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Fig. 1 Mean daily temperature and accumulated precipitation for the growth period from

1979 to 2010 at the long-term experiment site in Harbin
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1.2 ##l

BERVEY R /N FE K E L K AR R A
HUIE 5 26 JR % (N 46 %), B 4 B /8 45 (P, O,
46%) B R — 4 (N 18%, P, O; 46 %) Fl &
fig 4 (K, O 50%) ,
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Table 1 The treatment and fertilizer application rate in the long-term experiment
N/(kgehm?) P>0s/(kghm?) HHLIE/
4k 3 K, 0/
Treatments S KA LK INFE PN Fok Ckgehm?) (kgehm?)
Wheat Soybean Maize Wheat Soybean Maize Horse manure
CK 0 0 0 0 0 0 0 0
NP 150 75 150 75 150 75 0 0
NPK 150 75 150 75 150 75 75 0
M 0 0 0 0 0 0 0 18600
MNP 150 75 150 75 150 75 0 18600
MNPK 150 75 150 75 150 75 75 18600
N, P, 300 150 300 150 300 150 0 0
M, 0 0 0 0 0 0 0 37200
M:N, P, 300 150 300 150 300 150 0 37200

CK /R AL s N PLK MCH &) 43 3 2 7 it &0 VB AT 4 A0 A5 HLAE s N Py M 43 31 36 7 il AT o R 5 s 19 2 £ .
CK means no fertilizer.N,P,K and M mean nitrogen.phosphorus. potassium and manure fertilizer for convention,N; ,P;and M; mean

200% fertilizer application rate of convention.

1.3.2 MEFRE BZHF THERETT 2010 FEFk
ZWRJF RE NN REHE R0~
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Wy A= e e A L T M AR R AR DN E S 5 — 1 KT
AT LTI 2R EHINE .

K HE AR AR 2 B O 3 0 A AL COMD |

2R (TN (28 (TP) 28 (TK) (Bl 2 (AND |
B CAP) AU (AKOMY . + 325 & (BD)
B SR B 0 k. HE R M ik (DOC) .
A (DON) FIAE ) AR W) & ik (MBC) L & (MBN)
B 5 2 0 SCHkE 1L ],
1.3.3 #HERLEE 54 B EHEZL Excel
2007 BB v SPSS13. 0 ik ir £ &
LA AH M B I F o b VR . KEE
WM L2 E L FES W CHk12]. FIH MAT-
LAB 7.0 B4l /F =45 & . SPSS13. 0 k4
B AT B O IR G (Descriptive sta-
tistics) #E AT B B9 bR AL . AR WESE b A& AR
J1¥6n A AN R B & SC, i HL 8 R i 4 2%
AR s R ORAIE P 25 2 10 2 M R 22 4 7 1 D
Ui BP0 B b o A SV 0 (B s o AR A #1) L 4k
M LAZS 55 19 98 20 A7 A0 OG0 E il o0 . @
Correlate-Bivariate 43 #7 5 A5 [ #H ¢ P . O X 45
WEAL IS 4 38 #3547 3 B4 43 Br (Data Reduction-
Factor) , & Bt R BTHR R > 85 %0 1Y i o . IR
Guits R, & E R r BB ZTTEIE R T
85 Yo, BRI FHoR R R G A8 S5 B . @%%
PR EUEN Y 32 1850 A R 0B 48 A o LARR IR R 25 A oy 1
A AN HE AL T 25 S ORI R B S R S VK
25 b B A HEAE T3 7K 7 19 2% AR DL R B AT SR 2R
43 #7 (Classify-Hierarchical Cluster) .

2 RS nbr
2.1 KYEAREREREEEXELIEABRNENE

F 2 2 AT, AR IR 31 a &, N IRt AR
A +PAFEBD KA THRMEL. 540
b B CCKO A e 4 3t FH A6 T B 27t A7 AL AL + 18
ZH AR W &, i A AL AL AR it b B A 5
R EA PTG . Hoh MNP.MNPK #il M, N, P, fil
NP kb P + 58 758 7 53 B FEAIE 3. 420.8.8%0.18. 2%
M2.0%,

55 ATt RE Ak B CCKO A B 5 1 8 7t A T 35 Jn +
HEA HL G A & (OM) ., 34 i g BE 78 5. 4% ~
29. 1% . Hohi A IE &b 3R+ 2 A AL & & fS A 17
1= - ] e AL AE it A B2 & T AR = i, 8 VE A
FRAEAR H o p 34 R T+ T - HEA AL & it
A AHUE AL B £ e AL A 2 2 i Ak e ik
PR 10 Wit A AL AT 2 48 v 28 - A B BT B A K
FB. L8R AESS IR KGR &0 T
FEB M IE AN L B it AR AT DA R A A A
ot N8 AW S BT B NS R O i = <
L S 3 - e AL, 5t A HLAE 138 pH BE A 3
T A HLIC AL B it v o 2% + IR A BB . K
it JE R B i 4 = T A 1 Al (DOC) & (DOND Al
A Y R Y B (MBO) LA (MBND & &, 42
W B A A AE 5.5 % ~156. 7% .18. 9% ~126. 2%,
14. 4% ~83. 1% Fil 14. 4% ~235. 2% , H i LA #L
TC AL e A B A o W 2 1 B A LA A it A T
JEA HLTCHLIEC it 58 9% 184 5% 1 HEA HLAR L RUTETE A
T4 T 4 AR 7 A 43t 1 e

®2 KEARGREREXELENDRm

Table 2 Effect of long-term fertilization on soil fertility in black soil

Jogi) OM/ TN/ TP/ TK/ AN/ AP/ AK/ BD/ DOC/ DON/ MBC/ MBN/
Treatments (gekg') (gekg?) (gekg')  (grkg')  (mgekg!)  (mgekg!)  (mgekg!) PH (grem™®)  (mgekg!)  (mgekg!)  (mgekg!) (mgekg!)
CK 22.3 1.2 0.7 24,0 54,1 15.3 175.3 6.9 1.48 40,4 12,2 172.8 12,5
NP 24.5 1.4 1.4 22.3 69.1 133.1 167.0 5.9 1.45 42.6 14,5 197.7 15.2
NPK 23.5 1.3 1.4 27.5 72.2 154.3 202.9 6.0 1.53 43.4 14.6 202.3 16.4
M 25.0 1.4 1.0 27.8 77.0 29.8 201.9 7.0 1.48 79.9 20,7 254.7 32.1
MNP 21,7 1.6 1.5 25.8 75.3 178.3 195.5 6.0 1.43 84.9 22.8 272.6 39.8
MNPK 26.0 1.5 1.6 27.3 81.9 197.3 240. 8 6.1 1.35 81.6 24.9 290.1 41.9
N2 Py 23.6 1.4 1.8 26,7 95.6 286.1 154.1 4.9 1.58 58.5 16.8 204.4 14,3
M, 25.3 1.4 1.0 26.8 202.0 53.8 222.2 7.2 1.49 91.3 22.9 270.5 37.1
M2 Ny P, 28.8 1.8 2.1 27.1 92.1 341.3 229.3 5.4 1.21 103.7 27.6 316.4 38.7

2.2 TIEEENEREXES T
3 N HERE 345 b B AR OC 2 RO L R LA

#H, OM 5 TN.DOC.DON,MBC,MBN & &
HIEAH G, 5 BD 2 8B F A ¢ TN 5 TP,
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I3 BR 2 ok o R & A % 11
DOC.DON.MBC.MBN £ § & F %, 5 BD £ Mr B, 2 4 AR T $8 A5 R A7 1 — 2 A ek (2
BEMME; TP 5 AP £ B FHEMAE, 5 pH £ AN T A R R A T A A T R —
WEMMACAP 5 pH 2R EAM XL AK 5 A B 48 b 2 8] B AR 5 5C 2 LA S 4548 b % 4 38 A
DOC.DON., MBC.MBN & I Z F 4] %; BD 5 JIBy Tk, 2 3 AT At AH S KE B Y 4 RS

DON.MBC £ & # i #] 5 ; DOC 5 DON,MBC,
MBN £ [ 3 IF 41 5¢; DON 5 MBC £ i 2 1F
X% ;MBC 5 MBN & i # EA 6, He LN
T b (H] 9 AH DG ME BOE B 5 BN B3, Bk gy

AT FHOC RECE KT 0.3, 5 i Bl = 1) i A oG O¢
FBu GE AT T . b TR iR Ay
Brat #2 ,  H B 43 B #0032 B4 43 B 3 72 (Data
Reduction) #1732 + A0 J1 K E AT 25 504 &

x3 TEIERANERWBEXRBER
Table 3 Correlation coefficient matrix of thesoil properties
OM TN TP TK AN AP AK pH BD DOC DON MBC MBN
OM 1.0000.963** 0.610 0.294 0.165 0.534 0.603 —0.245 —0.812**0.856" * 0.895** 0.909 0.838" *
TN 1.000 0.697* 0.232 0.162 0.636 0.435 —0.379 —0.796" 0.816"* 0.832"* 0.831 0.702"
TP 1.000  0.268 —0.0840.980** 0.155 —0.892** —0.535 0.381  0.497  0.475 0.261
TK 1.000  0.291  0.244 0.587 —0.030 —0.090 0.565  0.556  0.550 0. 507
AN 1.000 —0.097 0.349  0.316  0.057  0.493  0.395  0.365 0.379
AP 1.000  0.105 —0.920** —0.511 0.327  0.436  0.404 0.184
AK 1.000  0.249  —0.618 0.714* 0.784* 0.818** 0.826" *
pH 1.000  0.237  0.028 —0.085 —0.049  0.156
BD 1.000  —0.603 —0.686 % —0.717 % —0.579
DOC 1000 0.971%* 0.960** 0,921 "
DON 1.000  0.995"* 0.945"*
MBC 1.000  0.955"*
MBN 1. 000

* TR 5% B KF(P<C0.05), * % FKiw 1% W EAKF(P<0.01),

* indicates significant difference (P<C0.05), * * indicates extremely significant difference (P<C0.01).

2.3 TEBABIRNERSSH

R T R Al A B BN A T /9 S
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el F A HARAEAE 20 A A 7. 577.2. 959 Al
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Fig. 2  Screen plot of principal component analysis
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Table 4 Eigenvalues and variance contribution rates of the principal component analysis

)46 AT (B I iR A R - 5 F
Initial eigenvalues Sum of squared of initial loadingfatcors
Wix
Component g VEIIEL  RIE/% o DETME RIIE/%
SFAIE1HE. S iInI=h
Contribution Cumulative Contribution Cumulative
Eigenvalue Eigenvalue
rate contribution rate rate contribution rate
1 7.577 58. 281 58. 281 7.577 58. 281 58. 281
2 2.959 22.759 81.040 2.959 22.759 81.040
3 1.113 8.558 89.598 1.113 8.558 89.598

P AT (H (UL 50 Bk L 32 B2 AH X 107 64 ¢ 1iE
LR OFFFIARNS /A =Y/ VN AESF

—_
{

o 3 A~ S A T T I 4 2R 5 A 16
3‘5:;0_6 A1 A2 F1 AL 6),
=L 2.4 HEIRABS . GABIHANBNER
g&goz TS S A bR B L AL R L 25 3R AR AL
'O O RAE ) B R s 2% BT A kT 3 L Y
1 IR IR OE 1% A 1 SE PR AR S R AT
HAL 3 A FEMSE 14 A IR Ty 45 5 1Y Ze P %L
PR DN FRAIA (D) ~ (3),
Component 2 Conponent 1 F1=0. 3430M + 0. 327TN + 0. 230TP +
T 0.191TK-+0. 112AN + 0. 209AP + 0. 272AK —
Fig.3 Loading distribution of the rotated factors 0.086pH—0. 282BD +-0. 338DOCH-0. 355DON+
0. 355MBC+0. 321MBN (D
x5 TEIRAIERVIGEE T G ER
Table 5 Component matrix of soil properties
F R T HENE J1dE 45 Soil properties
Principal
component  OM TN TP TK AN AP AK pH BD DOC  DON  MBC  MBN
1 0.943  0.901  0.632 0.526 0.308 0.574 0.748 —0.235 —0.777 0.930 0.977 0.978  0.885
2 —0.084 —0.237 —0.739 0.233 0.529 —0.775 0.455 0.942 0.184 0.272 0.168 0.190 0.385
3 —0.245 —0.206 0.196 0.673 0.423 0.222 —0.004 —0.224 0.481 0.059 0.032 —0.019 —0.069
® 6 ETERS TN L RIBN EIRE 0 R
Table 6 Eigenvector of the principal component analysis
FRAE 1) AL S4B bR Soil properties
Eigenvector QM TN TP TK AN AP AK pH BD DOC  DON  MBC  MBN
Al 0.343  0.327 0.230 0.191 0.112  0.209 0.272 —0.086 —0.282 0.338 0.355 0.355 0.321
A2 —0.049 —0.138 —0.430 0.136 0.308 —0.450 0.265 0.547 0.107 0.158 0.098 0.111  0.224
A3 —0.232 —0.195 0.185 0.638 0.401 0.211 —0.004 —0.213 0.456 0.056  0.030 —0.018 —0.066

F2=—0.0490M—0. 138TN—0. 430TP + F3=—0.2320M —0. 195TN+0. 185TP +

0.136TK+ 0. 308 AN — 0. 450AP + 0. 265AK +
0.547pH + 0. 107BD+0. 158DOCH0. 098DON+
0.111MBC+-0. 224 MBN (2

0.638TK+0. 401AN+0. 211AP — 0. 004 AK —
0.213pH +0. 456 BD+0. 056 DOC-0. 030DON —
0.018MBC—0. 066 MBN (3
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Table 7 Composite scores and ranking of

various principal components of soil fertility

of different fertilization treatments

LAty

b B
Treatments F1 F2 F3 Composite Rf:lf?ng
scores
CK —4.11  0.72 —1.05 —2.32 9
NP —2.28 —1.37 —1.41 —1.76 8
NPK —1.86 —0.46 0.93 —1.11 6
M —0.13 1.78 0.08 0. 34 5
MNP 1.77  —0.27 —0.71 0.91 4
MNPK 2.16 0. 46 0.15 1.38 2
N, P, —1.41 —2.40 1.85 —1.21 7
M, 0.94 3.08 0.77 1.31 3
M; N, P, 4.93  —1.53 —0.61 2.47 1
0 5 10 15 20 25
Treﬁn%ms

MZ
NPK |
NZPZ
K

|

= L
|_

NP
M,N.P
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Fig. 4 Arborescence of cluster analysis
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A7 L A0 B AR A 2 S B Ak R A
ZREME = A R RS R, T B 3R 4y R OF- i R+
HGRAL L pe Ah . Bt A HLAE B A A AR RS
IR0 A e FH K B 55 T B B 7 Ak R 2% AR
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RAE AL R RS 5 44 T A A5, DT 3k 21 Ky
JIE 3t g 0B R AR B R R H T e Ah L A AL
TCAILAE e it A5 A 4 ) B R Y el L B
RB AL FLBR A A B 38 0B M U T A sk 3 +
S A EE ARG . AR S SRR A
MLICALAC B i °T DL R AR 1 48 25 75 38 i + 5 A HL
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PE T 80k 2% SRR AL R B . SR, AS TR L
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ot . SR 3B T IR R A B T kL LA
AP R MR A 28 B 4R bR . I AR
FU /D B HE B T S ) BRI Ok ) 22 5
PEP L AR AT AE 43 43 B K 3O [ it AT
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RE 5 1k AE T it ok 2+ e A G B AR A 2L
H, M, N, Py A B 24 36 B0 AR 77 /K S B i X 2 75
HERE W Z A HE T B A = AR L R TR A A
Y 1) 77 Sk R 58 R0 A £ ) DB AN [t S A X
B S B B FH AR . 5 Sk 1980-2010 4 4% Ab HE /1N
& REMEKMW =5, M, N, P, 5 MNPK,
MNP b B [a] /E 9y 7 & 25 55 A B 2 (P>>0. 05) , Al
B s DB AR | 7 3R N AR B 0 TR
RO ) S A 2 i E e i P R N R 7 A A A AR A
AR L T LA it T A R R e 2 A
RN AR ek el DI/ S/ 3T
& No O HE RSS9 i KRS0, 28 b 3k 7 8%
JE 4 38 AR 7= i RO BE RN L HEFE B AL IR A
HLAE L jiti (MNPEK) by 22 4 AR R IR AR
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Fig.5 Grain average yield under long-term fertilization
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Characteristics of Black Soil Fertility and Comprehensive
Assessment Under Long-term Fertilization

HAO Xiao-yu'? ,ZHOU Bao-ku' , MA Xing-zhu' , GAO Zhong-chao'
(1. Institute of Soil and Fertilizer and Environment Resources, Heilongjiang Academy of Ag-
ricultural Sciences, Harbin, Heilongjiang 150086; 2. Postdoctoral Programme of Heilongjiang

Academy of Agricultural Sciences, Harbin, Heilongjiang 150086)

Abstract; In order to explore the effective fertilization mode to improve the cultivated land quality,and crop con-
tinuous output,based on long-term experiment with various fertilizations in black soil of northeast China., soil
physical property (bulk density).chemical properties (organic matter. total nitrogen, total phosphorus., total
potassium, available nitrogen, available phosphorus, available potassium and pH), and biological properties
(dissolved organic carbon.dissolved organic nitrogen,soil microbial biomass carbon and soil microbial biomass
nitrogen) were analyzed. Principal component analysis (PCA) and hierarchical cluster analysis (HCA) were
used to evaluate these data. The results showed that long-term fertilization could increase soil nutrient content,
and compared with non-fertilization and chemical fertilizer treatments, combined application of organic manure
and inorganic fertilizer reduced soil bulk density. Long-term fertilization of chemical fertilizer could make the
soil acidification,and organic manure and inorganic fertilizer could slow down the soil acidification. According to
principal component analysis, three principal components extracted from the initial 13 indices reflected 89. 6 %
of the original information quantity. The effects of different patterns of long-term fertilization on soil fertility
based on hierarchical cluster analysis displayed the order of N, P, M, >NPKM, NPM>M, , M>NPK, N, P, >
NP, CK. Thus,combined application of organic manure and inorganic fertilizer was the best fertilizer application
model in black soil. Comprehensive evaluation of soil fertility,crop yield and environmental effect showed that
combined application of organic manure and inorganic fertilizer with conventional fertilization ( MNPK) was
recommended for enriching soil fertility in black soil.

Keywords: long-term experiment; soil fertility; principal component analysis; cluster analysis
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