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Assessment of fertility quality of black soil based on principal component
and cluster analysis

WU Hai-yan, JIN Rong-de, FAN Zuo-wei, PENG Chang, GAO Hong-jun, ZHANG Xiu-zhi, LI Qiang, ZHU Ping"
( Institute of Agricultural Environment and Resources Research, Jilin Academy of Agriculture Sciences, Changchun 130033, China )

Abstract: [ Objectives ] Based on long-term experiment on black soil fertility and fertilizer efficiency
(Gongzhuling), a field experiment was conducted to assess the effects of different fertilization measures on the
qualities of soil fertility, so as to provide scientific references for establishing the optimal fertilization pattern in
the northeast black soil region of China. [ Methods ] By means of principal component and cluster analysis,
differences of soil fertility quality were assessed under long-term fertilization comprehensively, soil fertility
difference on different fertilization was developed using Euclidean distance method and single linkage cluster.

[ Results ] Maize yields were positively and significantly correlated with soil enzyme activity, the contents of
total N, P and K, available N, P and K, soil organic matter, soil microbial carbon and nitrogen (P < 0.05, P <
0.01), negatively correlated with soil pH, not significantly correlated with soil nitrate N and ammonium N. The
soil fertility qualities were in order of 1.5 (NPK + M1) > NPK + M2 > NPK + M1 > NPK + M1(R) > NPK + S >
NPK > CK, whereas R was rotation of corn with soybean. The soil fertility quality was clustered into four classes,
the fertility quality in 1.5 (NPK + M1) and CK were respectively clustered into the best (first-class) and the worst
(fourth-class) one, and those in treatments of NPK + M2, NPK + M1, NPK + M1 (R) were clustered into the
second-class, those in NPK + S and NPK treatments were clustered into the third-class. [ Conclusions ] The soil

fertility qualities are in descended order of chemical fertilizers combined with manures, NPK fertilizer combined
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with straw returning, single NPK fertilizers and CK. Therefore, mixed application of chemical fertilizers with

organic fertilizers should be promoted for the improvement of soil fertility quality and the everlasting use of

farmland.

Key words: principal component analysis; cluster analysis; long-term fertilization; soil biological fertility;

soil chemical fertility
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Table 1 Treatments in field experiment

%5 Number Ab 3 Treatment {5 Code #7E Contents

1 X CK AL, FEVEY
Control Fallow land (No fertilizer input, crop planted)

2 fbhe NPK FH4EJifi Annual applying N 165 kg/hm?, P,0; 82.5 kg/hm?, K,0 82.5 kg/hm?
Chemical fertilizer

3 AHLE + fbhe NPK + M2 N. P,Os. KO/t [FILLEE 2, 543§ 30 thm?
Organic manure + N, P,0; and K,O input is the same as treatment 2, additional pig manure 30 t/hm?
Chemical fertilizer per year

4 FLHE + FEFF NPK + S N 112 kg/hm?, P,O;. K,O i it [RIAbEE 2; By FRFEFT 7500 kg/hm?
Chemical fertilizer + AL N 53 kg/hm?)
Straw Same amount of P,O, and K,O as treatment 2, applying N 112 kg/hm?, returning

smashed maize straw 7500 kg/hm? (equal to organic N 53 kg/hm?)

5 FHLAE + LA NPK + M1 N 50 kg/hm?, P,0,. K,O M/ [FALFE 2, 52 23 t/hm? (FrAHL N 115 kg/hm?)
Organic manure + Same amount of P,0O; and K,O as treatment 2, applying N 50 kg/hm?,
Chemical fertilizer pig manure 23 t/hm? per year (organic N equal to 53 kg/hm?)

6 AHUL + 1LAE + 515 NPK+MI (R) At NPK + M1, FEr =0 2 5K 1 FERERAE

Organic manure +
Chemical fertilizer + Rotation

7 AHUL +1LHE

Organic manure +

1.5(NPK + M1)

Chemical fertilizer

soybean

N 75 kg/hm?, P,0, 123.7 kg/hm2, K,O 123.7 kg/hm?, $53§ 34.5 t/hm?
(B HLN 172.5 kg/hm?)

Applying N 75 kg/hm?, P,O; 123.7 kg/hm?, K,O 123.7 kg/hm?,

Same fertilizer input with NPK + M1, rotation of 2-year’s maize with one year’s

pig manure 34.5 t/hm? per year (organic N equal to 172.5 kg/hm?)

#2 KHAEMEBLELRT RASSE

Table 2 Mineral nutrient contents in soils under different treatments

s g g gl AR AR IKRPER SR TS
Treatment Total N Total P,O; Total K,0O Olsen-P Available K Hydrolysable N NH,*-N NO,-N
(g/kg) (g/kg) (gkg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

CK 1.40d 0.55¢ 21.86 ¢ 9.50d 97.78 d 124.63 d 3.92 ab 14.82d
NPK 1.53 cd 0.64d 21.86¢ 63.24 ¢ 113.03d 127.72d 3.67 ab 16.59 cd

NPK + M2 232a 1.35a 22.79 ab 174.32 ab 210.61 ab 183.04b 457 a 3582a
NPK + S 1.62 ¢ 0.84 ¢ 22.34b T1.11¢ 152.63 ¢ 143.90 ¢ 2.18b 15.28 cd
NPK + M1 2.08b 1.22b 22.48b 167.78 ab 186.13 b 186.36 b 4.18a 20.32 be

NPK +MI (R) 2.08b 1.16 b 22.73 ab 147.34b 191.89b 180.43 b 3.81 ab 24.58b

1.5 (NPK + M1) 235a 1.31a 23.10 a 191.80 a 22548 a 20741 a 3.83 ab 23.79b

# (Note) . [FIFNEIE G A [ 1 3 m AL PR IA] 22 5515 5% i 3 7K F-Values followed by different letters in a column are significantly

different among treatments at the 5% level.
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IR0 55 X7 498572 4R A 52 2 — 30
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YIRETE AR o PR SRAEIME SN, T4

MBC/MBN 2} 3~5 i T e AE i v LAAi T o 3
5~7 B IR REIE O o 32, 4.5~15 1+
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FFEFEIAE 2.37~3.79 Z 1], UK A RUE Y
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Table 3 Biochemical index values of soils under different treatments
e ke SEIERE B HEVERE  BUEWRRR MUERIREA AL
Treatment Urease Catalase Phosphatase Sucrase MBC MBN MBC/MBN Organic matter ~ pH

(mg/g) (mL/g) (mg/g) (mL/g) (mg/kg) (mg/kg) (g/kg)
CK 7.38¢ 1.89a 1.05d 5.64d 193.78 ¢ 61.55f 379a 18.89 ¢ 797 a
NPK 11.45 de 2.07a 1.28 cd 6.21d 251.35d 78.23 ef 3.36 ab 20.41 be 6.74 ¢
NPK + M2 30.54 ab 236a 1.74 a 10.59 a 456.65 a 170.51 ab 2.87 be 36.24 a 7.51b
NPK + S 13.97 cd 2.11a 1.40 be 877 ¢ 312.86 ¢ 100.49 de 3.38ab 25.05b 7.88 a
NPK + M1 25230 232a 1.66 ab 10.19ab  406.10 ab 140.65 be 3.14 abc 34.69 a 7340
NPK + M1 (R) 17.76 ¢ 223a 1.60 ab 9.27 be 371270 122.15 cd 3.21 abe 33.19a 7.40 b
1.5 (NPK + M1) 3340 a 244 a 1.84a 11.03 a 45721 a 182.07 a 2.67 ¢ 37.94 a 7.26b

4 (Note) = [RIZIEHE 5 A [ 71 3 7 Ab B 8] 22 5 35 5% . % 7K F- Values followed by different letters in a column are significantly

different among treatments at the 5% level.
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Table 5 Principal components influencing each index of soil fertility quality
5 Ei=(7 E %l %) sy 3
Number Index Component 1 Component 2 Component 3
1 JIk B Urease 0.265 -0.040 0.028
2 i LA Catalase 0.268 ~0.039 ~0.184
3 WARAE Phosphatase 0.270 0.029 ~0.149
4 JFEVEEE Invertase 0.262 0.209 -0.062
5 Hydrolysable N 0.265 0.047 -0.028
6 4% Total N 0.271 -0.031 0.054
7 42T Total P,0, 0.268 0.041 0.080
8 AHLET OM 0.270 0.050 0.023
9 %4 Olsen-P 0.269 ~0.065 -0.090
10 ARH Available K 0.269 0.118 -0.050
11 NH*,-N 0.119 —0.626 0.586
12 NO;-N 0.228 —0.166 0.388
13 MBC 0.271 0.050 -0.041
14 MBN 0.267 0.030 —0.020
15 pH —0.067 0.681 0.650
16 447 Total K,O 0.260 0.202 0.010
FFHE{H Eigen value 7.7405 1.2331 0.7553
TRk Contribution rate (%) 77.405 12.231 7.553
ZRTTHLR Cumulative contribution (%) 77.405 89.636 97.189
FR6 T EBAZERNERTBTREGES
Table 6 Score and overall score of principal components influencing each index of soil fertility
ib3 FHr 1 F 2 F A3 ENeR ER
Treatment Component 1 Component 2 Component 3 Overall score Grade
1.5 (NPK + M1) 6.04 -0.42 4.65 4.98
NPK + M2 4.35 —0.70 342 3.54 2
NPK + M1 2.21 -0.29 1.71 1.80
NPK + ML (R) 1.26 ~0.14 1.04 1.04 4
NPK + S -2.26 2.16 -2.17 -1.65
NPK -3.95 -1.20 -3.53 -3.47 6
CK -5.79 0.59 =5.12 -4.79 7

R LAy A 4 4%, 1.5 (NPK + M1) 1 CK Ab B
HOMER S —2, S ich AR ) B Ay (—5F) Al
B2 (JU4); NPK + M2, NPK + M1. NPK + M1
R) = AMbER N —, AR 5 NPK+S
FINPK BN —2, Ry i =55, i
B 7 ANAEBREE R 325, M 1.5 (NPK + M1), NPK +

M2. NPK + M1, NPK + M1 (R) DU/~ 4b B 5k
125, BIIEJ i h—4%; NPK+S. NPK AbHE
J1 2, EHERE A B E O A CK ARHLHURER N
—2, RS FERZE (5. RIESITERE
Wy, (e SAEVUIERGIE, it T ok—R 5k
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Fig. 1 Hierarchical cluster analysis of soil fertility
of different treatments
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