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XK 78.8 g/kg. pH 8.65. LK /RN, PHE
K. AR 7 MeE, 8. OFHE (OM); @F
PLEHLECEHEAE (120M): @ N, P, K AE (NPK);
@Hi N. Pt (NP); ®Hi P. K it (PK); ©Hf N.
K B (NK); @OARMEE, BIxE (CK), S0t 4
ANEH, 3t 28 NMIRBEYLHES], BA/PXE R 47.5 m?.

INERMEXRTEN BN K EABHSNRE (UN
i) 150 kg/hm?, BREEE (LA K0 i) 150 kg/hm?, 7h
EMEK P EHESBIATHERE (BL POs i) 75
kg/hm? F1 60 kg/hm®. FHUE BB K/NERFF. XE
PRRRHFOHZ 100:40:45 LLBIRE, & 2 B HERIR
BTR, HAMALF N, P.KF2EE, USNE
AERHE, BHUEFH P. K F{LIEA2RI%E. Hy
LE. @. @. @MEMENKZE N EHUELEME
R REALE: LBOEAK N, MEMEXK
EHREE, THER: LEONMEMEKRSIERE
ERJE— KA, AREEE. BAREMERHZRL
£ 1. ZEREHEAN TR B —REEDRHT—K, 3t
FEKFMDERWH L FHIE 6 B 10 A FaifeT, &
JEMNEE# L. BEIRET ATON2 AT
BATH R, REEK.

F1 KEAESAR kghm?)
Table 1 Fertilization rates of experimental plots

Y AR NJE (N) P (P;0s) KIE (K;0)
Mg H#Ae 90 75 150
e 60 0 0
E¥ S HiE 60 60 150
B 90 0 0
1.2 TIRESR

PHR A TR R BIE R. 2007 EENEXS
T 6 A 4BMERAEME, 6 A5 HEM, 78 19 H#fT
BE, BET 9 A 21 BRIK. RAZRBEREE,
FEEKKBEME (2007 F£9 A 17 B) £8MEK
FLEBBER 0~20cm T8, #EMERTREE
MIREE RIRR. RS, TH—8STF4C 5Kk#E
*RE, RETAMEDEDR C. HEDEYE N,
FDA Bl SEBEMK S, SREREUEYT
25C KM THEHR 24 h, ATFMAEYEEMAKRE, X
RIFERFELRERT, FHHATLIRRE. Hik
R v v A0 AR A AL M JR S
1.3 RMEMESHZE

AR OB ES. LWAN C (TOC) FH

EWZERE: &N (TN) BEHMEBIRENE; £P
(TP) RAMBE-HSHLLEAENE: £ K (TK R
F NaOH #BRb- K IGe i WIE: BN (MN) XA
WRY BUENE: ¥ N (AN) FF Skalar SANP™
Segmented WA AMTAHRE: #HM P (AP) RAHK-
FACBIERE ; K (AK) A Z BB R BERNE
L3 pH RA®BAHE (KL 2.5:1) ME.

MY EYE C (MBC) MIN (MBN) fil
EXAEHERBRZED, BUBIEHE ONV) XA 3,
S-ZRE KB aERED; REEME (URE) X
REBM LN EL; BamEY (DHD) XA=
ERUM ALY EERUE, REEKBBENYE
(FDA) FH ki FDA M E.
1.4 ¥uEin

R IR 4 Excel 2003 BB H 5, R A SAS v8.0
A% LR T AT E RS AT .

2 GBRHEMSTR

2.1 KT EMRIE LIRS RAOEL

M 2 B 9 NERILEMERSHALE 7 MR
HEHEHERTTUER, 2 18 EXREELE
J&, AN C. ENHBHEN SETHEH -
BEAEERAEAFHIE (HBHNEHEREEE) >k
BB, BEAE>AMAE, FEHAE> A FEEE, pHERE
HBaHEFHR: LEALREERFISEURNE
RBR, —RBESFHEBFS TENRELE LR
BEBRRMZERTS, MATHEERRFES TEOR
EABLREFREHZERFS, BERTF CK &
B, HPUNK ABAERNANERK SBER, ®
FEXRHEA N EM PK 4B LIRS HERRAEK P,
NP L EMEB N, PEEIFAARE. £P. 2K
BRAESKIRLEENRLEHEL, B2 PK 48
B, NK 4AEEEK, HELBENAERERER.

ME 3 BT IRGUAE YIS HETE A ) e e A 38 () ¥ 2R
ESRE, HEWBHSIWAN C. £ N HEg
N 2B, BRI AHEABEIE (L
BURCEHEAE) >4LAE, HEAE>FHERE, FERAE >R
FHREAEM NG . E— PRI ITRY (R 4D,
THANC. £ N, WENSERN pH ENEE L%
BEEEEMGFOMARNE, KPIHEN C. £ N
BEYERMEYEEHERBEZEEMEX, pHESE L
BRUAEMEHEEETRE E fMxX, HbtEHER
5 YEENEHRFOHERE. dita Lt
REREAREELERNZHWERFEER, T
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;2 KMTERREM LN FEROER
Table2 Effects of long-term different fertilization systems on soil chemistry properties

48 TOC (ghkg) TN (ghg) TP (ghkg) TK (gkg) MN (mgkg) AN (mgkg) AP (mgkg) AK (mgkg) pH
OM 983a 1.331a 0.642b 173 cd 3481a 1488 b 1238b 1416¢ 801b
120M 765b 1.023b 0.636b 179b 2430b 1222 bc 96l c 120.2d 8.16ab
NPK 5.15¢ 0678¢ 0.619b 174 bed 20.25bc 898 cd 6.70d 125.6d 8.13ab
NP 486¢ 0.708 ¢ 0627b 17.5bc 19.75bc 1216 be 7.16d 472f 8.18ab
PK 3.70d 0.553d 0.737a 185a 14.05 cd 690d 20.19a 2758b 826a
NK 347d 0.538 de 0449 ¢ 16.8d 2354b 21.21a 1.12¢ 3019a 820a
CK 269e 0.517e 0461 ¢ 17.7bc 12.66d 6.71d 1.10e 613e 825a
#: IR FRERE p<0.05 KFLEEEZR (n=4), TRM.
#3 KHATERENDRNEDEEORE
Table 3 Effects of long-term fertilization systems on soil microbial activities
gz MBC MBN URE (BINH,#'Nit) INV (A% #Ht) FDA (U FDA#)  DHD(LL TPF i)
(mg/kg) (mg/kg) (mg/(g-d)) (mg/(g-d)) (mg/(kg-h)) (mg/(kg-d))
oM 38822a 80.59 a 23la 2462a 4205a 19.15a
120M 281.86b 66.33b 223a 23450 18.02b 147.37b
NPK 172.00¢ 4055¢ 1.59b 1694 ¢ 20.57b 113.28¢
NP 149.12 cd 34.56 cd 1420 1444d 19.59b 11279¢
PK 14461 cd 25.19d 107¢ 1124 1826b 104.86 ¢
NK 100.41 de 24984d 090 ¢ 8.40f 8.00¢c 57.37d
CK 76.86 ¢ 3007cd 0.68d 835f 830¢ 57.14d
®4 DMERENFRIESH
- Table 4 Pearson correlation coefficients among soil properties
MBC MBN URE INV FDA DHD
TOC 0.991 4+ 0.974%+ 0.965** 0.964%* 0.87(;“ 0.961+*
™ 0.985%+ 0.9834+ 0.929%* 0.935%* 0.867%* 0.944++
MN 0.850%+ 0.823¢ 0.786* 0.755* 0.755* 0.763*
pH -0.8644* -0.8534+¢+ -0.822* -0.818* -0.868%+ -0.832*
TP 0.483 0311 0.514 0514 0.570 0.640
TK -0.014 -0.084 -0.017 0.027 -0.014 0.101
AN 0.191 0.169 0.166 0.085 0.060 0.052
AP 0437 0.239 0.364 0.367 0.522 0.552
AK -0.138 -0.303 -0.251 -0.306 -0.211

i v *% SRR p<0.05 H p<001 KFLAHFERME (n=7).

{8 i i — AN LA IR R fR bRy 3R B AT
W, BUFEXS T RBREH#TESIFN. TEHU
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Table 5 Eigenvalues and proportions of variance

BH REE  TERRE (%) RRITEFRRE (%)
PCI 9.526 6351 63.51
PC2 3234 21.56 85.07

REMERS | MERS 2 HERFTEZETREEE
85.07%, KF 85%, BEKLRAETEER, ATLA
KRBEXRZTRAZREANZRER. NTER
AR FHEERE, §FERS PN LIBA BRI E S
RIRAERS 1 (PC1) >FERH42 (PC2).

2.2.2 BFHAH —RUAAIEFREEX REE
MM ERS PR ERBA, hE 1 TUEH, &
BLC. & N. B#N. pH{E. MEVEWE C. WE
YAYE N, JRES. #{uB§. FDA SR ERENS
10 M LEHF A PC1 ERREEFHHE: £P. £ K.
B N A P £ PC2 LEREMEF . HU L
ST, MEXBHEEBRERG RN, LREH
TE GEX KR ELRBEANERS LEERETF
fifr, REAZXEAERSHATUARBRE LR
YIRS et R RAE M LA B/K PR R, FBTiER
8 6 N LEMEDELBIRERELEE - EHIA,
XU ERAEMEE AR T REY E R AR
SRR B IR R B AL A 5k,

K%[
TOC,TN,
AP @@ TP TN,
04 M MBC,MBN,
& pH 02 | URE,INV,'
AK FR&DHD
PC2. L +5 |
04 02 02 04
02 o MN
04 o AN
06 L
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E1 TiRERE PCl # PC2 NEAFAR FHE
Fig. 1 Correlations between soil properties and principal components

in projection of components 1 and 2

2.2.3 FERABINEEH/ST REMTHE
MEZXBEMANERS LMETFHE, ToHREE
ERNF K RHRIER:
PC1=0.322xTC+0.318xTN+0.160xTP-0.021xTK+
0.279xMN+0.064x AN+0.132x AP-0.064x AK-0.292x
pH+0.321xMBC+0.309xMBN+0.311xURE+0.311x
INV+0.295xFDA+0.318xDHD
PC2=-0.032xTC-0.047xTN+0.439xTP+0.536xTK-

0.257xMN-0.449x AN+0.443 x AP-0.023x AK+0.181x pH
+0.013xMBC-0.046xMBN+0.018xURE+0.040xINV +
0.066xFDA+0.101xDHD.

& T AV S TR FRAR AL B BUE 2 BN
RIHIERSRHRER S, B3 7 HLARAKEELEL
BREZEWANERS LB ER (B2). ZRER,
UL PCl FIRERML|WFABAKF L, SHEELERE
K RKAMKIRA OM>1/20M>NPK >NP>PK>NK
>CK; U PC2 FiRRMLRAREKF L, SHEAEL
BF B KERMMERA PK>O0M=1/20M=NPK=NP=
CK>NK. [, HRHAEE ELHEFRERKFEPCI
RO REEHEKRTE PC2 LMY RERE, X5
PC1 ¥ LR B K P H ETMERRE XK.

orK 3|

NPK ) ¢ 120M )

PC2 —¢
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A L O &~ & ~
—
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2 FTREIALIELTIRE PC1 # PC2 MBI HE
Fig. 2 Distribution of scores from different fertilization soils

on PCl1 and PC2
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EHEd=188, MELWMHEERGERST ANT 3 MR
BE%: —%{OM, 120M}, L&/ TEEN[1.48,
3.36]; —%{NPK,NP,PK }, &8 2 H A (-0.40,
148); =% { NK, CK }, &4 B2 EHNN(-2.28,
-0.40].
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Fig.3 General scores of different fertilization soils on PCl and PC2
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Application of Principal Component Analysis in Evaluation of Soil Quality

Under Different Long-Term Fertilization

CHEN Ji**, ZHAOBingzi', ZHANG Jia-bao', SHEN Lin-lin'?, WANG Fang®, QIN Sheng-wu'
(1 State Experimental Station of Agro-Ecosystem in Fengqiu, State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese
Academy of Sciences, Nanjing 210008, China; 2 Graduate University of Chinese Academy of Sciences, Beijing 100049, China; 3 Suzhou Agrifood Testing

and Environment Monitoring Station, Suzhou, Jiangsu 215011, China)

Abstract:  Based on the experimental platform of Long-term Fertilization Test in the State Experimental Station for Agro-ecology in Fenggiu,
Chinese Academy of Sciences, in this research the comprehensive soil quality was evaluated by the indicators of soil microbial activity and soil
chemistry properties through principal component analysis. The results indicated that soil properties significantly differed with incomplete patterns
among fertilization regimes. Soil quality could be revealed by two principal components through 15 soil properties which consisted of 10 soil
properties with high factorial loads in the first component (PC1) including soil organic C, total N, alkali-hydrolyzable N, pH, microbial biomass C,
microbial biomass N and activities of urease, invertase, FDA and dehydrogenase, and the rest with high factorial loads in the second one (PC2)
including soil total P, total K, available N and P. The variation of soil quality was higher in PC1 than in PC2. Judging from the integrated scores of the
both principal components, the highest soil quality displayed in OM, then followed the sequence of 1/20M, NPK, NP, PK, NK and CK.

Key words:  Long-term different fertilization, Soil quality, Principal component analysis



