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Abstract: [ Aim] Aphidius gifuensis, as a dominant parasitic wasp of Myzus persicae, has been widely
used in production. However, during the propagation of A. gifuensis on a large scale, many problems
such as reduced parasitic ability and smaller body size often occur after multiple generations of breeding.
The purpose of this study is to screen the best rejuvenation methods by detecting and analyzing the effects
of supplementing different concentrations of nutrients and trace elements on the parasitism rates and
offspring adult size of A. gifuensis adults on M. persicae, and the contents and activities of growth and
development-related enzymes in adults of the offspring of A. gifuensis. [ Methods] A. gifuensis adults of
the degenerated population after being reared in laboratory for 10 generations were fed with solutions of
different concentrations (5% , 10% and 20% ) of nutrients (honey, glucose and sucrose) , and different
concentrations (0.25, 0.5, 1, 2 and 4 mg/L) of trace elements including Cu, Fe, Zn, Mn and Co, the
parasitism rate and offspring adult size, and the contents and activities of carboxylesterase ( CarE ) and
phenoloxidase (PO) in adults of the offspring were determined. [ Results] In supplemental nutrition
experiments, 10% honey solution had the best rejuvenation effect on A. gifuensis, causing the parasitism
rate to increase by 28.00% compared with the control ( purified water) , but had no significant effect on
the offspring adult size. In the group fed with 10% glucose, the CarE content in adults of the offspring of
A. gifuensis was the highest, which was 38. 00% higher than that in the control group. The CarE activity
in adults of the offspring of A. gifuensis in the group fed with 10% sucrose was the highest, which was 3-
fold as high as that in the control group. In the group fed with 10% sucrose, the phenoloxidase content in
adults of the offspring of A. gifuensis was the highest, which was 56.00% higher than that in the control
group. The highest phenoloxidase activity in adults of the offspring of A. gifuensis was found in the group
fed with 10% glucose, being 1.3-fold as high as that in the control group. In supplemental trace element
experiments , the supplementation of 1 mg/L Fe had the best rejuvenation effect on A. gifuensis, resulting
in the parasitism rate to increase by 25.33% compared with the control group, but had no significant
effect on the offspring adult size. The CarE content in adults of the offspring of A. gifuensis in the group
fed with 1 mg/L. Fe was the highest, which was increased by 50. 00% as compared with that in the
control group. The CarE activities in adults of the offspring of A. gifuensis in groups fed with various trace
elements were lower than that in the control group. In the group fed with 1 mg/L Zn, the PO content in
adults of the offspring of A. gifuensis was the highest, increased by 29. 31% as compared with that in the
control group. In the group fed with 1 mg/L Mn, the PO activity in adults of the offspring of A. gifuensis
was the highest, which was 1.51-fold as high as that in the control group. [ Conclusion] In production,
feeding 10% honey solution or supplementing 1 mg/L. Fe can be used to improve the parasitic ability of
A. gifuensis on M. persicae, so as to restore or regulate the degenerated population of A. gifuensis.

Key words: Aphidius gifuensis; Myzus persicae; parasitic ability; carboxylesterase; phenoloxidase
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Table 1 Effects of feeding the optimal concentration of nutrients on the contents and activities of carboxylesterase ( CarE)

and phenoloxidase (PO) in adults of the offspring of Aphidius gifuensis

) FRIBR IR 5 i FR R R I Ty S Al 2 Py S A O
Ak p - -
CarE content CarE activity PO content PO activity
Treatments
(mg/mlL) [ wmol/ (min + mg) ] (mg/mlL) [U/(mg * min) ]

10% #:% 10% Honey
10% EERS 10% Sucrose
10% #5jZ54% 10% Glucose
CK

0.0346 +0.0001 b
0.0280 +0.0002 ¢
0.0474 £0.0015 a
0.0344 +0.0005 b

2.9207 £0.6743 b
5.3358 +0.0830 a
2.5794 £1.0446 b
1.7772 £0.0665 b

0.0192 +0.0011 b
0.0295 +0.0005 a
0.0174 £0.0025 b
0.0189 +0.0003 b

6.7618 +0.6590 ab
4.4148 £1.2259 b
8.7003 £0.1101 a
6.7084 +0. 1880 ab

KB N IE + priEDd s Al —F B S AN NG TR R 2252 .35 (P <0.05, one-way ANOVA, LSD #:%%) ;3% 2 [d], Data in the table are

mean + SE. Different lowercase letters following the data in the same column indicate significant difference by one-way ANOVA (P <0.05, LSD test).

The same for Table 2.



2 4 ORI A« D ITEE SRR T 2R MR 5 8 2 A B8 1 B A K K DG T AR 5 209

2.2 I FEHE TR X E G R A AT
=)
2.2.1  TRER TR N B T AR SR A S ] PR
(] e JEE P R0 0 2% X R MR e ol e 2 £ AR o 2 2
R E 4 fis o

TR MR TRV FE 1) Cu T 2 B 00 057 2 e 25 A= % E
BEXES(F;,, =2.658, P=0.077) (H4& 4L B ZH JH
U e AR BRI T X R A R 1 RT 2 mg/L
Cu JTUER G NHF B 27 25 238t 250K T 1) PRI 7K 178 %o
HRZH (P < 0.05), P4~k B2 5| B 1Y & A4 R I R
7.67% N HEALH ELFEAIR T 16. 66% o il BN [F]
WREER) Fe JUZ I M F M 27 A R A 10 3 22 7
(Fy,=21.809, P=0.001), H:r 1 mg/L Fe 0%
Aib P 2H A OH: RO B B, M A A AR R GR R T
59.00% , AU HRAAH L2 55 T 34. 67% ; 4 mg/L Fe
JUE A B A ) 52H RO B 25, R I i A AR RO
9.33% , FX REALAR LURRAR T 15. 009% 5 Higx ik i ik
FRZF RN R 2R Eb AR F o e 27 AR 46 25 S5 B0 Il 3

801 (.25 mg/L

=@ 0.5 mg/L

N
=
T

A HR)
5

Parasitism rate

(3]
=
T

(=]

1 mg/L

(P>0.05), faMEARTR MY Zn TR 7K B W
WM ERER AR E (F, =0.997, P =
0.460) . Fa]MEAS [F] ¥ B Y Mn JT 2 B A I0F i 3 A
AW FE RS (Fs ), =4.598, P=0.011), Hrh,
0.25 mg/L ¥ B 1) 52 H: 0 fe g, IR 0 ot e 2 AR R
ik 51.67% , MUkt ARZH AR EL 42 /5 T 27. 34% , 3F H AN
Hoftl 4 A~ B Ab FRAL R0 FRAH AR L 22 5+ B 3 (P <
0.05) . Tl MEAS ] v BE ) Co T 2% IR AR Mof #4 6e 1) 77
MR B E XS (F, , =3.431, P =0.037), 3,
4 mg/ LR EE T, TOARF 7™ Az 5 Hogr 4 Uk B2 Ak P2
HRIEF S e 2 A RIS X B AL, 1 mg/L ¥k BE IS A0R
WF P B A R AIK, M 5. 67% , FI X%} I8 2H AH bt AR
T 18.66% .

T 3 AN [R) VA 118 T 2R AR I P e (1) 2 A R
S e A RO i (B AR R R ) MR T
EWE N 1 mg/L, B, PA 1 mg/L Mg —uk &t
ATAN R (it TG 28 0T 00 5 8 e 23 A 0 AR B RN A
KB AH IR 52 U A

2 mg/L 4mgl. 3 0(CK)

Tt G Z Trace elements

P4 ] RN [l B2 4 Gl B 7 3 o AR e o e 2 AR M 2 A R ) 52 )

Fig. 4 Effects of feeding different concentrations of trace elements on the parasitism rates

of Aphidius gifuensis adults on Myzus persicae

2.2.2  He AR A S T 3R IR B B A R
SR« ] R A Ve ) ol 0 3R 0T R MR o e i e
A IR I A P AR SRS R A B 5 FFR . 7E 1 mg/L
AR BE R, AN [ ol it T 2% {40 o A e 2 2B R A
W3 W3 (Fs 1, = 10.230, P =0.001) , Horp  #h5E
Fe JUZR MM FEO04 20 A 32 fe ey, ol 42.33% , FIIXT R
AR AR S T 25. 33% 5 Ho A Ak B AR F 0 75 AR
RIET X B, Hd, Co TR AN %k R ik
i%,°45.00% , Fxd L AR LRI T 12.00%
2.2.3 AR B A TR T R R R e X i
AT (1) 5 i)« W e A2 Y B8 T AR e ARl e A
I SZI AN e 6 B o

161 mg/L IR T, RN Rl e 2 4

60
b
2
$ E40F
o E
¥ 20t a2 T
~ a
a
0 \ (W \Qe B \)Q\‘\ \\)(>° (‘&
(o9 \«\‘é \«\‘é (o
Rb
Treatments

S ] M e B ) fol i o 3% 0 AR M o
JIC I B A MRS s A R ) R )
Fig. 5 Effects of feeding the optimal concentration of
trace elements on the parasitism rates of Aphidius

gifuensis adults on Myzus persicae
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67 &
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I
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Jei RN AT (mm)
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Fig. 6 Effects of feeding the optimal concentration
of trace elements on the offspring adult size

of Aphidius gifuensis

YRIGF A0 1B B0 S | T 5 R (o =
2.195, P=0.081), HHo, 43 1 mg/L Zn JLE B}
YRIEF 4 0 T 1 e 1K 0 AR I K 0. 675
mm , AL AR LG T 17.36% , 478 1 mg/L
Co 722 I A8 197 24 e T, 1 00 518 U JE 8 45 K oy
0. 512 mm AR HRLELA LS T 11, 11%

2.2.4 BRI OB T 2N K 2 TR K
S8 BRSO VLA ik I 9 T 2 0
M 0 T 5 T S A A S 5
WU 2 BT . RIS DT G250 Pl &
T B, SR A ER MR FI 2Ry = 6,399 +
0.02857(R* = 0.993) , If:iff ot 5 1A e ok 723 WL
1 g/ LB 7] 0 E 22 K 200 7 P 1 9 R
LR 1100 BRI b, 2050 97 25047 : 4h 7
ORI TEZE R | 00 30 T 5 R G 7 k51
THEBHEET(F,,, =54.63, P=0.001) , HHR M
REELIE ) 2 ) ot 4 M (8 3 02 5 (F,, = 6. 468,
P=0.004),

478 1 mg/L Cu, Fe Fl Zn JLRJG, XHAHEF
WA AR e R R T it TG LA EL 8 4
1 (P <0.05) , i S fifl 2 70 F 34X FR W2 ik i A i
YEA, A #ME 1 mg/L Co JLEJT , MM 8% 71 AL
B YR T T I 2 B OO R AR L AT W 2 R R (P <
0.05) . #M7E | mg/L (i JCER T , F2 R T 0 4 11
Xof HRZELAH FE# 2 2 R I (P < 0..05) , (HAM FEAN [ 3k
HILR ZH M RREE MG R A & 25 (P >
0.05) o [RItL, b 30 A [A] 9 13k 122 0 2 5 AR 0F o i
IR BR IR % 1 ) R/ NHEF 2 < Fe > Zn > Cu >
Mn > CK > Co; JRR I B M 09 K /NHESF 4. CK >
Co >Zn >Mn > Fe > Cu,

K0T B ARk BE AN ] i ST R S A AR
JICHE I SR AL Bl R R TR R R (Fs, =
35.534, P =0.001) , By S8 AL RS Ak 2] 1 il e 35 22
F(Fs,, =84.115, P =0.000) ., #0751 mg/L Cu,
Fe 1 Zn 3 Fhist it JC R 5 , MU SO 1R R e 19 45
ATt 5 5 AU BRZH AR L 387 B 35 42 T (P <0.05)
FEAFE 1 mg/L Fe Fl Zn JUER G , MU ST 46
PR P AT 542 TH (P <0.05) , U4 BEAH L o3
Gl T 1. 49 115 4, b FE1 mg/L Cu JG3R
Xof R F e X0 S A 1 4 A il 0 P T AT I R )
(P>0.05), #3581 mg/L Mn JTR 5, 15 508 1
AR R M 4 Ak il 5 0 R X R A L T AT 3 AR A
(P >0.05) , 5 By 4 Ab i I P4 Fx BEZEAH LU A 2%
BTH(P<0.05) (#ET 1.51 /%), #4381 mg/L Co
TUER G, MR IF e e 7y 4 Tl 55 o XS 2
R TRE(P <0.05) , HIm P AU BRZH AR LA
WERF(P <0.05), Kk, #h A [F B = TR
T R e e 1y R A I 5 e Y DR/ INHE R R
Zn >Fe > Cu > CK > Mn > Co; W% fL 15 1E19 /N
HEF M. Mn >Fe > Co >Zn > CK > Cu,

R2 ARSERENMETE AT SETFRAEARRERNGSUBSEREENRME

Table 2 Effects of feeding the optimal concentration of trace elements on the contents and activities of

carboxylesterase ( CarE) and phenoloxidase (PO) in adults of the offspring of Aphidius gifuensis

T3 S ALl 5 1t
PO content

(mg/mL)

T3 S A Bl A
PO activity
[U/(mg + min) ]

FR IR Mg B FR R Mg B P
Ab P ) .
CarE content CarE activity
Treatments
(mg/mL) [ wmol/ (min + mg) ]
1 mg/L Cu 0.0381 £0.0003 ¢ 0.2228 +0.0627 b
1 mg/L Fe 0.0526 +0.0007 a 0.9042 +0.0814 b
1 mg/L Zn 0.0443 £0.0011 b 2.4561 +0.7749 b
1 mg/L Mn 0.0355 +0.0001 d 1.3207 £0.0709 b
1 mg/L Co 0.0297 +0.0002 e 3.5969 +0.0063 b

CK

0.0350 +0.0004 d

11.0173 £3.7589 a

0.0431 +0.0008 b
0.0442 +0.0008 b
0.0503 +0.0006 a
0.0370 +0.0009 cd
0.0364 +0.0003 d
0.0389 +0.0006 ¢

8.3667 +0.0912 ¢
13.2462 +0.0885 a
11.1221 +0.2505 b
13.5106 +0.2059 a
11.4245 +0.3136 b
8.9184 +0.32004 ¢
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3 e

Hl, X F R AFRGRI R =, B2 L
IRy AT E TR, BRI 22, iR Ak
FREERRALE B AR A (FHARFE S, 2022) e ap £
B (ZE4x, 2011) 45 (H OGN B e bR S04 A
KABEEHTERNTTE F7 B M2 A8 B0, AR M4 7
S HEHE AR IR A KR HF A 0 A PR AR S IR A 5

AR 5 X R e ] MR 1 AS [ 145 5
O3 TE, R IRAN RV B P e e | TR A 2 B R AR 1Y
REFE /=0 00 00 2 0 i e % 0 WF 1 A R, 10% A
20%0 Y FE X AR B T3 AR SRS AN R, 10% (1)
JERE (I 1) 5 78 10% e v BE T, e 28 6 0 ef
O SRR B (18] 2) o 3R 38 55 (2021 )
PR 5% 205 SR AH — B0, T AN [R]85 55 140 o) AR 5 A e A
RUA DR RO 5 2, RNt B A AH HE TG 3% 25 5% (&
3) o JE IR 0 R TR I R Sk
SERIE PRI , A 5% & I ;1R 10% 7 75 A
Ji S S T AR e A B R R I Rl i, (HL
HIEMER MBS (32 1) , 8 B Bl 5 19 J5 3 ] fig
KA BF o 0 A e ) R TR TR T % it K R, M)
10% FEWE 5 , MR AR 0~ R e 1y S AL I 5 S 1
O A A A K R A I AR AR L (R T
IR Z B (£ 1) o ByA LR & 22 AT fig
FIVRI M IS Y 5 A AR R G (HEARR IR, A
frit— o

MEIC RSP ER AT PR T EEE
o IEBAfH FHRCR JC 2 e 48 = sh ) filt B K7, £ F
SR Tl WIRCR A, A AT RS2y
HEESE T (EHEHE, 2011)  FE AP b 3 5 S R
S, T TR 25 W6 4y ok R o e AR DR RS 20 il 16 2 PR
AR P2 5 2, A SRR P s R ) 2 4
i (EHRT, 2019) . fEfaR IS IR TR E,
TR W 1)y PRI oS e S PRS2 1R I 0 L L Ak
it 6P S I 2 TR SRR AL s R At R
(XUZWT, 2019) o AHFFE 53 AN T ARFE ) 5 Fhik
HICR A R 1 mg/L (1) Fe JTLRE 0. 25
mg/L (1) Mn JT 2 Hif X 5F o e Jolg e %o 00 05 1) 2 71
RTINS T S e Gl it 1 mg/L) Y Co It
R T s R e i BET- (K 4) o 76 1 mg/L
PR BE R, Fe 9 S0 H R0 S5 0, IR 07 A 068 ol e
X RIS 705 1) 7 A5 63K 42.33% 5 Co JER AL
Wedy 22, FL A I 52 W A0 0 A, A A R AU

5.00% ;Cu, Zn 1 Mn JTER M EHZR B (K 5) o
76 1 mg/L AR T 1R 5 Fh s oo 20 i
HOE TR RIS I AN 25 (81 6) o X AURUIEE FR IR
T it R A Tl 5 1 AN TG R 5, - B Co T ER
A, FLA B 0 3R H R R P e £ i e R TR T it
A WE R A i T B AR R R
Wi Bt 5 A — AR E T (3R 2) o X R4
() JEL R AT B A B e R Bk B o 8, (HLAL
TR A e i — 2D Y

[, AR AN FE B FE MR FE 11 Fe T 28 J5 M i 2
Az R g e, ARG Py A T e R PR ) R R
FH(FR2) o X LLIW G U B AR I e 2 A S5 R 0
WA PN A A R T A DG I G et RN TG PR A — K
{0 ELRA AR SCHL A o it — 2B B9

25 I AT LR AN 10% 16 38 K 1% U in vk 5
1 mg/L it To R Fe ME R NIRRT B S8
AT B0 25 A AR AR 1 B2 H e

S 23 #k (References)

An T, Zhang HZ, Han YH, Chen HY, Zhang LS, 2017. Transcriptome
analysis of diapause-associated genes of Aphidius gifuensis Ashmaed.
Chin. J. Biol. Control, 33(5): 604 —611. [4¥%, wkikik, @
Hidk, WRLZTED, JRALAE, 2017, K0 USF A 0 i 3 S IR 1) 5 S
2. P EAYIBIR AR, 33(5) : 604 - 611 ]

Bai JJ, Gu G, Lai RQ, Zhou T, Mi YE, Han M, Zhang B, 2022.
Effects of temperature and juvenile hormone analogs on the
emergence time and rate of Aphidius gifuensis ( Hymenoptera:
Aphidiidae). Acta Tabac. Sin., 28(2): 131 —=137. [ [, i
WO, JEHE, KA, ERA, sRB, 2022, R KRS
FHASAN X U F A1 0 1Ak Iof (] 1B AL SR 4 S . vl [ 4 R A
i, 28(2): 131 -137]

Bai JJ, Gu G, Lai RQ, Zhou T, Wu XT, Chen DM, Shu J, 2020.
Effects of juvenile hormone analogs on the growth and development,
parasitism rate and activities of molting-related enzymes in Aphidius
gifuensis ( Hymenoptera: Aphidiidae). Acta Entomol. Sin., 63(9) .
1091 ~1100. [ FI&kfh, AT, MR, RIHE, RGeEE, Brhul,
EF, 2020, RANAR ISMUUY XTI MO A KR T A AR
WE R AR G RERT PRS2 B B4, 63(9) 1 1091 ~1100]

Benjamin ND, Montgomery MW, 1973. Polyphenol oxidase of royal ann
cherries; Purification and characterization. J. Food Sci., 38 (5):
799 -806.

Bradford MM, 1976. A rapid and sensitive method for the quantitation of
microgram quantities of protein utilizing the principle of protein-dye
binding. Anal. Biochem., 72 ; 248 —254.

Chang J, Zhang W, Li HP, Diao QY, 2016. Study on susceptibility to
pyrethroids and carboxylesterase activity in Myzus persicae on potato.
Chin. J. Pestic. Sci., 18(2): 201 —=206. [ #&r, ik, 250,
AE 7, 2016, ThEL BRI XHSK H 4G 182 3 B 0 SURR M B
FAAR PR BRBRBEHG MEDFT. AR5 24, 18(2) : 201 ~206]

Du QX, Cai HL, Li JY, Wu SL, Zeng WA, Zhai ZG, Yang ZX, 2022.

Effects of field rejuvenation on biological characteristics of Arma



212 B 23R Acta Entomologica Sinica 67 &

chinensis and its progeny. Chin. J. Biol. Control, 38(6): 1619 —
1624. [ kLERH:, SRIHK, 2500, (M, W 4E%, B9, B
Hrfk, 2022 [T {E] S H: Ao g o >4 QR T AULE W 24 Ak B0
Wi, EAEIBRG AR, 38(6) : 1619 ~1624 ]

Lai RQ, Bai JJ, Gu G, Zhou T, Mi YE, Zhang B, Han M, 2021.
Juvenoids on aphids to prolong optimal stages. Entomol. Res., 51
(3): 133 -142.

Lai RQ, You MS, Lotz LAPB, Vasseur L, 2011. Response of green
peach aphids and other arthropods to garlic intercropped with
tobacco. Agron. J., 103(3) . 856 —863.

Lai RQ, You MS, Zhu CZ, Gu G, Lin ZL, Liao LL, Lin LT, Zhong
XJ, 2017. Myzus persicae and aphid-transmitted viral disease control
via variety intercropping in flue-cured tobacco. Crop Prot., 100
157 - 162.

Li H, 2011. Studies on Rejuvenescence of Chouioia cunea Yang. MSc
Thesis, Shandong Agricultural University, Tai’an. [ Z£4x, 2011.
F 0 el N B E AR B GY. 2828 IR A R 2 - 24437
]

Li XY, Cheng JL, Zhang JT, Fu Q, Ru BL, Chen YH, An DR, 2017.
Population dynamics of Myzus persicae ( Sulzer) in Hanzhong tobacco
planting areas and control effects of Aphidius gifuensis Ashmead.
Tob. Sci. Technol., 50(5): 19 =23, [ Z=lEF, WE &, KK,
A5, kI, BEAESE, Zefiise, 2017, U X AR & A Bh s
AR U B P BOR . B, 50(5) ¢ 19 -23]

Liu JX, 2019. Effects of Cobalt on Growth and Development of Honeybee
Larvae and Physiological Function of Workers ( Apis mellifera L).
MSec Thesis, Shandong Agricultural University, Tai’an. [ X ZZ0T,
2019. il 2R & e 4l R A KO R UAE T A AL AR Y 5
Wi, ZE s I ARARO R 218 3]

Liu LP, Xi GS, Wang F, Liu XM, 2013. Research progress of
phenoloxidase in insects. Chin. Bull. Life Sci., 25(4) : 383 —387.
[xVmmde, B2BHEE, TI7, XL, 2013, [ oy 4 A0 A ) T 50
ER. Rl 25(4) @ 383 - 387

Liu SZ, 2008. Characteristics of Immune Function and the Response
against the against the Insecticides and Other External Interference
Factors of Insect Phenoloxidase. PhD Dissertation, Shandong
Agricultural University, Tai’an. [ X574, 2008. B Ht By A0 B £
FEP I RE S XA MRS AR TR T g B 2842 IR
Ay RAAE AR AL ]

Ma FH, Zhou T, Lai RQ, Gu G, Han M, 2023. Effects of tobacco
varieties, seedling raising methods and sources of Myzus persicae
(Hemiptera; Aphididae ) on the parasitic ability of Aphidius
gifuensis ( Hymenoptera: Braconidae). Acta Entomol. Sin., 66(1) .
85 -91. [ Lhaifle, FAHE, MiZRIR, W, #HgF, 2023. HH
Fift F B 7 ORI S5F ke YT 8 5 e Y A RE DT R . B LA
i, 66(1):85-91]

Pan MZ, Zhang Y, Cao HH, Wang XX, Liu TX, 2022. Research
progresses, application, and prospects in aphid biological control on
main crops in China. J. Plant Prot., 49 (1) . 146 - 172. [ #&HH
OB, WRR, B, xRS, 2022, FIE FEAAEY
HUEYIBIR BT IE I SR, YA, 49(1)
146 - 172]

Ren NN, Xie M, You YC, You MS, 2014. An overview on the study of
insect carboxylesterases ( COEs) and the COE-mediated resistance
to insecticides. J. Fujian Agric. For. Univ. (Nat. Sci. Ed. ), 43
(4): 337 =344, [{RUBIE, T, JUMEE, JLRZE, 2014, R
Pt e N A B U 2 M A I S . AR R AR 2 A R (A

IABIEERR) , 43(4) : 337 -344]

van Asperen K, 1962. A study of housefly esterases by means of a
sensitive colorimetric method. J. Insect Physiol., 8(4) . 401 —416.

Wang QN, Lai RQ, Gu G, Wu XT, Bai JJ, Mi YE, Shu J, Gao GG,
2021. Generational parasitism of Aphidius gifuensis on Myzus
persicae. Chin. J. Biol. Control, 37(5): 963 -969. [ EI5{E,
TR, U, SRR, s dh, KRk, &7, Sk, 2021.
R R DX AN [ A AR T 2 0 X R SF 1) 2 A k0. o A= W Bl ¥
AR, 37(5) : 963 -969 |

Wang QZ, 2011. Effects and influences of trace elements on animals.
Chin. Livestock Poult. Breed., 7(9) : 31 -32. [ EJf#, 2011. f%
HOCE XM S ITER S5, hEREEFE, 7(9): 31 -32]

Wu KK, Gu G, Lai RQ, Zhou T, Han M, 2022. Effects of photoperiod,
temperature and humidity on the parasitic ability and reproduction of
Aphidius gifuensis ( Hymenoptera; Braconidae ). Acta Entomol.
Sin., 65(11) : 1488 —1497. [ RIIF], BN, MRS, FHE, &
A, 2022 S S 4R IR I R X 00 A0 06 A A B T R B 1 5
ma. ERHC2AEHL, 65(11) . 1488 —1497 ]

Xia ZY, 2019. Effects of Manganese on Growth and Development of
Honeybee Larvae ( Apis mellifera 1. ) and Physiological Function of
Adult Worker Honeybee. MSc Thesis, Shandong Agricultural
University, Tai’an. [ Z 4T, 2019. 4f%F & KA 2 W4l b A= K
KB FRUE T BHLRE RS . 282 LD R0+
(Aedl

Xia ZY, Zhang WX, Wang HF, Liu ZG, Wang Y, Xu BH, 2019.
Effects of manganese on growth, development and antioxidant
capacity of Italian bee larvae. Apic. China, 70(10): 66 -70. [ &
T, KDE, BL35, XRE, 8/, F4E, 2019, I
KA e AR R E FPUA L BE T i, op & 4l 70
(10): 66 -70]

Xie YQ, Zhang HZ, Li YY, Kong L, Xiang M, Yang HL, Zhang LM,
Ai HM, Zhang LS, 2020. Population degradation rule of Aphidius
gifuensis ( Hymenoptera: Aphidiidae). Chin. J. Biol. Control, 36
(2): 163 -168. [#inisk, skikik, 254, LIk, Wi, M
F, dkarAh, CHEAR, JkALAz, 2020, R EF A 0 1) R RR SR 1L
& PEAEYPIR R, 36(2): 163 168 ]

Xie YQ, Zhang HZ, Xiang M, Zhang LM, Wang DL, Li YY, Ai HM,
Zhang LS, 2021. Population rejuvenation technique for Aphidius
gifuensis ( Hymenoptera: Aphidiidae). Chin. J. Biol. Conirol, 37
(2):201 -208. [fnis, skikak, mitfy, oMk, FER, 2
T, WK, SELAE, 2021, JRIF AR RTEDER. R E
AWIBGAR, 37(2) : 201 -208]

Yang J, Zou GJ, Yang Y, Pan HP, Long QR, 2017. Biological
prevention and control effects of Aphidius gifuensis on Myzus persicae
and aphid-transmitted virus. Guizhou Agric. Sci., 45(7) : 47 = 50.
[ B, 4ROGiE, B, WA, JERka, 2017, M 5 5 X 0
o S AT R A IR ROR. SEMARILRLE, 45(T) - 47 -
50]

Zhang JH, Wang W, Lin SH, Liu W, Su DL, Li GY, 2017. Effect of
cloves, Schisandra chinensis and chitosan compound preservative on
storage quality and disease-resistant enzyme activity of blueberries.
J. Chin. Inst. Food Sci. Technol., 17(12): 139 —148. [ 5k&jtE,
TAR, ML, XU, AR, 2B, 2017, T 7% (IR K&
FERMEIT A DRG0 X WE AR R B BOR BTG 15 oh = A
MheFd, 17(12) ;139 - 148 ]

(THEZi BRI



