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A study on system optimum control to diseases and insect pests of

summer soybean

WANG Yu-Zheng', MA Lun®, WANG Ji-Zang?, REN Xi-Zhou?, ZHU Wan-Liang®’
(1. Ceneral Station of Plant Protection of Shandong, Ji'nan 250100, China;2.County Station of Plant Protection of
Heze 27400, Chinas3. Bureau of Agriculture and Animal Husbandry of Guangrao CountyGuangrao 357300,China)
Abstract: The integrative effect of 16 controllable factors of soybean fields on diseases and insect pests.,
natural enemies and soybean yield was studied from 1993 to 1996. According to the criterion of good con-
trol to the pests, increase of soybean yield and protection of natural enemies, the 16 controllable factors
were evaluated synthetically and the optimum system control to the diseases and insect pests of sunmer
soybean was suggested as follows: soybean sown in the same maize hole (4 to 1) or soybean interplanted
in the maize field (9 to 2 rows), cultivar the variety Ludou 4, sowing time on about 10 June, dressing
seed with trace element fertilizer at 1800g/hm?, dosages of fertilizer N, P,O;, K,O and solid manure ap-
plication at 45kg/hm?*, 60kg/hm?*, 150kg/hm?*and 22500kg/hm?* respectively, mixture dressing seeds with
phorate and carbendazim 0. 36% and 0. 1% of seed weight respectively, control soybean aphid with pirmi-
carb at 60g/hm?*, control soil insect with isofenphos-methyl at 67. 5g/hm?, control leaf-eating insects and
soybean borer with Bt at 3000g/hm?®. The technologies of optimum system control to the diseases and in-
sect pests were made up in the three different modes including soybean sown in the same maize hole. soy-
bean interplanted in the maize field and monoculture soybean. It demonstrated that the three techniques
were significantly characterized by a good control to the diseases and insect pests as well as an increase of
the soybean yield and natural enemies.
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Table 1 Main factors and treatments of experiment
<S ) fTr‘:T N P.O; K20 Solid Covered
rtil- y 2re
Plan-  Cult- o.wmg Pf (kg/ (kg/ (kg/ manure Growth OVLr,L
Year Treat- . . time izer > ) plastic
ting ivar hm?) hm?) hm?) (kg/ hormone .
ment J (month. (g/ hm?) (a/hm?) film
mode 2
¢ date) hm?) m g/hm
1993 1 ® 2 6.10 0 45 30 90 0 0
2 @) 4 6.15 450 75 60 120 2500 @
3 ® 6. 20 750 105
4 1050
1994 1 2 6.10 450 45 15 120 0 ®
2 4 6.15 750 75 30 150 22500
3 66  6.20 1050 105 60 180
4 1©®
1995 1 2 6.10 0 45 60 75
2 4 6. 20 1050 75 120 150
3 6 6. 30 1800 150 180 225
1996 1 4 6.10 1800 45 60 150
2 4 6.10 1800 45 60 150
3 4 6.10 1800 45 60 150
(DInterplanting ; @Same hole; )Monoculture; MLudou; &Kefeng 6; ©Jufeng 1; (M Ainong; @No covered film
1.2
, 5 s 20, 100 , 5d 1 .
5 9’ 4 9 o b 9
[2]
9’ o
S= EDTD D 2 T 2 .
2
2.1
2.1. 1 (Soybean mosaic virus) s
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2 s : (42.5)> (30.0)>
P,0O;(22.5)> (17.5)>K,0(15. 0)>N(7.5)> (5.0, . s
C 2, s - (2) ,
s . (3) ,6 0 10,15,20.30 4 6 15~20
’ o (4>N\P2()3\ KZ()’ N ~ ’ o ’ N
2 (ZDT)

Table 2 Integrative effect of controllable factors on soybean mosaic virus

. .. . Covered
Year Trea- Planting Cultivar 50'ng Tr.a.ce N P,0O; K,O Solid Growth plastic
tment mode time fertilizer manure .
hormone film
1993 1 14.0 28.5 20.5 107.0 107.0 107.0 107.0 107.0 107.0
2 32.5 107.0 107.0 99.5 39.0 97.8 40.0 57.0 7.5
3 107.0 30. 8 83.1 9.0 5.0 29.0
4 27. 4
1994 1 36. 4 47. 4 47. 4 47. 4 121. 4 58.8 69. 6 47.4 47.4
2 29. 4 64.5 154. 3 44.9 47. 4 47. 4 47. 4 42.0 24.3
3 47. 4 61.3 78.3 31.8 37.6 33.0 39.9
4 65. 4
1995 1 5.0 17.5 10.0 42.5 22.5 30.0 25.0
2 12.5 20.0 27.5 10.0 15.0 15.0 17.5
3 35.0 15.0 15.0 8.0 15.0 7.5 10.0
w 30.0 5.0 17.5 42.5 7.5 22.5 15.0
@ 2 7 4 1 6 3 5
3.13 <1 <1 6. 34" <1 1.69 <1
(DExtreme difference ,2)Order, @) Variance
2.1.2 (Aphis glycines Matsumura) 3 s : .
(53990) >N (17640)> (13480) > (12388)>K,0(10460) >P,0;(8520) > (5020);
s (270530) > (185800)>P,0;(119350)> (110230) > (947100 >N
(854100>  (19250), , ) B,
C 3, s s
. (2) s 4 . (3 s . (4) .1800g/hm?* s
,  1800g/hm?* . (5N, . (6)P,0;, 60kg/hm? .
(HK,0, . (&) s o s
2.1.3 (Argyrogramma agnata Staudinger) 4 s
912)> (792)> (742)>K,0(361)> (293)>P,0;(185)>N(176), s
4 , . . v,
C . s ) . (2) s .
(3 s . (DLK,0, . (5) s 4 . (6)P,05, . (7N,
. (8 s . (D) s B s
N Bt . 53.1%.62.5% 53.0%,

. 2.1. 4 (Clanis bilineata walker) 5 s

17> (893)> (786)> U77)>P,0; (374 >N (319 >K,0(196), 3

’ ° ’ ~ ~ 1}
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Table 3

3 >

D1

Integrative effect of controllable factors on Aphis glycines Matsumura

Pl,ani Culti- Sowing Tra(?e P,0Os K,O Solid Growt Coverled C(,)mr,()l
Locale Year Treatment ting . ferti- plastic Aphis
mode var tme lizer manure hhor- {ilm glycines
mone Matsumura
1993 1 11050 29740 19690 13570 6980 35060 13570 13570 13570
Jiaxiang 2 13570 25303 13570 26240 13570 13570 20360 24320 20780
3 35960 13880 48310 13860 40970 24270
1994 1 10790 27540 38450 20640 21200 29780 19140 24210 24210
2 13530 24210 27950 24210 24210 24210 15250 35290 20270
3 24210 21745 24210 33610 30670 17130 24210
4 27890
1995 1 62690 78700 85810 79060 68450 74140 72110
2 57780 74260 74110 82780 77700 75440 77380
3 111770 79280 72330 70400 86090 82660 82750
@ 53990 5020 13480 12388 17640 8520 10640
2 1 7 3 4 2 6 5
109.59™ 0.93 6.60" 4.96 9.57° 2.59 3.48
1995 477180 396160445610402460364540338300 — 403110
Heze 230960 351620413210413210395140413680 — 310360
501490 461850350900393960449950457650 — 496160
a 270530 110230 94710 19250 85410 119350 — 185800
® 1 4 S 7 6 3 — 2
P47 47 6.51° 4.90 0.2 3.96 7.71° — 18. 27"
DExtreme difference s 2)Order,(3) Variance
4 (22D

Table 4 Integrative effect of controllable factors on threespotted plusia

Covered Control

Trea- PFanf Cult- Sowing Trac.‘e P,0Os K,O Solid | . hree-
Year ting . . ferti- Growth plastic spot-
tment ivar time ) manure .
mode lizer hormone film ted
plusia
1993 1 947.5 1826.5 1574. 0 2192  1574.0 3404.0 2128.0 1574.0 1574.0 52.9
2 1432.0 1574.0 1579.5 1972.5 1792.0 1727.5 1921.5 1291.5 1387.0 59.1
3 1574.0 2003.5 1887.5 2199.5 1574.0 1574.0 41.9
4 1574.0 —
1994 1 400. 5 1152.0 685.5 918.5 650.5 911.0 864.5 685.5 685.5 46.1
2 393. 5 655. 5 1161.0 685.5 685.5 685.5 685.5 639.5 774.5 68.0
3 685.5 511.5 1304.5 556.5 801.0 608.5 530.0 70.7
4 1305.5 —
1995 1 1032 1346 1046 1759 1295 1438 1619
2 1245 1261 1387 1495 1455 1484 1344
3 1944 1584 1788 967 1471 1299 1258
a 912 293 742 792 176 185 361
1 5 3 2 7 6 4
25.24* 2. 69 15.29* 18.05* 1.05 1.03  3.94*
(DExtreme difference,@Order,3)Variance
C 5. s s . (2)
. (3 s s . (D) s 4 . (5)N,
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s . (6P,0; K0,

. . Bt ,
48.1% 74.1%. Bt o
2.1.5 (Leguminivora glycinivorella Matsumura, Etiella zinckenella Treitschke) 6
s : (173.2)> (71.0)>P,0;(45. 2) >N(43. 1) >
(40. 4)> (34.3)>K,0(33.0), s s )
C 6, ) . (2) s
. (HP.O;, . (N, . (5 s ,
. (6) ) 4 ) 2 . (DK,0, . , N
o Bt s 50.8%.58.5%
53.0%, Bt .
5 (D7)

Table 5 Integative effect of controllable factors on Clanis bilineata Walker

- < Control
Plan- Trace Covered
. A(m . Sowing rd%L N P,0s5 K,O Solid Growth OVG_L Clanis
Year Treatment ting Cultivar | ferti- plastic L
time . maure  horm- . bilin-
mode lizer one film cata
Walker
1993 1 0.0 49.5 0.0 53.0 0.0 53.0 53.0 53.0 53.0
2 13.0 53.0 37.5 61.0 53.0 23.5 10.5 42.5 19.0
3 53.0 53.0 0.0 61.0 13.0 0.0
4 0.0
1994 1 98.5 140.0 137.5 198.5 111.5 181.5 186.5 137.5 137.5
2 78.0 137.5 142.5 139.0 137.5 137.5 137.5 153.0 67.5
3 137.5 96. 0 197.0 137.5 145.0 137.5 119.5
4 205.5
1995 1 1237 1404 976 1750 1170 1518 1437 48. 4
2 938 1073 1307 1420 1350 1365 1349 74.1
3 1852 1550 1744 857 1498 1144 1241 —
0 914 477 768 893 319 374 196
1 4 3 2 6 5 7
® 17.70* 4.32* 10.73" 14.74* 1. 84 2.56 0.70
(DExtreme difference ,@)Order,(3)Variance
2.1.6 (1) (Heliothis armigera Hubner) ,
(362)> (323)> (312)>P,0;(300) > (255)>N(142)>K,0(115), s
o ’ H ’ H

4 ; 3 , H .

Bt 53%.60.4% 58.8%., Bt . (2) (Liriomyza sta-
tivae Blanchard) , : (712.5) >N (572.5) >
(567.5)> (515. 7)>P,0;(387.5) > (382.5), s B

; 5 4 s 2 ;

, ; ; . (3 (Holotrichia parallela Mtschul-
sky), : (1.97) >N (1. 49> (1.27)> (1.13)
> (0.99)>P,0;(0. 30), 3 s o

, ; ; 4 s 6 ;

5 ; ; 63.6%



3 : 507

70.4%, o
6

Table 6 Integrative effect of controllable factors on soybean borer

Plan- Trace Covered
Cult- Sowing N P,0; K,O Solid
Year Treatment ting . . ferti- Growth plastic
var time manure
mode lizer hormone  film
1993 1 24.1 44. 6 15. 8 63.5 32.9 32.9 21.4 32.9 32.9
2 27.1 32.9 31.4 41.3 34.2 31.9 32.9 34.8 39.3
3 52.9 32.9 38. 4 36. 6 22.8 101.7
4 32.9
1994 1 10. 8 32.3 25.1 39.7 23.3 27.3 25.1 20.1 21.7
2 14.1 25.1 43.5 32.1 25.1 25.1 34.5 25.1 25.1
3 25.1 16.2 59.9 25.1 30.0 22.9 56.0
4 34.5
1995 1 127.3 152.7 39.3 177.1 125.1 172.1 128.9
2 145. 4 126.7 188. 6 157.1 147.1 141. 4 149. 6
3 167.7 161.0 212.5 106.1 168. 2 126.9 161.9
o 40. 4 34.3 173. 2 71.0 43.1 45. 2 33.0
® 5 6 1 2 4 3 7
1. 20 0. 94 25.85™ 3.94™ 1. 36 1. 56 0. 82
(DExtreme difference ,2)Order, @) Variance
2.2
2.2.1 7 s : (176)>N
(142. 6)> (129)> (89.5)>K,0(85.5)> (81.5)>P,0;(70.5), s . .
C 7D s . (2N,
. (3 s N o R 4Y s . (5P,0; KO, .
. (6) s 4 . (D) s .
(8) s . s
12.5%  20.8%,
Bt 13.5% —0.2%.Bt .
2.2.2 o] :

s s 84.0% .86.5%; 58.9%.80.6% ; 41. 3%
52.3%; o (Propylaea japonica Thunberg) (Harmo-
nis axyridis Pallas) s 62.4% 10.3%; (Chrysopa sinica Tjeder) s
57.9%; (Epistrophe balteta De Geer) (Syrphus corollae Fabricius)

s 56.3%.31.6%; (Erigonidium gramincolum Sandevall) (Mis-
umenops tricuspidatus (Fabricius)) s 33.8%  26.2%.

s s (Trioxys auctus Haliday) s 23.9%.
29.9%, (T'richoramma dendrolimi Matsumara ) N 13.0%
20.5%; (Casinaria nigripes Gravenhorst) (Apanteles ru-

Sficrus Haliday) s 45.0% 23.0%, 18.7% 25.3%.
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20
7 (ZDT)
Table 7 Integrative effect of controllable factors on Ladybird
Plan- Trace Covered
Cult- Sowing N P,0; K,0O Solid
Year Treatment ting ) ) ferti- Growth plastic
ivar time manure
mode lizer hormone  film
1993 1 154.5 52.0 94.0 94.0 94. 0 53.0 28.5 94. 0 94. 0
2 138.5 94. 0 49. 5 80.5 75.5 86.5 94.0 41.0 78.0
3 94.0 36.0 41. 0 70.5 94.0 104. 0
4 0.0
1994 1 264.0 95.5 138.5 138.5 153.5 81.5 138.5  147.0 138.5
2 291.5 138.5 138.0 111.5 138.5 103.0 139.5 138.5 68.5
3 138.5 116.0 130.0 76.0 131.5 138.5 157.5
4 123.5
1995 1 284.0 208. 5 292.2 239.0 258.0 177.0 155.0
2 234.0 249.5 171.0 237.5 252.5 201.5 229.5
3 108.0 168. 0 163.0  149.5 115.5  247.5  241.5
0) 176.0 81.5 129.0 89.5 142.5 70.5 86.5
@ 1 6 3 4 2 7 5
® 21.85™ 4.41 13.88" 6.98" 17.30" 3. 40 5.03
(DExtreme difference,@Order,(3)Variance
2.3
C 8 (1960.5)> (537)> (162)>
(159)>N48)>P,0;(37. 5)>K,027), s N N s
¢ 8, s s
33.3%  33.2%; , 9:2 (9 2 ), 4:1 4 1
) . (2) s . (3) . (4) :3
4 . (5)N: . (6)P,0; K,O: 60kg/hm?* 150kg /hm? .
" . (8) . (9) . \
. 11.2%.11.5%.13.6%.21. 7%  17.8%,
; N N N 120 17. 6%
—14.6%.7.9%.9.7% 11.9%., ;

28.6% 13.0%; N 20. %.23.2%.
14.5% 5 N Bt 6.9%.16.2%
13.7%, ) Bt; Bt 10.8%.21. 6%

30.5%, ) Bt,

2.4
: 4:1 ) 9:2 ), 4,6 10 s
1800g/hm? » N45kg/hm?*, P,O;60kg/hm*, K,05;150kg/hm?*, 22500kg/hm?, 60 %
0.6% 50% 0.2% ,50% 120g/hm? . 3%
22. 5kg/hm?* ,Bt 3000g/hm?* .

N 3 C D, .

87.9%.83.3% 71.2%, 89.2%.81.2% 59.6%,
86.1%.85.7% 69.4%., 100%.100%  100%
256.7%.204.2% —14.4%, 492.1%.131.6% —34.2%, 133.3%.
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70.1%  —23.2%; 28.1%.16.0% 15.3%,3 , .
9 o
8 (kg/hm?)
Table 8 Integrative effect of controllable factors on soybean yield
Plan- ) Trace ) Covered
) Cult- Sowing ) N P,0Os K,O Solid )
Year Treatment ting ) ) ferti- Growth plastic
ivar time manure
mode lizer hormone  film
1993 1 921.0 1582.5 2464.5 1812.0 2032.5 2032.5 1897.5 2032.5 2032.5
2 742.5 2031.0 2029.5 2032.5 1764.0 2559.0 2032.5 2590.5 2086.5
3 2032.5 1587.5 2173.5 1747.5 2086.5 2055.0
4 2409.0
1994 1 1237.5 2076.0 2206.5 2206.5 2437.5 2373.0 1807.5 2206.5 2206. 5
2 696. 0 2206.5 1846.5 2242.5 2289.0 2206.5 2206.5 2584.5 2067.5
3 2206. 5 2445.0 1510.5 2262.0 2206.5 2484.0 1612.5
4 2557.5
1995 1 1087.5 1284.0 1645.5 1312.5 1414.5 1407.0 1369.5
2 556.5 1443.0 1407.0 1357.5 1381.5 1384.5 1395.5
3 2517.0 1435.5 1108.5 1483.5 1366.5 1369.5 1396.5
o 1960. 5 159.0 537.0 162.0 48.0 37.5 27.0
@ 1 4 2 3 5 6 7
® 729.22* 5.75™ 51.36™ 5.11* 0.42 0. 26 0.16
Variance
(DExtreme difference ,@2)Order,(3)Variance
3
. . 9
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