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Abstract [Objectives] Crop diversity can be used to control the occurrence of insect pests, thereby increasing yields and
reduce pesticide use. [Methods] Soybean varieties with high resistance (cv. Lamar; R), medium resistance (cv. ZD35; M)
and high sensitivity (cv. JLNMH; S), to Spodoptera litura were planted together, and in isolation, to investigate the effects of
crop diversity on soybean yield; i.e. we compared the yield from R, M and S monocultures to mixed RM, RS, MS and RMS
crops. The population dynamics of key pests (S. litura and Megacopta cribraria) and insect community diversity in these

different crops were also assessed to determine the optimal cultivar diversity with respect to effective ecological control of

*BE B H Supported projects: E KT S &1 RITH (2017YFD0200400 )
** —fE First author, E-mail: zhangxingguol9@outlook.com

=457 JA/E# Corresponding author, E-mail: fajunchen@njau.edu.cn

WekS H ) Received: 2019-12-15; 3% H ] Accepted: 2020-01-02



13

WOrBAE: mit. PO SR AR A X R i R R AR R A MR RS A s - 125

insect pests and soybean production. [Results] There was no significant difference in the number of individual pests per 100
plants between RM, RMS, and R crops, and there was also no significant difference in individual pests per 100 plants between
RM and R crops, all of which had significantly lower pest numbers than other crop types. Insect community diversity (H) and
evenness (E) of insects in mixed crops were all significantly higher than those in monocultures, but there were no significant
differences in these indices between RM, RMS and R crops. Moreover, the community richness (D) of insects in RM and RMS
crops were all significantly higher than those of other crops, whereas the reverse was true for community dominance (C).
Furthermore, the grain weight per 100 plants for RM and RMS crops was significantly higher (42.86%-192.27%) than for
other crops, except for the R monoculture. The RM crop also had the highest 1000-grain weight of all crop types from 4.46%
t0 29.31%. [Conclusion] We conclude that the abundance of key insect pests were significantly lower in RM and RMS crops,

whereas insect community diversity, evenness and dominance and soybean yield, were all higher. Consequently, we

recommend jointly sowing soybean cultivars with both high and moderate resistance, or with high, moderate and high

sensitivity to insect pests, to enhance both the ecological control of insect pests and soybean production.
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Fig. 2 Population dynamics of Spodoptera litura (A) and Megacopta cribraria (B) fed on soybean plants of different
seeding types with the high (Lamar; R) and middle resistant (ZD35; M) and high susceptible (JLNMH; S) cultivars

AR/ NG FEER/RE: LSD K3 AL BRRITE 0.05 /K- b2 k. K3 A,
Different lower-case letters indicate significantly different among different seeding types of
soybean by the LSD test at 0.05 level. The same as Fig.3.

L EE T RS A RMS LA R BAfE (P<0.05) ,
RM Fil RMS 1R F RIS A pR i it 5 R AR
ZIEZERAREE (P>0.05) . AU, RM fil RMS
TEA T A 500 i SO e PR 2

XoF s S F I T AR T L AR AR RN
WK : SSM>MS>RS>RMS>R>RM (¥ 2: B)
Horpr, S AR U B A I AR U B IR
AL (P<0.05) 3 M ¥ MS IRE = 1] 2%
SAEE (P>0.05) , HEEET RM, RS A
RMS &L K R H4E (P<0.05) ; R BfE5 RM
RIGEZE N EZES (P>0.05) , HEFHETH
BRI (P<0.05) o ATIL, RM IRHERTARL
Fo il R WL LA PR A
22 S, FRAERRXEREETEREE
SHMEITTL

2 WoR, AN[FHE R I 25 e oK ]
B BB ZREMEIR B H (P<0.001 ), 5] 85K
E (P<0.001), F&EHE% D (P<0.001 ) FIfH
FEFE%L C (P<0.001 ),

B3 (A) FMIE 3 (B) Bn, fTEEPL. T
R KR GRS, N8 H17E9H 26 HZ
] L VS ZAEEFR B (H) A A 484k (B)

#*2 S (Lamar; R) . H#t (ZD35 M) FigEkH
(JLNMH; 8) XEAREHEMEXT R ARHEZ #1445
KBpEFEENEHFESH (F M PE)
Table 2 One-way repeated-measured analysis of
variances (ANOVAs) on the measured diversity indexes
of insect community of different seeding types with high
(Lamar; R) and middle resistant (ZD35; M), and high
susceptible (JLNMH; S) cultivars (F and P values)

BEYE TR AR Community indexes Fli/zflgue Pzﬁe
ZREMFEH (H) Diversity index (H)  75.66  <0.001
Y)5)EH6% (E) Evenness index (E)  36.43  <0.001
FEEHE (D) Richness index (D)  12.55 <0.001

o4 (C) Dominance index (C) 92.01 <0.001

K/MEIR H7: RM Fl RMS>R>RS>MS. M HiI S,
Hrfr, RM 1 RMS JR#E T B R 7% 2R84k

(H) FAIEEFE%0 (E) #5055 T RS il MS
R, UL MHS H4E (P<0.05), [FIN&T R
HfE, HEFAREE (P>0.05); AL, MSIRE
KM IS AR BBV 2R R EOR L, O
L ZE KT RM AT RMS TR A% LA K R HAE( P<0.05 ),
Al UL, RM Al RMS EHE T R E R R R 22
HAEEEE R 5],



13 WOrBAE: it PR SR R A X R i R R AR R A MR RS e s - 129 -

Kl 3 (C) R, ANFEHFREFPEANEE R R B
WA E & EHRE (D) KK : RM. RMS fil R>
RS. MS. SHI M, Hrf1, RM #l RMS {E#. R
HAETFRABEFEEERE (D) BESTHE
AP (P<0.05), H=FZHERAEE (P>
0.05); IttHh, RS FI MS 1R#%, LIJ S FI M BAfE
Z )2 WA B2E (P>0.05 ), 7] i, RM Fl RMS
RIEAMTREHERBEEEE,

Kl 3 (D) &R, ANFEFEFEE R A

e 2o
o >

EZicR 0z
Shannon-wiener's diversity index
(o]
~
®ie
wzw

=
o
]
w2
o
o

14

o o o o
(=)} oo} [l N
bt T

F D
Margalef's richness index
o
=

8/17 8/22 8/27 9/1 9/6 9/11 9/16 9/21 9/26
H#8 (A/H ) Date (month/day)

LA EFRE (C) KKK : S>M Fl MS>RS>R .
RMS I RM., Hr, S B/E T R REEE I E
% (C) BE® THELR (P<0.05), £H
[T e NI R (B N N B - e o A
HE . RM Hl RMS R4 5 R AET BRI
PR (C) REMTHELAI (P>0.05),
it = Wl N e e e
BUNFETE W] 0 A AR e, X B e T e e
AH .

W5 EREE
Pielou's evenness index

8/17 8/22 8/27 9/1
1o

9/6 9/11 9/16 9/21 9/26

A EIREC
Simpson's dominanceindex

8/17 8/22 8127 91
Hil ( H/H ) Date (month/day)

9/6 9/11 9/16 9/21 9/26

3 Sin (Lamar; R) . #ix (ZD35; M) fMEEHE (JLNMH: S) XEARREMERT RH#E
ZHEMEHH (A MYEREHE (B) . FEEHHD (O MRABEREC (D) ;IE
Fig.3 Value dynamics of community indexes of diversity H (A), evenness E (B), richness D (C) , dominance
C (D) of insect community of different seeding types with high (Lamar; R) , middle resistant
(ZD35; M) and high susceptible (JLNMH; S) cultivars

23 E. FRANSERAXERBTAXESE
=R

Kl 4 (A) Fias, AT RS E
FERE AR K : RM Fil RMS>R>RS>MS F1 S>M;;
Hir, RM fil RMS 1R F RE AR E 8%

BT HEREMLE (P<0.05), R BT KRG H
PR E L EH T MS IRIEUSL M Al S HfE
(P<0.05); S HfE5 MS FI RS 1RAE &L M Bty
T EZES (P>0.05), AlhL, RM fil RMS {EHEA
FIFHRE R E AR R, XHE R ARG B H.

K 4 (B) 7R, RM I RMS IE#E FRET



+ 130 -

o FH RS B 244 Chinese Journal of Applied Entomology

57 %

BERE, BEET M AS AR, DI RS IRIE
(P<0.05); R #fE, LIK MS fil RM B T K
TRCEE T, S e R AN ) 25 5 A
(P>0.05), AT UL, RM Fil RMS IR A F T 5
KRG TR, X G TE & AF

3 #ig5itie

REAETHLRMERFLZINN, Bils
L) AR 35 15 it RN B ) BE e A A DR A ARk AR
M A 2Rt B FE gk IS RGO,
HETA F T4 F 2R G IR BN AR S (O
RASE, 2004 ), YR RAY) N 505
TWIAESE G, DS BUAH R A 25 Fp A A
TR B SR, 38 g 3 A A () 4 A A 5 i f b
RN AE AT, AT e KRR B M & 48 A SR i s 4
o ZHE PP 32 22 30 k5% e A 2 e R AR e
). ACHC. RIS AR TR, TR E
FE, MM HXT 2 A e E (#E SRS,
2013 ), Hl, FAHAYZHEEGDRRFECE
INZZE L JRERKAE L HUS T —E B RR (R3E5R
A5 2002; AFiEihdE; 2002; TTEZE, 2005;
LHEHES, 2006; Lietal., 2018, 2019), #0 Li
4 (2018, 2019) WFFEARH, A BRAFH AR & A
Z R, R TR R AR R TR RS S — R

W
™1

A

a

\

:ab

N
T T

be

w

cd cd

N

d

|

—

ARRKPRIE (kg)
Grains dry weight per 100 plants (kg)

2 AT =

M S RS MS RMS
IR#% 77, Mixed seeding types

4

THE (kg)

P i B AR RN AR S AR R B A R SRR AT Y
Hhr, RIBFIRIE A T AR R b 2R AR 25 i

20 2R, AU EAR AU XA K EY 600
AR E A A R 0 e FRAE (Jin et al.,
2010 ) o i ERRF= BV EY T B R i s
N, RERGFRTEIEA 5 281 i (ZF4EiL,
1990) o AWFFRUER , K BRI HEAETS WL H 5
Pl A5 AR = (] B8 SR AT SRR 2 A AR
(Ve ) 23 A 7 )T T HROR S AR (B
F, 2005) o A L6 AT DU B 0% H S
TH AV R 1 il 25 DR 3 7 AR 0 R N P B, 1 AT o )
& (EMSSE, 2016) o ABFRIERGEPL (Lamar;
R). H#1 (ZD-35; M) FilfE/&H (JLNMH; S)
KA, JFRA BT SRR IR RS, D)
AH B TR X T ) B AR R A B S
B BT Z AR 52, I PPAIR R X R 2 i
FISEIR, LA AR A i B R i s e . Rt
FfE B R G AR, JFSE R oA Je
HE A RS R

31 B, PRARRAXREREEATEE
EHEZEMERZHEMES

AN (JLNMH; S) SR BT 7E £ 8HE
HURARGE b, bR M EEERS (HL DI
E) 7, ¥REMRT RS (LamarR ) AR HTH

04r B
= I
) ab a
= 03
=) ab
s e P
4 = =
.E' 0.2 —
k| —
< —
Eb —
& 0.1 —
(=3 —
= —
R M S RM RS MS RMS

1B #% ' 2X, Mixed seeding types

=# (Lamar; R) . H#1 (ZD35; M) FAFEH (JLNMH; S) XEARREEMERT

AEEHITFHE (A MTHE (B
Fig. 4 Grains dry weight per 100 plants (A) , 1000-grains dry weight (B) of soybean plants in different seeding types
with high (Lamar; R), middle resistant (ZD35; M) and high susceptible (JLNMH; S) cultivars
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FAEAL BR8], AT UL, 3 AT G R AR T
FEE BRI R AR/ IMRIRC - R BAPE<M HfE<
S e T R HUBRETE Z R IMKECN - R BRAE>
M HfE>S Hiff
32 @M. PREEREXRERRRBERT
EHEEFRRSHUEER

7E RM. RS, MS. RMS 4 FR#EHX T,
RS B RN T e s R o ORI A
PR E/NF R R A AP (JILNMH; S) HEALEE,
FOAAE L2 E OB 1, St (Lamar;
R). W1 (ZD-35; M) FlfE/EH (JLNMH; S)
R FERE B R 2 AR o, XRIEOR
SRR & AR T SR B 1 2 RM AT RMS TR A%
ARBE, XF T T 5 T R A 4 SR e e 1
RM JRHEALFE

XF TR HUBEIE ZREMEE R (H) RIXy s B4R
¥ (E) 1M, RM Fl RMS IBIEAC T fcss, ™
HEET R AMERS, AESARE; A0,
RM FI RMS JR#EA7 F) 4 55 7 1 (] B H Bf 7%
ARSI, AR R R R
AN, MS IRFE AL IS S Al M BAYE 22 ] 100 i 3
%5, RSIBIRALFES S FI R BA4E 2 A i 2%
ZE5rs AT, R RS TR R T T R R
FE I AL 2 K W I ) B OV R R 5
S5, MRS FEEERE (D) MiE,
RM F1 RMS %5 R FfE LB E 25, HE
KFH BB, 70, RM Fl RMS JR#EA
F 3 R 0T ) B RS 8 . kAh, MS
IRFELILS S A1 M AR TC R #2255, Al

PO AT PR I S TR R AR I AR $ v P (] R e
EZREPERIE 2I B 5 1 RS JRABALBE T B A%
FEEDERT R BME, a] SR s Fh 5 &
P A ARG X R T ) R MO S o AR Xt
TREBEEEERE (C) M, RGN
WEMT S Bk, H RM Fl RMS IBHE L5 R
PAMET B BRI PR R A . th TR +E
BV LA RE L E R, HEITE 7
(JuHZE RM Fl RMS ) A/ B AUE 3% b ) b
E AP, X R AR RE A,

33 8. PRERBRKXKERENAETE
A

TRIE T KRG B AR R H = T e,
RM 1B T R A M H4E,MS 1BFEm T M A1 S
FAE, RMS A& T R. M Al S 54E; 1 RS
RIEET S PAVEEMET R B4R, TRER P A R
FANE R R TR ) R AL A S BRI, Uk
Ak, RS Fl RMIEHE TR T TR E LT R AR
AbFR U BH B R R R e R e R A
RETREAF]; MSIEE T KRETREST M
1S FAE, FARIRRE X BT A e ak e R = S el )
TR EAEHIIR ., HILATHA, RM 1 RMS &
&, DS MS BT S K5, 1 RS IR
T RE AR EMT R 4E, BET S A,
it b5 R Ml S BAE¥ R EESR, KWK
5 1o R T R TR X R e A R N B
B, MFRETREMS, RM Al RMS BT
KE TR 55T MATS AELL K RS IR#E AL
B w[ L, RM FIl RMS IRI&A A TS KET
RrEE, R R TR A R

245k F, RMS fl RM BRI EABRAE T
B2 R RS, HRBBEZREME . Yo
MR, FEE MM AL SR, B
PSR i A L YA R YR =t U TS
(R GIRIE R . 17 MS Al RS 1RIETE 4 4
TR AP h & D7 T R — i, (A MS TRAE T 2
R AEHBMT M S BfE, KE- b
T M FI S 84E; T RS IR#ERE S BAET Ik
75, [AERI R AE, TigfE R EEFR LA E
2 B RIS SRR bR DL R S &, PR
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F R HBAE, MS IRIER 0 IH AR B T 1R 3% ok
) R 2 REPE AR B = B R R I RCR, Pt R
R S 2000 K, HESE T IRRE 09 R
R WA, FH%ﬁﬁwm(m%*%it#’,m%éﬂé}.5
AHE EE 34T, 4 RM A 50% R Fl1 50% M, RS
9 50% R, 50% S, MS 2} 50% M #1 50% S, RMS
J13R. 13MA1/3 S, TS 5IRFEHARRE
Fh R BT 7 He ] e ARG 496 R 52 i R 6 &% o Li
4 (2018, 2019) MIMFSR B, PLHRGFOUKFES

5%-10%/2% 1L 5 FhK RS IR A% BE A AR AR AR
HbRE B & A, RIBEAS R R K A = e, R
I, T2 — PR P AT R S5 g A S
B TR AR L], DLSC B 35 3 A = 2
H.
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