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Spatial heterogeneity of soil nutrients and the influencing factors in
Zhejiang subtropical nature reserve

DU Fangfang', TONG Genping?, GUO Rui?, JIANG Niwen', YE Zhengqgian', FU Weijun'

( 1. College of Environment and Resources, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China;
2. Management Office, Qingliangfeng National Nature Reserve of Zhejiang, Hangzhou 311321, Zhejiang, China)

Abstract: [Objective] This study aims to reveal the spatial variability of soil nutrients and the influencing
factors in subtropical national nature reserves of China, so as to provide a theoretical basis for protecting rare
vegetation and natural ecosystems in China’s subtropical hilly regions. [Method] Soil samples were collected
from Longtangshan-Shunxiwu in Qingliangfeng Nature Reserve of Zhejiang Province. Classical statistics and
geostatistical method were used to systematically analyze the soil variables such as pH, soil organic matter
(SOM), total nitrogen (TN), total phosphorus (TP) and total potassium (TK), and the main influencing factors
were explored. [Result] The soil in the study area was acidic as a whole. The average contents of SOM, TP,
TN and TK were 65.04, 0.67, 1.63 and 18.45 g-kg ™', respectively, which belonged to moderate variation. Semi
variance analysis showed that SOM, TN and TK displayed strong spatial autocorrelation while pH and TP
displayed moderate spatial autocorrelation, indicating that the soil nutrients were mainly affected by structural

factors. The global Moran’s / index revealed that the spatial autocorrelation of SOM reached a significant level
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and its spatial distribution was aggregated, while the distribution of soil pH tended to be random. Kriging
interpolation results showed that the spatial distribution of various nutrients was fragmented and the patch
characteristics were significant. Correlation analysis showed that SOM and TN were significantly correlated
with altitude, bulk density, and slope (P<<0.05), and there was a significant positive correlation between SOM
and TN (P<<0.01). [Conclusion] All the soil nutrients show an obvious spatial heterogeneity. Altitude and bulk
density are strongly correlated with the spatial variation of SOM and TN in the study area. [Ch, 6 fig. 4 tab. 38 ref.]

Key words: subtropical hilly region; nature reserve; soil nutrients; spatial variation; influencing factors
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DX I A AR B (I REHLIE RIS R PR, ELARTTHE S e S B0 SRk [14].

LIPS EOT, HEAE (Co) Fomm RN 43 HriR 225 R BENLAE 5, A H (CorC) 1R
RO MBS, YL [C/(CtO)] FnmBaNLAS TG 5 H b 0L, B i 2 [ AH DGR B 1Y), AR
(a) FR 25 0] 3 A SC PR HIVE L
24 ZEBHEXITE

8 i P A b B 2 ()L 5 RE 4 DX 3R UL (LA A AR BRI, RIZS (Rl B ARSG, WA 48R Moran’s
THEEL (L) R WFE br i 25 6] F AR OGHE KN, BARTHIR A S BO0LSCHR [16]. Iy T8 BB D2 -1~1,
INF 0 FoRTMIE, 5T 0 R AR, KT 0 FRIEMK. Iy BB AR K5
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Table 1 Descriptive statistical characteristics of soil fertility properties in Longtangshan-Shunxiwu

7 pH BT (g kg™) /(g kg™) 2HNg kg™ 4B/(g kg ™)
e/ ME 3.82 10.24 0.24 0.35 5.96
RME 6.70 143.43 153 3.06 41.54
¥l 5.10 65.04 0.67 1.63 18.45
bR 0.59 32.61 0.27 0.60 8.73
5 ZH % 12 50 40 37 47
Rz 0.56 -0.27 0.14 0.37 -0.09
353 0.07 0.62 -0.30 -0.31 -0.66
K-S 0.20 0.20 0.20 0.20 0.20
VagiiE~i] ESSH X BT A3 PEE A0 EAS XHRUE A5

RIFEIEND, AP, 2. 22X B G /6 1E8 50 .
3.2 TEFSMSEITSH

TE—E RS BRI, 158 pH IR 53 10 7 22 BB 53 125 BE B A3 i kg oK (11 2), el T
EAHEBUERSEGHE E TN, SIS IR TR RE A — o i as Ofi v

pH IR A
0.405 1149 o _ o 0.391 i
w0304 F 48 0 %7 w862 g 0293
= 0.203 R 574 = 019
0.101 Hoag7 * 0,008
1 1 J 1 1 1] 1 1 1
0 3 5 8 0 3 5 8 0 3 5 8
43 B8 BE 25 /km 43 29 25 /km 43 B9 PE B /km
e il
0.065 - L6
4 0.049 ) o 123 ]
= 0.033 R 8
#0016 * 4
1 1 J 1 1 1]
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Figure 2 Semivariograms of soil fertility properties in Longtangshan-Shunxiwu

FIFHHLGE 22 7 2R E SRR B I 45 35 I BRS LA ER (6 2). H3E pH, AR . SRR
SRR, HIESR . SRS m R, LA IR AR A A S e I 1L -
T2 15+ 3 5% 43 (1) 23 [ AR S S5 M ERAE (DL BB RP>0.5), HIEAPUR . % . SR B IE 5k
0.23. 0.11, 0.18, FRIAMFIZS[H] AAHK, ULBHHAS T R B 2250 R R Zm . 1 pH, 2L
ELA3 30 0.26, 0.50, AbFHo 2550 B iy 25 [RIAH DG, R BAREHLIN R 0T BEAF7E—E B2 . Iy 8B P
R A YL BN B ES A E A ETE (P<<0.01, Z2>2.56), FUIAHLTR AR S, i+
R AWM AMCEARRE, EASH RS, T pH B/, ULHT L 1E pH A9 F1E
R W2 ESE R RN, afitam TRV, X5 Iy B ER e Ry —3.
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Table 2 Semivariogram model parameters of soil fertility properties and global 7y index

et e W, HEAEMHECHCO)  BEE[CY(Ci+0)] In z Akm  PERERY)
pH EEp G 0.10 0.38 0.26 0.08 135 2.00 0.76
HHLBT BRI 250.00 1084.00 0.23 0.24%* 3.29 5.00 0.72
X Erp G 0.04 0.08 0.50 0.16* 2.31 26.00 0.90
A [ 0.04 0.36 0.11 0.04 0.66 796.74 0.82
il [ g 57.90 326.70 0.18 <0.05 -0.52 354.20 0.93

VAW *FIRAE0.057K T b B EAH (121> 1.96); **FIRTE0.017K T I 240 (12 >2.58)
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Figure 3  Spatial distribution map of soil fertility properties in Longtangshan-Shunxiwu
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Figure 5 Relationship between soil organic matter and total nitrogen
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Jiti AL 2R AR /NS, R SE L -ITNE IS (1 DEM B0 A9 IX A e i X 3222 A 7 P AL R AR
FHR, 5 A LR 4 S R XA 2 [0 A e ad BB i — Bk . iR b, Je sl - IS £ 57
Or R YRR, BEH R A RS ) B, A BRI LA SR A A AR SOk, il
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Table 3 Changes of soil chemical properties with soil bulk density in Longtangshan-Shunxiwu

AHENgem”)  pH  AWLT(e-kg') £BH(g ke ) 2AU(e ke )| AE(erem”)  pH AT kg ) £2BH(g ke ) 2%(e ke ")
0.8~0.9  4.61:0.68 79.41+20.73  0.11£0.04  2.29+0.90 14~15  537+0.58 59.48:19.48  0.12£0.04  1.26+0.59
09~1.0  529+1.13 80814540  0.07+0.03  1.81=0.11 15~1.6  5.13£0.75 52.82+1442  0.17£0.10  1.04£032
1.0~1.1 487039 74861827  0.11:0.06  1.89+0.47 1.6~1.7 517068 41.08£10.31  0.14:0.08  0.91%0.13
11~12  5.03%0.76 71.68+18.62  0.10£0.03  1.72+0.67 1.7~1.8  5.800.45 42.50+13.67  039:043  0.80:0.29
12~13 496031 6544:20.67  0.10£0.05  1.42+0.55 F 5.13 36.69 11.01 41.04
13~14 517057 46.44:11.63  0.15:0.09  1.080.33 P 0.03 <0.001 0.001 <0.001

LWL BE I (AR

BARE , B IX R LR B MO, (He | R N BOR X AR, et 4
MR X A TSR AL, TRE S5 % X 2 M I P ] i B A S0, TR B — S v B, o
KRS IINGE TR BIRG . n] UL AAL AR A R S AT RE S 2 W . BTSRRI . IR ST X R
T4k 340~816 m ALAFAER KM A 8 pH ., 4l . 2B i o0 BB sy i - A Lo M 4 580 o e BRI
DXk X ATRE- S DR A A5G . A FTE RIS 208 R v L Sl . PR RC .
PR, AR R Ay T B IR0 I0ib 2, A PR e R i o B e
42 TEFSTERREZWETF

ISR A ) S T A2 MU S F AR IR R A2 MR, O [RIIEE ST 18] B 7K P A | LI 22 5 45
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Table 4 Characteristics of soil fertility properties under different vegetation types in Longtangshan-Shunxiwu

FRor/(g ke
ek e pH
HHLBT ExX gy G
75 e - 5.30£0.13 a 62.06+6.19 ab 0.20£0.05 a 1.51£0.18 ab 17.25+2.44 a
B R R A bK 4.93+0.19 a 67.48+8.71 ab 0.08+0.01 a 1.70£0.31 ab 14.86+2.11 a
RN 4.98+0.46 a 71.54+6.35 ab 0.07£0.02 a 1.720.06 ab 26.74+6.35 a
Pk 5.05£0.21 a 65.13£10.47 ab 0.11£0.04 a 1.20£0.25 b 17.61+5.32 a
Fifa) 457+0.11 a 82.89+7.54 a 0.07+0.01 a 2.08+0.28 a 20.4144.97 a
RAEY) 5.23+0.35a 46.63+7.78 b 0.18+0.03 a 1.09+0.19b 18.1142.31 a

YA IR R P RN AR AR 2R R 2 ) 25 5 35 (P<0.05) 5 BB A X Etpn i 22

SN LR BT RS . Ak 5 B, IR IN R AR AR LA HLaR B R T N 52—, ARBIFSE
KW HHEAYURAN R SRR W DG, APLRTE 1L 2 SO 3, 4. 5. 6 RiFIRIEIIIAT
TEMLE 225 o SR A AEE ek IS e ] A ML R A ]I A9 2 ()2 S 1 BV B T 44
PIF IR AR —E (e IR AL IR IR, USRI R & D, —J7 s 1 e h
PLBRAHIE SR, 53— J7 e T A BB MR AL A . ARRTREUR TR . AR AR S B IEM
K, XEHMCHRMAIEI TSR —EY, I BAYR MR SR N T HA BN — B, Sk
b, FERRHERRAL, KL R R TN P Y BRI i SR AR B
POt AURREAR, MR, AWM IS, G xT IR 7 ) S SR B R S B A I S
AR BTN SR, S RSCAL . A RUTUR B TR O XY

ARBEFEIX AP e Al A T 0 RO B BT IR RS, X T RE SR . A OC R
AR TEMRIEREIX, kA i T7 2K R AR AR HTAGR , SECE SRR, R L rp B s iy
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