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Abstract: Soil nitrogen, phosphorus, and potassium are important elements for soil fertility management as well as vital
nutrient elements for plant development. Understanding the geographical distribution features of soil nitrogen, phosphorus,
and potassium can offer a theoretical foundation for properly controlling the soil fertility of forest land in the Lin’an hickory
plantation and boosting the hictory forest industry’s sustainable growth. In this study, the main production area of hickory
plantation Lin’an was taken as the study area, and the random forest (RF) , ordinary kriging (OK) , and shapley additive
interpretation ( SHAP ) methods were used to analyze the spatial distribution characteristics of soil alkali-hydrolyzable
nitrogen ( AN) , available phosphorus ( AP ), and available potassium ( AK) in hickory forest land in combination with
environmental variables such as terrain factors, climate factors, soil factors, and remote sensing factors. According to the
findings, the environmental covariates-based RF model outperformed the OK model in terms of accurately predicting the
geographic distribution of AN, AP, and AK content. And theR* of AN, AP, and AK in the RF model were 0.68, 0.60, and
0.64, respectively, as well as the root mean square error (RMSE) of 20.005, 10.287, and 22.426, and the mean absolute
error (MAE) of 15.425, 7.709, and 21.628. SHAP analysis of the RF model showed that the content distribution of AN
and AK was mainly affected by soil organic matter (SOM) , while SOM was positively correlated with AN and AK. AP was
mainly affected by pH, followed by hue index. AP was negatively correlated with pH and hue index, and AK and AP were
affected by elevation and aspect at the same time. The spatial distribution trends of AN, AK, and AP predicted by the two
models were generally similar, but the spatial patterns of different available nutrients were different. The high value of AN
was mainly distributed in the eastern part of the study area. The region with high AP value was mainly distributed in the
west of the study area, but the dispersion was high. The high value of AK was mainly distributed in the middle of the study
area. In general, based on the RF model, the spatial distribution characteristics of AN, AP and AK content in hickory
forest can be simulated with high accuracy, and the corresponding management scheme can be put forward according to the
relationship between AN, AP, AK, and main environmental covariates. It is proposed that lime can be applied to the areas
with low AP content to alleviate soil acidification, and phosphate fertilizer can be supplemented at the same time, and
nitrogen fertilizer application can be reasonably reduced in the areas with high AN content, potassium fertilizer should be
applied reasonably in areas with low AK content. For the areas with high altitude and more rainfall on the windward slope,
efficient soil and water conservation vegetation can be constructed under the forest to reduce soil erosion, and organic

fertilizer can be applied to the forest land to improve soil physical and chemical properties and increase soil nutrient content.

Key Words: Chinese hickory plantation; random forest model; Shapley additive explanations; available nutrient

TR BRI - HEAE T B B AR, R A A KR BT b A SRR T IR, ARl g
L A S R LA R S B — 2 B RO A T T LY SRR RO A BT OR, TR
18 495 B A 2 [B] A0 RO S IR Bl ) AR

IR (AN) HROBE (AP) FIERALH (AK) 48 i J2 1 38 b i) ELEE AR P OSOR FH B 3R 5% 43 5 th T 32
PN AT MR R | AP B AR R R 520, AN AP Il AK AR AR LA S0 i 25 [ AR e pE L 26T
SEH R AT ARAT IS AN AP AT AK 088 WEAT IR TR a1, HICH 138 5 A5 AR 2 (] (W R 4t 06 R Ik
FER AN REA RO M S WA RSk ) IR HRT, DA A 3-SR Ry S LR, LS (R4 H R AR
ST N AR T B BT e 5 T E g N A T DR SR IX ek N g R A RS v T T FERR
F A E v, Z2onZe vk EE 5 e AR v B INAL RIS A2 2% e R RN S AR AL AR TR
JZ AT AN AP RN AK S5 R 3E PR 0 S 1 A LA 2 20 5 B b i M R 5k (Y B ML AR AR, DL B
I B A/ ME TUIRS B 5 B SR 2 . Wang 510 % R AT Al AR 7= X ) 4 4 o 4 )
T5 YA T HO , A 5T ZE B, AH B ORI R1UE (LUR ) A528Y  BEAILZRAR (RF) REAR AR L1 4 )8 5 e F5 4
ZIRP R IR I HA B P25 8, Fathizad 250" B T BEHLAR AR XT 1986—2030 4E A7 i v i +

http ; //www.ecologica.cn



664 xR 44 %

SR AT I 2 AT O 2 R AR BLSR TR AR

SR, S RF BRI e J PEEA T 1 i B0 , (L Al SRAR M A . PR, I IR B LS A BIL %
R JE X IR Z B B A TALAAIR 4 Ye Ak, SERTRIFTE h A T (AL R R B T RAAE
HEE R T AR AR AT, AR R B b IR IR A TR S 2 B T A AL, L = ) e S EOA D 22 1Y R
BT XA ARSI T AT R 3T, FT LK Shapley I A BE (SHAP ) J7 ik S5 BEALAR MRS &, N2
JEHR P [N Z TS IR 1 al AL AR . SHAP J&— ROk Rk U5 D D7 3, AN SCRT DAfigp ke 22 F L2 4 ]
R I T T A e 2 AT RE A PR IRDRA R S S I e el H R — A SR R i B i R LRSSl D T
P IR 5 T O RIS AR A A e A 2 1 O PR P PN R A T v e

WM ( Carya cathayensis Sarg.) 1120 H R 2 BE M 1 SRR 2 —  HOMCHE £ SEAE TR DL L 7 o i 45
R # 2 G, AN AP R AK 15 AL 1) SR AR , B VL ooty 130tk be > | H0 3% i (IR 5 i
WARBAER KT ZRI™ 5, I Z A P E 509% DL L8 LLAZ AR AR, 32 507 T 1B 0 DL YT A
BB RS JERBL S A RS 7 4 S B BRI MR A BRIOACKIE Y L B, T IR A
PP I PR PR e R A i JBE 228, ML T I 35 R Ak i R IIUA AR AR BRI AR A, S ) AU 1A%
A M P { BR AT P 20 A SR T TR U P e, AR R S TR R A B I R R
FLH L PREE DA e ) R BE DL AR AR TSR | I ] SHAP fifeBé 7 vk X LLAZBRMR Il X AN (AP Fil AK %5
(] 3 Afa 520 PR 2R AT A R 3T, Al 22 LA 7 Db s S FE T3 A RIORS o i A A7 B 28 Al 8 B2 () o
s

1 RS

1.1 BT XA

AHIGE LA ARk 32 7 X —— Il 2 DX R AF 5 DX sk, A Ty E A8 vE L& R B 1L X, e i s X, s Ak
FRAF 118°51'—119°21'E F129°56'—30°23'N Z [A] (&l 1) , ik 19 m £ 1768 m Z[8], F-HiRE K 16.4°C ,4F
SERIRE KA 1613.9 mm'™ ) ARG IR AR ZH 41 (FAO) 132K R G0, WS IX - HE R R 40 ks £ 3+ abkGi
+ bt W R 6 A I T, RO R R R R A+ FER L A
0 1 S ol 2 ot 172 - o B B L
1.2 4 R AR R

A ST IR BRI T e XAk S X 7 A S, R BRI R R 1 ke A E— A
RS A IR A RS O, SEPRA 1 188 ANFF A FE LA AR HLE N /T (3 .4 A1) 20 2 kE i R4
(GPS) HFANREERZ 1 W EIRA 1 kg FIRAHFE, HAEFEL AT BB 0 5 I 22 -4 AN AP (AK .pH
AP (SOM) JTTR M & i, Horft AN F i R AR B0k ; AP 3 5k FH 3 R -9 Ak 4 12 42 -4H 6
P L AT E ; AK F R FH S TR B R - IO G EETHIN 2 5 pH R A AR 5 5 SOM R FH 2 4% iR 40 48U fk- A1
P E
1.3 B E s

AT O FIBGE, 8 T 21 FPERSE P X LA B AN AP Al AK $E47 900 , 60 55 Mo I 57 |
S A IR R A [ AreGIS 10.2 84 S ENVI 5.3 81 608 1L 2013 4F 2155 P
AR PRI B AT AL, O DR TR ) 2 38 A S IR B R T B S A 9 X3 ) b T
SARBE . 8 R AR ( DEM) 384525 6] 43 4 28 30 m AOBCHE , I 7E ArcGIS 10.2 # {4 Hhid i Spatial
Analyst B EAS R YRR 6], RS E oK Landset 8, 25 (0] 3383 30 m, BB 7 H 2 10 H b K%
B HIE R /0T 10% /0 TR I BB , 78 ENVI 5.3 804 F 6 7 KARE BE i FEE B S5 i i Ab 2 AR
Pl B sUHR O Be A B, I WUAB e A KR S o B> e B IR 3648 T pH A3 AL A+ 398
HIRBL , pH FIAA LB A A SEDUAA , X6 A 245 ()4 (i DA S a0 R A | DLARAS SR IX BN pH R

http ; //www.ecologica.cn



2 4 WLESy AR ST REHLARARIE B9 LM M - S TR 73 5 B 23 (8] A IR AT 5 665

118°50" 119°00" 119°10" 119°20'E

30°20'N
30°20'N

30°10"
T
I
30°10"

S|+ MR 18
S | I sk X P 1 =
WEH/m —
751768
. 0 10 km
19 [E—
1 l l 1
118°50" 119°00’ 119°10’ 119°20'E

E1 HIRRIEHER=EIE

Fig.1 The spatial distribution of soil samples in the study area
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Table 1 Brief description of Environment covariates
HHY WA E L E 3
Type Covariates Definition Reference
ERE T R — L% (NDVI) (1 27) (Red-NIR)/( Red+NIR) M # B R A Bl = (Chttp://www.

Remote sensing factor

I

Topographical factor

TN

Soil factor

SR T

Climatic factor

R RAE % (Ev) U127
s — b 22 (R TR L
(GNDVI) [t 27]

AR (B1) 2]
SRR (Cn) )
CIRTE R (HI) 1282
LI R % (RI) (28]
MRS (ST) (2]

W (SLOPE) [30—31)
W4k (ELEVATION) (3031
P (ASPECT) 1031

35 (SU_SYM90) 24 32

- Hekiki g (CLAY) (232

T HE SRR (SAND) (24 32
+4%5 % (BULK DENSITY) (24 32]
e R E (SILT) 1 32
WAL (GRAVEL) (24 3]
4 pH

+HEAAHLE (SoM) (B

AEHIR (MAT) (2734

AEREKE (AAR) 17734

2.5(NIR-Red)/(NIR+6xRde-7.5x
Blue) +1
(NIR-Green )/ ( NIR+Green )

% ( (Red®+Green?+Blue?)/3)
(Red=Green )/ ( Red+Green)
(2xRed-Green—Blue) / ( Green—Blue)
Red?/ ( BluexGreen® )

(Red-Blue) /( Red+Blue)

PR B TR R 22 45 K P B RS 9
Iyt

VTP T Ay 5 o T v

VLBE Ay B A 30 B 1D 1) 306 7 00
HRACHHZ-90 452
IR L
TR E RS

B R

EV=LH STas deyid

)= PR AR 5 L
R
TERERANIL S

T AR
WFE X AR R K

gscloud.cn) Landsat 8 OLI-TIRS %%
7=l 30m 43 e

ASTER GDEM V3 30 m 4%
(http ://www.gscloud.cn)

JLUCT 16/

(https://www. fao. org/soils-portal/soil-
survey/ soil-maps-and-databases/
harmonized-world-soil-database-
vl2/en/)

WFFE XA R S

e H K KK E b Chips://
crudata.uea.ac.uk/ cru/data/hrg/)

1 &

MM&7V;|ﬁ—%| (1)

RMSE = ii(fi_yi) (2)
-’

R = (3)
Zizl(yi_yi>2

o, N JEREAEL i SRR B AEAS  f R BRI AR A AT T,y R A AT i PSR, K s R
it Python 3.9 JRAIZST Scikit-Learn & H1 ) metrics A437E4T , [ IS 2% matplotlib 5, 221 AN AP H1 AK S [a]45
AUTR T (8 A B S LA
1.6 SHAP FRAIfERETL

SHAP J&H Lundberg Fil Lee &t} 14— 5 T HZR 0 R IR DL & T BRI VERE Y 7 ik, B0 T 238 FIME
(shapley {H) FeAtii TR ANRRAE STIE R 220 ARIETEZEIS , B4 v 1 B — N RRAEAE B T B MR B A B
FHZE S LN RS 2S00 A 45 5, T LIAR BT A B 53 B AR 58 B — 300 5 A Ias , T shapley (B2 58 i
PR BT DTER SR A I B A VR I AR

izl F A4 (EA n ARHE) R TS A RF B 7F SHAP H, BN RRIEXTA St £(F) I DTk 2
FTFHINPR TR T/ . Shapley {E# S LA T ARHE

_ [S[T ([F[-1 SI-1)!
d’i_s;i} | F11

[fsum(xsum) _fs<xs>] (4)

http ; //www.ecologica.cn



24 WWEPy A5 T BENLARAIE B9 LA ARt - S SR 5 i s 8] A RS AE AT 5 667

K, /& i FFIERY Shapley (H, F 2T A FFEEE S, S ZREBR | FRAEJG N F 2L I I A AR IE TR 5 .

S CIFITL ST DY gyttt et AL 2 7 1480 S BOBPRRCL /07, SR S HHEFAE

BOSE£r. B AERERRY ¢ A5 AE RO A LT 5 M RTA AR £ (xas ) = fu(y) AT LEER, Horhidem
i S hi ARFIERY(E,

TEAWFFEH  HEAT T SHAP 434 , LAA AE 5206 LLAZBobR i - SR 280 A 280t st B i) 5 SR R ALE O
PRVFHESTR o MR A B Z 6] AR EAE T . SHAP P2 {E T s B BERRAE  SHAP AH G IR T 3FAili it
SEIREERHIE R FZ IR . SHAP S3 W3 it 78 Python 3.9 JUAS HINEL shap JE 3 1746 il Be i 2 4 U shap
JE ) summary_plot 1 dependence_plot £,

2 ERE55H

2.1 RIS A AR RS A

Il 22 LLAZ R AR M 1= 3% AN AP AK , SOM F1 pH ¥J{E 5351 & 155.53 mg/kg,14.06 mg/kg,85.66 mg/ kg,
31.61g/kg 1 5.27 ArifEZE43 )N 42.27 mg/kg . 19.85 mg/kg 39.41 mg/kg 11.86 g/kg F10.41, BT AP (Y7285
ZRORIE 141% )8 T BEAS 54N, AN AK (SOM 1 pH (K748 5 RO 27% 46% 34% F1 12% , )& T h &7 5+
(%£2),

®2 HRELIEFSSEHRESIT

Table 2 Descriptive statistics analysis result of soil sample in the study area

Srbitsb i M A Pt 2 TR AN
Analysis indicators Mean Min Max SD CV/%
AR A AN/ (mg/kg) 155.53 56.61 268.97 42.27 27
3§ AP/ (mg/kg) 14.06 1.37 143.28 19.85 141
HRAR AK/ (mg/kg) 85.66 18.90 255.70 39.41 46
FHEEHLTT SOM/ (g/kg) 31.61 9.70 67.70 11.86 34
pH 5.27 4.19 7.52 0.41 12

Mean : “F-3{H mean value; Min . £z/]ME minimum value;; Max : iz KAB maximum value; SD:#3#EZ standard deviation;CV;E%%i’%{ coefficient of
variation; AN i fi## % alkali-hydrolyzed nitrogen; AP Z{ B available phosphorus; AK: L 4f available potassium; SOM: 1 3 L i soil

organic matter
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Table 3 Classification of available nutrients, pH and SOM based on Zhejiang forest soil classification standard

oy 2R AR A AP

Lovele AN/ % AP/ % AK/ % SOM/ % pH
(mg/kg) (mg/kg) (mg/kg) (g/'kg)

—2% First grade <80 2.13 <5 40.43 <50 20.21 <10 0.53 <5

%% Second grade 80—100 6.38 5—10 23.40 50—80 31.38 10—20 11.70 5—6

=% Third grade 100—200 76.60 10—20 1436 80—120 33.51 20—30 34.04 6—7

PU%% Fourth grade >200 14.89 >20 21.81 >120 14.89 >30 53.72 >7
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Table 4 Statistical table of model prediction environment covariates
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Table 5 Accuracy parameters of different prediction models of AN, AP and AK

[LEUPIE D T PUE REL RS S NON P PR R 2
Model objects Models R? MAE RMSE
il AN KEBL AP RF 0.68 15.425 20.005
W30 v B OK 0.42 26.530 32.621
R AP FEHLARA RF 0.60 7.709 10.287
i 7 HLA% OK 0.26 7.653 11.998
HALH AK BEHLARAK RF 0.64 21.628 22.426
i 7 HLA% OK 0.35 20.495 24.581

R? . Yt i€ AL coefficient of determination; MAE ;34 % 12 2 mean absolute error; RMSE ;¥ /7 #R 22 root mean square error; RF: BEHL LR
random forest; OK ;i 5 FLA% ordinary kriging
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Table 5 Scatter plot of positive and negative effects of environmental covariates on AN,AP, and AK content
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