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Effects of sowing mixed crops of resistant and susceptible cultivars
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Abstract [Objectives] To identify the optimal ratio of resistant (R) and susceptible (S) soybean cultivars that should be
sown to reduce insect pest numbers and maximize crop yield, thereby achieving the maximum possible soybean yield without
pesticide use. [Methods] Different ratios of soybean varieties that were either resistant (cv. Lamar) or susceptible (cv.
JLNMH) to Spodoptera litura were sown (R and S monocultures plus four mixed crops; 90% R and 10% S (9R1S), 80% R and
20% S (8R2S), 70% R and 30% S (7R3S), and 50% R and 50% S (5R5S)), to determine the effects of each seed ratio on
soybean yield, the population dynamics of key insect pests (S. litura and Megacopta cribraria) and insect community diversity.

[Results] There was no significant difference in the number of individual S. litura and M. cribraria per 100 plants among the
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different sowing treatments, but all treatments had significantly fewer of these species than the S monoculture. The insect
community diversity index (H) and evenness index (E) of the 8R2S, 9R1S and R treatments were significantly higher than
those of the other treatments, whereas the dominance index (C) of these three treatments were significantly lower than those of
the other treatments. In addition, the insect community richness index (D) was lower when greater proportions of the sensitive
cultivar were sown, and the richness index (D) of the 8R2S, 9R1S and R treatments was significantly higher than that of the S
treatment. Sowing different cultivars significantly affected the dry weight of grain per 100 plants but there was no obvious
effect on the 1000-grain dry weight. The R and 9R1S treatments had the highest grain dry weight per 100 plants, and this
tended to increase with the proportion of resistant cultivar sown. [Conclusion] Sowing a mixture of resistant and susceptible
cultivars can efficiently reduce the abundance of major soybean pests, and sowing = 80% of the resistant variety
significantly improves the diversity, evenness and richness of the insect community, and soybean yield. Consequently, we
recommend sowing > 80% resistant soybean seed to control soybean pests and improve yield.

Key words soybean; seed-mixed sowing with resistant and susceptible cultivars; population dynamics of insect pests; insect

community diversity; yield; control damage and protect production
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(i.e., monoculture) and seed-mixed sowing
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Fig. 2 Population dynamics of Spodoptera litura (A) and Megacopta cribraria (B) fed on soybean plants of different
ratios of seed-mixed sowing with the high resistant (Lamar) and high susceptible (JLNMH) cultivars
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Table 2 Repeated-measure analysis of variance
(ANOVA) on indicators of insect community in different
proportion of high resistant and high susceptible soybean
mixed sowing fields (F and P value)
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Fig. 3 Value dynamics of insect community indexes of diversity H (A), evenness E (B), richness D (C) and
dominance C (D) in soybean plants of different ratios of seed-mixed sowing with high resistant (Lamar; R)
and high susceptible (JLNMH; S) cultivars
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Histograms with different lowercase letters indicate significantly different among different seeding types of
soybean cultivars by the LSD test at 0.05 level. The same as Fig.4.
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Fig. 4 Grains dry weight per 100 plants (A) and 1000-grains dry weight (B) of soybean plants in different
proportions seeding types with high resistant (Lamar; R) and high susceptible (JLNMH; S) cultivars
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FRRE, X35 U B 145 e T (MR R 7k
&%, 1999 ), BEPiiEMBR ( Combined resistance
hypothesis ) AR, 75 EAY 5AEH FHIYIE K
A RS = A A P SRR L g E
PEEL 1% ( Sholes, 2008 ), A#F5H, %t
TR EBEZHMRE (H) fS) % (E)
M7, 9RIS Ml 8R2S JRIE K R HAEALH B 2 &
T 7R3S. SRSS {R#%K M S #ifE, H 9RIS. 8R2S
TRFEM R A/ = 2 M ER AR E ., W,
PR B KGR FARFE L GRRE T R it
= 80% A7 | 2 55 K L HORE 5 2 R PR Y
IR, MR HRBHER AR X TR AR
EJE (D) M7, 9RIS Hl 8R2S IRIFAL T &5
F SR5S #1 S HfE, HEmbuafh (R) Brdi tufil
i, FE R, teAh, TR R
HAJEFREL (C) M5, 9R1S, 8R2S IRHEA R
PAMEAL PR FAET 7TR3S. SRSS IRIEM S B4,
H=FZRZERFAEE. oL, Sy K
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G FAR AR T EPUS A R S ERT
80%H FE HUBE VR AR B RRAIG, B I () L34 da o
BE & A BRI, PRI R R BES R e A A,
U, EESAE R EAE 7= rp oR R P R e JaR e R
FRIEES, Brdk il b 2R 3] 80% A A A
FIF 4 i B RBEVE 2R, TR R R e
FI, e AR E G EH

VEYIAS ] ft ARG A A T R i VR =i (7F
HOARAE, 20035 BRASHIAE, 2009) o REZFHIN
A AS ] b A a] 4 AR AR G 2R TR A e
PERZ —. i B E4 (2018 ) BFRXER, &
KRR IR e 2 S5, SOt R A T XL
okt B R T T KL EHER, T
TR R, IWdtm 7 FKk7 8, nlil, fE
Yy R EAMERTA R TG . I KSR HARTE
RIS FAYEC, A R TUMARERR “JRE” &
AN Tz iy, R ] MR AN B KA 46
BRI VE ) 093G 7= BAE o IR 1T LA
Aok e R MU e A Sk S B E R = . anX)
THHAE (2003 ) BFST & BUK RS SRR RS N 6 AR
A BB IARCR, HARE T AR
pNCN 0 N NISNER 7 3 o A 0 | A b3 iR
o BT R e R K G T AN ) BB A A B
Pranfh RS HAREm, 2&E BT ER. H
W R R R R SRR ] R AR b B
9RI1S, VUK EPriiFh (R) SRR N A HRFF
K, HBESTEEBERMSF (S) BiEL
B, H 8R2S. 7R3S Fl 5R5S IRAKAL PG S FALE
VLS L i S| NI ER /S S AT Wi =8 N | a0
PUB SR (R) PR N K E TR RS E ST
SRSS IRAEAT S HfE, {05 HABIRRE AL (9R1S .,
8R2S 1 7R3S ) Z[ETCRE 2SS Al UL, SHum
R KGR IR (JUHE S P SR (R)
di b 50%L 1) AR F RS E AR RE R E ATk
&, HEyrdudfh (R) itk 90%Lh b TR Xt
K MRAFRLEE 3 = SO e, SR SR
(R) HAER) A bR ™ i —2

LEAORE, mbtm A (R) 5B F (S)
P A L ENRRE T, B SPULmF (R) B
FO B B4 e, TR A B TR B AR

U RN 0 i AR A R RO AR e, IR IR
SR /30 A2 2 N By i S I Bk ) 1 s
PE, XPRG R E A L5657 IR R AL 30T
FEF AR AR | BEVR 2R R O R Y
mel, Yy dianFh (R) B HeBilR 155 80%KT,
PR (R) 5Bl aFr (S) FhFIRHE L
Rift, BN KEIREFRE. TR, N
IRB G DR ROR , TESEBRAE P b i
Fi(R) SE A (S) RIERT R R R
i U KT 80%.

£k (References)

Cha T, Zhong XB, Zhou QZ, He MD, Wang GF, You JH, Wang ZQ,
Tang GX, 2018. Development status of China's soybean industry
and strategies of revitalizing. Soybean Science, 37(3): 458-463.
(&, ME(H, FREG 2, AR, JLate, 1T A,
JEEER, 2018. FRER T/ A& B KR 24, KEREE,
37(3): 458-463.]

Chabi-Olaye A, Nolte C, Schulthess F, Borgemeister C, 2005.
Relationships of intercropped maize, stem borer damage to
maize yield and land-use efficiency in the humid forest of
Cameroon. Bulletin of Entomological Research, 95(5): 417-427.

Chen QC, Zhu YY, Li ZQ, Tang YS, Kang ZS, 2009. Effect of
wheat cultivar mixtures on wheat yield and stripe rust. Chinese
Journal of Eco-Agriculture, 17(1): 29-33. [FiAAT, KA H, 2=
PR, kA, YRR, 2009. AN[E] S ARTERN /N P i K gk
sz, HEA SR =], 17(1): 29-33.]

Dong WX, Xu N, Xiao C, 2013. Effects of plant diversity on
plant-eating insect behavior. Chinese Journal of Applied
Entomology, 50(4): 1133-1140. [FE3CEE, T, 7, 2013. fF
Wy 22 R L b A XA B B AT R R e R AR
50(4):1133-1140.]

Dong ZL, Yin SS, Wen YJ, Ma L, Song JX, Shi AX, Gao X, Li Q,
2013. The influence of corn intercropping on the structure and
stability of insect community in Zanthoxylum bungeanum garden.
Journal of Yunnan Agricultural University (Natural Science),
28(5): 647-653. [FEHRME, BEILiL, SCHk, D, REME, A
O, Wik, 20, 2013 AR XSAEARIE B BURE T A A K
Fa B PE R WA . 2 ARl R A2 2 4R (H AR B2 D), 28(5):
647-653.]

Finckh MR, Gacek ES, Goyeau H, Lannou C, Wolfe MS, 2000.
Cereal variety and species mixtures in practice, with emphasis on

disease resistance. Agronomie, 20(7): 813-837.



24 VT BIA: PCHURER R SRR 7 i S 3 BRI e 2 B SR A 2 R ) - 423 -

Gao D, He XH, 2010. Research advances on biodiversity and
ecosystem stability. Chinese Journal of Ecology, 29(12):
2507-2513. [k, fiIfE4L, 2010. AW EZFESESRER
ETEVFITEE R, AR, 29(12): 2507-2513.]

Gao Y, Shi SS, Xu ML, Cui J, 2018. Current research on soybean
pest management in China. Oil Crop Science, 3(4): 215-227.
Han BY, Jiang CJ, Li ZM, 2001. Compinents of arthropod
communities in tea gardens with four different cultivation types.
Acta Ecologica Sinica, 21(4): 646-652. [Bh5:Hi, VLER, 28l
R, 2001, [IVESALMAAAT AR RS AN SR, S

224, 21(4): 646-652.]

Han LL, Wang K, Li DP, Zhang WL, Chen Y, Zhao QJ, 2016.
Effects of the potato-soybean, and maize-soybean, intercropping
modes on the population dynamics of the main piercing-sucking
pests, and other pests, in soybean fields. Chinese Journal of
Applied Entomology, 53(4): 723-730. [, Fii, 224K,
RS, BRIE, BMEEZE, 2016, DK, FOKR-KEAREX
p NN s LG vl (Y DS Rl i G 3 oS <A TR AL |
L 2ER, 53(4): 723-730.]

Hou ML, Sheng CF, 1999. Effect of plant diversity in
agroecosystems on insect pest population. Chinese Journal of
Applied Ecology, 10(2): 245-250. [ 54k, BE& %, 1999. 4 [
ARG Z AV F AR R T AR AR,
10(2): 245-250.]

Hu DD, Zhang JW, Liu P, Zhao B, Dong ST, 2018. Effects of

mixed-cropping with different varieties on photosynthetic

characteristics and yield of summer maize under close planting

condition. Acta Agronomica Sinica, 44(6): 920-930. [#]H H,

SRR, XUME, BOR, FERSE, 2018, BRLAME T EKAFPR

X E EARCE TERE L i m . AR =i, 44(6):

920-930.]

FS, 1990. Catalog of Chinese Wild Soybean Resources. Beijing:

Agricultural Press. 355. [Z=ffLl, 1990. rvE B KT HIEH

s dbmt Rl AL 335.]

Li LK, Zuo CB, Yu FL, Wang L, Li Z, Chen FJ, 2019. Effects of

Li

monoculture and intercropping of maize and soybean with
reduced use of fertilizer on crop yields, insect community
composition and diversity. Journal of Plant Protection, 46(5):
980-988. [ZE iHh, ZifkE, THiZ, £, &, BRIKE,
2019. BRI T T K- T2 IR X f4 77 4 1 R ER RV 4 A
R ZREVERSEIA. RO 2541, 46(5): 980-988.]

Lin KJ, Wu KM, Zhang YJ, Guo YY, 2006. Evaluation of piemarker
abutilon theophrasti medic as a trap plant in the integrated
management of Bemisia tabaci (biotype b) in cotton and soybean

crops. Scientia Agricultura Sinica, 39(7): 1379-1386. [#FE%!,

RILW, SRR, ST L, 2006. FFHIESE A EHRREA b 8
TR EVBIESE. R B, 39(7): 1379-1386.]

Liu EM, Zhu YY, Xiao FH, Luo M, Ye HZ, 2003. Using genetic
diversity of rice varieties for sustainable control of rice blast
disease. Scientia Agricultura Sinica, 36(2): 164-168. [X] .M,
KA B, e, B, AR, 2003, KA AN SRR AR
SERIRERRITSE. P ERALRIE, 36(2): 164-168.]

Liu GJ, Chen SG, Wang JY, Shen JH, Shen JH, Sogawa K, Xie XM,
Qiao QC, Pu ZG, Shi DG, Liu XG, 2003. Preliminary study on
suppression of the whitebacked planthopper, Sogatella furcifera
by cultivating the mixture of the resistant and susceptible rice
varieties. Chinese Journal of Rice Science, 17(Suppl.): 103-107.
XA, Bk, EA0T, R, FEI—, 5, kH
#, WIEE, A%E, XIS, 2003, RADKAEGT AR AU
BH S A CE A R RO, PEDKARERE, 17 ()
103-107.]

Liu QQ, 2007. Effects of intercropping with different rice varieties
on arthropod communities in rice fields. Master dissertation.
Fujian: Fujian Agriculture and Forestry University. [XI|H:4x,
2007. AKFEAN [7) ity Aol 1] 45 Xof e FH 55 e s E I8 B 5200 5+
ORI AR RO

Li Z, Li LK, Liu B, Wang L, Parajulee MN, Chen FJ, 2019. Effect
of seed mixture sowing with transgenic Bt rice and its parental
line on the population dynamics of target stemborers and
leafrollers, and non-target planthoppers. Insect Science, 26(4):
777-794.

Li Z, Wan GJ, Wang L, Parajulee MN, Zhao ZH, Chen FJ, 2018.
Effects of seed mixture sowing with resistant and susceptible rice
on population dynamics of target planthoppers and non-target
stemborers and leaffolders. Pest Management Science, 74(7):
1664-1676.

Ma JH, Zhao ZH, Zhang R, 2017. Sowing a mixture of alfalfa
modulates the population density of alfalfa pests. Pratacultural
Science, 34(12): 2521-2527. [Sha4E, X4, Tk, 2017, &
TR A 7 ik e T R RE R R B M. R R,
34(12): 2521-2527.]

Ma KZ, 2004. Effects of wheat-alfalfa intercropping on dynamics of
Macrosiphum avenae (Homoptera: Aphididae) and its natural
enemies. Master dissertation. Shanxi: Northwest A&F University.
[Eh5i4r, 2004, /NAZ- A& TR 22 KA IF B O 32 2R b
RESIASHYREM. AL AR08 S0 BRVE: PHAbAMRHE A ]

Pan PL, 2016. Effect of raising crop diversity on the occurrence of
plant diseases, insect pests and their natural enemies. Doctoral
dissertation. Beijing: China Agricultural University. [J§M552,
2016. HEANAEY) 22 RV iR FRFOR AL RS R . (L2



-+ 424 - R B 31244 Chinese Journal of Applied Entomology 58 &

g, dbmt: iPEfL R

Rao KR, Thakur NSA, 2009. Seed treatment and intercrop systems
for the management of leaf folder (Nacoleia vulgalis) and stem
fly (Ophiomyia phaseoli) in soybean (Glycine max). Indian
Journal of Agricultural Sciences, 79(8): 662—-665.

Shen JW, Liu ZC, Cai YJ, Zhang WQ, 2005. Effect of mixture
cropping of multiple rice varieties on brown planthopper
(Nilaparvata lugens) and spiders. Chinese Journal of Biological
Control, 31(3): 327-332. [VL&a), XUZSE, LR, KUK,
2015. JKAFE AN ZFEPEXS KR S R SR b [ AR ) B
AR, 31 (3): 327-332.]

Sholes ODV, 2008. Effects of associational resistance and host
density on woodland insect herbivores. Journal of Animal
Ecology, 77(1): 16-23.

Wang H, 2011. Evaluation of soybean resistance to Spodoptera
litura, QTL association analysis of related traits, and haplotype
identification of GmAOSI gene. Doctoral dissertation. Jiangsu:

2011, K EXIREBIK
BOBTPERTPA . AROCHER QTL BOCHIM T &2 GmAOSI ZEH i1
BARERIE. TSR 00R S0 TI9N: M el K2 ]

Wang JL, Kong LC, Cao CF, Gan BJ, Wang R, Zhao B, Zhao Z,

Nanjing Agricultural University. [ 12,

2003. Preliminary report on yield and quality effects of mixed
wheat varieties. Journal of Anhui Agricultural Science, 31(6):
947-948. [TEAEK, FLAM, H7RE, HRAR, Eh, Bk, &
1, 2003. /NZZ SRR AR A 5 5 h B AR, B R
2%, 31(6): 947-948.]

Wang YZ, Yue YH, 1998. Efficacy of interplant and mixture sowing

of maize and soybean on pest and disease management in

soybean. Plant Protection, 24(1): 13-15. [EEIF, EEKE, 1998.

R K VR FNR] 7R X K S0 R A= (M 25 5 B8R A
PR, 24(1): 13-15.]

Wang YB, Zhang Y, Shi MW, Yue JL, Wang JY, Zhang ZY, 2000.
Research on agricultural pest control history. Journal of Henan
Institute of Science and Technology, 28(3): 10-13. [Fiz %, 5k
#, AUIHE, Eak, £XK ez, KIEL, 2000 ol mBiih
T BT, RS BB AR, 28(3): 10-13.]

Wolfe MS, 2000. Crop strength through diversity. Nature,

406(6797): 681-682.

Xiao ZJ, 2019. Effects of mixed soybean cultivars with different
resistance on soybean yield and insect community. Master
dissertation. Jiangsu: Nanjing Agricultural University. [H T45,
2019, AN[FHTCH: R T AR X O T A R R (1 R
M2 E AT TITR: B AR R ]

Xie GH, Cui HD, Dong Y, Wang XQ, Xie Y, 2016. Crop rotation
and intercropping with marigold are effective for root-knot
nematode (Meloidogyne sp.) control in angelica (Angelica
sinensis) cultivation. Canadian Journal of Plant Science, 97(1):
26-31.

Xing GN, Liu K, Gai JY, 2017. A high-throughput phenotyping
procedure for evaluation of antixenosis against common
cutworm at early seedling stage in soybean. Plant Methods,
13(1): 66.

Xu SM, Liu XR, 2003. Survey of soybean pests. Journal of Beihua
University (Natural Science), 4(6): 478-483. [, iﬂ%ﬁﬁﬁ,
2003. REFRMAFFML. JLEREFH (A AT
4(6): 478-483.]

You SJ, Zhang J, Li JY, Chen YT, Liu TS, Niu DS, You MS, 2019.
Theoretical study and practical application of utilizing
biodiversity to enhance pest control in agroecosystems. Chinese
Journal of Applied Entomology, 56(6): 1125-1147. [Jt+38, 5k
N, BEE, PRl XIRAE, R, LRA, 2019. FIHE
YRR EY) F R EE S, N R BUFR, 56(6):
1125-1147.]

Zhang LW, Han GX, 2018. A review on the relationships between
plant genetic diversity and ecosystem functioning. Chinese
Journal of Plant Ecology, 42(10): 977-989. [3KffiSC, &) 4T,
2018. tEB ML 2R S AR S R B X RIS, 1H
YIHEAR AR, 42(10): 977-989.]

Zhou HB, Chen JL, Liu Y, Chen DF, Chen L, Sun JR, 2009. Using
genetic diversity of wheat varieties for ecological regulation on
Sitobion avenae. Journal of Plant Protection, 36(2): 151-156.
Ui, PREE, X5, B8R, WK, Fhaths, 2009. /b
sl o 2 M o 22 A I 1 A S TR AE . R R A AR
36(2): 151-156.]



