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Optimal and optimization of components and sucrose concentration
in the artificial diet for rearing Aphis gossypii

ZHANG Qian”~ LU Yan-Hui

(State Key Laboratory of Biology of Plant Diseases and Insect Pests, Institute of Plant Protection,
Chinese Academy of Agricultural Sciences, Beijing 100193, China)

Abstract [Aim] The cotton aphid, Aphis gossypii, is an important agricultural pest. Evaluating and optimizing artificial
diets is crucial when rearing A. gossypii for biological and ecological research. [Methods] Using previous studies, five
different artificial diets (diets [ -V) were developed for 4. gossypii based on the nutritional composition of amino acids,
vitamins, minerals, and sucrose. The diets had a pH of 7.6 and a sucrose concentration of 25%. The optimal diet formula was
determined by comparing the survival rate and fecundity of adults fed on each diet. Additionally, survival rate, development
duration, progeny production rate, fecundity, longevity, and life table parameters were compared between 4. gossypii fed on
cotton plants with those fed on the optimal diet formula containing 25% or 30% (diet VI) sucrose. [Results] Aphids fed diet V
exhibited the highest survival rate and fecundity. 4. gossypii completed an entire generation on both diets V and VI, and the
progeny production rate was 100% for both diets. Aphids fed on diets V, VI, and cotton plants had a longevity of 15.39 d, 13.52 d,
and 20.29 d, respectively. Additionally, they had a fecundity of 16.99, 16.85, and 26.73, respectively, and an innate capacity for
increase of, 0.24, 0.23, and 0.29, respectively. [Conclusion] Following a comprehensive comparison of all parameters and
considering cost-effectiveness, diet V containing 25% sucrose was determined to be the optimal diet for rearing 4. gossypii.
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Y So RS HER R R EAECR | -
YR BAESCR | A A T 00 He3E
P | I5F e D e R 20 2 SIS S I He 2 5
DR R AR (AR ATRAR B, 2006; AR
¥, 2020; Huetal., 2022; Luoetal., 2022 ),
L7 e /N K 11 9 1 T E o € X S S o
Wb E EE A O (I, 2016), Luo %%
(2022) A AEN AR P B ISTAE R (2R
LSRRG FIER KR ) EBR T AKF A K iF
Sitobion miscanthi & N ek L4 Regiella
insecticola, KIS M Harmonia axyridis %}
AP IR TR BT U B ROR B E e R . Hu %%
(2022) HMHRA alifb K& w7 ( Barley
yellow dwarf virus )i A TRDBHFIFR I T AR,
B T SRR AZE W Schizaphis
graminum , ISR 1 /N A2 AT DL 3E O e A g
JE H ) Fr e AT 52 W) A #8521y o 7 09 o ) e %
i df o A e g o, m] e af o it e 2
FAHEY), AR — B H R, B R
0 B A RO EE s LN T ARDRE Y, fig
i PR 8 B PET A O AR A R R
A% MU A Jo 0T i He R R R sy s (5K
F, 2004 ), PHutk, WS AT 0F dom SRR T
L, XA S A Y 2 AR 2 2 R BT IR HOR
SRS BRI Ji 220G EE 2L (RS, 2001 ),

MR Aphis gossypii, AL " [ EE B
Hu, AR B3 5 A WA AR TR I A AR
A, IR 2PN R, S AR AR Y
FEAE R (MRS, 2004 ), AREF A TR
MIWFFE AR T 20 T4 60 4£48, Auclair (1967 ) i
a2 g G LR B AR R N TR, B
FERRIE N TR B fE pH (HoN 7.4-7.8, T FOAH
WRIER 20%-30% . FH H 55 1997 )Z IR Dadd #
Mittler ( 1966 ) Jz Auclair ( 1967 ) {575 HEBLHlAR
I N AR, i 8 A R AR E N 25%-30%
AR, BARARZ PRI TAEE X R F N TRk
RS FIBC 7 AT 1 G, (BTSSR AP e i A7
TGRS B RS R (20588,
2008; 3%, 2014; BhIRZE, 2017 ),

A SCHRIE T AN BIBETE LR, DA | i

2. JCHLERFRERESE B TR, K pH (EB K
H 7.6, FERRERIEBSCR 25%, BLHIT S R
N TARE, g bt i i AE X 5 R ek iy
PEARESIIL T DA L N G S5 5N
WEE e B s, R R E A RRIE Y
B, R RERS R N TR BB, Bk
SR M W R R SR AR T B R (A SR R
A, 2004 ), I, ASCLGEE TABEFFE 25% . 30%
N Tk (LT ) FIARAERE IR b A AETE 2
#WERE DI AR ER T R A s O
FIRAE R A, 00T T N T AL FIAR A8 A R X
FRWF I PP 2 A R S B2, i N T ARDRE
T AR B, DU R — 20 58 B A I 1% 1] 57
ik,

1 #R5HFE

1.1 #hREHR

HEARET T 2022 4F 5 H 2R ALY R
i T, OGRS SR AR 2R 4 i)
AR MR IE SRR 2

1.2 #hiEy

IR AT AR AE T H G 38 A o KA e
TR THA TR (R Jeak - KER
THARRLL 12 3 2 41RA ) BIAER ( HAZR 18 em,
5 15 cm ), FEARET 2 B TSR e IT IS AV
BEAER P ORE | ARA AR, TR,
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BifREE . R 80, BT ST R =
KEY . WER T E . AALE . DK . —
KA . AL BRIREE; KB E N | Bkt
PR R AR A B | ATRRIR RN 25
Tk PRGN B A ST ER AR BR 2 W
AL BT T A AR R A R A |, o3
Mrédi.

14 AIfAflH&

Z M Auclair (1967 ), Singh % (1985),

BREE (1997), WHEE (2006), Prosser fil
Douglas  (1992) K (2016 ) HWTFEK: pH
EHBMEUCH 7.6, REWRRBESHESCR 25%, Wit
T 5 FARIE N T AARE, PRANECE WL 1. KAl
O3 Fi B L TR+ 4 A R+ TCHILER 0 B I 43 0 %
T EBETK, RGBT PR HFE 30 min, ¥
WIR G4, 1 mol/L KOH W pH (4 &
7.6, MEBETKERZE 100mL, HJ5/H 0.2 um
{18 2 A 3ok g e ) e 1) N T ARDRE A T 0,
WETEHBE LT, - 20 CIRAE, B0 E IRRD,

x1 FERGFATERBRERS ( mg/100 mL )
Tablel Composition of different artificial dietsfor Aphisgossypii (mg/100 mL)

fil /7 Diet

[ 28 Auclair,

I £ 18 Singh

S
MSBELE Namgisy, ) o bosser fi

415 Composition 1967 i1 %5 1985 &3 45, 1997 B3 2006 it Dougl?,iﬂlggL .
Referring to Referringto  Referring to Li Referring to Pan 2016 B3t Referring to
Auclair, 1967 Singhetal., 1985 etal, 1997  etal,2006 Prosserand Douglas,
1992; Ye, 2016

ZFIAEZE Amino acids
AR Arg 400.00 400.00 400.00 — 300.20
JNERE Thr 200.00 200.00 200.00 — 103.60
SRR Leu 200.00 200.00 200.00 — 114.10
{62 Trp 100.00 100.00 120.00 — 58.20
KA Asp 100.00 100.00 600.00 — 189.70
HEm Gly 20.00 20.00 100.00 — 9.00
M2 Try 20.00 20.00 20.00 — 10.90
AR His 200.00 200.00 200.00 — 182.40
W& Lys 200.00 200.00 200.00 — 158.90
HKNEFR Phe 100.00 100.00 120.00 — 47.10
RATME Asn 300.00 300.00 110.00 — 213.90
NEBE Gln 600.00 600.00 600.00 — 241.10
2R Ser 100.00 100.00 100.00 — 59.90
LA Cys 50.00 50.00 50.00 — 42.50
2R Met 100.00 100.00 120.00 — 42.50
iR Val 200.00 200.00 200.00 — 101.90
SreE R Tso 200.00 200.00 150.00 — 114.10
HWEIRE Glu 200.00 200.00 200.00 — 123.60
NER Ala 100.00 100.00 100.00 — 50.80
HZR Pro 100.00 100.00 100.00 — 65.60
y-EIETHE Gaba 20.00 20.00 20.00 — —
=22 R Hse 800.00 800.00 — — —
MEER Cystine — 5.00 10.00 — —
JKfIE R Hydrolyzed casein — — — 2 000.00 —

A4 EZE Vitamins
H:#)E Biotin 0.10 0.10 0.20 0.10 0.10
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£ZE3 1 (Table 1 continued)

fil /7 Diet

[ 28 Auclair, T2 Singh MSWEHE NSRIERLE,

#4r Composition 1967 B3 % 1985 B 4E, 1997 BiF 2006 3

Referring to Referringto  Referring to Li Referring to Pan

Auclair, 1967 Singh et al., 1985  etal., 1997 etal., 2006

V £ & Prosser Fil
Douglas, 1992; I,
2016 15T Referring to

Prosser and Douglas,
1992; Ye, 2016

1ZFR%5 D-calcium pantothenate 5.00 5.00 5.00 5.00
IR Folic acid 1.00 1.00 0.50 0.50
JHf2 Nicotinic acid 10.00 10.00 10.00 10.00
MEASEE Pyridoxine 2.50 2.50 2.50 2.50
iM% Thiamine 2.50 2.50 2.50 2.50
JEF# Choline 50.00 50.00 50.00 50.00
JLEE Myo-inositol 50.00 50.00 50.00 50.00
¥i#Z Riboflavin 5.00 5.00 2.50 2.50
M EFER R
P-aminobenzoic acid
PIRIMAER Ascorbic acid 10.00 10.00 50.00 100.00
TeHlERZE Inorganic salts
HEIR=#1 K5PO, 700.00 — — —
FNAKEAEE MgCl,-6H,0 200.00 200.00 200.00 —
MUK &b MnCly-4H,0 — 0.79 0.50 0.40
WAL — 25— KA
CaHy(PO,), H,0
FLERES Ca(C3H;05),-5H,0 1.64 — 1.70 —
SIS CaCly — 3.12 — —
=K EFFEEIR R
FeC¢Hs0;-3H,0
FOKBFPBERRR
FeCgHs0,-5H,0
77K =S AR FeCls-6H,0 — 2.23 — 11.00
FREE MgSO, 0.69 — 0.70 —
LK MgS0,-7H,0 — — — 123.00
R A 48 K,HPO, 1.20 300.00 — 1 500.00
Wle — S 40 KH,PO, — 500.00 500.00 —
B A =K EY
KH,PO,-3H,0
Wil — &40 NaH,PO, H,0 0.44 — 0.50 —
k4 NaCl 0.22 — 0.30 —
POk & ALs CuCly-4H,0 — 0.27 — —
“KGEAEHE] CuCl,-2H,0 — 0.30 0.20
SUkEE ZnCl, — 0.40 1.30 —
REE ZnS0, H,0 — — — 0.85
i Saccharides
FERE Sucrose 25000.00 25 000.00 25 000.00 25 000.00
H'E Others
Fr -2 B Yeast extract — — — 2 000.00
2 H i R [ e
Cholesteryl benzoate
FrEEmR Citric acid — _ . o

10.00 10.00 10.00 10.00

0.68 — 0.70 —

0.15 — — —

— — 0.20 —

2.50 — — —

2.50
2.00
10.00
2.50
2.50
50.00
50.00

0.66

400.00

1 650.00

0.17
1.44

25 000.00

22.00
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15 ARARRGEERAFBTFHHRILE

151 AREEAAIGARMEFTE RAMmI O,
HAE 2 cm., 5 3 cm RYIEEEE R SR B, BEESAS
— 478 I Parafilm i, & T 44MT S 15 min,
SRJGTE Parafilm Al 120 uL N TR, 78
Tkl b — 2B, T RSUZ B g iR = .
BRI A W HAE B RS NN IR L, 3%
BEAS 5 — iR LAz (100 H ) B 55 sk P
ARG, KPEEA B —uwmdl b &
DBEIEE A 1 KB 24 h NAELEF, %24 h
TSR R FE TR G, IR,
HEMHIT, & 2d F—kmEk, 5 FARRFEA
AR 30 3k, —SKWF oy —AEA
152 AREEHERENGARMESE R LA
6] 73, o3 | FHRERR TR 25%F1 30% Y s AT
D7 iRl SR A 1R 3R AL R 2 L AR BE IR A L
A1 Sk (< 24 h), 24 hid sl dud
B BET RS ERE N, BB RS, BHE
WF AT, B2 d R — DR, R R R
BEEE 100 kbFdy, —SkiFdch— A EHA
153 REEKFF HIKE LR A 1
Bl 4 IR AE R RR RO b, SRR
RFE L 100 HAGZMAE (15cm x 12 cm ), B
1R kiR, A 24 h USRI S UL R | BE
TR BB DL, [ R R ™ (R A I RS Bt
HEG RO, SR 45 3k, —SkiFHACh 1
MEH

1.6 IHEEHE

0o ) 5 A 14 IR AE AL RR B A= K A5 2 0
IR (25+1) °C, FXHEE 40%£10%, J6/HH
14L: 10D,

1.7 HiRSH

N [) BE 5 N T AR Al 058 i o 55 3 52 il
K45 >k - Graphpad Prism7 K {1 (9 4F 2 %
Kruskal-Wallis #5451 Dunn’s £ & b4, ffH
TWOSEX-MSChart ( Chi, 2020 ) %5t
G RE I B R AEES L R
bootstrap £ R #E 4 100 000 AT E A SE) 1

{H 5Fr1ETR (Huang and Chi, 2013; Yu et al.,

2013 ), ASI[a) 4 3] A9 0 2 1 25 5K P38 0
Paired bootstrap test ( 5% ) #HATK:E: ( Liu et al.,
2023 ). FHEESBOTAE AT AR

Ry = ZIxmx s PNEK R p Dl Euler-Lotka J5
x=0

B S e D, =1 R 1A

x=0
T=InRy/n,; FRGRKE =™, Hrh: x N
W (d), IoNFREFRALTE R, m N E IR
54 /7 ( Chi and Getz, 1988 ),

2 HRESHSH

21 ARAIRABXIRERFFERNEEN
AR50

BB VN T ARDE Al 0 B 07 A7 35 2 fie
O 1), BUEsE 3 K, MR T .
By I, By I, B IV AR S VAL B 77is
R 80% . 97%. 60% . 93%FI 100%, Ht )7
T RTEE 77 IV ARl S5 A F i 43 5 56 5 R
I 4 RETIT-, WESH 7 K, MR E
By 1oy RS 7 VAR A2 TS 24 5
10%. 10%F1 77%. BECJ5 V AR 35 AR I it
R AF IR ] 27 do ARV RRHEC 5 ) 33 Ao A6 o
SR R R, o, BV ERRE R
Wi, N (21.27+1.92) 3k, il [ . Bl

_ g7 T Diet
100s - Jit 75 11 Dietll
-= fig 5 1 DietIll

751 - EﬁﬁIV DietlV

- fii 7V DietV

W
(=)

N
(%}

5% (%) Survival rate (%

[=}

510 15 20 25 . 30
if1E] (d) Time (d)
E1 AEAIEA#R (BFH |-V ) 885
HFimENZN
Fig. 1 Thesurvival rate of Aphisgossypii adults
feeding on different artificial diets (diets 1 -V)
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U EeT5 IATECTT IV REAE] 2 3k (] 2),
AR AF 15 A F 28, g BCT5 V iRDRLSE S T A
WHTR

25, .
_ 1
g 20}
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gﬁgﬂglo-
£ 3
& St
b b b b
ol miinm wimm 0 w=s
I I m v \%
fit 7 Diet
B2 ARAI@AR (A |-V ) XTHEEFRE
A

Fig. 2 Thefecundity of Aphis gossypii adults feeding
on different artificial diets (diets I-V)

FE B/ NG AR 22 5 . 2( P < 0.05, Dunn’s test ),
Histograms with different letters indicate significant
difference (P < 0.05, Dunn’s test).

22 A EEEREAIARMBEEKAZFET
HREF B9 R Wi

FETHTV, BT 30%RE0ETk A T 450k
(B VI, W 3 vl MRIFrERs LR RE 1)
FEIERE T AN TR, 25%REmik B fapR i 352 1Y
FRBFAF 15 R = T 30%ERHER R . AFR5E 3 K,
R EFPERBAC R RE R 25% MV BE DR 1 RO A2 TE
RITHIH 100%F1 99%, TAE 30% FERE Ik B 1 Rl
IR R TR 86%. &5 7 K, MM bR
R L 25%F1 30% ERE IR BT A A3 560 A

77.80% . 64%F1 48%, 5 15 K, HMFAEARIEHE
B EBITETE RANTE 50%Z5 40, TAE 25%F1 30%
FEWH Ve B L b A7 16 AR 25% o MBI 7E 25%
F1 30% EMHVR BN T AR} 1 04 e B A7 1 B[R] 3
y22d, HYERAERERE 28 39 d.

1009
——25%E8E 25% Sucrose
S 751 —o-30%JEHE 30% Sucrose
< z -=- i EAER Cotton plant
S E
M= 50F
W2
5
w1 25
0

10 20" 30 40
] (d) Time (d)
B 3 FEEEREAIARMBEERAT
AR EF T A E R
Fig. 3 Thesurvival rate of Aphis gossypii feeding on

artificial dietswith different sucrose
concentrations and cotton plant

25% . 30%ERHHR BE N T LA RL R A6 A iR 4R
IR WF 0 F T Dl o (6.52+0.06 ) .
(6.47+0.07 ) 1 (6.45+0.08) d, =HF LA X
o ARIFBCE 25% . 30%ERHR N T AR REFIAR
R I PR R 100% . BUED 25%F1 30%
Wi B2 N T )R A A I ST 38 7 05 & 3 ) oy
(16.99+1.19) 1 (16.85+1.20 ) 3, WEML TS
AERIRE AR 2 AR ( 26.73+2.04 ) k1. 25%F
30% FHEHH v B N Tk ) 3% 1 Al A5 i G B
25, (AS5MAERARFIEL] (20.29+1.49) d], %

PNYIN

A gm0 4.90 F16.77d (£22),

x2 AEEEREALESMBLEEKRERNBEFETLEHE. FFE, EEAMEGHIME
Table2 Effectsof artificial dietswith different sucrose concentrations and cotton plant on pre-adult developmental
duration, progeny produced rate, fecundity and longevity of Aphis gossypii

g L EEDI (d) PR (%) PR /e (Sk) £ (d)
Treatment Pre-adult developmental Progeny produced Fecundity/female Longevity (d)
duration (d) rate (%) (ind.) gevity
25%JEHE 25% Sucrose 6.52+0.06 a 100.00 16.99+1.19 b 15.39+0.72 b
30%EHE 30% Sucrose 6.47£0.07 a 100.00 16.85+1.20 b 13.5240.85 b
FRAEMIFE Cotton plant 6.45+0.08 a 100.00 26.73+2.04 a 20.29+1.49 a

FPEE B ER R, R =3 A AN F R R ZE T B3 (P<0.05, paired bootstrap test ), I [F] o
Data were presented as mean+SE, and followed by the different letters within a column indicate significant difference (P <
0.05, paired bootstrap test). The same below.
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B 25%F 30% bk B2 N T ARDE A HF
VAT (Ry ) [(14.10+1.17 ) A1 ( 12.30+1.14 )],
LKA () [ (0.24+0.01 ) 1 (0.23+0.01 ) ]
FABRE R R (1) [(1.27+0.01 ) F1( 1.26+0.01 ) ]
B W 22 5, (H 55 A 40 R bR 1] 55 A 01 AH 1L

[ (23.76+2.18) . (0.29+0.01 ) 11 ( 1.33£0.01) ],
P 58 R . FRIFTE 25% . 30% IRk B\ T 45
BEFIARAEAE R ARV 0~ AR (7)) 4300
J3(11.19+0.17 ). (10.91£0.16 ) F1 ( 11.10+0.30 ),
“HEEAREESR (F3),

R 3 AEEEREALABFREERAFTREHES B0
Table3 Effectsof artificial dietswith different sucrose concentrations and cotton plant
on life table parameters of Aphis gossypii

Ab 3 HEFA Ry NEHER R ry HACHE T JAIFRIG AR 4
Treatment Net reproduction rate Innate capacity for increase ~ Generation length  Finite rate for increase
25%PEHE 25% Sucrose 14.10£1.17 b 0.24+0.01 b 11.19£0.17 a 1.27+0.01 b
30%HEHE 30% Sucrose 12.30£1.14 b 0.23+0.01 b 10.91£0.16 a 1.26+0.01 b
FRAEMIRE Cotton plant  23.76+2.18 a 0.29+0.01 a 11.10£0.30 a 1.33+0.01 a

3 HFHit5itig

AR SCRYE T AL, FFNGE et (9
FE pH AR 7.6, HEMREE N 25% ), Bodl T
5 FPASFIARIF T AR, R S A6 B 7 V AR
AT R, AR AR (27 d), PR
[ (21.2741.92) SkP&BCH 1. By . By
M A 5 IVAY 17.25-45.58 1%, HE a2l V
Ak 5 EL At ) A B A FH AR SR AT o 22 AT IR A
TAARMAC AR B 2, — Sl B RO,
PR (A58, 2001 ), ASHFFENT A T Ak
pH {EFIERHR EHEAT T RSB R, AT AT
FIRFFE, BeJr VN AR 73/ H RS, il 4
AT, HEERE TS NAEE R,

e B 2 i i RN T AR FR AR Y
FRNEZ—, Fk3E (1994 ) WFFE K& PLLIA A E
A SUCIE N LR CRR Y R (T ok SN
WFARIERL 7V, Bl T HRERR B R 30% 1 A T
kL (B VI, Z5RFM, 25%F1 30%EH ik
FE N T eHn 55 i AR F AR pe g 58 i EARE &, B
FEFR I IRF] 100%. BB 25%FEMERIE A T
TR AEIE 2 PP PR .
A B | N B SRR BRI KR S R
T 30%REMIREE . LR B A NSE, UKAE Y
BAS B JE I, N TPk R F 25% R v JiE o 3
FHT AR 5%

of BUfE RARFF 3 B R SRR LT A
ThARE, 3T e T e N TR
HEM T Y, Wl aEE B A TR s>
FIRZF FHYIFA 1A T RIR A= 9 5 (i
45,2001 ), 53044 (2011) BFFE & BBk 5
N T ARDRE B f 7 i 6 A Ry i S ) 5% Bk i Y
22.22% A G H IR BUES 25% RE IR B2 N T24A]
RHAR IS (101 27 7= e b S5 AR AR AT AR AH LA BT R ALK
{HE B MR AE AR AR A SRARF () 63.56%, H. HEFamie
B R AL MRAR BT Y 75.85%, R 3R 0004 H i
EL A O RREE N Tk Bt e . 28 LTk,
S WTT VR TARE, AR SR RO A i,
T8 T IF A 0 A 2 AR S 2R DA R B iR R
EETE . TEAEMIGE Y, WA A B Rt E
IR BB BB IRE | SEJR  AHXEE
SRR SRS, AT HE— 2 e R S I R N TR
FIKF-o
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