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Spatial variation of soil nutrients and evaluation of integrated soil fertility in
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Abstract; A total of 121 topsoil samples (0—20 c¢cm) were systematically collected from typical producing areas of Torreya
grandis cv. Merrillii in Zhejiang Province. Geostatistics and Moran’s I were utilized to reveal the spatial heterogeneity of soil
nutrients. Integrated soil fertility index (IFI) of Torreya grandis cv. Merrillii plantations were estimated and its driving
factors were analyzed. The results indicated that soil pH was lower and the concentrations of organic matter (OM) , available

nitrogen ( AN) , available phosphorus ( AP) and available potassium ( AK) were higher, with average concentrations of
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4.91 g/kg, 30.60 g/'kg, 136.77 mg/kg, 15.02 mg/kg, and 153.42 mg/kg, respectively. Soil pH and nutrient elements had
moderately spatial correlation. The minimum range value of pH was 3.29 km, and the ranges of OM, AN, AP and AK were
8.52 km, 5.84 km, 8.82 km and 6.49 km, respectively. The results of Kriging and the local Moran’s I showed that soil
properties had the obviously spatial distribution patterns and locally spatial aggregation in the study area. The low pH values
were located in the city of Keqiao and Shengzhou and high values in the city of Zhuji and Dongyang. The spatial distribution
patterns of OM, AN, AP AK were opposite. The low values were mainly in the city of Zhuji and Dongyang and high values
were found in the city of Keqgiao and Shengzhou. Soil pH and nutrients had moderately spatial auto-correlation. The scales of
spatial variability were basically similar. The results of the integrated soil fertility evaluation indicated that the soil fertility
level was higher in most areas, and the IFI was lower in Zhuji and Dongyang. In general, the soil acidification and nutrient
imbalances in the producing areas of Torreya grandis cv. Merrillii in Zhejiang Province were serious, especially the
excessively high AN concentration. The correlation analysis showed that the environmental variables had little effect on soil
nutrients of Torreya grandis cv. Merrillii, while forest ages had the great effect on soil pH and nutrients. It can be observed
that the soil nutrients in the study area were obviously affected by anthropogenic activities. Therefore, it is urgent to improve
the fertilization management mode, to carry out soil acid improvement, and to make regional fertilization planning according

to regional conditions.

Key Words: Torreya grandis cv. Merrillii; soil nutrients; Geostatistics; Moran's I; evaluation for soil fertility
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Fig.1 Spatial distribution map of soil sampling sites
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1.0 X = %,
S A, W,40.9(x — x,)/(x, —x,) + 0.1 X, < x <A, (5)
0.1 x < x,
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Table 1 Value of turning point of soil indicators in parabola- and S-type membership function

e AHLB (g/kg) AR (mg/ke) B (mg/kg) B (mg/kg)
Turning point Pt Organic matter Available nitrogen Available phosphorus Available potassium
x 4.5 10 50 2.5 50
X, 6.5 50 150 10 100
x3 7.5 - - - -
Xy 8.5 - - - -

HEPPH AR AT A P F TR E . AT R bR 2 RO 22 T o I LA
243 HREGEIESHN R R

TEX BARRRREAT PN IS, TR SR RPN S5 R4 A A8 AR T M IR 255 3R T RN 45 2R . AR SR
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IFT= 3" WN, (6)
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FFE IES BB AT X84 . SR Pearson ARG/ HTIAB ST T 1845 T IR 43 e b ] A AHOGPE

KT SPSS 20.0 X EHE AT A TEGE T B A KI A Z T8G90, I Geoda KA 73 Hr AUl
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3 HR51T1R

3.1 FHEMH 1 5857 55 B A 1 43 B
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i R P 78 e R A /0N (ELAed B R P A R T 8 T A A %) 7 R 5 I, 7 B B 5 e 4 bR R SR T TR A
SR IX A LB EME R 30.60 g/ke, BRffE AL AR08 FLE R A9 F- 2018 5390 136.77 ,15.02,153.42 mg/
kg, 2 W CHTTT AR 138 33590 70 R brife , P9 IX 390 MU e 0 A 55l Al sl 2 B s 10 MRS
S A A R, R 280 MR Kt HE A (N :P,04:K,0=15:15:15/17:17:17 ) FBRFH Ko it 10 B A
ISR B RARAR R (H I R B R 2 R R A R T, SRR TR Y e R
AR B R/N H 2338 BT IR IR 2 RN A B V5 YL 5 — R G [n] {1, 7E WA FLAh 2 Gro bR Bl LAk AT
A b AR IR Fe s 80T 455 o i 2

AR B (CV) BT LA FH A AR A5 A8 o 78 S35 i o B 10 S e B R 3 MR A0 6 BOR 452 A E 5 417
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Table 2 Descriptive statistical analysis for soil nutrients in main plantations of Torreya grandis cv. Merrillii
} - . ERA .
MK PR RKMWSE RER N RE s
Min Median Max Mean SD oy Skewness Kurtosis b
pH 3.58 4.53 4.84 5.21 6.81 491 0.61 12.42 0.67 1.08 0.496
k
HILR (¢/ke) 156 1358 2618 4301 9306  27.62 2149  77.80 0.92 0.41 0.149
Organic matter
WA (my/ke) 1.48 2.01 0.003
24, 2 115. 163. 470.7 136.77 2 .
Available nitrogen 30 68.25 330 63.63 075 36 95.23 69.63 (0.009) (-0.477) (0.977)
AW (mg/kg) 1.34 0.43 0.000
0.90 2.15 5.93 21.22 62.38 15.02 17.89 119.11
Available phosphorus (0.243) (-1.252) (0.086)
HAH (mg/kg) 1.13 0.42 0.001
12.00 63.50 106.00 213.00 509.00 153.42 116.50 75.93
Available potassium (-0.070) (-0.521) (0.054)
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0.23, 28 T B 3 IE 25 [8] F AH M (P<0.05) |, Ut BAE SN X Jak 48 pH A LB B 220 A Rl A &%
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Fig.2 Local indicators of spatial association for soil nutrients in main plantations of Torreya grandis cv. Merrillii
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Fig.3 The semivariograms for soil nutrients in main plantatios of Torreya grandis cv. Merrillii
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Table 3 The semivariogram models and the corresponding parameters of soil nutrients in main plantations of Torreya grandis cv. Merrillii

- Bk b/ %
A Yol A Bk JIELL %
. . Nugget/Still R?
Theoretical type Nugget (Cy) Still(Cy+C) Range [Cy/(Co+C) ]
pH TR A 0.151 0.464 3.29 32.54 0.617
k "
ﬁ&}ﬁ (¢/ke) TR A 295.4 590.90 8.52 49.99 0.764
Organic matter
=i

Wﬁﬁ (m.g/kg) BRI 1 464.05 2299.00 5.84 63.68 0.793
Available nitrogen

7k T k. "
AR (me/kg) BRRAR Y 1948.52 2978.58 8.82 65.42 0.955
Available phosphorus
HAA (me/ke) BRPRAT 7Y 2903.50 4270.71 6.49 67.99 0.822

Available potassium

FHHUR/ (2/ke)
Bl <10

BRA 4/ (mg/ ke)
Bl <80

[ 10—20 [ 80—100
[ 2030 71 100—200

I >7 Bl >30 . >200

R/ (mg/kg)
B <50
0 50—80
0 80—120
B 120

4 FEEIFRIEFSHETEIHE

Fig.4 Spatial distribution map of soil nutrients in main plantations of Torreya grandis cv. Merrillii
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He pH A HILG Bt 2 AT 80 AR S DU e S T LA AR (1, 2 A A T DX R R 4y
sl oA P, niET 4 Bz, 398 pH O AREL X 32 B2 70 A A A A7 DX ISR T w85 B0 DX 3= 22 73 A 7 0 T T A B
o EARE, KA M X 0 45 pH (B, Al DX R T 1) L SRR AL AF OL I R ™ 8, A AR 135 pH
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(A2 Z B bR LA R AR A R 2R A 2L RS2 e H I T A 2 MR 2 S B e fL F ™=
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AIIEARSE (P<0.01) , i HA A A8 (3 B2 AN 1] ) 5 H 3SR DU R A SC RS . X — S5 R R, Mg AL i
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Fig.5 Correlation analysis of soil nutrients in main plantations of Torreya grandis cv. Merrillii
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Table 4 Estimated communality and weight value of indexes of soil fertility

- HHLF/ (g/kg) Bl A/ (me/kg) B/ (mg/kg) LB/ (mg/kg)
P Organic matter Available nitrogen Available phosphorus Available potassium
AP Ir 2 Communality  0.990 0.961 0.848 0.892 0.903
A Weights 0.215 0.209 0.185 0.194 0.197
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Fig.7 Soil fertility level distribution map of Torreya grandis
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