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Table 1 Classification indices of soil nutrients in
1 mulberry orchard
11 pH <45 65~75 >9.5
32732 ~ (eg/ke) <5 5~15 15~30  >30
32°43'N  120°12'~120°33'E . (mg/kg) <50 50~100 100~200 >200
14.5°C Olsen-P(P,0s, mg/kg) <5 5~15 15~80 >80
27C 1025 mm 79% . (K0, mg/kg) <50 50~100 100~200 >200
800 mm - 47% (mg/kg) ~ ~ - - ~
(dS/m) ¥ <2 2~4 4~8 8~16 >16
(gkg" <10 1.0~3.0 3.0~50 5.0~10.0 >10.0
12 (g/kg) <02 02~10 1.0~20 2.0~3.0 >3.0
(g/kg) <0.080.08 ~0.150.15 ~ 0.30 0.30 ~ 0.50 >0.50
25 GPS (mg/kg) <5 5~10 10~20 20~50 >50
(‘0‘ ;,2,0 em) (20~40 crsngz (mg/kg) <2 2~5  5~20 20~50 >50
2010 6 3 7 4 (mg/kg) <03 03~05 05~1.0 1.0~20 >2.0
(mg/kg) <05 05~10 1.0~50 5.0~10.0 >10.0
pH
Imm  0.149 mm
[12] pH 1:1
pH 2501 (20 ~ 40 cm) pH
[11]
K,Cr,0;-H,S0,
1 mol/L -
(FP640 ) Olsen-P 0.5 mol/L (pH ( 2
8.5) NaHCO; - (755b (D pH
) NH,O0AC Olsen-P
( : Perkin Elmer AA700)
(Cu Fe Zn Mn) DTPA
( : Perkin Elmer AA700)
1.3
1 2
1.4
SPSS 17.0
(descriptive statistics)
SPSS 17.0 (factor 25
analysis) 3
2
3
2.1 3
25
(2 pH Olsen-P

(0~20cm)
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Table 2 Status of soil fertility in mulberry orchard investigated

n 0~20cm 20 ~40 cm
pH 25 7.56 0.12 5.87 8.21 7.86 0.08 7.02 8.46
(g/kg) 25 18.10 1.60 8.20 44.40 12.25 1.55 3.00 31.10
(mg/kg) 25 128.48 10.31 23.87 267.96 77.32 10.18 16.94 255.64
Olsen-P(mg/kg) 25 85.53 74.97 5.67 303.37 36.20 56.83 5.00 262.34
(mg/kg) 25 257.61 54.07 41.30 1 003.60 205.02 40.76 35.40 794.40
(uS/cm) 25 257.22 24.89 95.00 448.00 248.36 22.04 86.00 411.00
(g/kg) 25 0.70 0.06 0.32 1.15 0.68 0.05 0.30 1.07
(mg/kg) 25 111.53 18.07 13.18 391.45 102.51 13.84 1720 23048
(g/kg) 25 1.65 0.08 0.84 2.93 1.80 0.09 0.99 2.92
(g/kg) 25 0.20 0.01 0.10 0.33 0.20 0.01 0.09 0.34
(mg/kg) 25 33.26 3.81 12.70 83.20 18.66 2.38 6.82 57.60
(mg/kg) 25 9.26 1.64 3.47 42.80 6.31 0.69 2.32 17.76
(mg/kg) 25 2.35 0.21 0.90 4.78 1.70 0.31 0.53 8.55
(mg/kg) 25 3.10 0.53 0.80 11.98 1.04 0.30 0.12 7.18
3 WATRETIERNIBRSHIER(%)
Table 3 Distribution of soil nutrients in mulberry orchard investigated
pH 8 0 32 0 60
0 44 52 4 -
4 24 68 4 - [15]
Olsen-P 0 20 36 44 - pH
8 24 36 32 0 Olsen-P
40 40 20 0 0 14 ( X1, X,
76 24 0 0 0 Xs Xa o Xy )
0 8 84 8 0
0 24 72 4 0
0 0 24 64 12
0 20 72 8 0
0 0 12 24 64 ( 4)
0 20 68 8 4 SPSS
( 4
(5 >
5 1
2.2 44.41% 2
24.03% 3
8.92% 4 7.52%
85% 4

85%
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Table 4 Correlation coefficient matrix of indices
Xi X5 X3 X4 Xs X X7 Xs Xo Xio Xi1 Xi2 Xi3 Xia
X 1 0270 -0.058 -0.182 0.024 —0.423* -0.423* —0.913** —0.821** -0.544* -0.057 0.141 0.678** —0.187
X, 1 0.760%* 0.785** 0.632** 0.661** 0.661**  0.251 0.118  0.681**  0.362  0.449* -0.054 0.743**
X3 1 0.695%* 0.593** 0.415* 0.415*  0.146 -0.240  0.501*  0.331  0.480* -0.039 0.547**
X4 1 0.846** 0.620*%* 0.621**  0.095 0.018  0.633** 0.563** 0.644**  0.041  0.536**
Xs 1 0.583* 0.584* —0.028 -0.061 0.495* 0.420* 0.856** 0.211 0.568%**
X 1 1.000 0.316 0.324  0.665**  0.208  0.568** -0.011 0.696**
X7 1 0.316 0.324  0.666**  0.208 0.568** -0.011 0.696**
Xs 1 0.805** 0.505** —0.041 —0.068 -0.543** 0.253
Xo 1 0.432*%  0.097 -0.054 -0.297 0.134
Xio 1 0.440*  0.387  -0.275 0.679**
Xi1 1 0.325 0.047 0.167
Xiz2 1 0.464*  0.505%*
Xi3 1 0.053
Xi4 1
n =23, roos =0.396, roo; = 0.505 * P<0.05 ** P<0.01
x5 EHHNIER
Table 5 Results of principal component analysis
1 2 3 4
X —-0.404 0.895 0.026 —-0.022
X2 0.863 0.069 —0.142 -0.257
X3 0.703 0.265 -0.336 —0.433
X4 0.861 0.242 —0.281 0.076
Xs 0.788 0.417 —0.058 0.159
X 0.686 0.494 0.219 0.265
X7 -0.039 0.720 0.437 0.316
Xs 0.658 0.185 0.338 —-0.394
Xo 0.857 —-0.089 0.351 0.054
Xio 0.843 —-0.09 0.364 0.02
X1 0.381 —-0.839 0.051 —0.056
Xi2 0.277 -0.797 0.19 0.414
Xi3 0.826 —-0.281 —-0.131 0.038
Xia 0.446 0.159 —0.606 0.513
6.217 3.364 1.248 1.053
(%) 44.41 24.03 8.92 7.52
(%) 44.41 68.44 77.36 84.88
5 1
Olsen-P 4 14
2 pH
3 Z,=-0.404X; + 0.863X; + 0.703X; + 0.861X, +
4 0.788Xs5 + 0.686Xs — 0.039X; + 0.658X; +
0.857X¢ + 0.843X o+ 0.381X;; +0.277X,
0.826X;3 +0.446X 4 1)
p Z,=10.895X; + 0.069X, + 0.265X3 + 0.242X, +

Fij

0.417X5 + 0.494X4 + 0.72X, + 0.185X5 —
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0.089X, — 0.09X,0 — 0.839X;, — 0.797X,, —
0.281X,5 + 0.159X,4 ©)
Z;=0.026X; — 0.142X; - 0.336X5 — 0.281 X4 — [15]
0.058Xs + 0.219X, + 0.437X; + 0.338X; + ¢ n 25
0.351X¢ + 0.364X;y+ 0.051X;; + 0.19X,, — 2 9 3 5
0.131X,3—0.606X,4 3) 1 4 6 7 20 21 22 24
Z,=-0.022X; = 0.257X,—0.433X; + 0.076X, +
0.159Xs + 0.265Xs + 0.316X; — 0.394X + 10111213 14 15 16 17 18 19 23
0.054X, + 0.02Xo — 0.056X;; + 0.414X,, + 25
0.038X,5 + 0.513X,4 4)
()~ 25 | % A N
21
4 F=2bZ= 24
biZ) +0yZy + bsZy + - + b Zy  F=04441Z,+0.2403 !
Z,+0.089 2725+ 0.075 22, F 6
20 :[—
6 22
F6 BEMSBHRGEBSH i
Table 6 Scores and general scores of principal components of
different mulberry orchards investigated }; ji'i
Fi ) Fs F4 F 19 —
11 —
1 -0.84 0932 2294 1569 0.173 8 13
2 2.343 0904 -1.036 —0.668 1.115 1 }g :
3 1.217 0.641 0.857 -0.349 0.745 3 17
4 —-0.142 1.019 2.007 091 0.429 5 fg :
5 1.433 0.352  -0.145 0.237 0.726 4 16
6 0186 -0.124 0576 -0.797 0044 12 2; -
7 0.158 0.406 -0.15 -0.305 0.131 9 5
8 0.062 -2.373 -1.058 0.173 -0.624 25 g 0T
9 1.699 1.183 -0.894 1.791 1.094 2
10 -0.718 0.624 -2.462 2.433 -0205 15 1 #HPATRETIERASSITENESIELEEF
11 ~1.27 0.128 -0.131 -0.125 -0.554 22 Fig. 1 Classification of mulberry orchards investigated based
on soil fertility
12 -1.43 0349 0.116 0.195 -0.526 21
13 -0.666 —0.536 -0.832 -0.782 -0.558 23
14 -1.352 0.133 -0.454 0.008 -0.608 24 3
15 -0.818 —0.058 -0.14 0.198 -0.375 19
16 -0.953 0.487 -0.31 -0.482 -0.37 18
17 -0.376 0.082 -0.689 -0.033 -0.211 16
18 0.249 -1.118 0.228 -0.876 -0.204 14
19 -0.78 -0.185 -0.51 -1.174 -0.525 20
20 0279 0.553 0.843 -0.297 0.1 6 Olsen-P 300 mg/kg

21 0.28 0.267 0.453 -1.48 0.118 10
22 1.023 -0.559 0.243 -0.71 0.288 7
23 -0.739 0.163 0.233 -0.852 -0.332 17
24 0.418 -0.037 -0.302 -0.433 0.117 11
25 0.738 -3.232  1.263 1.85 -0.197 13

2.3
2>0>3>5>
4>->8(  6)
( 0

[16]

[11] [17]
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Assessment of Soil Fertility of Mulberry Orchards Based on
Combined Soil Nutrient Grades and Main Component Analysis

XU Xian-ju', MA Hong-bo , CHEN Jie , ZHANG Yong-chun'', CHEN Bin?, DING Hua-ping?,
QIAN Jun®, LUO Chun-yan®, SUN Hui-bin*, GU Yong-qun*

(1 Institute of Resources and Environment, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China; 2 Soil and Fertilizer
Technology Guidance Station, Hai’an, Jiangsu 226600, China; 3 Soil and Fertilizer Research Institute, Sichuan Academy of Agricultural
Sciences, Chengdu 610066, China; 4 Silkworm Egg Production Farm of Hai’an, Jiangsu, Hai’an, Jiangsu 226634, China)

Abstract: Soil fertility is synthetically expressed by various soil factors and can greatly affect the yield and quality of
crops. Identifying soil fertility and the limiting factors are the basis of fertilizer application in mulberry orchard. In this study, 14
soil fertility indexes were analyzed from 50 soil samples from 25 mulberry orchards in Hai’an County of Jiangsu Province, and
then soil fertility was assessed by using the combining method of soil fertility grade and main component analysis. The results
showed that soil fertility was high generally in the investigated orchards and the fertility of top layer (0 — 20 cm) was higher than
that of lower (20 — 40 cm). However, considerable differences in soil fertility existed among different orchards, organic matter,
nitrogen and potassium were partially deficient, phosphorus, magnesium, manganese and zinc were deficient only in several
orchards, but iron and copper were higher in all orchards. Four main components were isolated and they reflected about 85% of
all soil information of orchard, and the first main component was integrative nutrient factor, contributing to 44.41%; the second
main component was pH factor, contributing to 24.03%; the third and fourth main component were related to the negative and
positive function of zinc, contributing to 8.92% and 7.52%, respectively. Furthermore, the total 25 orchards were classified into
four varieties representing different fertility conditions. These results suggested that the method of soil nutrient grades was
detailed but the method of main component analysis was integrative, they were complementary and their combination could better
assess soil fertility of mulberry orchard.

Key words: Soil fertility, Main component analysis, Nutrient grade indices, Mulberry orchard



