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B E [HH] 55BN % Azotobacter chroococcum JEHEHE Bt AL RMEARPL R [ A3k ] RA
Bk, X Bt A (Bt) FEEPTHREAS (Yu) 517 R4S [ A R AR ( AC) 1 AU B 7O FRAREE (CK),
W AR AL FEFR AL /Y Bt 8RB R AN AR, DB RS BEAR AL F 5 bR 5 R 4%
Helicoverpa armigera /E K& H . ZHMEFRMHEL, [ER ] AT F A E R 7000 IR 2
o A E AL TR AL A Bt A RIS (Bt +26.73% ). AIEMEE A& (Bt: +17.69%; Yu: +6.16% )
A E R N R BTG PE ( Bt: +72.64%; Yu: +60.27% ) BB (P<0.01), WA LM & (Bt
-0.90%; Yu: -5.80%) FIFEFEHGMERERIE (Bt: - 1.83%; Yu: -4.06%) (P <0.001), A% T [H
RPARTFRWO R B, (14 [ 0 A AL B Bt AR Ai A8 gl i (+11.57% ). W (+1.03% ). AHXS
HEER (+6.07% ) FHERITHAE (+4.17% ) BB EHN (P < 0.05), HAHREAR ( - 4.09%). 1k
Wi (- 46.09% ), WHE ( - 21.09% ). HHE=IIE (-59.86% ). WELHEGK R (- 9.31% ), MXAKR
(- 4.26%). FHER (- 582%) FMBFHELE ( -551%) ABE N (P <0.05), e R EEE
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Effects of Azotobacter chroococcum inoculation on the
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LI Zhuo'™ LIU Xin-Dong® LIU Fei® YAN Yue' ZHANG Xing-Rui'
CHANG Chun-Yan' LIU Yang1 GE Fengl***

(1. Institute of Plant Protection, Shandong Academy of Agricultural Sciences, Jinan 250100, China; 2. Jinan Vocational College
of Nursing, Jinan 250109, China; 3. Shandong Rural Energy and Environment Agency, Jinan 250100, China)

Abstract [Aim] To clarify the effects of Azotobacter chroococcum inoculation on the target insect-resistance of transgenic
Bt cotton. [Methods] We used the seed immersion coating method to infect Bt cotton (Bt) and non-Bt cotton (Yu) seeds with
Azotobacter chroococcum (AC) and the sterilized medium (CK). A laboratory test was carried out to study the Bt toxin protein
expression and nitrogen metabolism physiology of cottons inoculated with A. chroococcum, and investigate the growth,
development, reproduction and food utilization of cotton bollworm, Helicoverpa armigera fed on cottons infected by A.

chroococcum. [Results] The findings indicated that the infection of azotobacter significantly increased the Bt toxin protein

*PEEIIH Supported projects: [E5K HARBI AL FFAERIEIE ST H (32202405 ); FEFKHESHFAITRITE (2023YFD1400800 ); 1l
RETRAA “—FH " W H (2023YSYY-006 ); ARl HUE BE LA R UEE B A S  S= TShoe 24 % B A (1PM2001 );
IR L BB BHL A T (CXGC2023F04 )

*#2f —VE¥ First author, E-mail: lizhuo0613@163.com

=457 JAE# Corresponding author, E-mail: gef@ioz.ac.cn

Wik H 4 Received: 2023-05-01; #2352 H ] Accepted: 2024-07-29



6 14

54 I [ AR Bt AR AEHLRR T B BT LR

expression (+26.73%) and the nitrogen metabolism indexes of cotton, as soluble protein content (Bt: +17.69%; Yu: +6.16%),
GPT (Bt: +72.64%; Yu: +60.27%) (P < 0.01), except for the decreasing Free amino acids content (Bt: - 0.90%; Yu: - 5.80%)
and protease activity (Bt: - 1.83%; Yu: - 4.06%) (P <0.001). Compared to CK, AC treatment obviously increased the larval
life-span (+11.57%), pupal duration (+1.03%), relative consumption rate (+6.07%) and approximate digestibility (+4.17%) of
H. armigera (P < 0.05), and reduced the adult longevity ( - 4.09%), pupation rate ( - 46.09%), pupal weight ( - 21.09%),
fecundity ( - 59.86%), innate rate of increase ( - 9.31%), relative growth rate ( - 4.26%), efficiency of conversion of digested
food ( - 5.82%) and efficiency of conversion of ingested food ( - 5.51%) of H. armigera (P < 0.05). There were opposite
trends on the growth, development, reproduction and food utilization of H. armigera fed on non-Bt cotton infected by A.
chroococcum compared with CK. [Conclusion] Overall results significantly depicted that the infection of azotobacter had

positive effects on the Bt toxin protein expression and nitrogen utilization of Bt cotton to enhance the target insect-resistance.

Key words Azotobacter chroococcum; transgenic Bt cotton; Helicoverpa armigera; Bt toxin protein; nitrogen metabolism
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# Bt ( Bacillusthuringiensis ) & PEHT i 48
(TR “Bt A8 ) AR AR AT AR5 i QA
# i1 Helicoverpa armigera. 401k it Spodoptera
litura AT 27 19 Spodoptera exigua 25 i ## H
P13 L ( Basavaraja et al., 2008; 7722 1E5%, 2010;
Lietal.,, 2014; 2515 2024 ), Hfe R/
U EN R EE R, HETCE & kAR LR A R
R 60%LL F (BEEE, 2012), FKEA 1997
AEFFLRFIAE Bt A, oML DX HE )RR 2 S8 T A
F, KRS —fERAE A Bt S5 EMRE, N
TR AR R BTE R (R,
2023 ).

RE T BUEYINERER ) E 2 ) o,
WY 3R BH 38 3 4 R A P Ak 48 0T 2 5 % Bt
YEVII R Z AR, X HEAME R R R IR
WA W& B (Stitt and Krapp, 1999; Li et al.,
2019, 2023 ), WMAREFRZ L LR IC A
F, MEE TR Y, R 2 HE e
AR RRPCE . 3255 . Ak Huo™ TR (A
SRIESE, 2015 ). A AW A T BOR UL AN
B, HA R . BnfEY &R R
BOR L BEFHVEY N SR AR, 1
e [ USRI IR R ) A A 1) A R 3y [
& # )& ( Elshanshoury, 1995; Raju et al., 2008;
Romeroperdomo et al., 2017 ), A5 78 By i 1k
RN i = A i = W G KB |
Azotobacter chroococcum) FEfit [, il w5 A
[7i] ] 80 PR AL FR AR AE I Bt SR RIS A
P, DLSBCE AN R AL BRAR AE I J5 #E bR

HUMRES A ROR T - BIEAE SR AR, Bk
T AR YT Bl Bt M ERLbR DT
HUSCREYATRENE, LUVDYFRE S Bt A7 A% 42
AR U R SE R U AN T T Ak (A B
PEAE T PR PR R R AR S

MRS A%
11 ghkers

T U 54 [T ( ACCC 10006 ) 11
BT ELO R Yy A R B G A
PR TR T o FERE S H B8 BE 10.0 g, CaCOs
1.0 g. K,HPO4-3H,0 0.5 g, MgSO4-7H,0 0.2 g Al
NaCl 0.2 g %f# T 1 000 mL JG#7/K, pH 7.0-7.2,

BAMRAE . 5% BtARAE N B 37 5 (Kik
CrylAb/CrylAc FE R, S 2009024 5, fAjFKR
“Bt”) FEAEHLHEAR B 2067 ( [H H A
20000003 5, FFR “Yu”) B AR A KL
= e 2 AR BT AR Ml 5 v AR AR A ol R S5 AR B
A N SR AR, 8 AL R B AR
B2 AL R AE SRR (' -
HE =12cm: 18 cm) f, it : BFRt =
1: 1, JF9FT 121 CREiRKHE, & THOLm
KSR IR (26x1) °C, MIXHERE 65%+5%.
SR 141 - 10D 85 37 BB WAL

M A . DAY B AR A, U
2005 AFTbAE ERYAR R A, 7 E R RRE
B AR R I I T 7 SR 37 40 AL A R
R, TECRIEFAAORE (26+1) °C. AHXHEEE
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65%+5%.. JGJEH 141 : 10D LI T Aalk} i 5
(ZJFEEL, 2015),

25550 RIAES . W %eRE (ELISA) ik
Mg (96 Lk, I TR ARM ), JEiiEs
24 ( GDN-400D-4, TUILRXAR) ),  HgHk
HPERIAYL (25FE BIO-RAD AH] ), fHIRILK
( Excella E24, 7% [ Eppendorf 23 /) ), 43 GIGHEE
1T (92 Thermo A H] ), M5 ZUJREMIFRYL ( 3¢
BT (B ) ARAR ).

1.2 REF*E

121 RIEE  IE 4 41408, B 2 4FEAE
AL TR (R4 [# A, A. chroococcum, fij#k “AC”
R AR RO IR, fRFR “CK”) x 2 414k
A FPALBE (Bt AR, TR “Bt” FIEAEPLHEA, fi
FREYU” o (RS B 3 W84 i 3R I & HAR
FE =5cm 3 em )HSLEFE, 30k 1 IREXR,
BwE 5K, 4 AR RIE 600 &, BX
W1 9. 00 A FEACEEAEN, HF T RKF
FReaopint i BUCEJEIHME . Fags s E AR 3
fER e, RIS IHMFIHE R 20, R
FHBEAE (80 °C, 72h) #tT ZfEE, PR TH,
122 EREEZEMAIE R EREE T
i, A B A AR B TR s IR AT T E R
PR (28 °C, 200 r/min ) PIEFTHGILE S, R
W26 #E I 1.000 (600 nm P ) B PG EE Y
eSS 518 (A chroococcum NifH gene ,
Forward: 5-GTGACCCGAAAGCTGACTCC-3';
Reverse: 5'-CCACCTTCAGCACGTCTTCC-3')
HEATHERE i PCR SE Wam Hok 2, A K
F14 11 S0 5 R K T O R B 2 1x10° /mL,
BT IR 2L AR . R KA FARTIEC &
AT B AR A R F 2 e, AR
AC TEEFNE A IR, ARG 51,
fE 28 CHHER M TS 1-2d, FFfT A2,
B e, 45 & 2R FAE AR AT K BRI 7
W, BRI IRAE (AR 1.1 75 ) BRRfal,
FIHZDSEER PCR (98 °C, 2 min; 35 MEH
AFPE, 98 °C,10s;iBk 72 °C, 10 s; #EfH 72 °C,
5 min )73 5 WO AR AEREFRET 1 d FOIEET I A 1
(5] 463 [ 260 PR 7 2 o

x1 BERELENE Bt RS IEHIRERIRE
EHMET 1d R ERRFEIEEEAHSE
Tablel Azotobacter densitiesin the sampled
rhizosphere soil of Bt cotton (Bt) and non-Bt
cotton (Yu) infected with Azotobacter chroococcum
(AC) and the sterilized medium (CK) at 1d
before planting and at squaring stage

WORERH ) AL AR Rl R R AD TR PR [ R0 5

Sampled Cotton  Azotobacter (& #l%/g)
time cultivars  treatments AC (copies/g)
FEAPET 1 d / / (4.67+0.33) x 10° b

1 d before

planting

A Bt AC (9.16£0.14) x 10"

Squaring 2 5

stage CK  (4.70£0.29) x 10°b
Yu AC (9.1120.17) x 10"

a

CK (4.71£0.28) x 10° b
FRAES AN : %% BtARAE (Bt) vs. dEPTHIEA (Yu); A
BEAbE : FIBE AR (AC) vs. A EFRK (CK); /:
To: F AR TR RRNG TR 4
AL Z ) (FRAERL P < [EAEALPE ) £ Duncan K5
1E P <0.05 K L 225 B
Cotton cultivars: Bt cotton (Bt) vs. non-Bt cotton (Yu);
Azotobacter treatments: A. chroococcum (AC) vs. the
sterilized medium (CK); /: None; Data in the table are
mean+SE, and followed by the different lowercase letters
indicate significantly difference among 4 treatments (cotton

cultivars X azotobacter treatments) by Duncan’s test at P <
0.05.

123 Bt EARZEERN U 1 g ANFELH
PE WAL — SR b KB — B et
A, A 1 mL 42BG& (0.1 mol/L FRERE:Z% il ,
pH 9.5) TEARIRMK EAEE T s i, B0l
THW R R ek (ELISA ) X fAF 1)
Bt & A& &I T I, ik WS sk
( Gnagadasu et al., 2018 ),

1.24 SREHEXWRFIEFENE KRB g
AR AL BEIRE B AR AL — ok b . KB—E
Brigrt R, A 1 mL #2808 0.05 mol/L Tris-HCI
GEv, pH 7.2) TEARIRIE EOME T 7ot
BRI IR . RAEIC L (k (TRAESE,
2010 ) XFHE i A4 SR TR W R e 2 ( GPT ) il
R LTRSS E W ( GOT ) 1 MR A7 A
i I 2 PR O R T A M R S 2 o SR
A EEN RN G T IEEEA S
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s AR S TR OB A Y BRA
FRAH] ),
125 WMEBREKEZEMEEERUE K
PEEARR AL Al R AR AL BRI AR I b, SR
TSR AN B RN HUER &)y H AR B T A
KR, W LLIEEE 2 REGE VI,
KE L 9:00 %E M H M F IFARERIC %, Seit4h
By O B L AR L Pk SR R e
VIS EYS
MRS PR, MEME 1 1 BEXE A SR &

(HA# & =10cm: 15 cm) N, HIERZS
H O, WIHRE 10%EEHK o B8 A e ™ o
i, BN AR K, HET R
PN ELRE K- (Innate rate of increase, ry, ), 1152
AR 2.
126 HEREFFABERNE &AH 5 S
FEA PR, BIAEXT A=K % ( Relative growth
rate, RGR ). HIXJTHF#E% ( Relative consumption
rate, RCR ), %541k% ( Efficiency of conversion
of digested food, ECD ), E#41k% ( Efficiency of
conversion of ingested food, ECI) FIT{LLiH L%
( Approximate digestibility, AD), ITH AL
%2,

*2 FBERTEAR
Table2 Thecalculation of indexes
05 H6 HRA
Measure indexes Calculation of indexes

B r rn =ln (LR IRE

Innate rate of increase DA

FIXFAER A RGR RGR=4Jj B Tt/ & &

Relative growth rate DA<y RO R T i)

FXIHAER RCR RCR=WEEY /(KT

Relative consumption rate  Jj x4l d A i )

L ECD ECD=4J dt38 Jn i &5t/ (X

Efficiency of conversion & - 28 & ) x100%
of digested food

B ECI
Efficiency of conversion
of ingested food

ERIF AR AD AD=HUgr it - FEffi/ (L
Approximate digestibility EEYFE ) x100%

ECI=%; 5 38 Jin i 2 /BU &
Hx 100%

1.3 HEHH

A %24 F SPSS 25.0 ( SPSS Institute,
Chicago ) #fFi#1r4i1t53#r, KM Duncan [
B 2 A T A B R 1) 22 5 S SRR 5 o B
PTG, 4 Levene’s test( P> 0.10 ) #il Shapiro-
Wilk test 534G S0 8504 1Y 5 22 55 PEFNE S 73 A
PE, DL RIS AR AT & IEA A0, WIARYE
B RS O BRI A T IE SR AR e, LAY B 22
IHTER

2 HREHH

21 BREEMERENREIREPESERR
FENKRE

FERBAEINAE R I, AR T [ B B R0t
HALFR (CK) [Bt A, Bt: (4.70+0.29) x 10°; dE
PUHEAR, Yu: (4.7120.28) x 10°], i@y
A 3 42 ol 61 20 ) R A6 AR B - vl [0 4 [ 2R 7
H[Bt: (9.16+0.14) x 10"; Yu: (9.11£0.17) x 10"]
WERE (P <0.001) (K1), #EFHT 1 d AR
PR+ FE[(4.67£0.33) x 10° ) 15 B 10 18] &0 80 05 55
TR HE A B AR AE AR PR B 2 ) E 3 2
(P>0.05), S5BEMEW B ARFLEIA (AC)
PIARPR L AEAH LAEE R 22 57 (P < 0.001), %
BH IR P A A 1 B T e P T IR 4 T G O s T
PG AR s 38 v [ U 1

22 EMESREXIER Bt MAIEHAFEE
Wit Bt EH. ARBEXYRSENETH
B

H13% 3 A, 5 2R R BG FRBO0 R AR B ( Bt
484.00 ng-g ') MLk, (5% [ & &AL B (Bt
613.35 ng-g ') B Bt #ii Bt I Kk B #
WEhN, BEIEA 26.73% (P < 0.001 ); AH4 R A
B RO AL (Bt: 17.06 mg'g '; Yu:
1227mg-g "), BIMBEARALEE (Bt: 20.07 mg-g s
Yu: 13.02 mg-g™ ") AR AT MR SR
WEERNT 17.69%H1 6.16% (P <0.01 ); AR
18 0 T 1 SR B0 IR AL B ( Bt: 340.38 pmol-g '
Yu: 323.11 umol-g '), [EI# & A #ALHE (Bt:



+ 1264 -

o B 3244 Chinese Journal of Applied Entomology 61 %

337.34 ymol-g ' Yu: 305.39 umol-g ') KA
Vi B R B D T - 0.90% A1 - 5.80%
(P < 0.001), MCAL, AH% R S B 557 O R
ARFE T [P U A B AR AR M R N S R R
B AT I B 4% SRR VR T R B A S R
K (Bt: +72.64%; Yu: +60.27% )( P < 0.001 ),

115 8% 0020 A AT O %) il 6 1 22 B 3% R ( Bts
- 1.83%; Yu: -4.06%) ## (P < 0.001),
Duncan ki %6 2¢ B , [ % B AL BB R AR AL i A
t Bt BRI RIATIA PR S &, DA R N R
iR o S T VB RIS PR A 3 25 57 (P <
0.001) (£ 3),

x3 EMERALENIERE BREMIERRRAR Bt EAKIEE. ENIEFHEXYRNEEHE
Table3 Bt protein expression, nitrogen metabolism-related substances and enzyme activities of transgenic Bt cotton
and non-Bt cotton infected with Azotobacter chroococcum (AC) and the buffer solution (CK) at squaring stage

M EFE kR ¥ Bt Mk (Bt) EPLHCEA (Yu)
Measured indexes AC CK AC CK
BtEHSE ( ng~g'1 ) 613.35£6.78 a 484.00+3.19 b / /

Bt protein content (ng-g ")
AR A (mgeg ')

Soluble protein content (mg-g ")
THERER SR (umol-g™")

Free amino acids content (umol-g ")

A BRI R S (pmol-g'-h ')
GPT activity (umol-g™ "*h ")

ARG (mgeg!)

Protease activity (mg-g ")

20.07+0.90 Aa

337.34+1.96 Ab

24.35+0.54 Aa

1.80+£0.01 Ab

17.06+0.37 Ab 13.02+0.91 Ba  12.27+0.45 Bb

340.38+5.58 Aa  305.39+2.05 Bb 323.11+2.98 Ba

14.10£0.32 Ab  20.75+0.67 Ba  12.95+0.06 Bb

1.83+£0.01 Aa 1.71+0.01 Bb 1.78+0.01 Ba

AR AL B PR IE A (AC) vs. AR TR (CK). KB AP BprifEie, WM Ebr b ARRS |
IINE FARE A3 e 7R MR AE it B R [ R AL FE 2 Duncan KRS8 7E P < 0.05 /K FEE R B
Azotobacter treatments: A. chroococcum (AC) vs. the buffer solution (CK). Data in the table are mean+SE, and followed by

the different uppercase and lowercase letters indicate significantly difference between cotton cultivars (Bt and Yu) and
between azotobacter treatments (AC and CK) in same measure index at squaring stage by Duncan’s test at P < 0.05,

respectively.

2.3 WEEMESEMN Bt MFHER HERIBH
MR BREKEBENEENTL

48 gy B 42 [ U 1 BeR AR
HAEDH (FEWEZRELHE, AC: 19.54 d;
A BB RO IRALHE, CK: 17.51 d) Flig)
(AC: 11.16d; CK: 11.05d) FiEZEiEaH,
d1 54 (AC: 8.55d; CK: 8.90d). fkifi#® ( AC:
20.28%; CK: 29.63% ). Hfi# ( AC: 0.14 g; CK:
0.17 g) FIHME=IIE (AC: 147.00 %i; CK:
235.00 L) BT REESR mERE M E AR
AT HCE AN, KB (AC: 16.03 d;
CK: 16.95d) Flifl (AC: 9.92d; CK: 10.63
d) Aapkias, A (AC: 10.82d; CK:

9.22d). fLlifiE (AC: 86.65%; CK: 70.51% ). Ui
i (AC: 024g; CK: 0.19g) FIFulfEr=pp& ( AC:
484.00 #i; CK: 310.67 i) A FTH#Ea#H, 244
RO (B 1 A-F ), 51 U B 772 00 8
ACFRAR LY, TR [ 48 [5 Z0R A 3L B AR A4S
WA (+11.57% ) FIEEE (+1.03% ) &
MEERM (P < 0.05), Hmd A4
( -4.09% ). LR ( - 46.09% ). W&
(- 21.09% ) FIELHE™BI&E (- 59.86% ) A i
F TR (P<0.05) (E 1), MHCE R [ 2 56 ik
PRAEPT HOE AR RS B A K R B A
SEIAH A (E 1: A-F ), Duncan f36 301,
[P R R AL B S AR A i A A B AR S B A K R E
FEHE ) BA (P < 0.05 Xl 1: A-F ),
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Z 1o SEut I pa 2110}

& Ab ~: W [ &2

317} : B Da g%w— ﬂ§95 Ab

I
3 m | “HE N
- - - : 8.0
Btff Bt FEPIHGEAR Yu Btff Bt FEHIHGEA Yu Bitf# Bt 3F i R A Yu

9 KbFH Treatment KbFH Treatment AbFH Treatment

S130  mEBEEE AC 20030, m [ E & AC 660 - BIRAIMBERH AC

E D omagsEFm cK g E DEAEEFBCK ~ o F oo @ﬁﬁiﬁﬁﬁ CK

‘S .8 a

2 90} Aa % 0.24] Aa £E o0l

e B A =E Ab
< 5ot ~ 018} Ba ﬁtgzm— Ba i
£ L] - = Lo

= 10 - N PP I - - 60

N Bt# Bt dEBiEFEAYu = Bt#f Bt  FEHLHZEAR Yu Bt#f Bt 315%‘“ HEAR Yu

AbFH Treatment AbFH Treatment AbFH Treatment

E1 HEEMEBERE (AC) MEREEI R (CK ) WILER Bt# (Bt) FIERHER (Yu) BEHHFEE

WHLHGH (A) . B8 (B) . HHREH

(C)\

{LiEZE (D) | WE (E) MBAK~IE (F)

Fig.1 Thelarval life-span (A), pupal duration (B), adult longevity (C), pupation rate (D),
pupal weight (E) and fecundity (F) of cotton bollworm, Helicoverpa armigera fed on the detached leaves
of Bt cotton (Bt) and non-Bt cotton (Yu) infected with Azotobacter chroococcum (AC) and
the buffer solution (CK) at squaring stage

P Bt s B R, A AR AR

IING PR3 5 R K AL S R [ U AL BRZE Duncan G
K 7E P<0.05 /K245

BFE. THIFE.

Data in the figure represent the mean+SE. Different uppercase and lowercase letters above bars indicate
significantly difference between cotton cultivars (Bt and Yu) and between azotobacter treatments
(AC and CK) by Duncan’s test at P<0.05, respectively. The same below.

24 WEEMESEN Bt MFHER HERIBH
MR BN EERKENNRERFIATL

PR AL H 4l U B2 A [ R 9 Bt AT A
HANEH KA (AC: 0.22; CK: 0.24), HX}
HEKF (AC: 101.18 mg'g '-d™'; CK: 105.49
mgg d '), LR (AC: 23.97%; CK.:
25.37% ) MEFHAZFE (AC: 19.20%; CK:
20.26% JAH TR HXTTHFEFR( AC:556.84
mg'g 'd'; CK: 524.99mgg '-d") R
1% (AC: 77.92%; CK: 74.80% ) & I Fl#a#;
A4 HL 4y R B 2 o 1 4 B ) AR B R AR AR AE
M, HAERKE (AC: 0.30; CK: 0.26),
XK (AC: 118.74 mgrg '-d 5 CK: 111.10
mg-g -d1). HHiEILFE (AC: 30.85%; CK:
28.60% ) MEKE (AC: 22.67%; CK:

21.36% ) T a3, M EFER( AC:401.28
mg-g '-d"'; CK: 459.75mg-g -d"") FI LY
& (AC: 70.38%; CK: 71.39% ) L R
e 5 R R IR RO AN BRAR L, O [ A
[ B AL B Bt A R AR A A XTI RE R
(+6.07% ) FLHERIHLE (+4.17% ) BT E
Hom (P <0.05), HHMEEKER (-9.31%).
X AERE (- 4.26% ). AR (- 5.82%)
MEHARE (-551%) AREFETRE (P<0.05)
(E 2: A-F), THCE B [ A B A B R HOoR
A RS HL PN BTG R R TR 2
M AEYE (B 2. A-F ), Duncan f050 /s, [#
U AL RS AR A6 A b Ak B GRS L ) PRy L K
FHEE A EA BE M (P <0.05) (&
2: A-F),
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2 OFREHEHRMCK T, b o [ﬂﬁc%ﬁﬁ%ﬁ CK o & OE AR BRI CK
o 7 & T o Aa
3 2030} A & ssof Ab
Ly Ab EE g5
ﬁ ‘3 Ba -F\; —§' %‘; 2 Ba
T 5024 pp K 5 108f w5450t
E 1 B iz 8 Bb
: N B |2 ¥ ]
- (]
0.18 : R oI . E 2350 - -
Bt#f Bt JEHIHFEAYu ~ Btf# Bt 5"5%51%2!& Yu = Bt Bt JEHTHEA Yu
Kb Treatment A3 Treatment ~ Kb Treatment
35 o [F# EEE AC 25 B B4 B A # AC 385 o [ E A AC
§ . |D OREZAEREFFE CK § _ |E OREAEHIFEKCK 3: F  OESERH®% CK
< o\c E o\° Aa —~ =
R EZ30 A SEZ2 Ab B 790
c3s g Ba 5 A
5% 2 Es2” SE7 B
= [l g ]
m m (=
20 : : 16 : . Ze : :
Bt Bt JEHLHGEAR Yu Btff Bt JEHLHFEAR Yu Bt# Bt JEHLHZEAR Yu
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Fig. 2 Theinnaterate of increase (A), relative growth rate (B), relative consumption rate (C), efficiency of
conversion of digested food (D), efficiency of conversion of ingested food (E) and approximate digestibility (F) of
cotton bollworm, Helicoverpa armigera fed on the detached leaves of Bt cotton (Bt) and non-Bt cotton (Yu) infected

with Azotobacter chroococcum (AC) and the buffer solution (CK) at squaring stage
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