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Abstract 
Soil samples from 139 agricultural orchard fields (apple, grape, tea, and oth-
ers) were analyzed using the soil fertility index. From these samples, an orc-
hard field database was constructed and the soil properties between orchard, 
upland, and paddy fields were compared. The average value of bacterial bio-
mass in the orchard fields was 7.4 × 108 cells/g-soil, ranging from not detected 
(lower than 6.6 × 106 cells/g-soil) to 7.7 × 109 cells/g-soil. The average values 
of total carbon (TC), total nitrogen (TN), total phosphorus (TP), and total 
potassium (TK), were 24,000 mg/kg (2670 to 128,100 mg/kg), 1460 mg/kg 
(133 to 6400 mg/kg), 1030 mg/kg (142 to 5362 mg/kg), and 5370 mg/kg (1214 
to 18,155 mg/kg), respectively. The C/N and C/P ratios were 19 (3 to 85) and 
27 (2 to 101), respectively. Soil properties of the orchard fields were com-
pared with those of the upland and the paddy fields. The average value of 
bacterial biomass in the orchard fields was almost the same as that in the 
upland fields (8.0 × 108 cells/g-soil), but the number was lower than that in 
the paddy fields (12.9 × 108 cells/g-soil). The average values of TC and TN in 
the orchard fields fell between those in the upland fields (TC: 33,120 mg/kg, 
TN: 2010 mg/kg) and the paddy fields (TC: 15,420 mg/kg, TN: 1080 mg/kg). 
The relationship between the bacterial biomass and TC in the orchard fields 
resembled that in the upland fields. A suitable soil condition for the orchard 
fields was determined as TC: ≥25,000 mg/kg, TN: ≥1500 mg/kg, TP: ≥900 
mg/kg and TK: 2500 - 10,000 mg/kg. These recommended values will be ef-
fective for the improvement of the soil quality in the orchard fields by en-
hancing the number and activities of microorganisms.  
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1. Introduction 

Orchard crop cultivation is carried out under either conventional or organic 
agriculture systems. The development of conventional agriculture systems using 
chemical fertilizers and pesticides has improved crop production and agricultur-
al activities [1] [2] [3]. Conventional agricultural systems have a higher yield of 
agricultural products than organic agriculture systems, and more than 98.5% of 
all crops are cultivated conventionally [4]. Long-term use of chemical fertilizers 
and pesticides has led to environmental impacts such as lower soil fertility, re-
duced biodiversity, and increased greenhouse gas emissions [3] [5] [6] [7]. There 
are growing concerns about the negative impacts generated by conventional 
agricultural systems [8] [9]. As a response to these concerns, organic farming 
systems that aim to reduce harm to the environment have been developed [10]. 
However, a significant obstacle in organic agricultural systems is that the agri-
cultural product yield is lower than those from conventional agricultural systems 
[11] [12] [13] [14] [15]. 

In a previous study, a soil fertility index (SOFIX) was developed to evaluate 
soil fertility and the efficiency of organic agricultural systems [16]. SOFIX has 
been constructed considering the importance of biological, chemical, and physi-
cal soil characteristics. Following the concept of SOFIX, bacterial biomass and its 
activities (nitrogen and phosphorus circulation activities) are the main factors 
that determine soil fertility. 

More than 8000 agricultural soil samples were analyzed, and the SOFIX data-
base was constructed from these samples. The suitable soil conditions for the 
upland fields based on the SOFIX database are total carbon (TC) ≥ 25,000 
mg/kg, total nitrogen (TN) ≥ 1500 mg/kg, total phosphorus (TP) ≥ 1100 mg/kg, 
and total potassium (TK) 2500 to 10,000 mg/kg to maintain bacterial biomass ≥ 
6 × 108 cells/g-soil and their activities [16]. The suitable soil conditions for the 
paddy fields based on the SOFIX database are TC ≥ 20,000 mg/kg, TN ≥ 800 
mg/kg, TP ≥ 650 mg/kg, and TK 2500 to 10,000 mg/kg [17]. A standard organic 
soil was constructed based on the SOFIX database using biomass resources. Suf-
ficient contents of the main elements (nitrogen, phosphorus, and potassium) 
and abundant microbial diversity in the standard organic soil were successfully 
attained [18]. The environmental conditions between the upland and the paddy 
fields analyzed by the database were different because of differences in their re-
spective soil environments [19]. 

In this study, the orchard soils were analyzed by SOFIX for the construction 
of the orchard database. The features and the suitable conditions of the orchard 
fields were determined by comparing the upland and the paddy field databases. 

2. Materials and Methods 
2.1. Soil Samples 

Soil samples were collected from 442 agricultural fields in Japan from 2014 to 
2019. The soil samples included 190 upland fields, 113 paddy fields, and 139 
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orchard fields (Table 1). Soil samples were collected from five random points in 
each field and sieved them through a 2-mm sieve. All soil samples were analyzed 
within 2 weeks of sampling, and the samples were never dried.  

2.2. Analysis of Physical and Chemical Properties of Soil 

The water-holding capacity of the soil was measured using a volumetric method 
[20]. The following chemical properties of the soil samples were analyzed: total 
carbon (TC), total nitrogen (TN), total phosphorus (TP), total potassium (TK), 
ammonium-nitrogen (NH+ 

4 -N), nitrate-nitrogen (NO− 
3 -N), water-soluble phos-

phorus (SP), water-soluble potassium (SK), pH, and electrical conductivity (EC). 
The TC was analyzed using a TOC analyzer (Model: SSM-5000A, Shimadzu, 
Kyoto, Japan). The TN, TP, and TK in soil samples were analyzed by extracting 
soil samples using the Kjeldahl digestion method followed by the indophenol 
blue method [21], the molybdenum blue method [22], and atomic absorption 
spectrophotometry, respectively. The NH+ 

4 -N and NO− 
3 -N were analyzed by ex-

tracting them from the soil samples with 1 M KCl, followed by the indophenol 
blue method and the brucine method. To analyze SP and SK, a soil-water sus-
pension (1:20, w/v) was shaken reciprocally at 100 rpm for 1 h and the extracts 
were analyzed by the molybdenum blue method and atomic absorption spec-
trophotometry, respectively. The pH and EC were determined in a 1:2.5 
soil-water mixture (w/v). Soil pH was measured by a pH meter (LAQUA. F-71, 
Horiba, Kyoto, Japan). Soil EC was measured by an EC meter (5LE1-408, Kenis, 
Hyogo, Japan). 

2.3. Analysis of Biological Properties of Soil 

The bacterial biomass in the soil samples was measured by quantifying the envi-
ronmental DNA (eDNA) using the slow-stirring method [23]. To extract the 
eDNA from the soil, a 1.0-g soil sample was mixed with 8.0 mL of DNA extrac-
tion buffer (100 mM tris (hydroxymethyl) aminomethane, 100 mM sodium 
EDTA, 100 mM sodium dihydrogen orthophosphate, 1.5 M sodium chloride, 1% 
(w/v) hexadecyltrimethylammonium bromide), and 1.0 mL of 20% (w/v) so-
dium dodecyl sulfate solution. The suspension was agitated with a propeller for 
20 min. The suspension was centrifuged at 5000 × g for 10 min, and then trans-
ferred about 700 µL of supernatant into a 1.5 mL microtube and 700 µL of  
 
Table 1. Analysis of orchard fields for construction of the database. 

Field type No. of sample 

Apple 22 

Grape 22 

Tea 84 

Others 11 

Total 139 
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chloroform-isoamyl alcohol was slowly added. The mixture was centrifuged at 
18,000 × g for 10 min and then added 300 µL of isopropanol and separated the 
precipitate by centrifugation at 18,000 × g for 20 min. The pellet of crude nucleic 
acid was dissolved in TE buffer (10 mM Tris-HCl and 1 mM EDTA, pH 8.0) af-
ter drying. The extracted eDNA was quantified based on the intensity of the 
eDNA bands after electrophoresis on an agarose gel using Kodak 1D 3.6 Image 
Analysis Software (Kodak, CT, USA). The bacterial biomass in the soil was esti-
mated by using the equation (Y = 1.70 × 108X; r2 = 0.96), where Y and X are the 
bacterial biomass g−1 soil and the amount of eDNA, respectively. Two indicators 
of microbial activities (nitrogen (N) circulation and phosphorus (P) circulation 
activities) were examined according to our previous studies, in which N circula-
tion was calculated based on the values of NH+ 

4  oxidation and NO− 
2  oxidation 

activities and bacterial biomass [16] [24].  

2.4. Statistical Analysis 

The parameters of soil properties were determined using a one-way analysis of 
variance (ANOVA). The differences were evaluated at the 5% significance level 
when significance was observed at the P < 0.05 level. 

3. Results 
3.1. Soil Property and Features of the Orchard Fields 

Soil samples from the orchard fields were analyzed with SOFIX. The values of 
biological, chemical, and physical parameters of apple, grape, tea, and other 
orchard fields are shown in Table 2. The averages of the bacterial biomass of ap-
ple, grape, tea, and other field types were 1.7 × 109, 7.0 × 108, 4.9 × 108, and 7.9 × 
108 cells/g-soil, respectively. Bacterial biomass in apple fields was the highest, 
while that in the tea fields was the lowest. The higher bacterial biomass enhances 
nitrogen circulation. The results indicate that nitrogen circulation activity and 
bacterial biomass were related to each other, while phosphorus circulation activ-
ity and bacterial biomass were not.  

The average values of TC in the apple, grape, tea, and other fields were 40,900 
mg/kg, 19,600 mg/kg, 21,470 mg/kg, and 18,330 mg/kg, respectively. The aver-
age values of TN in the apple, grape, tea, and other fields were 1900 mg/kg, 1710 
mg/kg, 1340 mg/kg, and 1080 mg/kg, respectively. The apple fields had the 
highest TC and TN values. The water-holding capacity of the apple fields (1130 
ml/kg) was also relatively high. The soil pH in the tea fields was acidic (pH 4.0) 
than those in the other fields. No significant differences for EC were detected 
within the apple, grape, tea, and other fields. These results indicate that TC, TN, 
and water-holding capacity in the soil are related to each other.  

3.2. Relationship between TC and Bacterial Biomass in the  
Orchard, Upland, and Paddy Fields 

The relationship between the bacterial biomass and TC in the orchard, upland,  
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Table 2. Average values of biological, chemical, and physical parameters of the orchard 
field. 

Parameter 
Average value 

Apple Grape Tea Others 

Bacterial biomass 
(×108 cells/g-soil) 

17.0a (±8.7) 7.0b (±15.5) 4.9b (±7.4) 7.9b (±5.3) 

NH+ 
4  oxidation rate 

(point) 
52.6b (±26.2) 49.9b (±32.3) 76.4a (±38.1) 41.0b (±29.5) 

NO− 
2  oxidation rate 

(point) 
42.3ab (±25.8) 35.4b (±26.9) 41.0ab (±44.6) 56.9a (±23.9) 

N circulation activity 
(point) 

38.4a (±20.4) 20.3b (±12.5) 19.4b (±19.6) 33.8a (±21.4) 

P circulation activity 
(point) 

1.0c (±1.0) 3.2b (±3.0) 24.7a (±32.9) 15.9a (±12.6) 

TC (mg/kg) 40,900a (±12,930) 19,600b (±14,070) 21,470b (±18,900) 18,330b (±9110) 

TN (mg/kg) 1900a (±670) 1710ab (±1570) 1340b (±1210) 1080b (±260) 

TP (mg/kg) 1190a (±600) 820b (±580) 970ab (±960) 1550a (±580) 

TK (mg/kg) 4350b (±1710) 2990c (±710) 6240a (±4170) 5540ab (±3730) 

C/N ratio 22a (±4) 14b (±7) 19ab (±12) 18ab (±8) 

C/P ratio 39a (±12) 26b (±8) 26b (±16) 14c (±8) 

NO− 
3 -N (mg/kg) 6.2b (±7.2) 0.2c (±0.6) 18.0a (±10.9) 11.1b (±7.7) 

NH+ 
4 -N(mg/kg) 7.0c (±21.3) 108.1a (±95.3) 70.7b (±59.5) 1.9c (±1.8) 

Soluble P2O5 (mg/kg) 332a (±376) 372a (±633) 123b (±249) 434a (±521) 

Soluble K2O (mg/kg) 923a (±412) 278b (±317) 110c (±109) 244b (±246) 

pH 6.5a (±0.5) 6.3a (±0.5) 4.0b (±0.8) 6.5a (±0.9) 

EC (ds/m) 0.3a (±0.2) 0.3a (±0.3) 0.2a (±0.1) 0.2a (±0.1) 

Water content (%) 27a (±11) 29a (±19) 24a (±8) 19a (±6) 

Water-holding capacity 
(ml/kg) 

1130a (±329) 1316a (±736) 759b (±325) 577b (±260) 

Means followed by the same letter do not significantly differ (P < 0.05). Value followed by ± is standard 
deviation. 

 
and paddy fields were investigated. The average values of biological, chemical, 
and physical parameters of the three field types are shown in Table 3. The aver-
age bacterial biomass in the orchard fields (7.4 × 108 cells/g-soil) was almost the 
same in the upland fields (8.0 × 108 cells/g-soil), but the value was lower in the 
paddy fields (12.9 × 108 cells/g-soil). The bacterial biomass of 90 orchard soil 
samples (64.7%) was lower than 6.0 × 108 cells/g-soil (Figure 1(a)). The bacterial 
biomass of many tea soil samples was not detected (<6.6 × 106 cells/g-soil), indi-
cating that agrochemicals use in the tea fields is relatively high. 
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Table 3. Average values of biological, chemical, and physical parameters of the orchard, 
upland, and paddy fields. 

Parameter 
Average value 

Orchard Upland Paddy 

Bacterial biomass (×108 cells/g-soil) 7.4b (±10.1) 8.0b (±9.0) 12.9a (±13.4) 

NH+ 
4  oxidation rate (point) 65.6a (±37.4) 40.9b (±32.2) 15.5c (±15.5) 

NO− 
2  oxidation rate (point) 41.6b (±38.7) 63.0a (±34.4) 43.6b (±27.7) 

N circulation activity (point) 23.7b (±20.4) 34.4a (±30.4) 21.8b (±14.9) 

P circulation activity (point) 16.8b (±27.8) 40.7a (±37.7) 36.9a (±33.5) 

TC (mg/kg) 24,000b (±18,300) 33,120a (±29,650) 15,420c (±4910) 

TN (mg/kg) 1460b (±1190) 2010a (±2580) 1080c (±450) 

TP (mg/kg) 1030b (±860) 3250a (±5300) 880b (±430) 

TK (mg/kg) 5370b (±3700) 8600a (±8340) 3270c (±1820) 

C/N ratio 19a (±11) 20a (±16) 16a (±7) 

C/P ratio 27a (±15) 31a (±78) 24a (±33) 

NO− 
3 -N (mg/kg) 12.8b (±11.6) 43.8a (±123.3) 5.1c (±8.3) 

NH+ 
4 -N(mg/kg) 61.1a (±69.3) 15.0b (±36.0) 8.5b (±34.7) 

Soluble P2O5 (mg/kg) 220a (±400) 60b (±80) 18c (±21) 

Soluble K2O (mg/kg) 276a (±371) 273a (±393) 43b (±74) 

pH 5.0b (±1.4) 6.4a (±1.0) 7.5a (±8.4) 

EC (ds/m) 0.2b (±0.2) 0.9a (±1.8) 0.8a (±1.9) 

Water content (%) 25c (±11) 42a (±36) 33b (±23) 

Water-holding capacity (ml/kg) 891a (±477) 804a (±947) 609b (±400) 

Means followed by the same letter do not significantly differ (P < 0.05). Value followed by ± is standard 
deviation. 

 
The average values of TC in the orchard, upland, and paddy fields were 24,000 

mg/kg, 33,120 mg/kg, and 15,420 mg/kg, respectively. The TC value of the orc-
hard fields was between those of the upland and paddy fields. The TC value of 50 
orchard soil samples (35.9%) was higher than 24,000 mg/kg (Figure 1(a)), and 
about 50% of the upland soil samples exhibited high TC (above 25,000 mg/kg) 
(Figure 1(b)). The range of TC values in the paddy fields was narrow (8000 to 
25,000 mg/kg) (Figure 1(c)). 

Among the SOFIX parameters, bacterial biomass and TC are two of the most 
important factors that determine soil fertility. The relationships between bacte-
rial biomass and TC in the orchard (R2 = 0.34), upland (R2 = 0.09), and paddy 
fields (R2 = 0.01) (Figures 1(a)-(c)). The accumulation level of carbon in the 
orchard fields was similar to that in the upland fields, indicating that an agricul-
tural system using biomass for organic fertilizer is reasonable. In addition, a rel-
atively aerobic condition in both soil environments creates similar microbial di-
versity. 

https://doi.org/10.4236/jacen.2020.93014


P. Pholkaw et al. 
 

 

DOI: 10.4236/jacen.2020.93014 165 Journal of Agricultural Chemistry and Environment 
 

 
Figure 1. Relationship between TC and bacterial biomass of orchard field (a); upland 
field (b); and paddy field (c). Dashed lines indicate the average values of TC and bacterial 
biomass in each field. *: Not detected (<6.6 × 106 cells/g-soil). 

3.3. Relationship between TC and TN in the Orchard, Upland, and  
Paddy Fields 

Figure 2 shows the relationship between TC and TN. The average values of TN 
and the C/N ratio in the orchard fields were 1460 mg/kg and 19, respectively 
(Table 3). The average TN value in the orchard fields was lower than that in the  
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Figure 2. Relationship between TC and TN of orchard field (a); upland field (b); and 
paddy field (c). Solid line indicates the average values between TC and TN. Dashed lines 
indicate C/N ratio of 80% of samples. 
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upland fields (2010 mg/kg), but the value was higher than that in the paddy 
fields (1080 mg/kg). A significant positive relationships between TC and TN in 
the orchard (R2 = 0.64), upland (R2 = 0.55), and paddy fields (R2 = 0.45) were 
observed. Organic materials such as manures and unfermented materials possess 
a similar ratio to TC and TN. This finding indicates that C/N ratios of the orc-
hard fields, the upland fields, and the paddy fields were resembled. 

3.4. Relationship between TC and TP in the Orchard, Upland, and  
Paddy Fields 

Figure 3 illustrates the relationships between TC and TP in the orchard, upland, 
and paddy fields. The average value of TP and C/P ratio in the orchard fields was 
1030 mg/kg and 27, respectively. The average value of TP in the orchard fields 
was lower than that in the upland fields (3250 mg/kg), but the value was higher 
than that in the paddy fields (880 mg/kg) (Table 3). The weak relationship be-
tween the C/P ratio in the orchard (R2 = 0.32) and the upland fields (R2 = 0.20) 
were observed (Figure 3(a) and Figure 3(b)). However, no relationship with the 
C/P ratio in the paddy fields (R2 = 0.04) was observed (Figure 3(c)). The rela-
tionships between TC and TP in the three field types were variable. In addition, 
the relationship between the C/P ratio in the orchard and the upland fields was 
distributed over a wide range, while the range of the C/P ratio in the paddy fields 
was narrow. This finding suggests that TC was not related with TP compared 
with the relationship between TC and TN. 

3.5. The Minimum and Recommended Values for the Orchard  
Fields 

To determine the minimum and recommended values for the orchard fields, the 
TC, TN, TP, and TK values were compared with the upland and paddy fields 
(Figures 4-7). The TC, TN, and TK levels in the orchard fields were the same as 
those in the upland fields but different from those in the paddy fields, while the 
levels of TP in the orchard and upland fields are different. This finding suggests 
that the minimum and recommended values of TC, TN, and TK in the orchard 
and upland fields should be similar. The minimum required values in the orc-
hard fields are TC: ≥12,000 mg/kg, TN: ≥1000 mg/kg, and TK: ≥1500 mg/kg. 
The recommended values in the orchard fields are TC: ≥25,000 mg/kg, TN: 
≥1500 mg/kg, and TK: 2500 to 10,000 mg/kg. The minimum and recommended 
values of TP are: ≥800 and ≥900 mg/kg, respectively, based on bacterial biomass, 
N circulation activity, and P circulation activity (Tables 4-6). Table 7 summa-
rizes the TC, TN, TP, and TK values. These values helped determine the mini-
mum and recommended values of the orchard fields. 

4. Discussion 

Orchard trees are cultivated as a monoculture growing for many years on flat 
land or in mountainous areas. Plowing is an agricultural practice done several 
times per year after crop rotation in the upland and paddy fields [25] [26]. The  
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Figure 3. Relationship between TC and TP of orchard field (a); upland field (b); and 
paddy field (c). Dashed lines indicate the average values of TC and TP in each field. 
 
Table 4. Average values of TC, TN, TP, and TK in each bacterial biomass ranging. 

Bacterial biomass 
(×108 cells/g-soil) 

TC 
(mg/kg) 

TN 
(mg/kg) 

TP 
(mg/kg) 

TK 
(mg/kg) 

<2.0 14,840 1071 709 6111 

2.0 - 6.0 20,303 1206 827 5366 

>6.0 36,582 2101 1532 4654 
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Figure 4. Frequency distribution of TC in the orchard (a); upland (b); and paddy (c) 
fields. 
 
Table 5. Average values of TC, TN, TP, and TK in each N circulation activity ranging. 

N circulation activity 
(point) 

TC 
(mg/kg) 

TN 
(mg/kg) 

TP 
(mg/kg) 

TK 
(mg/kg) 

<20 17,239 1080 826 5639 

≥20 32,396 1941 1274 5040 
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Figure 5. Frequency distribution of TN in the orchard (a); upland (b); and paddy (c) 
fields. 
 
Table 6. Average values of TC, TN, TP, and TK in each P circulation activity ranging. 

P circulation activity 
(point) 

TC 
(mg/kg) 

TN 
(mg/kg) 

TP 
(mg/kg) 

TK 
(mg/kg) 

<20 25,384 1528 1045 5912 

20 - 80 21,580 1390 918 3883 

>80 15,652 982 1103 3476 
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Figure 6. Frequency distribution of TP in the orchard (a); upland (b); and paddy (c) 
fields. 
 
successive crops of the agricultural rotation are not typically carried out in orc-
hard fields [27]. Plowing in the orchard fields is practiced before permanent 
planting to avoid damage to root systems [28]. 

TC, TN, TP, TK, bacterial biomass, and their activities, which are all SOFIX in 
parameters, are the most critical factors contributing to soil fertility. These pa-
rameters showed a similar tendency in all four orchard fields except for the low-
er pH of the soil (around pH 4.0) was found in the tea fields. Generally, tea  
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Figure 7. Frequency distribution of TK in the orchard (a); upland (b); and paddy (c) 
fields. 
 
grows efficiently in an acidic soil environment, and tea is an Al accumulator 
[29]. Al biogeochemical cycling in tea leaves and fertilization in the fields over 
the long term leads to soil acidification in tea fields [29] [30] [31]. Additionally, 
tea trees prefer ammonium as a nutrient, and more N fertilizers are added to tea 
fields to increase the plant quality and yield [32] [33] [34]. Soil acidification can 
result from the release of H+ during the process of NH+ 

4 -N uptake from soil [34] 
[35]. 
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Table 7. Minimum and recommended values of bacterial biomass, TC, TN, TP, and TK 
in the orchard, upland, and paddy fields. 

Field type Value 
Bacterial biomass  
(×108 cells/g-soil) 

TC 
(mg/kg) 

TN 
(mg/kg) 

TP 
(mg/kg) 

TK 
(mg/kg) 

Orchard 
Minimum 2.0 ≥12,000 ≥1000 ≥800 ≥1500 

Recommended 6.0 ≥25,000 ≥1500 ≥900 2500 - 10,000 

Upland 
Minimum 2.0 ≥12,000 ≥1000 ≥1000 ≥1500 

Recommended 6.0 ≥25,000 ≥1500 ≥1100 2500 - 10,000 

Paddy 
Minimum 4.5 ≥13,000 650 - 1500 ≥650 - 

Recommended 6.0 ≥20,000 ≥800 ≥650 2500 - 10,000 

 
Soil conditions in the orchard and upland fields were almost the same except 

for the accumulation of TP. The primary sources of TC and TN in the orchard 
fields were organic materials such as fallen leaves, wood, and organic fertilizer 
[36] [37]. Accumulation of TC and TN were directly proportional to each other 
in the orchard and the upland fields. At the same time, levels of TC and TP did 
not correspond, suggesting that TP-rich organic materials exist in nature (e.g., 
rice bran and bone meal) [18] [38]. Because TP levels in leaves and wood are 
relatively low, TP management in orchard fields using TP-rich organic materials 
is needed. 

The orchard field database was constructed using 139 fields with the aims of 
better understanding the orchard soil features and determining suitable soil 
conditions. The fields used to build the database included apple, grape, tea, and 
other field types. The soil of the orchard fields resembles that of the upland 
fields; therefore, the minimum and recommended values of TC, TN, and TK 
were similar for both field types. Management of TC, TN, TP, TK, bacterial 
biomass, and their activities are critical for an organic soil environment, higher 
productivity, and greater quality of agricultural products in the orchard fields. 

5. Conclusion 

An orchard field database was constructed. Features of the orchard soil show 
that bacterial biomass, TC, and TN are related to each other. The recommended 
values will be effective for the improvement of the soil quality in the orchard 
fields by enhancing the number and activities of microorganisms. 
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