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WOE: B0 KR IR E I B M R, L RIEYR BRI S R E . DI ) & BRI XA X, %
WAL B SRR S M IE MR ds, BB TS AT A B £ R T P, MR EERGE JrI, HSE R
YA A8 B (comprehensive projection index, CPI), FARIEZIGAEH ISR B, NI H 3R 0554, 2358 v LS Al GIS
e FIEFR M E A BEEF AR, R FBEHLAR KA importance() bR BT S0 P X 9543 S i O T B . 25 SRR . BFSEIX CPI
HJ7AENR A 0.653 ~ 1.516, ~F-34{H 1.022, AFFRECH 14.746%, SHEREAS, Wi CPURT I Zf IV 4% 3T 80% Lk
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Abstract: The objective and accurate study of comprehensive soil nutrients and their influential factors can provide reference
for scientific fertilization of crops. The apple-planting area in Xunyi County of Shaanxi Province was selected as the study object.
The comprehensive evaluation of projection pursuit was applied to comprehensively assess soil nutrients including organic matter,
alkali hydrolysable N, available K and available P. The comprehensive projection index of soil nutrients was calculated according
to the optimum projection direction. Soil nutrient level was evaluated according to the level of experience corresponding
projection value. The spatial distribution of comprehensive soil nutrients was mapped by ordinary Kriging method and GIS, and
the importance function of random forests was used to analyze the importance of influencing factors on nutrient contents. The
results showed that the CPI variation in the study area was 0.653-1.516 with an average of 1.022, the variation coefficient was
14.746%, which was moderate. Moreover, CPI were in grades of 11l and IV. The spherical function was the optimal theoretical
model by the accuracy of the cross-validation based on 80% training set and 20% verification set. The spatial distribution pattern

of soil nutrients was as follows: except the high grades in Tugiao, Zhitian, and the eastern part of Qiupotou towns, the inte grated
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soil nutrient grade decreased from the west to the east in the study area, and the area ratio of comprehensive levels of soil

nutrients from high to low was: 14.415 : 28.522 : 35.450 : 20.115 : 1.498. The comprehensive levels of soil nutrients were

medium or low, and were mainly distributed in the eastern part. Soil nutrients were mainly affected by elevation, temperature and

slope, and the influence degree of each factor varied greatly. The above results are consistent with the actual conditions in the area,

thus can provide scientific bases for improving soil fertility of the local orchards and new ideas for comprehensive evaluation of

soil nutrients.

Key words: Soil nutrients; Influencing factors; Comprehensive evaluation; Projection pursuit; Random forest
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Fig. 1 Distribution of sampling sites in studied area
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TEREAS (4 0 B2 1280 B o o e AR 8 52 i)
HF, HE R, BT+ 5970 & i s i i
SRR, TN BE T B g/, 3R IR e PR - 7%
PR . BT R 449 Random Forest 40 %} 1458 3543
SN R - S ZE R A THE T .

2 HBRES

2.1 TEFSH—MRIERHEE

R IX IR — e HEE ISR 1 R, AR
1 AJAL, SERFME XA TR R T S B . AL
12.386 g/kg, lfi# 4 49.152 mg/kg, HEELEN 201.27 mg/kg,
AR 17.444 mglkg., 2 HEBREE AT Jbh DX 37 e 14
FN e, AN S EET M 9%, £
HX A AU K, X5 TR P 5 1 5 el
AT SRR —30E; A SRR TV, H
Bl 2R S TR R 7 X M S w1 1
G, R AT S lnim, X SR XRYT L
Fomm LN THBIEA K, A RET I 4,
FHIIIX A A 200 B et T KO AR BRI 1 1
FeOr BT AR, SR RS A MU, A
PR R AT At FH LB, SEERRL2E AT

x1 ERMERXRIREFDIE—RER L

Table 1  Statistical description of soil nutrients in apple-planting area

o IEIR R AR AL IR BEES (CD) e i 2

A BB (9/kg) 376 6.8 ~18.2 12.386 +2.349 18.963 2.724 -0.267
Bt 2 (ma/kg) 376 29.4~89.6 49.152 +9.183 18.682 3.164 -0.088
AT (mg/kg) 376 73 ~ 460 201.27 +71.183 35.367 2.782 -0.126
A3 (malkg) 376 7.7~394 17.444 +5.122 29.363 2.804 -0.124
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AR S RBORE , 4 T+ 58550 1A S R A b
T 10% ~ 100%), iX R +IEF I B h EREA R
HAHE R S O > A B> AL >R &L, H bRl
AR SRR R, LAY 35.367%, KA ML
TE S e S R A R . N K-S KBk
FRE, 4 TR — A, Gt X

AREN 5, K55 k. 1491(>2.106 5). 1l
2%(2.106 5~1.6002), I £(1.6002~1.1009), V&
(1.100 9 ~ 0.647 8)F1 V 4% (<0.647 8).

#x2 TERSOBINEREGEEEEE

Table 2  Grading standards of soil nutrients and their comprehensive
projection values

HOPG 2T SIS AR GOSREE 30, B TIUT B e S
. o . g/kg mglkg mg/kg mglkg
S RROE 250040 (Bl IE S 045 1 KB AN S {8351 " o0 - " Y
R4Sk 3 9 3 SN2 A A A :
S 10 B IL, SERIC LA 2 0 K192 . . - o 1es
HEY R ERERS. 10 50 150 15 1.100 9
22 TEFHSESITEN 5 25 100 10 0.647 8

FERT AR A ST R, AR 4 e %43 4
Yobrife, RIERICBE T R LS B, ikl
oy BIEFR ARG, A TR RGOS 1SR 45
WHEATRN Ir o ARG P 25 300+ HETR 70 - AR ESEL
AR QX HARHEEHATAR L AL B, 2T DPS
BAFH A R T, IR AKX @) A %L
BT MR G B, HA R IR 20 Wk 2 nT A,
T IR T PARME(E RS B A 255 BOEAE 50 2.106
5. 1.600 2, 1.100 9 fi1 0.647 8, #EubX} +HEFRNELEA

RIS T AT LR A1
B, IR T — G R (R 3), AR N
0.653 ~ 1.516, ‘P11 1.022, 45 2% 14.746%, %
R AR AR B fE LOG S 5, WG 3.283,
Wl -0.034, HAH 3T 3 10, BRI IEA S
fio [FRS, ARG LRZE GO B H R hniE, CPI
BT M 2k IV g, HILEs510 73.404% Fi
26.596%, FKHIRFFIX HIELEAFR5TE T 55 T K.

*3 TEFRSEEREZIER—RERER
Table 3  Statistical description of comprehensive projection index (CPI) of soil nutrients

LREBUTAR f/MA SN FIE A2 SR EU(%) e & B BE AR
CPI 0.653 1516 1.022 14.746 3.283 -0.034 LOG

2.3 TERHSZTEDHIFE

BT E REUE M5 X - L5 A 8 s ) 4y
HiRIE, BHRTAMIFORAEED, 3T IR MG E
X, R 6 THORS B S B0 Ht A7 238 I6IE , 345
B S R RS RY | I SER 2 b ) 3 v B RS
XF HHEFRAT LR A AR B A T2 AR (E L 2] 3 3R 4045
BIEEERAGE, T s [ 5 Ai REAE
231 FEEMRIEE  BUERSTEIESSMhN R
Gt AT, DR I S IR B 06 25430 1E 2540

fii, A RESEATHGE A B LR A AL M S
A, RHEFR A CR AR B R IE SR, AR
738 30 vr AR AR (B TIUIN . A T 4 MRS e
AR S R ACEC AR, R ArcGIS #3250 5085 43K
80% IR 20% HriEdE, 4331k 301 1 75 M4
J s G ) 5 T EL AR S R RO R 7 A8 R
TIE, 256 6 T0UAS B S S5 LA 3 S FR AR AL ARG 1
5N 4 PR AR 4 v FEVIREESE URHIE
FHLE THEBOR S . =7 eR %k, BRI R 2 MECT- 213

x4 LRRERNEREHEEFEILK

Table 4  Accuracy comparison of variogram models of ordinary Kriging

- e AT
TR IHT BRI 2L Rk 25 407 R 4 T IH] BRI £ EEE 3 ST BRI
ME -0.005 78 -0.005 85 -0.005 96 0.004 91 0.006 14 0.005 32
MESD -0.047 47 -0.047 68 -0.048 87 0.007 83 0.011 53 0.008 74
RMSE 0.159 02 0.159 09 0.159 27 0.140 24 0.140 69 0.14151
RMMSE 1.024 09 1.0179 1.027 69 0.892 42 0.887 26 0.893 47
ASE 0.155 05 0.156 08 0.154 78 0.157 23 0.16175 0.158 61
DABS 0.202 52 0.203 76 0.203 65 0.149 40 0.150 22 0.149 87

ME : X5 2% ; MESD : bR F-3{1 ; RMSE : Y5 MR TR 2% ; RMMSE : fie/N4J152% 5 ASE: F-¥{iAnifEiR2% ; DABS: IRMSE - ASE
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BB, RIS X B SR E G HREUEL . MR,
T OAHE AL R AR HEE G — 2P e, R ArcGIS
10.2 ) Spatial analyst T H., 3T +IEFRIPLEEIEEL
K 75 DMRIERE S ER SR A, S HIEIGS S 1R
BOMORS B2 He e, L E I L B R AR /ML A X
TR 25535k 6.587% . 2.265% F1 10.291%, W
T 45 5 5 - HER A 1 SEBRAR AR W) A
232 TIEFRSARIMAEHEST A TEW &
SRS IR A 19 25 8] 0 A RRAE . 55 T ABIFGE
O3 R 203 2 1 (jenkes) AR 5 BCHE T AT Y4
fiE, XTHBUE SR04, (H2E R Rk, FIH
AR WT 2453 G 0 ISR SRS Fe BT o 9, A A
THREARAE TSR SFGAF O, AL 13 F7 o N ER 2
B, SCELEMEFR A REANIL A B . R jenks B - 3EFE
SPEEAHREN R 5 A HARG, i R (1.249 ~
1.516). £5(1.123 ~ 1.249), $1%£(1.012 ~ 1.123). fik
(0.897 ~ 1.012) FI# i (0.653 ~ 0.897), 15 T Hp4~4%
KPR L E R 5), e T R G TR
HE T EI(E N

x5 TEFADEAERSRRERLE

Table 5 Classification and area ratio of integrated soil nutrient

index
AR ASRSHIXE TEBEEI(%) TR SR (%)
e 5 1.249 ~ 1.516 14.415 14.415
[ 1.123~1.249 28522 42.937
hég 1.012 ~1.123 35.450 78.387
i 0.897 ~ 1.012 20.115 98.502
B Ak 0.653 ~ 0.897 1.498 100.000

A 2 m 50, 5T X 4 857 4 5 S B AR B K
SIS AAK R BRI S R . R BEURT +
BLAEHLIX, CPIJ& PGS 1) AR ik sl , e A DX 119 25
TF1] 73 5 B A3 A ) M A BRI, B
TR JFUR S | SL/\SE . SRR R B R 0 A b
X, HARME X FEA MR £ . WOCHT . ik sk A
AT LB 5 1l X, Lo A DX ) 2 - Rl v
i+, ISR CPI S YT AL b 41X (1) 14.415%,

B o0 iR 4 N3 1 N 3185 B i AN e e
HuIX, 33X 5 Y b By SR S L RS LA K
N TS A 56 5 Z55 F2 0 P 80P 45 0 DX B T AR
1) 35.450%, JLZ5 [H]ArA AN, FEE A fE h AR
BB ZEATRBURA X (5 4 X Y 20.115%, 5
FEWIE SR . KRB ER AN £ S HbIX . HHEsR
LR TR BF YN = BRI AR L - 14.415:28.522:
35.450:20.115:1.498, 1&F | AT AR A4 S TE AR L 4
X[ 57.063%, & BHIH /SR PR X HHESR 008 T
AR B T KT, A e TR AR L 25 LA,
WFFE D RMAR - 355 50 )8 T o &5 B, 2 e
TORZRER, KUk, N REACLE R, b HE, SCE
Bl RS HERIE

B2 MRRIEFSEEEBFESHE

Fig. 2 Distribution of integrated soil nutrient index in study area

24 TERHSEMEEZRSW

FF importance() PREUN 34 10 TR0 K
T TEEH Y, HA R LE 3, K 3T, H
S M) PR - X6 BRI - R 43 00 S el FE AR AR B K 2 57
5% DX e A TR X A PL BT R R e AR K
H: %IncMSE {E4391} 18.556% Al 16.231%, WA
e A AR S I 5 XA LB Y £ e, X 5
TIOR8 R B — EpE 2 Hvk ek 4 s R
XF A LT EAT B e o BB SRR, L
e A R R P R AR B X HE S o o R 4 T
H: %IncMSE {8731} 13.539%.13.320% #i110.405%,
XERIR A T IErh AR AR, SRR HE
AR BE S X 3l S A R Bl S O R R A A O
X TR 5, 7K 2300 o AT S AR B i s i)
B, H %IncMSE {E53710 15.080% F1 14.044%,
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