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Abstract: Terraced fields are an important part of agricultural heritage systems and play a vital role in agricultural production. Soil nutrients ( organic matter
[ OM]; available nitrogen [ AN] ; available phosphorus [ AP ] ; available potassium [ AK]) are essential for improving the physical and chemical properties
of soil, for protecting the environment, and for sustaining agricultural development. However, developments in terrace agriculture, such as changes in the
cropping system, cultivation measures, and fertilization levels, lead to changes in soil nutrients. However, little information is available regarding the spatial
variability of soil nutrients in terraced fields. As part of China’s Important Agricultural Heritage Systems, the Lianhe terraced fields are worth protecting and
developing. The aim of this study was to better understand the spatial variability of soil nutrients (OM, AN, AP, and AK) for the scientific management of
the Lianhe terraced fields. The field study was carried out in the Lianhe terraced fields, and the spatial variability of soil nutrients was analyzed based on a
semivariogram, and the effects of topographic factors ( elevation, gradient, topographic wetness index, topography relief, and sediment transport index) on
soil nutrients were further analyzed. The results showed that the concentrations of OM, AN, AP, and AK varied in the ranges of 3.6 to 9 g/kg, 67 to 423
mg/kg, 3.1 10 9.6 mg/kg, and 15 to 300 mg/kg, with the coefficient of variation being 24.23%—63.9% , respectively. The soil nutrient levels were divided
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into five grades, which were slightly higher (1), abundant (II), medium (IIT) , deficient (IV), and low (V). Most of the rice fields were rich in OM and
AN, which accounted for 94.5 and 88.5% above the II nutrient level. Some areas were lacking AP and AK, which accounted for 37 and 51.5% below the IV
nutrient levels. The ratio of nugget (Cy/(Cy+ C)) of OM, AN, and AP were 12.09, 16.89, and 11.76%, respectively, and these results showed strong
spatial autocorrelation, which indicated that OM, AN, and AP were mainly affected by structural factors; however, the (C,/(Cy+C)) of AK was 50%,
which showed a modest degree of autocorrelation, implying that AK was controlled by both structural and random factors. The spatial autocorrelation scale of
AN and AK was larger compared with that of the other nutrients; the ranges of spatial autocorrelation were 4399 to 2230 m, and they were isotropic within
the range 2000 to 1600 m, respectively. The spatial autocorrelation scale of OM and AP was 870 and 930 m, respectively, and changed in the direction of
0, 45, 90, and 135°, which were significant in anisotropy. These results indicate there is a need for the government to strengthen its guidance on
fertilization, including a moderate increase in phosphorus and potassium, and a reasonable reduction in nitrogen fertilizer and field straw residue. Moreover,
the sampling density of OM and AP should be increased, while the sampling density of AN and AK could be appropriately reduced in future investigations of
soil nutrients.

Keywords: soil nutrient; spatial structure; geostatistics; Lianhe terraced fields
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Table 1 Descriptive statistics of soil nutrients in Lianhe terraced fields

b 22

ks 2PN} e/ ME HfH i £ W P KR
.. . Standard CV/% .

Index Minimum Maximum Mean L. Skew Kourtosis P_ test

deviation ’

AT . .
49.9 3.6 30.93 7.5 24.23 -0.19" -0.08" 28"

Organic matter/ ( g/kg) 0.19 0-08 0.28

Wﬁ@ﬁ . 423 67 245.78 66.04 26.87 0.12 0.5 0.07

Available nitrogen/ ( mg/kg)

AR . .
79.6 3.1 21.53 13.76 63.9 -0.04"" -0.11"" 65"

Available phosphorus/ ( mg/kg) 0.0 0 0.65

AL 300 15 90.65 54.83 60.49 0.49 " -0.16"" 047"

Available potassium/ ( mg/kg)
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Table 2 soil nutrient level index and distribution in Lianhe terraced fields

Ei=tD it H T s £ &g = TR
Index Item High(1I) Abundance(II)  Medium (IIT) Lack (IV) Low(V)
FHLFE Organic matter/ ( g/kg) PRk >30 30—20 20—10 10—5 <5
L6l % 56 38.5 4 1 0.5
LA 2 Available nitrogen/ ( mg/kg) PRk >200 200—150 150—100 100—50 <50
Ll % 78 10.5 9 2 0
F %W Available phosphorus/ ( mg/kg) PR >25 25—20 20—15 15—12 <12
Ll % 29 16.5 17.5 10 27
HALH Available potassium/ ( mg/kg) Frife >120 120—100 100—80 80—60 <60
LBl % 24.5 11.5 12.5 23 28.5

x3 ITEFOFFEIBERERERBEXSHY

Table 3 Semivariogram theoretical models and parameters for soil nutrients

FE4F Index HEIE Model Cy Cot C Co/ (Co+ C) (%) a/m R

FHHLFE Organic matter I 0.11 0.91 12.09 870 0.65
AL Available nitrogen 1l 1000 5922 16.89 4399 0.97
F %W Available phosphorus 1 0.008 0.068 11.76 930 0.75
LA Available potassium il 0.03 0.06 50 2230 0.72

I FEBOCEAL 11, S By 111, BRRAS A

P T E—W(0°) ,NE—SW (45°) ,S—N(90°) Fl EN—WN (135°)4 75 [a] iy T7 22 R %K, iznlzl 2
JIR , A FR A AR 7 1] (0°,45°,90° 1 135°) A9 7AE 5 s ZE S, AR b 30 BH I A9 7 [l AR AT
—RFE, OM Fl AP FEADHE Bl (0—7000 m) 45 5[] 22 S5 R AR sl PR R R 25 T AN i AK TbHvJ
2000 m 1 1600 m i, )5 22 AR L HOFF, 3 I0 LLAL R4, & T AR S R BIUR A B A, —E R E LRI
2 [k
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1 BAHHEEELIERSQENSH

Fig.1 Soil nutrient distribution in Lianhe terraced fields
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TSR BN T (AR SR MR PR A MR A AR B AU TRE R 50 AH ST (R 4) AT I, OM
530 WU AR B HIDE(P<0.05) , 5 HAL P F A G AR B35, AN F1 AP 545 M JE B FHH OGP 35 A
W AK S5 HE IR TR BRI AR 5L A (P<0.05)
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Table 4 The relationship between soil nutrients and terrain factors

Y HF L B A AR G
Topographic factors Organic matter Available nitrogen Available phosphorus Available potassium
i FE Elevation -0.03 0.079 -0.04 0.16"

i Gradient -0.18* -0.04 -0.04 0.13
HUFE IR B 45 %L Topographic wetness index 0.16" 0.104 -0.06 -0.17"

HIE ALK Topography relief -0.12 -0.09 -0.09 0.19*
PUBLZ S8 %L Sediment transport index -0.08 0.002 -0.08 -0.04

* 7N P<0.05, N=200
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Fig.2 Anisotropic semivariogram of soil nutrients
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BCA 06 FHAS HH 3% OM AT AN ~FXoK-P sy HoP B 53 ik 5] 30.93 o/kg Fi1 245.78 me/kg, J& T - AT
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WA G & B A R0 HURS RS AT P~ SR B2 5754 «, BLEECBYRE) i W LU 3535 75% , S % 4 S RS AT
W ACEAH Y (FEFF =824 6204 t, HAEIA T2y 4649 1,255 74%) Y {8 155% X A5 1 +33 OM F1 AN &4
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Table 5 The conditions of soil nutrient in different areas

AL Bk A AR A
SR X e/ %) 4 Organic Available Available Available 27 30k
Study areas/object matter/ nitrogen/ phosphorus/ potassium/ References
(g'kg) (mg/kg) (mg/kg) (mg/kg)
Ao 7 1) 422/ #k b Minhou , Fujian/ cultivated land 25 162.18 45.53 90.94 [2]
TR AE YT/ HH L Jinjiang, Fujian/cultivated land 22.3 101.05 33.99 83.62 [2]
DUJII 2 BH/ B Mianyang, Sichuan/cultivated land 19.6 87.25 22.45 69.49 [5]
PRI HE/ A I Jiangjin, Chongqing/farmland 11.55 100.15 12.25 94.5 [23]
IIZR 58/ #F L Guangrao, Shandong/cultivated land 12.08 — 16.12 178.95 [24]
PREd X/ FEH Southern regions of Jiangsu/rice field 26.25 — 8.23 62.68 [25]
R A =B /FG I Sanming, fujian/rice field 30.93 245.78 21.53 90.65 E'S
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