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Fig. 1 Elevation and distribution of sampling sites in
Wangyedian Experimental Forest Farm
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Table 1 Source and resolution of environmental covariates

ey EAS FeUR Sy HEE/m
Type Name Source Resolution
HBEARFR AR kR 2-coordinate S H N 4
Geographical Field
coordinate  y2EFR y-coordinate measurement
Wi Elevation 30
Y51 Slope 30
WIBAER Wi Aspect 30
Topographic EITIES GDEMV3
: 30
variable Profile curvature
H I RS FE 5 TRI 30
HIB IR AR R TWI 30
SRR AR MAT 1000
Climatic WorldClim
variable ARSI R K B MAP 1000
AER AR BOND VI 30
Biological LTSN 2 A L Landsat 8
variable RECI 30

o RF B 19 2 A~ H 22250 mitry Fil ntree i 13 P A% 1
FHE N 2 F1 800, T HUMAKIZ -3 TN S i Aii
Cubist 58— et 1 5L TFA A9 [T 5331
AWF T Cubist 5 K1 4y 2 4~ B B 2 % committees Fll
neighbours 43511 % &2 10 #19, I T T AK S TN &

I
1.5 HRBEVIGIE 5T A5 E 1T A

et 28 SIS0 TIE > Al B Y (%) T 4 B % 1k
A R e B N B A AT, TSR BRI
ARHFFE (8 38 RAIE, 2 109K, FF 485 i%
#(MAE) ¥ 7 R i% 22 (RMSE) fil R 3410481148 b5
S BT A AR R LE I - HE TN Jy 0 AP e . A A
A 100 YR T ) A 18 4 10 B it ) b o 22 42 i B AR
TN A A 2 T A

2 FHRE5HMH

21 ITELERMBRESRITHHR

WF 5% X 147 A FE 25 0~10, 10~30 F1 30~50 cm
3R R B TN R M S5 B 3% 2,
8 TN & 9 (BRI A o 25 Bl A 4 J2 R B 1R 385 o
MR, BE 50 318 3.20.2.02 ,1.47 g/kg. 34+ 2
TR TN & 5 1928 5 280k 51.86 %6~56.36 %6, &
Forpdgag sl TN 208U R 75 4 1R A
I3 .

ANTR] AR 326 0 4 38 TN &5 hE (4 43 A 175 B0 2 &) 2
Fim e WIEARE , AN[A) )2 08 SRR 18 TN 5 i
P ATAREIE TN 5

®2 ARTERELZESFIENHEBRMEST

Table 2 Descriptive statistics of soil total nitrogen content at varied soil depths

- o o FrifE2%/(g/kg) AR RE Y% .
LREE/m BME(he)  Bkfi/ghe) (kg o @/ke) SRAR fiez gz
. . . Standard Coefficient of .
Soil depth Minimum Maximum Mean . . Skewness Kurtosis
deviation variation
0~10 0.83 9.01 3.20 1.68 52.38 0.90 0.54
10~30 0.46 6.23 2.02 1.05 51.86 1.05 1.36
30~50 0.31 5.89 1.47 0.83 56.36 1.95 6.25

22 INMEHTEMIERE
K H Pearson # 5¢ 28 50k 47 PR 5% P AR o 1) 1
o A2 E TN & & 5 A5 A & 2 [ 1Y
Pearson #1534 R LB (£ 3),0~10 cm /2 TN
i SRR (r=0.533) 3 W) (=0.178) FI4EF-H[EoK
i (r=0.553) R IEAHSE, 5 y R (r=—0.205) AP
SR (r=—0.501) i — LA B8 80 (r=—0.265) %
I FAAHICOC R o o Aebr BB 0T i 23 | Hb Y A RS
BA B IR R FE BRI R AR 80S TN
B RE, AT R,
B3 y AR R AR 1] 5 30~50 em 4 J2 TN &A%
PEA B35, 10~30 F130~50 cm + )2 TN &7 538
MR LEE0~10ecm T ERA—3, HIt, -

BTN &t e &l VR I ) ARF- YRk oy A
B AR 2SR RN A — A 9 48 O b R A
HEAT BT
23 ARTEREIELRSEMNEIER
I b Z50H0 1 25 9 RE #5278 1 Cubist 15559 7y
X BAESE RAN R A PR FEARF 2R E T RE B
F TR 5CR P T Cubist B8 | AT DLUB A /) 1 )2
TN & A 5 [0 2 AL E I (39 %0 ~59 %), H B AT #5¢
(1) R? F1AE K 1 RMSE Fl MAE., [ 1 3% % RE 4%
RN M3z 4 TN B 43 A 46 Jmy 247 S0 5 el o %o
T 0~10 em 12 TN, RF S A i B8 1 50 %0 , 1M
X} 30~50 em - J2 TN W) & 30 H 55 1% 9 13 000 44 i
(R*=0.39) , RMSE 1 MAE 5 + JZ 7 BE (1) 58 i
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Soil total nitrogen content
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2R E /em Soil depth
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Fig. 2 Violin map of soil total nitrogen content under

30~50

different soil depths and stand types
xR3 AEIERETIEZRIESHENTE
HIAE RS 4
Table 3 Correlation analysis of soil total nitrogen content

and environmental covariates at varied soil depths

e )/ em
Envir(jnfiz}allcfvariale Soil depth

0~10 10~30 30~50
AR x-coordinate —0.132 —0.145 —0.196"
v y-coordinate —0.205" —0.172" —0.056
4 Elevation 0.533" 0.465™ 0.518"
Wi Slope 0.096 0.035 —0.071
WilE Aspect 0.178 0.155° 0.109
HITE 2% Profile curvature 0.094 0.069 0.051
Hb I HLREFE 5L TRI 0.099 0.064 —0.033
HJEREEFE A TWI 0.059 0.067 0.123
BRI MAT —0.501"  —0.400"  —0.464"
ARSE R K i MAP 0.553" 0.446™ 0.484"
IH— AR AL NDVI —0.265"  —0.262"  —0.278"
ZLI MR AR £ RECI —0.135 —0.146 —0.170°

TR A2 B IR AE 0.05 F110.01 K- | i A5 . Note: * and **

indicate a significant correlation at 0.05 and 0.01 levels, respectively.
B, 3% P RE R PR T ST S R O R A
BV i 22 R AR T bR IRBE DM AR ik 1) A B i ) B
& R B3G I PR TS
24 MFLEEFFERAHEESHE

& 3 RIAT, 0~10 em 2 TN & B H{EAE 1k
7 [l Ry 1.08~5.89 g/kg, ¥1{H 2.87 g/kg; 10~30 cm
4 )2 TN 08 A2 463 R 0.64~4.37 g/kg, ¥I1E
1.84 g/kg; 30~50 cm = 22 TN il {H A% £k 35 [l 4
0.58~3.74 g/kg, ¥IH 1.28 g/kg. TIEREMFIHH
e - 2R R S A . B 34 )2

®4 AEIERETELFSEMNHNZNWIELER
Table 4 Cross-validation results of prediction of soil total

nitrogen content at varied soil depths

+Z2WE /em RF Cubist
Soil depth R° RMSE MAE R’ RMSE MAE
0~10 059 036 0.28 056 0.37  0.30
10~30 0.41  0.41 0.33  0.38 044  0.35
30~50 0.39 043 034 034 046 0.38
10~30 cm

_ 0~10cm

B LR R (g/ke)

Soil total nitrogen content

km [ I —
18 27 36 0 1 2 3 4 5 6

0 9
B3 AELtERELELRZETNE
Fig. 3 Spatial prediction of soil total nitrogen
at varied soil depths

TRIE TN & 523 (B 40 A () SR AR AR 3 AR — 5, 1
FI R VG AR PR AR , PU R AR R AR AR R Y
23 (B R, B SR 09 A8 AR RSO A

H Pl 4 0], RE AR B0 + 3 TN 9 47 0 22 11
SF- X B 2 R R Y B IS RT3 2 AR YA 0.013
0.018 #10.019 g/kg, B 2 e 22 ) dc KB (0.032.,
0.035#10.036 g/kg) 34K , Gk b RF 5 Af T
AN R PEARARR

0~10cm

10~30 cm N

FRUfEZ (g/ke)

Standard deviation
-_— km

0 9 18 27 36 0.00 0.02 0.04
E4 FEVFMERTN L EERI AT EE
Fig. 4 Uncertainty map of soil total nitrogen distribution
predicted by random forest model
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HE TP DX A TN A S0 R A 4 1 35 85
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RIS N U E | EE5 Y o S N i e ol =355
48 TN 5 4645 1 22 [ A g 7l 28 7 s 35 b A
Al EAKT, 1598 TN & bl 3R AR 2 K
(R 388 R T 185 o i A S 38 SR B 3G KT )N L ik 5

5.

Pearson #HOC/M T 45 RIEAR — 2.+ TN 53k m) F1
yAPRRI RPN AE A, 13 TN 53—tk
8 B0 ] e g T 4R 55 R R Bk BB IH — AR AR
KOs, R TN s ih 84— I e B
R, PR AL b T3 EE AN I E S5 3B I, X AT RS2 T
N EARFR SRR 2 BhobR 73 S A 1 22 5 38 1 1+ 18 TN
5 —AAE A8 B [A] 52 5 AR R e [ DG R

= 5[ —0~10cm z —0~10cm z 6r —0~10cm

31 2t SR

<4t 22 2 2

~ = 4.

i g Ey 18 g

@ fs ez N

® 2 ®z 3
= H= ol H 3

H3 2 2

®3 [ 3 oo

H= H= H=
3 N z . 2
£ 1 e . . i . - s : :

1000 1500 2000 -1 0 i 400 500 350
WG4 /m Elevation T e B R B NDVI AESE R K e/ mm MAP
—0~10cm
T —0~10cm A5 —0~10cm _ 32F —=-10-30cm

= ; = § 4.0F = ; 3.0F e 30~50 cm
= qf & = = £ 2.8[

EER 23y 2520

gL I8 & 3.0t H g 2.4f

4 27 W4 g 20f

&z &z o Bz o0 e -

d= ol = 2.0t W3 gL - -

3 S s S -

H= AR 2= L6
= [ = R
2 u 1.0 . . c S ol T T , , ,

2 7 6 415 416 417 418 0 100 200 300 400
ARSI AR/ C MAT VAEFR y-coordinate Bia/(®) Aspect

B5 ARIERELHESASEXNRINMEHEZEHNE L%
Fig. 5 Response of soil total nitrogen content to environmental covariates at varied soil depths
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i FH RE 5503k rp PR 358 BIp A2 B f) 1 5 48 J3E R A1k X
I PR DS e AR B I 6 R, 3 R
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HE TN 75 8 820 fe K, HAR AR YA < I3 —JE A Bl i
B AR K K i = AR 2R =y AR > 30

RV o) S 36 AR 37734 877~1 890 m, DU J& ] w8 2% ¥t
FRUR, VO R AR AR AR VAR A A
N Hes D> HARIS A, A e DL Y
AN R TEPE RS ARG IR T Z IR G, LR R
) SR PR AL 322 R R R X, A AR X
) I AR 7 T 2, AR T IR R L

0~10 cm 10~30 cm 30~50 cm
] | itk )
Elevation Elevation Elevation
VT wls ° 3 fAE AR %L o VA Ar s o
NDVI NDVI NDVI
AR ° AR K ° AR °
MAP MAP MAT
EEHSR . VSR . TR :
MAT y-coordinate MAP
e . R . e .
y-coordinate MAT y-coordinate
|, B . s |
Aspect Aspect Aspect

02 46 810
T A Node purity

E6 MIFMERTBEHEET RMAE
Fig. 6 The node purity of environmental covariates using random forest model
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8 TN 5 1225 (8] 20 A7 (452 M fe K o 3 2 PR/
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TV J P 0 b SR A7 £ B, tho ] DA ke 2 B p b b
SAR AT | AR B SR8 /N A 2 SRk BT 1 5
i SN R R AR A R SR
P 2 3P B TR AR R Z— X 38 TN
S = A I 5 ) 1 2 A 4 AT R K FASE k2
AN AT & IR, 7R BT I AR b g3k
FE TR R L ) 52 56 b7 3 TN 25 18] 404 i o A op
% ¥ e T B A/ B D A S 56 bR 37 S v L
T 4R R FE 2238 1 000 m, B AR bR 1 sk 28 25 4 2R Ak
R A A ) 2 LT PR AR A, SE T R e 4 4% TN
i, SRR S R SRR T
[ T A A 2 = G w1032 O [ 4 G X7
ARG L Y u 2T g e I AR - SR ARV 7 A
AR B I ) T RN, 9 T 4 TN
R FEAFEGHRA T TN S BAAEES . K
SRR T I T Bl K A I IR
AR T IEY e IR, AR TARER
B 1) T 24 RIS #E 6T TN & f = AL 52
w20 ARG ER , F b H AL 32 B 22 10 K B4R
FE 4% 7% B AR B AL, PR g 3 K 23 28 B, £ 3EK 43
A R SRS HIER R R A Y

S ZUOG R 3R R, 3 TN A8 Ak < i
PR TFRER R, m ih e B, Bl fa) 52 56 4k
1 TN B3 ) A9 380 52 80 S/ i 388 n 7y 728
Al #, 33 S R A B G 3 Il (B A 365 0, 3 1) pl TR L
) VA B P AR [ 2] TR 1]

H AR RN - TN ABA — % B, y e bR 5
T TN 2 A, RIS X E AR 158 TN % &
LRI DX b A B v o e o i 2 D SR 30 o By A B
3G G, £ 3 TN SV B, TR B A Uk sh i 22
18 TR X 5z X R B ¢, DR IX
T Sk v AR b DX, AR 5 i B IX i il 2 43 1Y)
BN, e T R % AR 0 S R XA T K A
F X 38 TN A2 0, 58 TN 9 28 16 1 6 il 2
K.

—MIE LT AN b R A AR X+
96 ) M A ) A8 5 1) 5% ) AR — B0, (0l RO XN
Ve 8 G NS, A R PR S PN O BT T B R A
YRR SRR X ARG E RS % 2%
IR A5 2, ARS8 R K Bkt 1€ TN A9 2 8] 43
A ELAT B S A, A BIF 5 IXAF S 2 B K o R A 2
1535 105 mm, 25 5 B I8, B K = 50K A 208 n 4 4
Sk UEm BN 4 TN R R . B 98 KAEFH
AR 22 3.9 °C, Z 58/ X T L TN & i =8
() A7 PR 5 M A 559 o

TEAAIGE A 78 o £ 18 TN A S (K T
HbIE AR f . NDVIEHE R A 1R 0 A o 7
o6 BE AR G 00 Pearson AH AT 4E R ER
1+ TN 5 NDVI & B F 1 LR, X 587 Am
W8 45 AR — 85 g L A AT BE R 9T X R/ R
JE WM , A R AR 3 83 %6 , AN T AR R SR R i
R , 1 N RRAR 434 B2 K AR A BE K, R A
BEHINDVI, Chen 253 58 15 B AR Z e S +
BN BEHAIEMHIE R LLARER R A KR
MBER S5 2 4%, BATF 5 WAV 0, Ml 0 ) B2 0
AN Z AR T HIEARER, W, R
+ TN & & & T A T A, NDVI 5 9 #b X 4 3
TN

RF BRIAE 0~10 em 4 J2 VR A FE 48 bR (E 8
T 10~30.30~50 cm + )2 R B BRI 4 38w M2
V] 73 A 0 TR0 A B 2 A7 IR B I R 2k L R
(1423 i) A S AN ) P RE R B R Y L kI
B qE H R 2 P AR M 8 5 B IR B [ IR A 5
AP ER T 5 13 TN HE 7 K 2 R P as i
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REZHUE N FRMIERY , X 88 K KA B T4 e e 2l
£ 0~10 em 2R R BRI . 7E— BT,
W2 TR 5 A B N PERE AR . 0w
VA LB R E A 70 Al B PRI DR 3 0] L2 i 1 5 i
A3 S8 - S 2 9F 5 A T WSO 58 X AR e PR
AT I i g 1% 22 S P ) T MG B

A SEAEAR 3 TN 55 8 (4 T BB I, 76 34
S pI R e Y PR b RAT 5 X 3 TN 5 5 I A5
14 - 3 LA Jm A (pH AT AL RO 45 ), 3
2 2 1 b AN [R) ) P17 3 AR, A B A7 1 R 22 AN A
&P FE T AT AE S - 2 TN 5 12 F0000 % o 1 5 7
TN B R A R B2 10, MR (40 55
W RARIREE FEET T ARB A RUR T K 26
K B, AT I PRI AR B 22 0 AR &
B Z REAR AP R AL PR A8 B, ROk A AT LUK AR
G2 B R AR AR N R AR R] i — 2
SE MR 0 M AT 5 IF S X A R AR AR 1 4
TN WL & A 5 W RE R BGZ AR AR 7y 26 Y
Ot , DL R A 29 LAt P A A i e R A T A R
FRAE, AT RE o3 7R — TR R b R e R A T AR A
R o

2% 3k References

[1] WANG K,ZHANG C R, LI W D.Predictive mapping of soil
total nitrogen at a regional scale: a comparison between geo-
graphically weighted regression and cokriging [J]. Applied ge-
ography, 2013,42:73-85.

YANG X, REYNOLDS W D, DRURY C F, et al. Organic

carbon and nitrogen stocks in a clay loam soil 10 years after a

2]

single compost application [J]. Canadian journal of soil sci-
ence,2014,94(3): 357-363.

2, FBE A, I, A X A 0 s ) S A
6 R 3BT [T]. A= 52442, 2020, 40(5) : 1572-1579.L1 L, QIN
F C,JIANG L N, et al.Spatial distribution patterns of soil total

[3]

nitrogen at a county scale [ J]. Acta ecologica sinica, 2020, 40
(5):1572-1579 (in Chinese with English abstract).
MCBRATNEY A, SANTOS M, MINASNY B. On digital
soil mapping[J]. Geoderma, 2003,117(1/2) : 3-52.
WADOUX M J C, SAMUEL-ROSA A, POGGIO L, et al.

A note on knowledge discovery and machine learning in digital

[4]

[5]

soil mapping [J]. European journal of soil science, 2020, 71
(2): 133-136.

ZFOV IRME TRNE , A L JE T = s ] TR0 A Y 11 167
By A AL A 8] Jp A A ST [T ], 3241, 2018, 55(4)
1007-1017.JIANG S P,ZHANG H Z,ZHANG R L, et al.Re-

search on spatial distribution of soil organic matter in Hainan

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[171]

[18]

[19]

Island based on three spatial prediction models[J]. Acta pedo-
logica sinica, 2018, 55(4) : 1007-1017 (in Chinese with Eng-
lish abstract).

PEFERE XU X BT, 45 35 ¥ R 2 3 PR R Tl 1 [T ]
LHEER L 2019, 50(3) : 505-513.PANG L H,LIU F,ZHAO
X, et al.Digital mmapping of topsoil attributes in Qinghai Prov-
ince[J].Chinese journal of soil science, 2019, 50(3) : 505-513
(in Chinese with English abstract).

KESKIN H, GRUNWALD S, HARRIS W G. Digital map-
ping of soil carbon fractions with machine learning[ J].Geoder-
ma, 2019,339:40-58.

MA'Y X, MINASNY B, WU C F.Mapping key soil proper-
ties to support agricultural production in Eastern China [J].
Geoderma regional ,2017,10:144-153.

RUDIYANTO, MINASNY B, SETIAWAN B I, et al. Open
digital mapping as a cost-effective method for mapping peat
thickness and assessing the carbon stock of tropical peatlands
[J].Geoderma, 2018,313:25-40.

SHAHBAZI F, HUGHES P, MCBRATNEY A B, et al.
Evaluating the spatial and vertical distribution of agriculturally
important nutrients: nitrogen, phosphorous and boron in North
West Iran[J].Catena,2019,173:71-82.

B B SRR AT M. 3 R b s o Al R
2000:42-49.BAO S D.Soil and agricultural chemistry analysis
[M].3rd ed.Beijing: China Agriculture Press, 2000: 42-49 (in
Chinese).

WANG S, ZHUANG Q L, WANG Q B, et al. Mapping
stocks of soil organic carbon and soil total nitrogen in Liaoning
Province of China[J].Geoderma, 2017, 305:250-263.
BARDGETT R D,STREETER T C,BOL R. Soil microbes
compete effectively with plants for organic-nitrogen inputs to
temperate grasslands[J]. Ecology,2003,84(5): 1277-1287.
BREIMAN L. Random forests[ J]. Machine learning, 2001,45
(1): 5-32.

AR WL 2D S0 A AR AR A A MR A A s T [T b
bl K224, 2019,41(12) : 23-36.LEI X D. Applications
of machine learning algorithms in forest growth and yield pre-
diction [J]. Journal of Beijing Forestry University, 2019, 41
(12):23-36 (in Chinese with English abstract).

WONG T T. Performance evaluation of classification algo-
rithms by k-fold and leave-one-out cross validation[ J].Pattern
recognition, 2015,48(9) : 2839-2846.

XAk, X5k, b2 8,45 AN RN )2 etk 7 i =5
)2 S PEF ST [T ] 7 FH R Al 5 TR 227142, 2018, 26 (2)
305-312.LIU J L,LIU L,MA X Y, et al.Spatial variability of
soil salt in different soil layers at different scales[J].Journal of
basic science and engineering, 2018, 26 (2) : 305-312 (in Chi-
nese with English abstract).

ZHAO Z Z,ZHANG X F,DONG S K, et al.Soil organic car-

bon and total nitrogen stocks in alpine ecosystems of Altun



256 LS N AN S o ¢ LESE
Mountain National Nature Reserve in dry China[J/OL].Envi- 2022,59(2) :451-460 (in Chinese with English abstract ).
ronmental monitoring and assessment, 2018, 191 (1) : 40 [27] YUH M,DUAN Y H,MULDER J, et al.Universal tempera-
[2023-11-30].https://doi.org/10.1007/s10661-018-7138-9. ture sensitivity of denitrification nitrogen losses in forest soils

[20] TSUI C, CHEN Z, HSIEH C. Relationships between soil [J].Nature climate change,2023,13:726-734.
properties and slope position in a lowland rain forest of south-  [28] sk g, Betnm, T 1, 25 484 B 1) K M AR [6) /A B 3%
ern Taiwan[ J]. Geoderma,2004,123(1/2) : 131-142. Bt AL TP RFAELT ] K B4, 2013, 27(5) : 205-208.
[21] ZRBAI2L, Ak, 85 900 , 45 B0 - 3l B 9 2k S5 e R [T ). GUO Y L,BIR T, WANG J, et al.Soil fertility development
o PR 24 0 L 2018, 37 (1) £ 66-78.ZHU A X, YANG L, trends in sloping lands under different habitats in Xinzhou of
FANNQ,etal. The review and outlook of digital soil mapping North ChinalJ].Journal of soil and water conservation, 2013,
[J]. Progress in geography, 2018, 37 (1) : 66-78 (in Chinese 27(5):205-208 (in Chinese with English abstract).
with English abstract). [29] TASHI S,SINGH B,KEITEL C, et al.Soil carbon and nitro-
[22] YANG R,ZHANG G, LIU F, et al. Comparison of boosted gen stocks in forests along an altitudinal gradient in the eastern
regression tree and random forest models for mapping topsoil Himalayas and a meta-analysis of global data [J]. Global
organic carbon concentration in an alpine ecosystem [J]. Eco- change biology , 2016, 22(6) : 2255-2268.
logical indicators, 2016,60(8) : 870-878. (301 movLipe, EHTHS , RERUE . 1982—2013 4F Fh EAE B ND VI %5 [f]
[23] ASeni, il WA ML IX £ HE@ FAMIE Fla 16 SR SUBRE IR ST [T ). HB R, 2019, 74(3) : 534-543.
U U?Iﬁﬁ%[ﬂgﬁﬁﬂ [J]. 7ki{%:%%}ﬁ ,2004,18 GAO J B, JIAO K W, WU S H. Revealing the climatic im-
(2):137-139.CHENG X F, SHI X Z Relationship between to- pacts on spatial heterogeneity of NDVI in China during 1982—
tal nitrogen and topographic, parent material in typical subtropi- . .
2013 [J]. Acta geographica sinica, 2019, 74 (3) : 534-543 (in
cal region-a case study in Xingguo County, Jiangxi Province o . .
[J].Journal of soil water conservation, 2004, 18(2) : 137-139 (/hn?csc with English abstract). o
(in Chinese with English abstract). I ﬂ%)‘(ﬁ AU %ﬂﬁ (i“iR P [ﬂ NDVIS i
[oa] BRI A IE . B T & RS A UL B 7 AR G A A [T ] AL s R 4 (A SRR i) ,?016,52
R TR B4 S B (0], e b T AR5 40 . 2015, 31(5) - (6):1125-1133.HAN Y, ZHU W B, LI S C.Modelling rela-
194-200.GUO P T. LI M F. LUO W. et al. Prediction of soil tionship between NDVI and climatic factors in China using
total nitrogen for rubber plantation at regional scale based on geographically weighted regression [J]. Acta scientiarum natu-
environmental variables and random forest approach[J]. Trans- ralium universitatis Pekinensis, 2016, 52 (6) : 1125-1133 (in
actions of the CSAE, 2015, 31(5) : 194-200 (in Chinese with Chinese with English abstract).
English abstract). [32] WEI X,HAO M, SHAO M, et al. Changes in soil properties
(251 25 ksl ZEmr{n ., 2 A6 A0 T b 414 L o 52 ) and the availability of soil micronutrients after 18 years of crop-
Sy R L P 22 [T, R A5 22 4R L2015, 26 (5) : 1306- ping and fertilization[J]. Soil &. tillage research, 2006, 91 (1/
1312.L1L,YAO Y F,QIN F C, et al.Spatial distribution pat- 2): 120-130.
tern of soil nitrogen in Huanghuadianzi watershed and related [33] CHENXL,TAYLOR A R,REICH P B, et al. Tree diversity
affecting factors[J].Chinese journal of applied ecology, 2015, increases decadal forest soil carbon and nitrogen accrual [J].
26(5):1306-1312 (in Chinese with English abstract). Nature,2023,618(7963) : 94-101.
[26] JAV:, /NG0B T 2 B B i AR ML AR (g % (34] ZHANG Y K, JI'W J,SAURETTE D D, et al. Three-dimen-

JZ A E oA TN [T]. 324, 2022, 59(2) : 451-460.
ZHOU Y, ZHAO X M, GUO X. Prediction of total nitrogen
distribution in surface soil based on multi-source auxiliary vari-

ables and random forest approach[J]. Acta pedologica sinica,

sional digital soil mapping of multiple soil properties at a field-
scale using regression Kriging[J/OL ]. Geoderma, 2020, 366:
114253 [2023-11-30]. https://doi. org/10.1016/]. geoder-
ma.2020.114253.



55 3 1] WA S BT REALARMAS Y A B ) 92 96 bR 1 19 4 R 257

Digital mapping of soil total nitrogen in Wangyedian experimental
forest farm based on random forest model

ZHEN Cheng', WANG Haiyan', LEI Xiangdong”,ZHAO Han', DONG Qiqi', CUI Xue', QIU Haolei'

1.College of Forestry/State Key Laboratory of Efficient Production of Forest Resources/ Key Laboratory for
Silviculture and Conservation of Ministry of Education, Beijing Forestry University, Beijing 100083, China
2.Institute of Forest Resource Information Techniques , Chinese Academy of Forestry, Beijing 100091, China

Abstract To explore the spatial distribution characteristics of soil total nitrogen content in forest farm
and its response to environmental factors, random forest model and Cubist model were used to establish a
quantitative relationship between soil total nitrogen content and environmental covariates including eleva-
tion, normalized difference vegetation index , mean annual precipitation, mean annual temperature , y-coordi
nate and aspect at soil depths of 0-10, 10-30 and 30-50 cm in Wangyedian experimental forest farm. Soil to-
tal nitrogen content of the area was predicted and mapped, and the controlling factors affecting the spatial
variation of soil total nitrogen were analyzed. The results showed that the average content of soil total nitro-
gen at soil depth of 0-10, 10-30 and 30-50 cm was 3.20, 2.02 and 1.47 g/kg, respectively. It decreased
with the increase of soil depth. The results of cross-validation showed that the R” of the random forest mod-
el for predicting soil total nitrogen at the three soil depths was 0.59, 0.42, and 0.39, respectively, better
than the R* of Cubist model with 0.56,0.38, and 0.34, respectively. The prediction accuracy of both models
decreased with the increase of soil depth. The influence of various environmental factors on the spatial distri-
bution of soil total nitrogen decreased with the increase of soil depth. From the prediction map of soil total
nitrogen with the random forest model, the content of soil total nitrogen at different soil depth showed a spa-
tial pattern of low in the western, northern, and central regions, and high in the southwestern, southeastern,
and eastern regions. The uncertainty map showed that the random forest model had a low standard devia-
tion in predicting the distribution of the content of soil total nitrogen. The elevation had the greatest impact
on the content of soil total nitrogen, followed by the normalized difference vegetation index™>mean annual
precipitation>>mean annual temperature=>y-coordinate>aspect. It is indicated that the random forest model
can serve as an effective method for predicting the content of soil total nitrogen at different soil depth in the
forest farm.

Keywords soil total nitrogen; random forest model; spatial distribution; soil depth; digital soil map-

ping
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