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 E [BHR] AUREGEGENAEERRE, WP Ocimum basilicum % K F HUAF A e (10 5] )
KEASHEER. [ Akl @i ED 5T K KRERIRE Trichogramma ostriniae ., W5 7 R %
Trichogramma chilonis . YA HUIRIRYE Trichogramma dendrolimi . FEMEIRIRYE Trichogramma japonicum . &
HAARS ¥ Macrocentrus cingulum FIHZLNE B Microplitis mediator 6 Fhay A= We NI4T A B, AR
B Xr A AR 5] 75 LAB AR L) | 6 BhER AR e N KRR Ostrinia furnacalis . FIERK Spodoptera
exigua, BT IR Spodoptera frugiperda MAREE B Helicoverpa armigera 4 Fl 5K F B 650 H & d, B
B e X A AL M R A e . B AR DD B R RE e 5 S FE DR, AE oK H IR B I UE B A £
KPR ESCR [ SR ] PR EWE] DL L 6 Fh FORCHEE AR REL, SR BRI K4
HIEAN LRI AR e 1 F i s A 2 WA AR, SR ORHR G | PR ORI I | R M IR R e R K MR AR
AR e 1y 252 3 43 4T T 48.52% (P < 0.001 ), 71.21% (P =0.001), 51.53% (P =0.001) il 70.63% ( P <
0.001 ). AN, ZERIORT TR MER ) 75 dn A7 B F et AR (P = 0.002), X EAHABEH H F ) 75 dy
(M. HREHL: P=0.368; £KIE. P=0877; FH=EACMK: P=0588; FILFTAM: P=0069; M. sk
H: P=0.253; FISEAH: P=0.112; Rk P=0433) K=o (M0 P=0447; FOKIE.
P=0447; FIER: P=0526; RMLETRML: P=0.526) HICWERN, #F—5HERI R, Pk
% & 0 I K A AR (95.12% ) (P <0.001) FIFA:MEREL (77.55% ) (P <0.001) %,
W/ E A U (30.50% ) (P <0.001), JFEHTFFORM™ 5 (16.58% ) (P<0.001). [ &ig] e
Xof oK A MR BOR 25 IR IRAE YY) , 76 H ] 7T LU T E R AR S R FII6E , IR T KM &=
AHIFGE R B AN T B S g R ERAIE TRL AR, o SR TR A R AR AL 1O i U AT 7
XEW P, wEEY); A BEREEL; Far; EERD

Theimpact of basil (Ocimum basilicum) on pests and natural
enemiesin maizefieldsand itsfield application

LI Zhen-Hao"™  ZHAI Xin-Yi*" JIN Zhi-Xi* LU Yan-Hui® LIN Yi-Wen'
YANG Yi-Ting" LU Zhong-Xian"? ZHU Ping-Yang"™
(1. College of Life Sciences, Zhejiang Normal University, Jinhua 321004, China; 2. Institute of Plant
Protection and Microbiology, Zhejiang Academy of Agriculture Sciences, Hangzhou 310021, China)

Abstract [Aim] To evaluate the benefits of co-planting basil, Ocimum basilicum, to protect maize crops from insect pests.
[Methods] The olfactory behavioral responses of six parasitic wasps; Trichogramma ostriniae, Trichogramma chilonis,
Trichogramma dendrolimi, Trichogramma japonicum, Macrocentrus cingulum and Microplitis mediator t0 Oc. basilicum, were
determined. The effect of basil flowers on the longevity, parasitism and fecundity of the above six parasitic wasps and four

main lepidopteran pests of maize (Ostrinia furnacalis, Spodoptera exigua, Spodoptera frugiperda and Helicoverpa armigera),
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was also investigated and the effectiveness of planting basil was also tested in corn fields. [Results] Oc. basilicum
significantly attracted all six parasitic wasp species, and prolonged the adult longevity of all species, except Ma. cingulum. It
also enhanced the parasitic ability of the four Trichogramma species, with the parasitism of 7. chilonis, T. dendrolimi, T.
Jjaponicum, and T. pretiosum increasing significantly by 48.52% (P < 0.001), 71.21% (P = 0.001), 51.53% (P = 0.001), and
70.63% (P < 0.001). Basil had no significant effect on the longevity (female: H. armigera: P = 0.368; Os. furnacalis: P =
0.877; S. exigua: P = 0.588; S. frugiperda: P = 0.069; male: H. armigera: P = 0.253; S. exigua: P = 0.112; S. frugiperda: P =
0.433) or fecundity (H. armigera: P = 0.447; Os. furnacalis: P = 0.447; S. exigua: P = 0.526; S. frugiperda: P = 0.526) of the
four lepidopteran maize pests, except for the longevity of Os. furnacalis male (P = 0.002). The results of field experiments
indicate that basil significantly increased the numbers of predatory (95.12%) (P < 0.001), and parasitic (77.55%) (P < 0.001),
natural enemies of maize pests, reduced the abundance pest species (30.50%) (P < 0.001), and significantly enhanced corn
yield (16.58%) (P < 0.001). [Conclusion]
enemies of maize pests, improves ecological pest control in maize crops, and increases maize yield. These results provide a

Basil is an effective nectar producing plant that is attractive to the parasitic natural

scientific basis for co-planting basil for ecological pest management in maize fields, and new ideas and methods for

sustainable agricultural development.

Key words Ocimum basilicum; nectar plant; parasitoids; |epidopteran pests; longevity; pest control ability

AR E W EEREEY, KINEZZ2
ik HE R pRE, W FH TRk Spodoptera
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Ostrinia furnacalis . §35% 8. Helicoverpa armigera
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BECROR B R EaF R A o A R P &
BLgAr, HARERE o, TR ™ &4 )7 H
RKAETEENEM (Zang et al., 2021; T HmF%,
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HR¥ Trichogramma japonicum . T KUE K HE #
Trichogramma ostriniae YJREWEAH AT H HHL DT
PO . BIHSRR . ORI RIS 45 32 K f
WHFER (RIS, 2022; S, 2023; £
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5, 2018; ARAFAE, 2019),
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W% (Jaworski et al., 2019; 7 C5EEE, 2020;
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HAT . BRI AL, Bl T
774 Tagetes patula TR D-Fy B0 1 i
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etal., 2019; Lietal., 2019). 2F/LMex4E s
REAVBAFAEEIETT o P IR IR I R
PRI EE . KR, 5. CmR-3-
O iR RS % 51 ( Zhao et al., 2022 ).
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= R PR A PR R B B Y
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firo ik, EPHSEIRME Y NIERR, AR E L
A1 2% L& T 8 H 52
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gossypii M EYF Acyrthosiphon gossypii FIFH

¥ Aphis craccivora BIFMFECE (KRS, 2024;
EZENAE, 2024), X EKUID WAL RERE 15 &
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TR P AT ) 423 0 5 U AR W B P 8CR

G AR R W F RS+
BAZHEEN, (AP 8RB aeVE N TR HE AR
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RSP R A ISKE SHR .

1 #R5HE

1.1 #ikEw

LW R TP RS XRASE R RIA T, 18
SCH R A T B AR BRI AR T, e
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BRI | AR R I | RRIE RHR 8% | o OKIE
ARERE /NS Y 4 (P RS 15em, N
%1 cm, PiRFJefs 75°), MEHFR AR A ar
35 B0 ol RS Y A5 C R I LA 34K 15 em,
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15 mx2m, A RAHE T, FORPIEXR
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W, XA fF BB Kaplan-Meier 14 31 ik 47
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Ji 3l o R AR 50N AN T K e o A KA SR FF i ST
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2 HR5SMH
21 FHEEEX B HILAR TR &
SAHIRALNT L, 6 FaF A e 5 11y

A BERIEEE (EERIRGE. *=11.279, df=
1, P<0.001; MEHRIREE. »*=7.869, df=1,
P=0.005; T KRS, ,°=5.406, df=1, P=
0.019; FFHFE IR . »° = 6.667, df = 1, P < 0.010;
AR AR . 4® = 11.279, df=1, P <0.001;
LT B . 4? = 13.067, df=1, P<0.001)
(K1)

* | WS IRIREE T chilonis

* | FORIEFRARYE T ostriniae

* | MATHRIRHREE T. dendrolimi
TR FRHRYE T. japonicum

* | WL E I Mi. mediator
* | AR AR % Ma. cingulum

HEER, L3 ipia
Clean air Oc. basilicum flowers
I
100 60 20 20 60 100

WL BE S RIA I B (%)
The proportion of test insects choosing flowers or clean air (%)
1 ERSARETHMKBET EEN T BRI SIKIEE
Fig. 1 Selections of corn lepidopteran pest parasitoid wasps for Ocimum basilicum flowers

*FRFE P <0.05 K FAGFI¥2ER (RITKER ).
* indicates statistically significant difference at P < 0.05 level (42 test).



34

EPRSEAE: B T L SRR IR B2 0 K ) Rz

+ 659 -

22 FEREMERBIEFTRNXBFTFELER
B AR

ST BEAR L, 2 0 A e I 2 K B B R
M (s, »2=14.477, df =15, P <0.001;
MEE . y2=14.542, df=15, P<0.001) (& 2.
Al, Bl). MM EHIRIREE (Hidk. 2 = 15.347,
df=15, P<0.001; Hfit. »2=14.304, df=15,
P<0.001)( &l 2: A2, B2), FEUERAR M (M .
%2 =12.450,df =15, P < 0.001; Hf#% . »2 = 19.817,
df=15, P<0.001) (& 2: A3, B3). F KIESR
AR (MEME. 2=4.271, df=15, P=0.039; M
M. 42=9.194, df=15, P=0.002) (| 2. A4,
B4 ) Frh£LA7A B 1 F i (MfERE . 42 = 67.983,
df=15, P<0.001; Hft: »2=61.219, df=15,
P<0.001) (& 2: A6, B6).
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Bf1E (d) Time (d) Bf1E] (d) Time (d) ifE (d) Time (d) ifiE (d) Time (d)
JK Water —— 10% 2% 10% Honey solution BENAE Oc. basilicum flowers

B2 FHHEMNERSGPEHERXCBFTEERBFGHZM
Fig. 2 Effects of Ocimum basilicum flowers on the survival of key parasitoids of maize lepidopteran pests
Al SEREIRAREMEE; Bl MEBORHRIEMEE; A2, PN E HURIRBEMENE; B2, A0 A aRHR WAk i
A3. FEIERIR MM ; B3, AEIEIRHIR AR ; A4 TORIEJRIRMEHENE ; B4, T ORI JRHR e e e
AL, BRI e ME N ; BS. NI TR M e s A6, 2L A g s B6. Hh £l A g b
*FIRFE P < 0.05 7KV 5% AL BEAH LU AEAE SR i 2% 22 5 (Log-rank K5 ).
AL. T chilonis female; B1. T. chilonis male; A2. T. dendrolimi female; B2. T. dendrolimi male; A3. T. japonicum female;

B3. T. japonicum male; A4. T ostriniae female; B4. T. ostriniae male; A5. Ma. cingulum female; B5. Ma. cingulum male;
A6. Mi. mediator female; B6. Mi. mediator male. * indicates statistically significant difference at P < 0.05 level (Log-rank test).
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K1 THUENEARSPEERXENFEEFTENNZMN
Tablel Effectsof Ocimum basilicum flowerson the parasitism
ability of key egg parasitic wasps of maize lepidopteran pests
s P FFAONE (CRi/ME ) Number of parasitized eggs (grains/female)
?—”r_ttwéﬁﬁ _ ; df p
Parasitic wasp species 7K Water BEHAE Oc. basilicum flowers
W JRIRYE T chilonis 18.7+ 1.8 39.9+34 5,544 28 <0.001
WAE R ARIRYE T. dendrolimi 20.6+ 1.6 353+35 3.787 28  0.001
FEUEIRIRYE T japonicum 199+1.8 302+21 3.702 28  0.001
FRIESRARYE T. ostriniae 26.9+2.6 459+ 35 4298 28 <0.001

RPEHE NP EEAR R (e AT B E T ). 3R 21,
Data in the table are presented as mean+SE (Significant difference analysis by #-test). The same for Table 2.

= 7K Water

A 15. 72 10%1%5 7K 10% Honey solution
S a mm BEIIE Oc. basilicum flowers
2 % a 2 a
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g 10 . X b F b ab
5 b ==
|
s 5t
&
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Fig. 3 Effects of Ocimum basilicum flower s on the longevity of main maize lepidopteran pests

A. il B HEE. EREUE R, BRI T REOR S Z AR B E 2R (P <005, Turkey Kk ).

A. Female; B. Male. The datain the figure are mean+SE. Different letters above bars
indicate significant difference among treatment groups (P < 0.05, Turkey test).

#hr (K 3: A, B). AFMHEAAER, HAE
ORI ik 11 7 A A5 LA B 5 R ( H = 12,841, df =
13, P =0.002 ), 1 % HoAh 3 HOH- G i 35
Figs . F=49.489, df=2, P=0.368; T Kif.
F=1.629,df=2,P=0.877; 327 % . F = 0.333,

df=2, P=0.588; HHLGTHMk: F=5.255, df=
2, P=0.069; Iff: 4. F=18.970, df=2,
P =0.253; Gl %K : F = 1.642,df = 2,P = 0.112;
T Sk . F=1.635, df=2, P=0.433)( & 3:
A, B).
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25 FEHHEMNEREEGHIEETREEAHIRM

T BIAEXT 4 T 0 7 O G 2 S e (A
P, 1=1.39, df=33, P=0.447; EXKiE. ¢=
1.53, df=30, P=0.447; Fi=Enik. =103,
df=24, P=0.526; HHLZIR k. +=0.995, df=
27, P=0526) (£ 2),

26 FEhXERMT BN R EK BT

FORIBED )5, FK H P R 1 R A
B ET ERRIER (=388, df=14, P=
0.003), ZF A= ME R B S B 3 T EoKRER (¢ =
5.74, df=14, P<0.001), f&MRXHm 5 H
WEETEKA/ER (¢ = 536, df = 14, P <

0.001) (1l 4), F351, [EIAVEZ B oK FICER 1)
fif T R AR ( 235,500+ 4.057) g, BER T
T K FAE SO Y fif oK R Y (202,300 +
5443) g (t=4.89, df=75, P<0.001).

3 itig

TEIALMEAE =, AEY) B — e R A AR
TR AR TR, SIS TSR
G A SRR e T o XA VR R R 45 1
A AR RGE T AEYRFE B R —, KL
FREEAOMG B 5 BB 3 a2 BIREIR , B0l F AR B
TR TR, DTSR T 35 S A A5
S A # R 4ERF (Livet al., 2019; Feng

*2 FHUMERTESHARETHEHE NN
Table2 Effectsof Ocimum basilicum flower s on the fecundity of main maize lepidopteran pests

% P 7EHPHE (R/ME ) Oviposition amount (grains/female) o
. t P
Pest species 7K Water BNAE Oc. basilicum flowers
¥4 0 H. armigera 461.2 £ 47.2 691.4 £ 60.4 1.390 33 0.180
F KR Os. furnacalis 231.9+73.6 319.3+34.9 1.530 30 0.138
FSE ik S. exigua 1038.4 + 131.2 1182.60 + 71.3 1.030 24 0.311
Tl BT S. frugiperda 686.2 + 87.5 085.1 + 102.7 0.995 27 0.331
mm  FKE/EH Monoculture maize fields
= EK[AMEZ ¥ Intercropped maize and Oc. basilicum fields
80 ns * * *
—
g o
S E60|
=g 3
2% s
Bgs
o= =
s g =
'
o ©
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4 EMEFEIN EXRBATEINMIIEE LB
Fig. 4 Effectsof intercropping with Ocimum basilicum on the population of arthropod functional groupsin the maizefield
B A EEbR DR . *FoRTE P < 0.05 K- PAGEH# 25, nsFonigtif# 25 (P>0.05, 14 ).

The datain the figure are mean+SE. * indicates statistically significant difference at the P < 0.05 level,
while nsindicates no statistically significant difference (P > 0.05, #-test).
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et al., 2022), HH, A2y B HAM
fifi B U AR PTG, X AR S PRI 1 R 1Y £
W ( Siviter et al., 2021; Yang et al., 2023 ),

AR FASIHREE R TRk e, F7E 1981 4F,
ES T it AL ATa R NS S v S R
7% (Flint and van den Bosch, 1981 ), &7Eilid
PR A ANIAER (e R E H i S0 AN A A
RGN, I SO0 R R A SR . A
SETAR ) AT Ry R AL T3 A O R L
PR AET FEUE WS BRI, W E S RSN
ZREPE, AV RRZIRE A AR L T 2 AT hE
(Breed sy, 2014 ), % TR YL AR
RY i E AR, TR AT 2R R
TP AT IR K, CHZK Sesamum indicum
(Zhu et al., 2014 ), W% Cosmos bipinnatus
(Lietal, 2021), FH =W Trifolium repens (%}
WALSE, 2024 ) 55 Z Fh i IEAE P FE AE 4P Ffie K
B e A= AP D7 T eI 11 22 TR TSN o
EATHAE N KR d R At T 4= i TR A AR
K, B R AU DU A BB YA T

B e — P A Sy HACARE A A,
YRR AE W0 oL 3 I )B4 32 QT . A ISR
R, B Ene A 800 5| I FIA( Batistaer al.
2017), s@BH (ZE5E, 2024) SRl
B REA PR , (H T X 25 AR M KA
s, HETF RIS T AR £ ARER
W LG 22 A HR G R R N B A A PR R,
RE A% 10 1o ar A A e ) 3 s , WP oK
PRSP 2 CHEE ( E#EES, 2019; itk
G, 2021), AFFFEIEE T FOKMRARAR M | M
TRHRE | AN R AR I | REUE SRR G | A A
B DL R 2T B A SRR B2, PEAE TS
AR by U5 0 oK 3 e OB A A M R
S, 55 oK, B 2 AR AR e R
SO BT A A AR A AN LA A A B Y
WSS e K [FIRT 4 FhoRHR B 0 27 AR BE 1t
KFHET o X — B s iF 5P ¥t h £ 5
AR A K o

FRAE Y B R D AE W | A AR e O T T
RAEH EERME (L5, 2015; Fataar et al.,

2019 ), ¥ Wit —Fh BAA ZFh AL ST RERAEY)
FCURR (1) 57 7 B o0 AN AORT 28 W A by R IR B
W51 7, RIS — e 25 A M R SR T 2
B 5 R0 o ASBIE 52 38 2 % £ oK 5 H 3 HL
6 Fh OCHE AT AL WA TR A T R SOV AE , 5T T
B FR A AR B E M. R %) 6
b OCHHE Y TR A7 AR RS R B 1 I 2 K
51770 IXART] e 5 2 B AE FF AL )RS i i) B m £k
BWE VIR o XL Ab A Y7 P A 0 TR OE AL Y
R AR T HEAEHI(Jiang et al., 2016 ),
CA MR, MY R G X T2 08 g
Costesia marginiventris ( Fontanaet al., 2011),
KEWE Chrysopa pallen (#WV.i5%, 2023) 5K
MERME, REENENFES . ARMEIAEY
AR R T REAE A RERT, TR b3 B
F ARt Yy, BINH Gy, WEREE X Pastinaca
sativa ZIERKSERELM Cydia pomonella 1751
(Métray and Herz, 2021 ), fdiHyd i K fa
= S S 3 o 1 i N DG B 7 N o2 5 2 = e o
(ORI | EERek . Fh DT . AR L) Xt
B A NPT T E NI, 45N,
B EOREE | FISER | R b DT R AR AL I
X4 FhEOK FEEEEN B F Ay T I R I
KA EEH . XATRe S P ME R A K,
B R ) O IE ST B A L KM
Hylurgus ligniperda 155 RS E U HA 3510
ROV (SRIFRESE, 2014; M k%E, 2021;
BHIE &R SE, 2022; Omar et al., 2024; FHEHSE,
2024 ), BEELHRWRE MAMRERCE, JLT O, i
TN 22 S ) 2 R 6 K 1) T B H 3 o T
REELAT AL SR AR , DT T B0 283 H ek
B,

H T IRAARGE L AR R Hhoxh 75 A4 v
RELIU S | R E R ST, AHIFFEHE 2 8 R 152
PR Tk B R PASE b, PEALAPE 2 8 5 Tk B R
TR R B . 45 R, W RS B R m
Tl B RO 27 A P R B B, AE Dh s il 3
HOREE R T R T AR [FIRE, FOKH
() FpAE 2 ik fig o 2 Pt e B i . X R )
LIPSk SR NIPNG € Y= e SIS e
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JIv, %) F oK 8] i 3 B A fe e, A BT
I F A S II6E . PRI, fEEK
b EIVEE 18 Medicago sativa HEWHEALIH /L +
Sefehh | e A | RT R EAPLR E E
ZIAESIRS . SR, WANIRRY, RS H
1 1) B AE 2 S BUCE KRR A AE Y B E T
W, FiR7E 14.0%-18.8% 1] ( Berti et al., 2021;
Ma et al., 2023), L AKHM[BIVEE S Sonchus
arvensis RENAH B R B AERRE I B FRAM ST,
M AERF HA R (R (9530325, 2020 ),
TKREIEA: Arachis hypogaea . K35, Glycine max
G RHEIRME , AT DA R0 b R it ]
IR PR 3 8% B0 TS ), it 8 3R R
RO, I REIE S G INAE A A R A Y
e, WHIE 2 AR KR, W grElilk
+ B B # Coccinella
septempunctata . 25/NEWY Euborellia annulata
JRLTWEE Crocothemis servilia 25, XKL HE
ORI R S, litura . S.IEBENE Etiella
zinckenella VI F KR AEAEF A Aphis gossypii
S R BRSO (Li et al., 2022; Fattah et al.
2023; Fuetal., 2023), RAFEIZE . GRHHY)
SR IR YIE ARSI S T R I, (BFSER
2 RAE TR RS, X3 R E R =Un1EH
AT HE

5 FRTIGER AR, B EAT R AT
PSR | ERAERTE . AEHC HAR DR 42
e, X E KT RERAT Z s FEH],
It H A B X E Rl BAT—E R HKGEEE T, Hoe
R A ARG BAE 4, 2022; Tibet et al.,
2022; Omaretal., 2024), TR R 7-11 H
5 R ICER 53 DRk E K B A KSR RS, BEfS
K R B R AR RS R B IR b T, A
B TR RE R AR AR e o A B B —4F
A AR, (AR AR, ARREIR, HEE
K R B B AR AT, JoHs BIARFIER S, Ra)
e AR AR, BB A LR P 4L
M K PR I AR 2SS o A AR e
X, EREAE S EOR R E A, AR e
A SRR B R RSt g

Harmonia axyridis .

BRiZ 50, B WA AR — B B A9 2 5 A
Y, dBAZH. BRI S HEME, FE
Grleserh, B HTRIT IR R R
TE YL IR R R RS . AR SR ik — 20 3R
01, ZEEAUEAL . PUR PR S 2R 2 R
A ( Purushothaman et al., 2018; Yaldiz and
Camlica, 2022), %' §id i wifE & pHEY), H
MR 1) 05 A4 1 22 5 A T BB Y
UREh, TR ERR . DhE S, DE
kR, B n BT K 5 10-20 em,
BARBBYER BN, BA B m s M
1B, 2 #r =LA IE DI RE 0T LI IR E S0 & A i
WS M5OI IS S 6 E, R eSS
AN SCHI RN A&

i bRk, BE Sy EREY S, A LR
W 5| 2 A 1 R HLAERBAS 35 JE K 27 AE M Kl
M7 AR LA A e 0, B E A AL,
AT LLR KPP AR 2 40 1) K ECRb SR80 A0 5= A
PRALE ST, A MEERAEN,
AT ERM G AR IR, D)
XF KA RO BT IS8R AR SR DAL
AT VIAE Ry 3G 2003 dUAE ) B i B 6 K BOA 45 1 %
GRS, ARCERED PR, Bkl st
LIRS %48
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