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Abstract

:

C. sinensis cv. Sijichun is a representative Taiwanese low-altitude tea cultivar native to central Taiwan. To enrich the taste of tea in a geographically disadvantaged area, soil management became necessary but was obscure. The purpose of this study was to screen the main soil factors that influence the quality composition levels of tea to optimize the efficiency of tea tree horticulture. Soil and tea leaf samples collected from 20 tea plantations determined thirteen soil properties, nine leaf element nutrients and aluminum, and five main extractable quality compositions, including polyphenols, catechins, flavones, free amino acids, and caffeine in tea infusion. Pearson’s correlation analysis and principal component correlation analysis showed that soil available nutrients cannot respond to the concentration of corresponding essential elements in tea leaves; nevertheless, adequate leaf macronutrients and Zn could enhance polyphenol, free amino acid, and caffeine contents, but decreased flavone contents, and showed their consistent effect by soil characteristics. Of note, soil pH, EC, exchangeable calcium, exchangeable magnesium, total concentration of manganese, and total concentration of copper were shown as significant impact factors on free amino acid content. In summary, regulating the pH of soil under 3.51–5.21 in our study and managing soil effective Ca, Mg, and Zn supply could help to obtain a greater umami taste of tea.
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1. Introduction


The tea plant (Camellia sinensis (L.) O. Kuntze), which is a perennial crop with a high economic value, is well known for its infusion due to a pleasant aroma, delightful flavor, as well as health-promoting properties [1]. Tea is the most popular consumed beverage worldwide that has an increasing production with 9,553,548 and 10,008,383 tons in 2019 and 2020, respectively [2]. Its appearance and organoleptic properties are regarded as major indicators of tea quality and price [3,4]. Many previous studies have demonstrated that secondary metabolites in tea leaves, such as theanine, rutin, caffeine, and various catechins, were the key contributors to the flavor of tea and quality [5,6,7,8]. For instance, free amino acids were associated with the taste of umami, and caffeine and catechins were responsible for bitter and astringent flavors, respectively [9]. Moreover, the potential health benefits of tea have been pointed out to inhibit carcinogenic transcription factors, stabilize blood pressure, prevent cardiovascular diseases, diabetes, and reduce the intestinal absorption of lipids given the antioxidant capacity of phenolic compounds [10,11,12]. These content of quality components (secondary metabolites) depend on genes, variety, climate, altitude, soil and fertilizer management, harvest season, leaf age, and manufacturing process [13,14,15]. Among the above factors, season and climate have been already reported as the primary effects [16]. However, edaphic factors are still crucial since the biochemical properties determine the availability of essential nutrients, which is reported to not only play an important role in plant growth but also support the biosynthesis of chemical compositions and tea quality.



Tea tree is a leaf-harvest crop widely native to tropical and subtropical areas, especially in Asia, Africa, and Latin America. The optimal soil environment for tea growth is a pH of 4.0–5.5, well-drained, with more than 2% organic matter (OM) content, and suitable for sandy loam or sandy clay with rich humus in general [17]. As for a high nitrogen (N) requirement crop, it has been reported that applying NH4+-containing fertilizer can improve growth performance and strongly increase yield as well as enhance the level of free amino acids and caffeine while increasing or decreasing the polyphenol level [18]. Fertilizing with N, potassium (K), and magnesium (Mg) have been demonstrated to promote the synthesis of glutamic–pyruvic transaminase (GTP), glutamate dehydrogenase (GLD), and amine oxidase to amino acids and thus decrease the PP/AA ratio (polyphenol/amino acid ratio), which used to be an index for qualifying tea quality [18,19]. The results of earlier research have also highlighted that N and phosphorus (P) fertilizer could enhance the level of theanine, caffeine, and esterified catechins to improve the quality of tea infusion [20,21]. Moreover, most micronutrients act as electron transports, activators of enzymes, or cofactors in the physiological function of tea plants, such as iron (Fe), which is involved in the synthesis of chlorophyll protein complexes; polyphenol oxidase (PPO) in tea leaves has also been noted to be made up of copper (Cu) [22]. In addition, the characteristics of tea trees include aluminum (Al) and manganese (Mn) hyperaccumulation. It has been reported that Al may be the beneficial element for tea root growth and has a high tolerance under high Al availability conditions with low pH [23]. Therefore, the antioxidant properties having a strong influence on polyphenolic levels were altered to be in defense against oxidative stress [24].



However, the availability of element nutrient mainly depends on pH. The nutrient uptake is affected by soil texture, cation exchange capacity, and any physical and chemical properties, elemental antagonism, or synergism effect [25]. Therefore, soil conditions should be dominant in tea plantation management in this quality-driven agricultural industry. Although the studies in this decade that investigated single fertilizers applied to the soil for crop yield and tea quality were versatile, the integrative evaluation for soil management of the tea garden was few and far between. In an attempt to enhance the abundance of quality compositions in our representative Taiwanese low-altitude tea cultivar, Sijichun, against the elevation downside and optimize the efficiency of tea tree horticulture, we closely looked at the relationship among thirteen soil properties, ten foliar elements, and the five main quality compositions in tea infusion. This study aimed to screen the main soil factors influencing the quality component levels of tea. Multiple statistical analyses were conducted to (1) realize the coherently connecting relationship between nutrient uptake and metabolism as well as to (2) directly explore the multiple responses of specific soil properties to the quality component levels of tea.




2. Materials and Methods


2.1. Soil and Tea Leaf Materials


Soil and fresh tea leaf samples were collected from twenty study plantations as shown in Figure 1. The age of tea trees was similar, ranging from 10 to 20 years. Soil sampling sites were randomly selected, triplicated in each plantation, and collected at the depths of 0–20 cm, 20–40 cm, and 40–60 cm under the canopy of tea trees by auger in 2019. Meanwhile, tea flushes (tea shoots with two leaves and a bud) were randomly picked from the same tea bush in selected plantations. Tea samples were stayed under the low temperature situation to keep them fresh and prevent physical damage before transferring to laboratory.




2.2. Soil Preparation and Analysis


The soil samples were air-dried, ground, and passed through 10-mesh stainless steel sieves for analysis preparation, and 80- and 100-mesh stainless steel sieves for particular properties analysis according to the protocol of soil property analysis. The basic characteristics include soil pH (Wsoil/Vwater = 1/5) [26]; electrical conductivity (EC; Wsoil/Vwater = 1/5) [27]; soil organic matter (SOM) that converted from soil organic carbon (SOC) by timing the coefficient 1.724 [28]; soil wet aggregate stability (WAS) [29]; 2 M KCl extractable N [30]; available P that extracted by Bray No. 1 protocol [31,32]; 1 M NH4OAc (pH 7.0) exchangeable cations [33], and the total concentration of Cu and Zn digested using aqua regia by the protocol published by Environmental Protection Administration (EPA), Taiwan [34] were analyzed by inductively coupled plasma atomic emission spectroscopy/optical emission spectroscopy (ICP-OES, PerkinElmer Avio200, Waltham, MA, USA).




2.3. Tea Leaf Sample Preparation and Analysis


Tea leaf sample analysis was conducted after washing the leaves three times by running water and deionized water (DI water) to remove adhered dust, oven-drying them at 65 °C for 72 h, and finely grinding them into powder. A total of 0.2000 g of dried samples were weighed and digested by H2SO4–H2O2 protocol described from Jones Jr. and Case [35].



2.3.1. Analysis of Elements in Tea Leaves


Kjeldahl N analysis according to the study by Mulvaney [30] was conducted to determine N concentration of tea samples. P concentration of tea samples was determined through the molybdenum blue method [32] via visible spectrophotometer (Genesys 30, Thermo, Waltham, MA, USA). K concentration in leaf samples was determined by a flame photometer (FA, Flame Photometer 410, Sherwood Cambridge, UK) using the external standard method under a 5–20 mg L−1 calibration curve. The concentration of Ca, Mg, Fe, Mn, Cu, Zn, and Al in leaf samples was determined using inductively coupled plasma (ICP-OES, Perkin Elmer Avio 200, Waltham, MA, USA) under a 0.1–40 mg L−1 multielemental calibration curve. For quantitative and data analysis, calibration curves were acceptable when r2 ≥ 0.99. The average element concentration and percent relative standard deviation were based on triplicates of each sample variable.




2.3.2. Analysis of Chemical Components in Tea Infusion


An aqueous infusion was extracted following the previous publication from Taiwan Tea Research and Extension Station (TRES) [36], which indicated the best extraction efficiency of total polyphenols was implemented with 1/100 (Wsample/Vwater) extraction ratio in 100 °C water bath for 60 min. Filtering and quantifying with DI water to a final volume of 100 mL were conducted. Next came storing the infusion of samples in a freezer at 4 °C for further analysis.



Determination of Total Polyphenols


The Folin–Ciocalteu colorimetric method, according to previously published methods [37] from TRES Taiwan, was conducted to determine the content of total polyphenols in tea infusions. Standard concentrations of gallic acid ranged from 0–0.3 mg mL−1 were prepared as calibration curves. A total of 1 mL of the diluted infusion sample was homogeneously mixed with 1 mL of Folin–Ciocalteu reagent and 2 mL of saturated Na2CO3 solution, and stayed quiescently for an hour and determined at a wavelength of 700 nm using Genesys 30 visible-spectrophotometer (Thermo, Waltham, MA, USA).




Determination of Total Catechins


The content of total catechins in the tea infusion was determined through the previously published colorimetric method [37]. Gallic acid was as standard. A total of 1 mL of infusion sample was reacted with 3 mL phosphate-buffered saline (pH = 7.5, 0.1 N) and 1 mL tartaric acid coloring agents made from 100 mg ferrous sulfate and 500 mg potassium sodium tartrate quantitative with DI water into 100 mL. Total catechin content of this reaction solution was determined at a wavelength of 540 nm through Genesys 30 visible-spectrophotometer (Thermo, Waltham, MA, USA) after mixing and quiescent for a half hour.




Determination of Total Flavones


The analysis of total flavone content was conducted following the methods of the previous study [10]. The absorbance of 1 mL infusion sample reacted with 9 mL 1% (w/w) aluminum chloride determined at 420 nm (A420) via Genesys 30 visible-spectrophotometer (Thermo, Waltham, MA, USA) and substituted into the following equation:


Flavones (mg mL−1) = (A420 × 320)/103












Determination of Total Amino Acids


The ninhydrin colorimetric method was carried out to determine the content of total free amino acids by a modified ninhydrin colorimetric assay based on the method of the previous study [38]. Standard concentrations of L-theanine ranged from 0 to 0.2 mg mL−1 were used as calibration curves. A total of 2 mL of infusion sample was reacted with 1 mL of ninhydrin spray reagent and 1 mL of stannous chloride solution prepared with citrate buffer solution (4 M, pH 5.2) as a solvent; afterward, it was heated in 80 °C water bath for 20 min. The reaction mixture was then cooled rapidly by adding 5 mL of isopropanol/water diluent (1/1, v/v) with vigorous mixing. The level of free amino acids was measured at a wavelength of 540 nm through Genesys 30 visible-spectrophotometer (Thermo, Waltham, MA, USA).




Determination of Caffeine


The caffeine content in tea infusion was determined by the spectrophotometric method [38]. The caffeine standard concentration range of 0–12 mg L−1 was prepared as a calibration curve. Tea infusion samples that were 50 to 100 times diluted to fit within the calibration range were measured directly at a wavelength of 276 nm through a UV-Vis spectrophotometer (T60, PG Instruments Ltd., Lutterworth, UK).






2.4. Statistical Analysis


Statistical analyses were conducted using SAS v9.4 software (Statistical Analysis System, SAS Institute Inc., Cary, NC, USA) to perform the basic statistical data of the soil properties and the level of components in tea. Pearson’s correlation analysis and principal component analysis (PCA) were carried out with a database through SAS software to perform the relevance among the soil characteristics, the mineral nutrients and Al, and the quality compositions of tea as well as to extract the main soil variation influence on leaf quality compositions. The results of correlation analysis were represented by the heat map produced by MATLAB 2018 version (The MathWorks, Inc., Portola Valley, MA, USA).





3. Results


3.1. Soil Properties in Different Depths


The results of basic soil properties in different depths are given in Table 1. Soil pH at the depth of 0–20 cm, 20–40 cm, and 40–60 cm was ranged within 3.5–5.3, 3.3–5.0, and 4.4–5.4, respectively. The soil of selected plantations belonged to strong or extremely acid soil, which are the optimum pH range for tea plant growth (Peng et al., 2018). Because the higher pH was addressed along with soil depth, the chemical fertilizer application at surface soil in conventional cultivation could be presumed as the reason. The OM contents at each soil sampling depth were 1.44 ± 0.4%, 1.21 ± 0.48%, and 1.18 ± 0.48%, respectively, which indicated a bit deficiency in the scale as a highly productive soil has a content of around 2%. The value of EC, OM, and WAS consociately decreased as the depth of soil went deeper. The concentration of available nutrients in selected plantations soil were varied. Nevertheless, the nutrient levels within the first quartile (Q1) and third quartile (Q3) in our dataset (Table 1) were regarded as a moderate and rich grade, as recommended by TRES Taiwan.




3.2. The Concentration of Leaf Nutrient Elements


In tea leaf samples, the basic descriptive statistics of elements are presented in Table 2. Elements enriched in tea leaves in descending order were N > K > Ca > P > Mg > Mn > Al > Fe > Zn > Cu as shown in Figure 2. Sufficient macronutrient levels were determined in our research validated by the range of tea N, P, K, Ca, and Mg standard levels, 4.0–6.0%, 0.2–0.4%, 1.5–2.0%, 0.2–0.6%, and 0.1–0.3%, respectively [39]. Among these leaf samples, tea Fe concentration was mutable that the maximum and minimum value were 7497 and 34 mg kg−1, respectively, compared with the standard nutrient ranging from 90–150 mg kg−1. As a high Mn and Al tolerant plant, tea Mn concentration varied 2.8-fold, from 427 to 1205 mg kg−1 among the 27 samples from selected plantations, and the Al concentration varied 4-fold from 266 to 1054 mg kg−1. The tea Cu concentration in the majority of selected samples was not detectable with the standard nutrient level range of 8–15 mg kg−1.




3.3. The Content of Extractable Chemical Compositions in Tea Leaves


The extractable chemical composition contents in tea leaves are presented in Table 3. There were 15–45% total polyphenols of dry weight (DW) of tea, which is claimed to attribute an astringent taste, determined in overall selected tea leaf samples and revealed a varying variation. The content of catechins and flavones, which are yellow pigmentation and an astringency attributor was 14–35% DW and 9–16% DW, respectively. The content of free amino acids, umami taste contributor, was 1.7–5.8% with the normal level ranging from 1% to 4%. Moreover, the content of caffeine was 4.7–9.6% DW determined among selected samples.




3.4. Heat Map for the Relationship between Soil Properties and Leaf Elements


The Pearson’s correlation coefficient between soil available nutrients and leaf elements is illustrated as a heat map in Figure 3. The basic soil characteristics, such as pH and EC, in three different depths of soils were related to different elements in tea leaves. Soil pH was significantly correlated with P, Ca, and Mn in tea leaves in 0–20 cm and 20–40 cm depth. Of note, soil EC and WAS were highly significantly correlated with Fe and Cu at the depth of 40–60 cm, compared with the results at the above (0–20 cm and 20–40 cm). Similarly, the significant statistical results of availability P were predominantly exhibited at the depth of 40–60 cm. Furthermore, leaf elements revealed clear relationships with concentrations of exchangeable Ca, exchangeable Mg, total Mn, and total Zn at the topsoil and subsoil, while the total concentration of Fe and Cu was also significantly related to leaf Ca, Mn, and Zn at all sampled depths.




3.5. Heat Map for the Relationship between Leaf Elements and Chemical Compositions


The relationship among leaf element levels and the five main chemical composition contents is illustrated in Figure 4. The macronutrients, such as N, P, K, Ca, and Mg as well as the micronutrient, Zn, were positively related to polyphenols; the Pearson’s correlation coefficients were 0.74 (p < 0.01), 0.83 (p < 0.0001), 0.66 (p < 0.05), 0.73 (p < 0.01), 0.84 (p < 0.0001), and 0.64 (p < 0.05), respectively. The catechins, which is the subgroup of flavonoids, had nonrelationships with elements, whereas the flavones revealed negative relationships with P (−0.66, p < 0.05), Ca (−0.68, p < 0.01), Mg (−0.60, p < 0.05), and Mn (−0.58, p < 0.05) concentrations in the leaves. Except for leaf Fe and Al, the positive relationships between each element and organic N-containing compounds, free amino acids, were also depicted, whereas they related negatively to Cu. Regarding caffeine, its level was moderately related to leaf N and K.




3.6. PCA and PCA Correlation between Soil Properties and Tea Quality Compositions


Firstly, there were four components whose eigenvalue was greater than one that were selected and are presented in Table 4. These four components implemented the correlation analysis with chemical compositions presented in Table 5 and Table 6. The PC1 score calculated by the equation obtained by eigenvectors was positively related to free amino acid levels. Notably, pH, EC, exchangeable Ca, exchangeable Mg, total concentration of Mn and Cu with the over 0.7 correlation coefficient were obtained and regarded as the main soil factors influencing free amino acids. In addition, PC3 and PC4 had fewer strength relationships with polyphenols, flavones, and caffeine that showed the decreasing OM and increasing available N effect on flavone induction as well as the total Fe, Zn, and WAS effect on polyphenols and caffeine.





4. Discussion


4.1. The Nutrient Element Uptake and Usability for Different Depths of Soil


The relationships between soil pH and leaf P, Ca, and Mn indicate that soil pH around tea roots was readily implicated in the transfer and accumulation of nutrients from soil to plants [40]. In addition, the results revealed that the abundance of metals was affected by the changing soil conditions, such as pH, EC, OM, and WAS [41]. Despite that previous research demonstrated the concentration of plant tissue nutrients relies on the corresponding soil nutrient supply [42], our nonsignificant correlation revealed that mineral nutrients needed for tea leaf growth may be mainly supplied by the nutrients stored in the sink of tea trees instead of reflected immediately by the available nutrient levels of soil. Nevertheless, the limiting nutrients, such as soil available N and exchangeable K, were significantly negatively related to leaf Ca, Mg, and Mn; soil available P was positively related to leaf N and K at a depth of 40–60 cm, and showed that the macronutrient alteration around the main root system may affect the other element uptakes or cycles. Moreover, the rhizosphere soil of tea garden evidencing the accumulations of iron oxides also revealed the negative association with leaf macronutrients and Zn might be given the competitive interaction. Overall, a seasonal strategy of fertilization application in autumn and winter may subsequently remobilize and support the next spring growth [43,44].




4.2. Implication of Leaf Element Level for Tea Quality Chemical Compositions


Despite the previous findings that chemical compositions are induced under high solar radiation and high temperature stress [16], N, P, K, Ca, Mg, and Zn play crucial roles in the synthesis of polyphenols and free amino acids in Sijichun leaves [45]. N not only promotes tea plant growth but also indirectly affects the synthesis of theanine and the accumulation of catechin in tea leaves by inducing the activity of phenylalanine ammonia-lyase and increasing the activity of glutamate synthase, which is responsible for theanine production in the sink of tea trees [46,47,48]. The abundance of Mg may indirectly affect the biosynthesis of polyphenols, flavonoids, and free amino acids because of the role of chloroplast center and catalyst involved in phosphorylation [20,49]. Likewise, K was demonstrated not only to improve drought stress but also to induce more free amino acids. In addition, our results may suggest that there was a threshold of P level enhancing catechins and flavones since the result of a negative relationship with leaf P to flavones and a nonrelationship to catechins contradicted the results of earlier research that proposed the inhibition of cinnamic acid biosynthesis, which is the precursor of flavonoid metabolism, occurring under P deficiency [50].



In microelements, Zn, the nonmobile nutrient, was revealed to play an important role as well as induce the accumulation of polyphenols, flavonoids, and free amino acids in the tender bud and leaf growth [51,52]. Of note, phenolic metabolism was induced on account of an Al tolerance mechanism in general. However, phenolic compounds were not induced excessively by leaf Al within the critical level between 400–900 mg kg−1 (the Al level of our study had a range of 260–1060 mg kg−1) [53,54]. This finding suggested that the soil pH of the tea garden should be maintained in a proper range to avoid external Al stress by soil acidification, thus formatting the astringency compounds.




4.3. From Soil Properties, Elements, to Tea Quality Compositions


Our finding according to the result of the PCA correlation revealed that free amino acids might be enriched by increasing soil pH, exchangeable Ca, exchangeable Mg, total Mn and, total Cu level in the suitable range as well as by decreasing soil EC value, a result that was similar to the previous study [55]. Consequently, soil pH is the foundation of tea plantation management [56]. Free amino acids content increased with increasing pH values under the condition of pH 3.50–5.21 in our study [57]. Meanwhile, exchangeable Mg was suggested as the vital soil factor to increase theanine and keep the activity of nitrate reductase, glutamine synthetase, and theanine synthetase under an adequate nutrient level in tea roots [58,59,60,61]. With regards to leaf nutrients, the soil exchangeable Ca and Mg and total Mn and total Cu, which were indicated to be associated with free amino acids, showed a consistent relationship with P, Ca, Mn, Cu, Zn in leaves in Figure 2 and Figure 3. This finding was discussed with possible implications being that pH, EC, exchangeable Ca, exchangeable Mg, total Mn, and total Cu are pivotal factors in the soil management of tea gardens to enhance the free amino acids of tea and suggest that fertilization has significant effects on crop taste quality [62].





5. Conclusions


Tea polyphenols and free amino acid contents in tea leaves were simultaneously enhanced by adequate leaf macronutrients and Zn. Moreover, the caffeine content had a moderately positive relevance with leaf N and K, whereas the flavone content had a negative relevance with leaf P, Ca, Mg, and Mn. These findings revealed the specific nutrients acted as important roles in Sijichun to enhance the richness of tea taste but reduce the tea pigment based on our result. Regarding soil management, although soil available nutrients cannot respond to the concentration of corresponding essential elements in tea leaves, the continuous and seasonal fertilization strategy would still affect the concentration and metabolic transformation of tea elements and affect the quality of tea trees. Soil pH, EC, the concentration of exchangeable Ca, exchangeable Mg, as well as total Cu and Mn were assessed to significantly influence free amino acids content, namely, increasing the pH of soil within an appropriate limit, and managing soil effective Ca, Mg, Cu, and Mn supply could help to obtain higher free amino acids for a greater umami taste of tea. This finding might be valuable for improving the quality of tea and the sustainable management of tea plantations.
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	N
	Nitrogen



	P
	Phosphorus



	K
	Potassium



	Ca
	Calcium



	Mg
	Magnesium



	Fe
	Iron



	Mn
	Manganese



	Cu
	Copper



	Zn
	Zinc



	Al
	Aluminum



	EC
	Electrical Conductivity (Wsoil/Vwater = 1/5)



	OM
	Organic matter
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	Wet aggregate stability
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	Glutamine synthetase
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	TS
	Theanine synthetase
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	Glutamic-pyruvic transaminase



	GLD
	Glutamate dehydrogenase
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	Polyphenol oxidase
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	Principal components analysis



	PP/AA ratio
	Polyphenol/amino acid ratio



	EPA Taiwan
	Environmental Protection Administration, Executive Yuan, Taiwan



	TRES Taiwan
	Tea Research and Extension Station, Executive Yuan, Taiwan
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Figure 1. The map of soil sampling sites in Mingjian township, Nantou county, Taiwan that were generated via ArcGIS. (https://www.esri.com/en-us/arcgis/products/arcgis-desktop/overview; mapped on 7 January 2022). 
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Figure 2. Visualization comparison of the concentration of ten foliar elements (n = 20). The unit of macronutrients was converted into mg kg−1. 
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Figure 3. Heatmap of the correlation coefficient between different soil depth properties and elements in Sijichun leaves. The soil properties are depicted on the horizontal axis while the elements are depicted on the vertical axis. *: p < 0.05; **: p < 0.01; ***: p < 0.0001. Abbreviations: EC, electrical conductivity; OM, organic matter; WAS, wet aggregate stability; Avail., Available; Exch., Exchangeable. 
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Figure 4. Heatmap of the correlation coefficient between element nutrients and chemical compositions in Sijichun leaves. The chemical compositions are depicted on the horizontal axis, while the elements are depicted on the vertical axis. *: p < 0.05; **: p < 0.01; ***: p < 0.0001. 
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Table 1. The basic descriptive statistics of soil properties 1. (n = 20).
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pH

	
EC

	
OM

	
WAS

	
Avail. N

	
Avail. P

	
Exch. K

	
Exch. Ca

	
Exch. Mg

	
Total Fe

	
Total Mn

	
Total Cu

	
Total Zn




	

	
dS m−1

	
%

	
mg kg−1






	
0–20 cm depth




	
Mean ± SD

	
4.04 ± 0.41

	
0.19 ± 0.09

	
1.44 ± 0.50

	
44.3 ± 11.3

	
12.78 ± 8.20

	
302 ± 195

	
171 ± 93

	
223.1 ± 216.0

	
120.4 ± 86.2

	
34,177 ± 6142

	
22.34 ± 9.77

	
39.61 ± 15.6

	
178.7 ± 62.0




	
Max

	
5.21

	
0.40

	
2.36

	
68.75

	
30.38

	
691.41

	
489.05

	
932.28

	
458.05

	
40,202.0

	
46.7

	
100.63

	
317.3




	
Q3 2

	
4.26

	
0.25

	
1.82

	
51.86

	
16.88

	
429.45

	
215.31

	
242.48

	
153.77

	
38,590.0

	
25.7

	
42.36

	
208.4




	
Medium

	
3.96

	
0.17

	
1.41

	
43.19

	
13.50

	
297.75

	
147.64

	
133.65

	
86.97

	
36,651.0

	
20.6

	
38.32

	
182.2




	
Q1 2

	
3.73

	
0.12

	
1.11

	
37.41

	
6.75

	
105.70

	
111.34

	
100.03

	
71.79

	
28,929.0

	
15.0

	
29.76

	
111.2




	
Min

	
3.50

	
0.05

	
0.67

	
19.21

	
0.00

	
32.03

	
57.13

	
46.82

	
48.36

	
23,374.0

	
13.2

	
23.85

	
99.42




	
20–40 cm depth




	
Mean ± SD

	
4.11 ± 0.41

	
0.16 ± 0.08

	
1.21 ± 0.48

	
41.0 ± 10.7

	
10.51 ± 7.63

	
230 ± 180

	
141 ± 62

	
176.2 ± 160.3

	
91.9 ± 65.3

	
34,289 ± 5975

	
21.73 ± 9.43

	
40.48 ± 15.4

	
186.6 ± 62.7




	
Max

	
4.94

	
0.34

	
2.06

	
66.19

	
26.35

	
691.41

	
295.28

	
712.26

	
317.77

	
40,583

	
47.58

	
93.47

	
316.6




	
Q3

	
4.37

	
0.22

	
1.57

	
48.57

	
13.50

	
347.03

	
182.13

	
253.28

	
108.24

	
38,223

	
24.9

	
45.26

	
230.3




	
Medium

	
4.00

	
0.14

	
1.18

	
39.41

	
6.75

	
205.41

	
147.02

	
118.20

	
71.63

	
37,280

	
17.85

	
37.15

	
190.7




	
Q1

	
3.80

	
0.09

	
0.73

	
35.40

	
6.75

	
75.54

	
85.51

	
67.03

	
43.54

	
30,538

	
15.46

	
29.94

	
124.3




	
Min

	
3.47

	
0.07

	
0.57

	
16.83

	
0.00

	
18.05

	
38.38

	
16.69

	
34.36

	
22,645

	
13.14

	
21.40

	
98.5




	
40–60 cm depth




	
Mean ± SD

	
4.19± 0.49

	
0.14 ± 0.09

	
1.18 ± 0.48

	
38.8 ± 9.1

	
9.75 ± 6.78

	
144 ± 122

	
138 ± 63

	
180.7 ± 218.7

	
79.82 ± 52.35

	
33,744 ± 5707

	
21.21 ± 7.06

	
38.1 ± 13.2

	
183.1 ± 65.1




	
Max

	
5.43

	
0.42

	
2.30

	
64.18

	
26.24

	
471.85

	
242.37

	
795.81

	
223.39

	
39,401

	
37.04

	
86.15

	
337.4




	
Q3

	
4.46

	
0.18

	
1.42

	
41.78

	
13.50

	
211.85

	
201.46

	
229.62

	
94.46

	
37,697

	
26.07

	
43.66

	
229.3




	
Medium

	
4.10

	
0.10

	
1.13

	
37.37

	
6.75

	
105.70

	
128.57

	
86.04

	
77.11

	
36,507

	
19.83

	
36.98

	
187.2




	
Q1

	
3.84

	
0.08

	
0.80

	
33.70

	
3.38

	
58.33

	
85.51

	
32.86

	
39.89

	
31,206

	
15.58

	
29.82

	
120.6




	
Min

	
3.49

	
0.04

	
0.55

	
19.76

	
0.00

	
12.64

	
34.63

	
12.74

	
28.19

	
22,038

	
12.22

	
20.72

	
91.65








1 Abbreviations: EC, electrical conductivity; OM, organic matter; WAS, wet aggregate stability; Avail., Available; Exch., Exchangeable. 2 Q1 and Q3 are the first and third quartiles of dataset arranged in increasing order.
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Table 2. The basic descriptive statistics of the elements in tea leaves. (n = 20).
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N

	
P

	
K

	
Ca

	
Mg

	
Fe

	
Mn

	
Cu

	
Zn

	
Al




	

	
%

	
mg kg−1






	
Mean ± SD

	
3.62 ± 0.43

	
0.38 ± 0.20

	
1.75 ± 0.27

	
0.6 ± 0.22

	
0.27 ± 0.11

	
498.9 ± 1648

	
699 ± 207.9

	
1.54 ± 3.57

	
36.3 ± 18.89

	
469.6 ± 168.8




	
Max

	
4.33

	
0.78

	
2.10

	
1.02

	
0.43

	
7497.90

	
1205.83

	
14.13

	
84.51

	
1054.38




	
Q3 1

	
3.88

	
0.56

	
1.95

	
0.77

	
0.39

	
171.07

	
792.63

	
0.75

	
44.71

	
531.92




	
Medium

	
3.69

	
0.27

	
1.83

	
0.52

	
0.20

	
146.21

	
656.42

	
ND 2

	
30.98

	
432.84




	
Q1 1

	
3.48

	
0.24

	
1.48

	
0.41

	
0.18

	
88.85

	
553.86

	
ND

	
21.22

	
369.62




	
Min

	
2.75

	
0.12

	
1.15

	
0.35

	
0.17

	
34.39

	
427.09

	
ND

	
15.24

	
266.04








1 Q1 and Q3 are the first and third quartiles of dataset arranged in increasing order. 2 ND: not detectable.
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Table 3. The basic descriptive statistics of chemical compositions in tea leaves. (n = 20).
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Polyphenols

	
Catechins

	
Flavones

	
Free Amino Acids

	
Caffeine




	
mg g−1

	
%






	
Mean ± SD

	
306.1 ± 70.6

	
267.6 ± 45.1

	
128.8 ± 17.6

	
36.66 ± 11.41

	
8.12 ± 1.2




	
Max

	
451.4

	
349.6

	
156.6

	
58.13

	
9.57




	
Q3 1

	
360.2

	
290.7

	
141.3

	
43.74

	
8.95




	
Medium

	
297.1

	
267.1

	
129.1

	
35.26

	
8.55




	
Q1 1

	
265.0

	
240.1

	
115.4

	
28.46

	
7.36




	
Min

	
155.8

	
147.4

	
92.00

	
17.96

	
4.79








1 Q1 and Q3 are the first and third quartiles of dataset arranged in increasing order.
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Table 4. The selected eigenvalues greater than one of PCA by database in 0–60 cm soil properties.
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	Factor
	Eigenvalue
	Difference
	Proportion
	Cumulative





	1
	4.766357
	2.118225
	0.3666
	0.3666



	2
	2.648132
	0.841131
	0.2037
	0.5703



	3
	1.807001
	0.462121
	0.1390
	0.7093



	4
	1.344880
	0.481686
	0.1035
	0.8128
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Table 5. The eigenvectors for variations of PCA by dataset in 0–60 cm soil properties.
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Soil Properties

	
Eigenvectors






	

	
Factor 1

	
Factor 2

	
Factor 3

	
Factor 4




	
pH

	
0.96997 1

	
−0.08209

	
−0.10654

	
0.02801




	
EC

	
−0.82808

	
0.38307

	
0.05349

	
0.02407




	
OM

	
−0.30358

	
0.18986

	
0.80489

	
0.01164




	
WAS

	
−0.40294

	
0.44159

	
0.31722

	
0.54703




	
Avail. N

	
0.13583

	
−0.01854

	
−0.71906

	
−0.13002




	
Avail. P

	
−0.10006

	
0.75000

	
0.11796

	
−0.45127




	
Exch. K

	
−0.18370

	
0.82988

	
−0.39554

	
0.13329




	
Exch. Ca

	
0.87540

	
0.31566

	
−0.03509

	
0.08174




	
Exch. Mg

	
0.79310

	
0.38077

	
0.02259

	
0.06946




	
Total Fe

	
−0.13880

	
0.44980

	
−0.40353

	
0.63010




	
Total Mn

	
0.72756

	
0.38698

	
0.28273

	
−0.22302




	
Total Cu

	
0.85063

	
0.33240

	
0.26894

	
0.12923




	
Total Zn

	
0.39439

	
−0.55213

	
0.20015

	
0.57520








1 The bold values assigned to the eigenvector greater than 0.6.
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Table 6. PCA correlations between PCA score of average soil properties at 0–60 cm depth and chemical composition in Sijichun leaves.
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Leaf Chem.

Composition

	
PC1

	
PC2

	
PC3

	
PC4




	
r 1

	
p Value

	
r

	
p Value

	
r

	
p Value

	
r

	
p Value






	
Polyphenols

	
0.332

	
0.1521

	
0.005

	
0.9837

	
0.413

	
0.0702

	
−0.656

	
0.0017




	
Catechins

	
−0.077

	
0.7482

	
0.236

	
0.3162

	
−0.349

	
0.1313

	
−0.129

	
0.5867




	
Flavones

	
−0.343

	
0.1392

	
0.369

	
0.1091

	
−0.470

	
0.0364

	
0.216

	
0.3604




	
Free Amino Acids

	
0.715

	
0.0004

	
−0.170

	
0.4737

	
0.338

	
0.1449

	
−0.471

	
0.0359




	
Caffeine

	
0.059

	
0.8048

	
0.214

	
0.3644

	
−0.034

	
0.8881

	
−0.526

	
0.0172








1 −0.7 ≤ r ≥ 0.7 indicate strong correlation; the bold values assigned to show the statistically significant result when p value is less than 0.05.
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