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AR HEASCR , LA O b 228 2 b 1 I ok R BOR R it ]
FERIBE AR
1 bR ik
1.1 e XHER
IER B T 2 BOR AN B2 Be A1 B 0F 52 o e 2
HAp ik vl , Al £ oy b 22 R & R BTN
BV IR Y . IR T 1981 4F i FT A2
14 (0 ~20 em) FEAl PEAL G AR A0 T pH 7.6, £ HL
B o10.22 ¢ kg™', & A 0.78 g kg ', & B 0.47
g kg ' BHMRA 64.1 mg kg ' AR 2.5 mg kg ',
1.2 HEHRE & T

AE B S (R ) AR 4 A,
AN TR 30 m® o /N DX TR 47 K IR ik AP 3 4y
B, A A R G A /N X AR T S N -

KFEAE, BlRE & Bl A 2 4 B 328k R, B 2R A I
ARG K b b ARFE FE AL IR S AR A A

Jit NE Y 4 A Kb FRSEAT E AL B BE B R A L ATSE
— s, ARHLIT ~ IV B it 2 AR A5, Ab BRIV RN Ak
VAR AR KA S LI IR, P
AL E S 2 & AL (N-P, 0,-K, O & & 1 150 ¢
kg ™) VR EA LR F 4. A HLIE R PR, K
434 B 100 ~ 150 g kg ™', A7 WL 300 ~400 g kg ' \N
60 ~70 g kg™' .\P,0, 10 ~30 g kg”' .\ K,0 20 ~30 g
kg ™", MLAC it e 2 442 224 2 AR} 5% 43 40 BT I B9 S B
FEATE S AU BB I A A R IE AU S
JIEENE il /INZE R 60 4 (BT I3E ) , oK R 3:5
N IUNSE RN
1.3 HERXERUE

TR T 2012 4F 6 H /NZWCEIZE A, AN/
X AFERE)Z (0 ~20 em) 23 4% B S” IR ML S 4>
SO AIBRAR R BR . TR A AR Y 4k A
By, — R 10 H i 4°C O A7 AL il 15 R 3, 55
— {3 KL EA v
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Table 1  Fertilizer application rate in different treatments
P 5 b3 Jiti AE £
Number Treatment code Treatment Fertilization rate
| CK A it fIE 0
| NPK PRt Ak A N525 kg hm =% a~' ,P,04210 kg hm~? a~' K, 0 210 kg hm "% a ™'
| M Bl A AT 4 N525 kg hm =2 a ™!
\4 MNPK A HLIE 5 16 IE e it ( 45 %0) AbFETL T AENE & SR 50%
A HMNPK FHLIE 5 Ak it (e D) Ab PR | T A S SR 80%

SRS P L IR AR (URE) I E R A
S B LL R, O PR 6L 8 NH-N mg g7 F
(37°C ,24 h) BERR I (FRVERE R G ACP, rp VL BE R
fitF NEP) I 52 5% 1 B e 40 10 (i, 15 1 B 05
B mg g ' T+ (37°C,3 h) ;i S AL A M (CAT) R
o il BRI S T L 9 PR B 9 KMnO, ml g 7' 4 (
25°C ,20 min) ; EEBEREG(INV) 2R [ Na,S, 0, 7§ & 1,
WEPESLA N NayS,0,ml g ™' F 4 ( 37°C 24 h)

g A I Y AR (TN SR LG 28
T s A R0 (AP) SR B IR 0 4H IR 4R — 1L (3 5
BOHR (AK ) SR J % 1R B 95 35— K M O B2 v 5 A LR
(OM) 3R JH 7 4 FR A0 75 10 v, L7 280 ( AN) SR T o A
Pk s pH SR T LA 5 L § R (EC) SR T HL 5 R 4Y

ME
1.4 HFELIE

JE R B 28 Excel2003 B R4 S , R T SPSS
16. 0 34 1 1 3R 48 11 ( Descriptive statistics ) i 1T
J7 2253 5 D 0k B8 0 AR AL 8] i A R T 0
#r ( Factor analysis) #1288 2543 #1 ( Hierarchical cluster
analysis ) 73 5l X - 38 ¥k BT FE A7 32 0053 4 A AR S
rFre WA A BEAR : (1) F 38 AR Y ik G
(2) PEO 8 bR AR 5k 23 B 5 (3) X UER 3F 45 B
HEATARUEAL 5 (4) XF AR HEAL 5 B9 48 B 24T 32 o0 o0
B, i R S B B A0 £ BB Bt 85..00% L By
BT 5 (5) B P 48 B 1Y 32 B4 A S BT AR b E AT
REIT .
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A A ST R RE R TR P 130.5% (11.4% (31.4% ,
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= b A S Y T 5 A R AR ROK T, A LIS
AU T it T e 5 it 375 P 32 O 5 A i K, SRR T
Jiti A HE B3 AT AL AL PR it A 205 # B — 5 B RS b L O g
TEPEEARE AN 2 5 1 ZOKSF T, A LIRS Al E S it
A i v A R R 9 e, (Lo At 7l 3 A R A
IR

A TRl it AE 77 3% 4 3 RUAE 7 48 B 19 52 i
AR o 3 A 0 4 2Rt s K ) B Ak
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B it . NPK b3+ 587 ML ST & 5t fis A 2 i, AT g
2 3 AR T A it AR T R EG, 1 I AR A Y
MRAE S 8 L E A HLT S CK M 22 R IF A
., PSRN AMES BEC MM, 5
B AL i AR R B S A DL — B A R
S A5 U] 4 ) R R A A R OE L
PR it HMNPK &b 3 F1 NPK 4 B o A5 280 A0 5 250 40
B, MO BRI

25 LTI AN Rt e X% 4 e b 22 R IR
B BT RRAS TR, 1 309 2 i T A T B S v b 25 P o
PE B IR A 35 1, PR AT AL AR X B R L o R
Ak SR R W G LA &t 9 R e R R AR
MNPK &b ¥ wJ & 25 34 Jin + 36 45 #1L5T & &, HMNPK
Aab 200 of R M W R R L EC 4 R LR R LA R L
SRR A v 1 e B I o BT Ok, O LA S R T A it S
AL 4 B AE R RCR 47

F2 KEERXNTEBEESTEEMEANZ N

Table 2 Effects of long-term fertilization on activity of soil enzymes and basic fertility of the soil

AR
URE ACP NEP CAT INV EC oM TN AN AP AK
Treatment -1 -1 -1 -1 -1 . -1 -1 -1 -1 -1 -1
J (mgg™ ) (mgg™ ) (mgg™ ) (mlg™) (mlg™) (pSem™) (gkg™ ) (gkg™ ) (mgkg™ )(mgkg™ ) (mgkg ")
code
CK 0.33d 0.67c 0. 19¢ 1.78ab 2.21ab 7.21b 48. 68¢ 18. 16b 1.10d 80. 13¢ 1.535e 94.01c
NPK 0.12e 1.12b 1. 06a 0.97¢ 1.28¢ 5.89c¢ 57.58d  20.57b 1.42¢  100. 1b 33.16b 126. la
M 0.77a 0.71¢ 0.12d 1.98a 2.90a 7.79a 85.65b 25.05a 1.50ab 112.6a 9.178d  109.3b
MNPK 0.45¢ 1. 16b 0.83b 1.72ab 2.8lab 7.21b 70.03¢ 26.69a 1.45bc  107. 6a 24.52¢ 114.9b
HMNPK 0.57b 1.40a 0.97a 1.66b 2.68b 6.97b  104.00a 26.13a 1.54a 113.9a 42.84a 127.8

HANFRNG FRER R EHTE p <0.05 KFE 2B E2H (n=4) Note;:The lowercase letters in the table indicate the data in the same column

are significantly different on the level p <0.05 (n=4)

2.2 BEAHEREMNEXXER

AH G RO M X o o i B 2 % M, —
BT & A R A K2 S i AR — A F L
gy AR BRAE DG R BAh  BOHE 25 Mt e g T AR A
B R A M M AT ) FE A A AR O
REURMER (R 3) & I, B2 Fods a5 18] A0 OC R 2L

Fik 5 ZE K, I URE 5 ACP AP AK [i] ,ACP 5
CAT.INV [a] ,NEP 5 INV (EC ,OM TN AN [i], CAT
5 EC.OM TN, AN [i],INV 5 TN AN AP AK [d],
pH 5 EC OM TN AN [i] ,AP 5 OM [i] , H 4 48 5 A]
HYAE ST 238 B 3 K Vo A7 1 HE X SE 4R bR R AT
LA VRN, A AR 23 3 AR B B &, 52 e DA 45 2R
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Table 3  Correlation coefficient matrix of the soil properties

URE ACP NEP CAT INV pH EC oM TN AN AP AK

URE 1 -0.157 -0.486 " 0.753"" 0.878"" 0.826"" 0.688"" 0.545" 0.459" 0.544" -0.160 -0.123
ACP 1 0.906 " -0.367 -0.047 -0.445" 0.501" 0.478" 0.586"" 0.505" 0.920"" 0.789""
NEP 1 -0.663"" -0.400 -0.737"" 0.172 0.242 0. 430 0. 306 0.88"" 0.790""
CAT 1 0.834"" 0.938"" 0.320 0.287 -0.050 0. 107 -0.541" -0.501"
INV 1 0.871°" 0.586"" 0.609"" 0.316 0.438 -0.173 -0.210
pH 1 0. 348 0.328 0.010 0. 180 -0.574"" -0.480"
EC 1 0.698"" 0.775"" 0.807"" 0.500" 0.522"
oM 1 0.718"" 0.822"" 0. 424 0.452"
TN 1 0.937"" 0.645"" 0.703""
AN 1 0.551" 0.681""
AP 1 0.891""
AK 1

H =« UREREBF(p<0.05), = = [LEXEFMWMEE (p<0.01) Note: * indicates significant difference (p <0.05), * * indicates extremely

significant difference (p <0.01)

2.3 REEEHS

LS5 BT S — i 28 B R AR B IBORT B 4
B, B IRk 24 A i i AL B D B LA AN A G
(L5 A A5 AR, 177 4k J5L IR v 4 78 1 1 ) ) 2 AR E T )5
BB 15 B AR R PR R R

Y FARLS 12 A L3RS bR A AN TR Y 5 49
[ B2 A1 A 5 0 2 Ot AR K, A1 I 9 2 56 D 4 K
ot IEAT b v AL A B, DL HE B AN [R) 2t 49 A0 480 Gk 1T
UIESE R A IR TR 7 o s T NS VR o
k. bR AEAR S A 48 AR iC /E ZURE | ZACP (ZNEP
ZCAT ZINV . ZpH \ZEC .ZOM .ZTN \ZAN \ZAP . ZAK,

W bR EAL 5 10 BOHE HE AT 3 LA A BT, A BT A
PRFIE(E 5 DTRR R AN 36 4 PR o R AEAE 76 3 Fh R
A e 2R 32 43 52 W 7 B RN I 48 B, 7 RRAE
1 < 1, B 3 W53 i A B ) BE S N N B 3% 51 A —
A LA (R R ) B R R, — M T AR IR (E > 1
VE B4 S B B BRI o A< 350 wT $2 3 2 A
F LAy FORRIEAE 43 0l 5. 624 1 4,963, J5 22 BTk
oy Bk 46.86% 1 41.36% , 23T 51wk K ik
88.22% >85.00% , ik Bk 2 A~ EM A WET
JEAGEE £ B R Y 88.22% o L, ik 2 A4
A (SN el A R N 0wz 3 A RN

JEAIAT I

Ji b 72 o 55 2 A 32 A3 04 AH DG 3R B0RT 28 Ao (B
FAE AT (E KA A8 H5 R RTINSk S i 3 A 1 2 3
T B a g T IR R T 2 A
A3 0 28 AT 43 A B, o 0 TR B 5 T 1RO R R 4
PR - 4 fr R PR AR A7 e K 25 WK i i, e i I IR 1 43
MEWE 1T b, GE 1R, 5 — F W5 L ACP,
NEP .EC .OM TN AN (AP AK }y 3 5% 15 A 7,
t ACP NEP J& b 22 M+ B4 25 F1 4% 1k o 72 rp G
PEA W 4a s, EC LB T 8+ S/, OM J2& L i )
B LS bR, TN B T+ B8R E 37 40 0 it =
AN AP AK Sz e T 4 S5t 25 1 ¥ 3080 5% 43 fE T
KN T FE AW L URE CAT INV . pH 3k £ %
e B, Hor URE CAT INV IR T 13858 70
AE B0 21 5% A O G IS TR, pH Sl 7 R HERRE . T
WL WERR AR S 56 DE 36 bR 0 A W Ae A, AR T
iy 3 Fl 4 e

FHARA 4845 43 BIXE BT 2 A4~ 3 543 1 200 1 B
L B 53 RH X B B RRAE (B (DL R 4,4, =5.624 2, =
4.963 ) FF - J5 AL BV o] 45 21 &4~ 48 bR 43 500 6F W 1 2 A4
TR AR 1) B (A0SR 5) L ARAE AR TR
fabRxd T o iy RS
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Table 4 Eigenvalues and variance contribution rates of the principal component analysis
IR RFAE I iR B A R 5
Initial eigenvalues Sum of squared of initial loading fatcors
oy
J7 22 BTk R BN J7 22 BTk E it TrmkR
Component A B AE
Contribution rate Cumulative contribution Contribution rate Cumulative contribution
Eigenvalue Eigenvalue
(% ) rate (% ) (% ) rate (% )
1 5.624 46. 86 46. 86 5.624 46. 86 46. 86
2 4.963 41.36 88.22 4.963 41.36 88.22
3 0. 580 4.83 93. 05
4 0. 355 2.96 96.01
5 0.179 1. 49 97.50
6 0.127 1. 06 98.55
7 0.071 0.59 99. 14
8 0. 047 0.39 99. 54
9 0.029 0.24 99.77
10 0.017 0.14 99.91
11 0. 009 0.07 99.99
12 0. 002 0.01 100. 00

a

g pH 2 o

2 Q INVH> URE
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=9 0.8

g CAT OM+ EC

5 & AN
& -§- 04 ® TN
K5
H =] L 1 0 1 1 !
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5 [ ]

3 NEP
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': Ay

= H—ER
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b
2
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(=]
o
£
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22 L0 : :
TR -08 04 b 04 08 12
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g m P
% -0.8°L NEP
= B

The primary principal component

BL #46T (a) e % Ja N 12045 (b) 23 A

Fig. 1

F R 12 D ERAEA S PR L PR A A
FAT 5 Ry A FE B AH R R B AR AE T B (R 5) , Bt
A AAE — A FIAE — B B R B k=
F1 =0.029 x ZURE +0. 376 x ZACP +0. 337 x ZNEP

-0.149 x ZCAT +0.013 x ZINV - 0. 147 x ZpH
+0.284 x ZEC +0.274 x ZOM + 0. 356 x ZTN +
0.334 x ZAN +0.394 x ZAP +0.390 x ZAK (1)
F2 =0.430 x ZURE -0. 080 x ZACP - 0. 234 x ZNEP
+0.388 x ZCAT + 0.424 x ZINV +0.412 x ZpH
+0.285 x ZEC +0.268 x ZOM + 0. 166 x ZTN +
0.228 x ZAN -0. 116 x ZAP -0. 087 x ZAK  (2)

B 22 i AR AR 9 B AR A (1) A (2) 50,

Loading distribution of the initial factors (a) and rotated factors (b)

AAFE] S ASAS IR L Ak BE AR 2 — R VB AR
R (K 6) . GiRER, R — Tl L, M
b BRAT I D T, HE 44 5 09, X O A I AT it
FH A UL 08 ME 55 8 B, BT L S 0 1 I T
P55 A R BRI, (H X URE CATINV
pH I BEAE AR 2R — 2o 145 0 i . NPK AR
HAE 2 A TR AR R 0L MOAR BEAR S, B AE 5
— R HE A AR R, AEAE S T R 15 2 B0 B IR
XYL, AN [a] Ak PR 58— 5 3 R A5 o AR
P AR, 520 R O 4% 32 o0 1 32 2R 1
NG

g R R R EA E RS
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F.F1 F2 9r 2Kk, F WJT 28 F1 F2 7 218
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— R BN A W FEA IR T, R
BCE By 25 45 15 20 D HEHE PR SR A0 B AN [8] 7 AE xof i
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Table 5 Eigenvalues and variance contribution of the principal component analysis

TR R

Soi lindicators

5 — B R AE T Bk (AL)

Eigenvector of the primary principal component

S T IR R [ 4 (A2)

Eigenvector ofthe secondary principal component

URE 0.029 0. 430
ACP 0.376 -0.080
NEP 0.337 -0.234
CAT -0.149 0.388
INV 0.013 0.424
pH -0. 147 0.412
EC 0.284 0.285
oM 0.274 0.268
TN 0.356 0. 166
AN 0.334 0.228
AP 0.394 -0.116
AK 0.390 -0.087
x6 AREELELTEEINZIRND EEH/HIRIERF
Table 6 Composite scores and ranking of various principal components of soil fertility of different fertilization treatments
S —EW I S —EWIr 8 Sy B EWR LA
S 5 (F1) 4o HE44 #or(F2) 154k PPN H4

Scores of the Ranking of the
Treatment code

primary principal primary principal

Scores of the

secondary principal

Ranking of the
Composite scores Ranking in
secondary principal )
composite scores

component component in score component component
CK -3.942 5 -0. 806 4 -2.181 5
NPK 1. 095 2 -3.600 5 -0.976 4
M -0. 805 4 2.871 1 0. 810 2
MNPK 0.768 3 0.679 3 0. 641 3
HMNPK 2.883 1 0. 856 2 1.705 1
2.4 TEKEART LB HSRHLIS wampsy i A A

DL AR B 2 A 3243 43 A5 43 A i 48 A AR
R VA SIS T3 0B 6 B, LA RK IR B B A A i 4%
A 3 A SENE T 22 53 R /DN, SR P o B S vk o % A R
e+ I 07 K CF (1 % A AR BE AT R o R
KU R IE (& 2) A B0 A A it AR
J WA A5 L . MNPK, HMNPK > M > NPK > CK,
W e B R K 4 % — %
(HMNPK,MNPK) , J& T & I )7 5 9 — % (M), &b
TR T3 7K 5 =48 (NPK) |, - 38 9 AT Jp IR 00 ¢
% U4 (CK) , R IE Iy T B AR AR BE

Treatment code | [ | [ | |

|
MNPK :
HMNPK] :
|
M @ —1

NPK

[
|
|
CK ;
1

K2 REWIEH

Fig. 2 Arborescence of cluster analysis
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A E Y, BT R ik 88.22% |, FL B AR i Ak
A E g Bk, FUFSCH BT B S A 4 RS 1 AR
5 7 A H AL brout MG 25 2R A Y E bR B i
PRV AT AR 09,3 15 Burns' ™" AR 0 A g 45
w—8. %—F M5 L L ACP NEP EC ,OM TN,
AN AP AK [ 2 fif B, 5 = 5 4y 1L URE
CAT | INV \pH Jy FZ 5w [, §r & £ 20 % T 6E
S A O BRI LR E R,
T 5 0 5 B R e T FE b S R B R B AR o
A B R T 0 S, 2 S BN R R T R
b2 R A A bR, (PR B BB A B
I H 2 A F RIS 7 2% TR R % 7R K (8 —
41 46.86% 55 Sy 41.36% ) , [N R AE SR
SRR 5 — R S R A T RS A
JRASTEVE RS %2 B 4 e 1K B R RE T b,
VE N L5 4 VEA 19 L2 W0 46 A, B TR WO T b = Fif
Wi, i 5 0 25 28+ 10 3R Rk A WL Rl A 6, 1
Fe b R AR B A T B AR R A LT AR e
B R, A IR B P TR B HLIE g T b
AR, LB AR (P,0, 10 ~30 g kg ™), Kk, + 48
B2 ik L 5 A R Ak i T B 56 1Y 1R
T ETE AL AT T A TR

3 R TR 5 A [ Ak B 43 Sk DO 4 4 AT
HLIE 5 £ IS T2 (5 48045 40 S it A AL IE L o i
PEHE AT HE . T UL it AT 45 A % 1 AT 3 K 7 1
SR 85K [ — i A 455 49 e 48 45k o AR ) 5%
O )45 /1, RIS e A 5 g 2 e Y L D 32 2R
SRR K B SR %, R R 204 Jalali P
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PRINCIPAL COMPONENT-CLUSTER ANALYSIS OF EFFECTS OF LONG-TERM
FERTILIZATION ON FERTILITY OF LIME CONCRETION BLACK SOIL

Chen Huan'? Cao Chengfu'*"  Zhang Cunling’ Li Wei'? Qiao Yugiang'® Du Shizhou'” Zhao Zhu'*
(1 Crop Research Institute ,Anhui Academy of Agricultural Sciences,Hefei 230031, China)
(2 Anhui Key Laboratory of Crops Quality Improvemen ,Hefei 230031, China)
(3 Science and Technology Association of Suixi Country ,Huaibei,Anhui 235100, China)

Abstract Based on the long-term stationary field fertilization experiment in Yangliu of Anhui Province, principal
component-cluster analysis was done of the data obtained with five types of soil enzymes (urease,acid phosphatase , neutral
phosphatase , catalase and invertase) and seven items of soil chemical properties ( pH, electric conductivity , organic matter,
total nitrogen, alkalytic nitrogen, available phosphorus and readily available potassium) as evaluation indices, to valuate
comprehensively effects of long-term fertilization on fertility of the lime concretion black soil at the experimental
site. Results show that 2 principal components that could reflect 88. 22% of the original information quantity without losing
any original variables were extracted from the initial 12 indices. Within the primary group of principal components, ACP,
NEP,EC,OM, TN, AN, AP and AK were the major contributors, while among the secondary group of principal components,
URE,CAT,INV and pH were the major ones. As biological indicators for comprehensive evaluation of the fertility of Lime
concretion black soil, acid phosphatase and neutral phosphatase were better than other three soil enzymes. Hierarchical
cluster analysis of the new indices extracted based on scores of the two principal components revealed the effects of differ-
ent patterns of long-term fertilization displayed an order of HMNPK,MNPK > M > NPK > CK,in other words, mixed appli-
cation of organic and chemical fertilizer is the best fertilizing model,and followed by application of only organic fertilizer,
as no-fertilization and application of solely chemical fertilizer could result in decline of soil fertility.

Key words Principal component analysis; Cluster analysis; Lime concretion black soil; Soil fertility; Application

of fertilizer
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