±0.19ab 2.35±0.17a 
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Pure 

potassium 

0 1.01±0.03a 1.32±0.10a 8.66±0.09a 0.18±0.01a 267.94±20.07a 3.50±0.07b 2.61±0.09a 

10 0.98±0.02a 1.32±0.09a 10.19±0.27a 0.20±0.01a 266.28±18.37a 4.04±0.11ab 2.76±0.07a 

20 1.01±0.05a 1.33±0.07a 8.88±0.09a 0.18±0.00a 279.26±21.55a 3.27±0.21b 2.89±0.33a 

30 1.01±0.12a 1.27±0.09a 10.03±0.11a 0.23±0.00a 275.14±23.47a 4.89±0.23a 2.13±0.45a 

40 1.08±0.09a 1.44±0.11a 10.04±0.18a 0.22±0.00a 270.52±17.03a 4.66±0.20a 2.30±0.36a 

Organic 

fertilizer 

200 0.94±0.04a 1.26±0.04a 9.84±0.20a 0.20±0.00a 266.90±18.22a 4.26±0.19ab 2.47±0.33a 

400 1.14±0.19a 1.47±0.05a 9.66±0.13a 0.21±0.01a 277.76±17.55a 3.47±0.17b 3.09±0.18a 

600 1.01±0.04a 1.32±0.13a 10.24±0.11a 0.22±0.00a 270.16±21.49a 4.64±0.17a 2.29±0.16a 

800 1.10±0.07a 1.42±0.12a 8.83±0.21a 0.19±0.01a 277.86±17.33a 3.50±0.11b 2.66±0.11a 

1000 1.01±0.22a 1.31±0.09a 9.23±0.09a 0.19±0.01a 266.46±17.66a 4.50±0.19a 2.18±0.10a 

Note: Different lowercase letters mean they are significance (P ≤0.05), the same as below.
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Effects of Soil Nutrients on Biomass Accumulation of P. armeniaca × sibirica 

The orthogonal experiment was used to directly analyse the biomass accumulation of the 

aboveground part. Under potted conditions, the plant height of the P. armeniaca × sibirica was the greatest 

when applying pure nitrogen 40 g, pure phosphorus 10 g, pure potassium 30 g, and organic fertilizer 200 g, 

and could be up to 1.75 ± 0.03 m (Table 8). The ground diameter was the thickest when the application of 

pure nitrogen 40 g, pure phosphorus 10 g, pure potassium 40 g, and organic fertilizer 200 g reached 33.59 ± 

3.23 mm (Table 8). The crown amplitude reached a maximum value of 1.77 ± 0.04 m when the application 

of pure nitrogen was 40 g, pure phosphorus was 10 g, pure potassium was 40 g, and organic fertilizer was 

400 g (Table 7). According to various indexes, the maximum biomass accumulation could be obtained when 

the application of pure nitrogen was 40 g, pure phosphorus was 10 g, pure potassium was 40 g, and organic 

fertilizer was 200 g. 

Table 8 The intuitive and significance test analysis of variance table of the orthogonal experiment of the 

vegetative growth of Prunus armeniaca × sibirica 

Factor Level Plant height / m Ground diameter / mm Crown / m 

Pure 

nitrogen 

0 1.50±0.03e 21.14±3.99b 1.49±0.03c 

10 1.56±0.04d 29.25±4.01a 1.32±0.32d 

20 1.61±0.02c 30.40±3.12a 1.56±0.07bc 

30 1.68±0.05b 30.95±3.29a 1.63±0.08b 

40 1.75±0.03a 33.59±3.23a 1.77±0.04a 

Pure 

phosphorus 

0 1.45±0.03c 30.21±4.88a 1.48±0.09b 

5 1.59±0.05b 30.61±2.89a 1.50±0.06b 

10 1.70±0.09a 33.19±1.78a 1.68±0.03a 

15 1.56±0.07b 30.99±2.17a 1.54±0.47ab 

20 1.61±0.09a 31.33±3.01a 1.60±0.02ab 

Pure 

potassium 

0 1.55±0.04b 21.58±2.55b 1.41±0.03c 

10 1.51±0.03c 29.10±4.82a 1.51±0.98bc 

20 1.64±0.07a 31.54±4.33a 1.60±0.83a 

30 1.67±0.08a 32.23±3.85a 1.52±0.05b 

40 1.65±0.07a 32.87±2.46a 1.65±0.05a 

Organic 

fertilizer 

200 1.68±0.06a 33.05±1.46a 1.55±0.04a 

400 1.63±0.03a 31.75±1.22a 1.67±0.08a 

600 1.49±0.07a 30.21±2.08a 1.49±0.09a 

800 1.52±0.09a 30.08±2.43a 1.51±0.02a 

1000 1.59±0.06a 31.24±1.09a 1.63±0.07a 

 

IV. DISCUSSION 

Different nutrient elements play key roles in the growth and development of apricot trees [19,27-28]. It is 

generally believed that the element N can promote the growth of apricot trees and increase yield without 

hindering fruit quality. Element P promotes the growth of apricot leaves and branches and increases yield 
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[19,29], K mainly promotes the development of the endocarp of apricots, similar to the case of other fruits, 

such as grapes [30] and peaches [31]. This study found that there were significant differences in the contents 

of organic matter, total nitrogen, total phosphorus, available nitrogen, and available potassium in the main 

nutrient contents of the high-yield and low-yield areas of P. armeniaca × sibirica. This indicated that the 

sampling area of this study was representative; in particular, the organic matter content and available 

nitrogen were significantly different (P ≤ 0.05), which indicated that the content of organic matter and 

available nitrogen in soil could be used as the main factors and to judge the soil nutrient status and yield of 

P. armeniaca × sibirica. In particular, under different yield levels in different regions, the contents of 

available nitrogen in soil were significantly different (P ≤ 0.05) (Table 3), indicating that available nitrogen 

might be a limiting nutrient determining different yield levels of apricot kernels. 

The total N and total K contents in the leaves showed significant differences at the high, medium, and low 

levels of the same region, indicating that the total N and K content in the leaves were the key factors for 

measuring apricot kernel yield. Almaliotis found in their study on 24 fresh apricots in northern Greece that 

the yield was highly correlated with the content of total N, total P, and total K in leaves, and in particular, 

the relative content of N and K in leaves was closely related to the yield [32]. This was similar to our results. 

At the same time, the content of K in both soil and leaves was much higher than that of other nutrient types, 

which further confirmed the conclusion that kernel apricots preferred the element potassium [1]. It should be 

noted that factors affecting the accumulation of nutrients in leaves, in addition to cultivation management 

and genotypes, leaf age, rootstock type, and physiological and phenological stages, also cause differences in 

nutrient accumulation in leaves [33], and the impact of these factors was not studied in this article. 

The photosynthetic capacity of plants is not only influenced by their genotypes, but also by the type and 

amount of fertilizer applied. It is generally believed that rational application of nitrogen, phosphorus, and 

potassium can significantly enhance the photosynthetic capacity, and improve the quality and yield of fruits 

[34]. Previous studies have found that nitrogen significantly increases the yield and quality of herbaceous 

crops, whereas potassium significantly improves the yield and dry matter quality, which is related to the fact 

that both nitrogen and potassium improve the photosynthetic capacity of crops [10,12-13]. In this study, we 

found that nitrogen and phosphorus had a significant effect on photosynthetic capacity of P. armeniaca × 

sibirica, whereas the effect of potassium on various treatments was not significant (P ≤ 0.05). This 

phenomenon also existed in Pyrus pyrifolia var Yuluxiang [35]. It was suggested that during the transition 

period from the juvenile stage to adulthood, the proportion of phosphate fertilizer should be appropriately 

increased to enhance the photosynthetic efficiency and produce more photosynthetic products. In actual 

production, people have realized the important role of nitrogen fertilizer and potassium fertilizer, but ignored 

the application of phosphate fertilizer, and the lack of phosphate has become a new key factor restricting the 

quality and yield of fruits [36]. Therefore, P. armeniaca × sibirica cultivation should pay special attention to 
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the rational application of phosphate fertilizer. There could be three reasons: first, excessive accumulation of 

nutrients in leaves may lead to antagonism of ions of nutrients in trees and decrease of nutrient absorption 

efficiency; second, excessive accumulation of biomass will cause tree canopy closure, leading to the 

imbalance between vegetative growth and reproductive, which is not conducive to the transition from 

vegetative growth to reproduction, this is also the main reason for the prolongation of the   juvenile stage 

caused by excessive application of nitrogen fertilizer; third, improving the physiological function of the tree 

(photosynthesis) is beneficial to the redistribution of nutrients inside the tree and promotes the formation of 

an efficient “source-sink-translocation” circulation pathway. Therefore, we believe that 20 g of pure 

nitrogen, 15 g of pure phosphorus, 40 g of pure potassium, and 400 g of organic fertilizer applied to a single 

tree is the appropriate nutrient ratio for the transition from vegetative growth to reproductive in kernel 

apricot cultivation (Table 9). Under this condition, the economic input of fertilizer is approximately 49.5 

yuan per 667 m2 (55 plants per 667 m2) (Table 9). 

Table 9 The effect of optimal combination for growth and development of Prunus armeniaca × sibirica with 

different fertilizer types 

Optimal 

combination 

Nitrogen fertilizer / g  Phosphorus fertilizer /g  Potassium fertilizer /g 

Organic 

fertilizer 

/g 

Economi

c input / 

RMB·hm

2 

Pure 

nitrogen 

Commerci

al nitrogen 
 

Pure 

phosphorus 

Commercial 

phosphorus 
 

Pure 

potassium 

Commercial 

potassium 
  

Leaf nutrient 

accumulation 
40.0 87.0  10 83.3  30 60.0 400 742.50 

Photosynthetic 

physiology 
20.0 43.5  15 125.0  40 80.0 400 740.44 

Biomass 

accumulation 
40.0 87.0  10 83.3  40 80.0 200 466.13 

Note: Commercial nitrogen with NO of 46% is 100 RMB per 50 kg, commercial phosphorus with P2O5 of 12% is 125 

RMB per 50 kg, commercial potassium with K2O of 50% is 125 RMB per 50 kg, and organic fertilizer with organic 

matter of 45% and total nutrients of 5% is 85 RMB per 50 kg. The cultivation density of kernel apricots in production 

is 825 plants per ha. 

This experiment had some limitations because it may not be exactly the same as the actual production because of 

the results were from pot cultivation. In the case of potted plants, we precisely regulate the soil moisture content in 

the daily management process and limit the roots of P. armeniaca × sibirica to the basin. Thus, it is difficult to 

achieve such precise water and fertilizer and root regulation in actual field production. Therefore, the results of this 

experiment are applicable to apricot orchard with integrated water and fertilizer, drip irrigation and accurate water 



Forest Chemicals Review 
www.forestchemicalsreview.com 
ISSN: 1520-0191  
July-August 2022 Page No. 2562-2581 
Article History: Received: 10 April 2022 Revised: 18 May 2022 Accepted: 30 June 2022 Publication: 25 July 2022 

 

2579 

control and management. In areas where these conditions are not available, the amount of fertilizer applied should 

be appropriately increased. According to experience in production, the annual application amount of chemical 

fertilizer is generally 2.0 to 3.0 times that of a pot experiment after P. armeniaca × sibirica enters the fruiting stage. 

The organic matter in the soil plough layer (20–30 cm deep under the soil surface) should have a content over 1.0% 

[1] and can achieve a high-yield target. 

V. CONCLUSION 

When the total nitrogen content in the soil was 0.075%–0.089%, the available nitrogen content was 62.42–

87.05 mg·kg
-1

, the organic matter content was 1.31%–2.19%, and the contents of total N, total P, and total K 

in leaves were 17.50–19.48 mg·g
-1

, 0.29–0.67 mg·g
-1

 and 20.17–25.04 mg·g
-1

, respectively, when the yield 

of apricot kernels was the highest. These indexes were the key factors for evaluating yield. According to the 

content of total N, P, and K in the leaves in real time, the soil fertility status and apricot kernel yield could 

be quickly evaluated. 

According to studies of different fertilization ratios on the accumulation of nutrient N, P, and K, the 

response of photosynthetic physiological processes and the accumulation of biomass of kernel apricots, 

under potted conditions, the nutrition provided by applying 20 g of pure nitrogen, 15 g of pure phosphorus, 

40 g of pure potassium, and 400 g of organic fertilizer to each seedling was most appropriate for the 

transformation of kernel apricots from vegetative growth to the reproductive stage.  
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