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Application of principal component analysisto evaluation of the
stability of rice paddy ecosystems
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Abstract [Objectives] To evaluate the control of insect pests in different rice ecosystems. [Methods] Analysis of
variance (ANOVA) and principal component analysis of the structural characteristic index of arthropod communities using
different sampling methods in organic and non-organic paddy fields was conducted for two consecutive years using SAS
software. [Results] The ANOVA results show that, of four arthropod community structural characteristic indices, only the
number of species was significantly different over two consecutive years in organic and non-organic paddy fields. The results
of principal component analysis indicate that the contribution ratio of the first principal component to the arthropod
community structural characteristic index (obtained using yellow board traps and suction sampling) in organic paddy fields
reached 74.12% and 77.69%, respectively in the first year, greater than the corresponding values of 67.18% and 56.24% in
non-organic paddy fields. In the second year, the contribution ratio of the first principal component to the arthropod
community structural characteristic index reached 77.20% and 75.93% respectively, which were also greater than the
corresponding values of 55.17% and 71.15% values in non-organic paddy fields. [Conclusion] The contribution ratio of the
first principal component to the arthropod community structural characteristic index could be used as an index of the
effectiveness of pest control in organic and non-organic paddy fields. Combining this with the species diversity index allows

evaluation of levels of resistance in paddy field ecosystems.

Supported projects 973 (2010CB126200) JXARS-02-04
20132BBF60007 2013HZCG020
First author E-mail hongfan211@sohu.com
HkE Corresponding author E-mail yyq8295@163.com
Received 2017-03-08 Accepted 2017-06-20



- 877 -

Key words paddy field,

analysis, stability

Ma 2002
1989
1990
2002
2010
2016

1 HNSEE
11 REXHR

28°15'N 156 m

2000

arthropod community structural characteristic index, variance analysis, principal components

2015

Fitt

2011

114°23'E

2015

12 RIEAIE

2010 79 2011 6—9

14 cmx20 cm

667 m’
11 250 kg-hm >
300 kg-hm *
2010  7—9
2000 6 5
7 7 9 1
75%
0.3 kg/hm* 15%
1.2 kg/hm®
40% 1.2 L/hm’
25%
1.875 kg/hm?
2 2011 6—9
2011 6 15 7
19 7 7 8 3

1.5 kg/hm?
0.5% 1.5 L/hm?
15%  -5%
1.2 kg/hm? 25%
- 1.2 L/hm’
2015

1.3 @EEFZE

131 IRHIZ|EE 2010



- 878 - Chinese Journal of Applied Entomology 54

3WF-18
1999
2 1
75%
132 HMAERHE#E 2011
6 20
2 8
20 100
133 =IRFEE 10 cm
25 cm
25 cm 25 cm
5cm 1
6m 4
24 h
4
14 HWELE S
SAS9.0 Excel
2003
1 Pi= NI/N Ni
i N
2 Shannon-wiener H=
- RIn(R)
3 Pielou E=H'/InS
4 R=(S- 1)/LnN S
SAS9.0 Duncan’s

(DMRT) 3

SAS9.0

2 GBREH

2.1 2010 FFFEEMP AT M T mpAE
ERPHESEMIFERENAESNSER S
V2Rl

2010
1
4
2
3 4
4 2
4
3
74.12%  77.69%
67.18% 56.24%
25.44%  21.16%
32.75% 42.45%
S RJ H4
99.56%  98.86%
S R J H4 99.93%
98.69% 85%
4
4 S RJ H
H
0.5565 0.5503 4
SRJ H
R 0.5718
S 0.5922



5 : - 879 -

&1 2010 FEMEMR R 2BTABEE T BB AR FEE TR B S S ER TS
Tablel The quantitative dynamics of arthropod community structure characteristic index in organic and chemical
control paddy fields by yellow board trap and suction sampling methods in 2010

Investigation date (month.day)

Samples Sampling Characteristic
methods index 7.10 7.17 7.31 8.14 8.28 9.11 9.25
S 41.00  43.00 51.00  59.00  63.00  95.00  48.00
Organic paddy  Yellow board R 7.14 7.07 8.21 8.53 8.12 1443 8.28
field trap sampling
J 0.73 0.72 0.81 0.70 0.64 0.84 0.90
H 2.72 2.69 3.20 2.85 2.65 3.83 3.50
S 17.00  22.00  18.00  24.00  26.00  31.00  21.00
Suction sampling R 3.08 3.41 3.44 4.49 4.44 5.00 3.79
J 0.65 0.53 0.74 0.68 0.68 0.77 0.72
H 1.85 1.65 2.14 2.15 2.22 2.66 2.18
S 3200 41.00  29.00  37.00  51.00  69.00  36.00
Chemical Yellow board R 5.56 6.93 4.72 5.51 714 10.94 6.54
control paddy  trap sampling
field J 0.81 0.78 0.75 0.69 0.61 0.82 0.89
H 2.82 2.88 2.52 2.50 2.41 3.49 3.18
S 1500  19.00 1400 1400  17.00  21.00  15.00
Suction sampling R 3.01 3.94 3.20 2.79 3.44 3.74 3.09
J 0.80 0.69 0.72 0.78 0.63 0.85 0.80
H 2.16 2.04 1.89 2.07 1.79 2.58 2.16

2 2010 FERMBEMPHFENET 4 MFERYERNEAMNLEERTNEREZE SN
Table2  Analysison significant difference of four arthropod community structure characteristic index in organic
and chemical control paddy fields by yellow board trap and suction sampling methodsin 2010

Type of paddy fields

Characteristic index Sampling methods
Organic paddy field Chemical control paddy field
S Yellow board trap sampling 57.14+18.50a 42.14+13.79b
Suction sampling 22.71+4.82a 16.43£2.70b
R Yellow board trap sampling 8.83+2.54a 6.76+2.04b
Suction sampling 3.95+0.70a 3.32+0.41a
J Yellow board trap sampling 0.76+0.09a 0.76+0.09a
Suction sampling 0.68+0.08a 0.75+0.08a
H Yellow board trap sampling 3.06+0.46a 2.8340.40a
Suction sampling 2.12+0.32a 2.10+0.25a
P<0.05 6
Data with different letters in the same row indicate significant difference at 0.05 level. The same as Table 6.
22 2011 SFRHFEAMBMERETRAHAERTE 4
ARESRFHEERER S 5 6
2011
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Table3 Eigenvalues, contribution rate and cumulative contribution rate of the arthropod community parameters
in organic and chemical control paddy fields by yellow board trap and suction sampling methods in 2010

Sampling Type of paddy Principal Eigenvalue Contribution rate Cumulative
methods fields component (%) contribution rate (%)
1 2.9647 74.12 74.12
Yellow bogrd Organic paddy field ’ 1.0176 2544 99 56
trap sampling
3 0.0175 0.44 99.99
4 0.0003 0.01 100.00
1 2.6873 67.18 67.18
Chemical control
paddy field 2 1.3098 32.75 99.93
3 0.0018 0.04 99.97
4 0.0011 0.03 100.00
1 3.1077 77.69 77.69
Suction sampling Organic paddy field 5 0.8466 21.16 98.86
3 0.0455 1.14 100.00
4 0.0002 0.00 100.00
1 2.2498 56.24 56.24
Chemical control
paddy field 2 1.6980 42.45 98.69
3 0.0520 1.30 99.99
4 0.0002 0.01 100.00

F 4 BEHUEFMIRASEARMAT 2010 FEHEEMAGEE TR EEWFTERE S ERFHERE
Table4 Eigenvector of the arthropod community parameterson the principal componentsin organic and chemical
control paddy fields by yellow board trap and suction sampling methods in 2010

Yellow board trap sampling

Suction sampling

Type of paddy Characteristic
fields index First principal Second principal First principal Second principal
component component component component

S 0.4805 - 0.5525 0.4834 - 0.5520

Organic paddy field R 0.5453 - 03261 0.5304 - 0.3406
J 0.4027 0.7142 0.4267 0.7161
H 0.5565 0.2798 0.5503 0.2579
S 0.4958 - 0.5083 0.5922 - 0.3344

Chemical control ~ ~

paddy field R 0.5718 0.3032 0.4454 0.5577
J 0.3271 0.7373 0.3431 0.6557
H 0.5658 0.3257 0.5772 0.3837
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Table5 The quantitative dynamics of arthropod community structure characteristic index in organic and chemical
control paddy fields by yellow board trap sampling and eyeballing methods in 2011

Investigation date (month.day)

Sampling Character
methods index

S 3500 46.00 52.00 59.00 67.00 77.00 106.00 50.00

Samples 6.20 7.4 7.18 8.1 8.15 8.29 9.12 9.26

Organic paddy Yellow board trap

ot sompling R 624  7.67 835 929 973 1022 1582 859
J 063 072 073 078 068 070 082 0091

H 225 274 287 320 287  3.05 384  3.54

s 12.00  25.00 29.00 3500 30.00 2500  33.00 23.00

Eyeballing R 223 407 435 548 488  4.06 520 433

J 036 065 043 056 073 079 074  0.80

H 089 209 144 199 248 254 259 252

s 37.00  41.00 42.00 37.00 45.00 62.00  73.00 40.00

Ccsftrr“o‘f;g ady :ieﬁglvivnzoard trap g 679 715 702 603 674 886 1142  7.51
field J 084 084 083 075 070  0.63 0.82  0.90
H 303 313 3.09 270 268 262 352  3.40

s 1000  19.00 14.00 26.00 18.00 22.00  28.00 14.00

Eyeballing R 230 350 267 437 386  4.02 391 233

J 078 075 067 062 084 050 042  0.90

H 1,79 221 177 202 242 156 141 237

R 6 2011 FEMUEMBNEEET 4 M ERRERINEEMLBERTNEREEH S
Table6 Analysison significant difference of four arthropod community structure characteristic index in organic and
chemical control paddy fields by yellow board trap sampling and eyeballing methodsin 2011

Type of paddy fields

Characteristic index Sampling methods
Organic paddy field Chemical control paddy field
S Yellow board trap sampling 61.50+22.11a 47.13+13.17b

Eyeballing 26.50+7.17a 18.88+6.22b

R Yellow board trap sampling 9.49+2.85a 7.69+1.71a

Eyeballing 4.33+1.00a 3.37+0.82b

J Yellow board trap sampling 0.75+0.09a 0.79+0.09a

Eyeballing 0.63+0.17a 0.69+0.17a

H Yellow board trap sampling 3.05+0.49a 3.02+0.34a

Eyeballing 2.07+0.62a 1.94+0.37a

7 44.68%  26.44%
77.20%  75.93% S R J H4
55.17%  71.15%% 99.53%  99.62%

22.33%  23.70% S RJ H4
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Table7 Eigenvalues, contribution rate and cumulative contribution rate of the arthropod community parametersin
organic and chemical control paddy fields by yellow board trap sampling and eyeballing methodsin 2011

Type of paddy Principal Eicenvalue Contribution Cumulative
fields component & rate (%) contribution rate (%)
1 3.0879 77.20 77.20
Yellow Organic paddy
board trap field 2 0.8932 22.33 99.53
sampling 3 0.0182 0.45 99.98
4 0.0007 0.02 100.00
1 2.2068 55.17 55.17
Chemical control
paddy field 2 1.7872 44.68 99.85
3 0.0050 0.12 99.97
4 0.0010 0.03 100.00
1 3.0370 75.92 75.92
Eyeballing  Organic paddy 2 0.9479 23.70 99 62
field ' ’ ’
3 0.0145 0.36 99.98
4 0.0006 0.02 100.00
1 2.8461 71.15 71.15
Chemical control
paddy field 2 1.0573 26.44 97.59
3 0.0902 2.25 99.84
4 0.0064 0.16 100.00

&8 2011 FREMEAF BNEMHE T BNFEAMUKREE T REIEH RS MR R E S ERFHEEE
Table8 Eigenvector of the arthropod community parameterson the principal componentsin organic and chemical
control paddy fields by yellow board trap sampling and eyeballing methods in 2011

Yellow board trap sampling Eyeballing
Type of Characteristic
paddy fields index First principal Second principal First principal Second principal
component component component component
S 0.5004 - 0.4980 0.4785 - 0.5615
Organic paddy R 0.5286 - 0.3770 0.5216 - 0.4184
field
J 0.4100 0.7332 0.4674 0.5955
H 0.5496 0.2689 0.5297 0.3938
S 0.5508 - 0.4295 0.5360 0.3587
Chemical control ~
paddy field R 0.6425 0.2207 0.4752 0.5462
J 0.1785 0.7208 - 0.5640 0.2929
H 0.5020 0.4973 -0.4107 0.6980
99.85% 97.59% H H
85% 8 0.5496 0.5297 4

4 S R J S RJ H
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