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Change in concentration of secondary metabolites- DIMBOA and phenolic acids

in leaves of Bt corn
NIE Cheng-Rong!'?, LUO Shi-Ming'*, WANG Jian-Wu'*, HUANG Jing-Hua', ZENG Ren-Sen' (1.

Institute of Tropical and Subtropical Ecology, South China Agricultural University, Guangzhou, 510642, China; 2. Institute of Crop Genetics
and Breeding, Foshan University, Foshan, 528231, China). Acta Ecologica Sinica,2005,25(4) :814~823.

Abstract :Cyclic hydroxamic acids and phenolic acids are among important secondary metabolites of corn plant. These materials
and their derivatives have implications for the resistance of the plants to herbivores, pests and pathogens. The content of leat
DIMBOA (2,4-dihydroxy-7-methoxy y-2H-1,4-benzoxazin-3-one) and phenolic acids in Bt corns 34B24, G30, Nongda 61, and
1426 X 1482 were quantified by HPLC. The content of leaf DIMBOA in Bt corns of 34B24 and G30 were significantly lower
than that in their corresponding near isogenic lines 34B23 and G26, indicating that the introduction of Bt gene had inhibited the
biosynthesis and accumulation of DIMBOA. The concentration of DIMBOA in the younger leaves at different plant ages were
generally higher than that in the older leaves. The difference of DIMBOA concentration among different varieties was mainly
existed in their younger leaves. The difference of DIMBOA concentration among the older leaves of different varieties was

relatively smaller. No matter Bt corn and non-Bt corn, the concentration of DIMBOA in the mixed sample of the whole plant
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leaves decreased rapidly as the corn seedlings grew. The DIMBOA concentration in the first leaf of Bt corn or non-Bt corn from
the top also decreased rapidly when the plant stages added while the third leaf from the top had not similar phenomenon. Under
the single stress of drought or nitrogen, DIMBOA concentration in corn leaves was significantly higher than that of normal
condition, which was similar in Bt corn and non-Bt corn. The result indicated that single stress of drought or nitrogen
promoted the biosynthesis and accumulation of DIMBOA in corn leaves. But when compared with the normal condition, Bt
corn leaves had lower DIMBOA concentration in medium and late stages under the coordinated stress of drought and nitrogen,
which was significantly different from non-Bt corn. The content of leaf vanillic acid and syringic acid had no significant
difference between Bt corns and their corresponding near isogenic lines, while the content of leaf ferulic acid in Bt corns were
significantly lower than their corresponding near isogenic lines. This suggested that some phenolic acids in corn leaves could

also be affected greatly by the introduction of Bt gene.
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MBREYRE RREEBEAEMEYREEXERABEY N IEREDREY S 20 L 50 FRUKR . BRI %ENRERF®R
FRT —RIHHERDY EEXEAEYEYEEENBENEL EYEASHIIEYRZBBREL W EN e EHE 23K
LE A Bt EXFEERAZELEM. EYEZLPEREMEN . AT T2 KE Bt TR RLE ) ohH R FHIMNE Br JTHRKE
BE EXRANE SR Y RN DIMBOA (2, 4-— # 3&-7-8 & #-2H-1, 4-% 3 % 8&-3-8, 2, 4-dihydroxy-7-methoxy -2H-1, 4-
benzoxazin-3-one ) HI B B 2497 i B R0 — MR 45 48 B (O SR A . 4B Be 2% 178 B MO 63 KR B A B R R R
I m, HRT MR AIRE., I AR FHBSRAEGEE HPLOXN Bt X EHMHANMNIEEER EXN A FHBEBREY R
SEBTTHE . MIAFAERNYE Bt EXEREMHNMIERREREAERARTAMH H 98 DIMBOA & &8# 7 Tai& 44, %t Bt
Ek FHAME Bt RERE QM DIMBOA WHERXR#THXST UENERGIAGHAEETMNEREFRGSHRETRH
FleRtHieS%E,
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f :J:i’i%% H 2 (Near 1SOgenic linesaNIL)EﬁﬁﬁE@iﬁﬂ?TﬁTﬁ AW, A8 97 5k FH & ‘%ﬁﬁ?ﬂ‘—ﬁnﬁﬁﬁ Bt &K & #f
34B24 . G30 R E MMM MK IEEERIF SR FE R 34B23(34B24 Wik X F R).G26(G30 WiIESH R F) AMH, LB E AT
KERBYERNZER,BA Bt EXHNMNRIENHEXRR B TERAHEB ZRI.Bt EXSMHUEFERRARAE S Bt £X
mAHEABEMBEEREA . B A THEB EXREMEERETIXAMBESHHEZR . AAREER THPERIREEFTH
Bt EXMFFF K 61(Nongda 61)F1 1426 X 1482 5 EFI AP EIA T EX X XRERE MHEAVIEFRERN EX LK K 3138
(Nongda 3138)# 4T, REEFWE Bt EXFTRANEEY R CrylA HEER,, B EEREHERAR . 4L mF
L, R K 61,1426 X 1482 FifR K 3138 HAPE AW KB EIRER, ERMMHHEEHTE R¥ERFEFR Cindy Nakatus H g,

1.2 HABRRit

BRELTH]1 DERTAEXRZHAIME . BRAME4ZEN4RER), S/ 2 % ZZMHYLHEEY] . £BFE 11d B
FB 1 BERASE M oA R E G DIMBOA fiBtBR K FMHEY RN R, MG 20d KA 6~7 MHE, BEFH 1
BEEAE AR, 28N EE 1 H B 3 HME S A DIMBOA SEM Bt EASE.FAONMFHEAZERHEXKR.

L 2 PIKK 3138.1426 X 1482 IR K 61 =N FE ARG AME  BmffE 4 24 RER) . B2 20 5%: 8 &
FEHLHES . > BIEER S 6 d.9d.12d 115 d B BURE , G A B B 25 B 1~5 DN EEBR I o b v A R, B € K P 19 DIMBOA
TR,

FERLE 3 LI K 3138 #1426 X 1482 BN E K MM AR, HfT @ f KB MEFRMER 3 AFE Rk . HX#E
TERARA PR N 30 cmX60cm,. BMNHAFIE 2 NKF, K4 MHERIEEMKMERASMAK G HESB A KD IF
AKO2 4K E SR BB (R 2 AR 20 g EEEDOMARE 2 0KF F s b EAE. SABAGR3IKERE W 3
2 BRI 4 PR IEAIE 10 d FEIE BT KA Bh 0 R SR AL B, RS IR 1 PRI ECRE 1 9K, W 4] 1 o J8) 3 O AEE] 5 0 3 A
AL R g ) DIM TH.

BE/NXEZE LU Bt EXMFF 34B24.1426 X 1482 LI KR S ENTHXT M K IEF R £ K G 34B23 FA K 3138 H# 8, 1E
ERBEEHANTHIRALE . B MEMRAIMEREDPX, EB1/PXFHE 108, LEAB T 2002 F 10 A 12 H#&® A
R THBEEE., 2P EHFFE 39d.53d M 67 d 33 AT HAREYLECE: , I E B 1 vt R 3 it DIMBOA &, T #H A /)
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(P%)0.16% , 281 (K,0)0.56%,
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1.3.1 DIMBOA #57¢

(CD;COCD;)

ERE S B & SR
RO PR, KR 54 B #E Larsen B 7 KB UH
u%ﬁj’if Finnigan LCQ"™"* & % ¥k #H 5, ik - i % HX
BE : 2. 50 KER R K I WK =
. 7RI A 28 % DRX-400 % 400 Jk 48 5 #% B

I BERHN . KE

DIMBOA WIS E 7E Angilen-1100 BB AH A £ L DAD f il B 18 S 4K B9 R 7R BOE I B % 5h

FM'HNMR K "“CNMR % 5517 8% 8 3 5 SCEAXT BE B ik

HEAWY S, W R R bk 45 R T DUaE e BT 32 B9 A 4K 5 2 DIMBOA,

1.3.2 E X4+ DIMBOA B BS 25 Y Fh i 4> & 4

ASVFRIBASI R, FRTFBE 15 min,,
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1.3.3 DIMBOA FME;ER2S%) i By HPLC 1

B SEIMENFR Gl BB B
0.1 mol/L By H;,PO, AF pH = 3.0, A 10 ml B.LBE 12000 ¢ F &L 20 min;

DIMBOA Wit RSN EXRBAGE (S ABEK 195 B RE KRB BEEY i
11, DIMBOA #) HPLC-MS #5178 2 R lk K50 % .0 # 47, BT
E K ) % )2 A C18 #E, 250mm X 4. Omm , Spm ; 3 5 4 2 B
20 : 80; Ky P K 262nm . i {# § APCI, DIMBOA #) NMR 7 F E R 2B MAL 2= R A 2
KRN 4MNMWE T RGBT, FH TMS iRk, 87 8 ) A B8

R 6 L B

2 597, B8 S & B HPLC-MS B 3% .'HNMR K *CNMR K&l & 5 3C#K

KR 1 g, 0

~ A PR, T 0.45 pm BERE, — 20 CHKFE PR EUS HPLC fUE.

53 o BT AR A

By B AR R JL2ZX B (Protocatechuric acid) . X} # # X B B (p-Hydroxybenzoic acid) , & E B (Vanillic acid) . i) HE Bg

(Caffeic acid) . T & B (Syringic acid), X} ¥ & Py #

ACROS 7~ ¥H] .

Yamato JEFEZ &1 .

B AHFE X

/N

1.3.4 Bt HEAIEMAE BtE
g, ANETEE 1 REs
5.0 ng/g MEFRSERNEARA . E 1. Sml FHELEF

1ZE N EX
I PR 96 (12X 8)FLS

] Angillent 1100 7 2 i Af 6 5 X 6 47

- il U8 B R B B [B] A S 6 IS S PR A

EE (& @ B, p-Hydroxycinnamic acid) F i 8 B (Ferulic acid) ¥ H % E

B, A ZRE SRS, BN Hypersil ODS C18 #,
250mm X 4. Omm, 5pum; R A ZER QCOC); AN 25X FBE ¢ 75%pH2. 6 KEEBRKBE R, HE 1ml/min; I K 280nm; #
PR 10pl. PREFEAEE G RGE TR, HF
an I 1) F B . LASMR R HETT

FEMNARFE  Angilent 1100 FRBOBAE A B R EHF W 4 (DAD), i X B L& 2 7 (Angilent) il 1& ; H &7~

B HEAT X BRI R AR v ah B N IS AT
B LA [ VR B2 o 4 i TR MAC 0 T LA o o I 2, B € 45 A0 3 B K B B DIMBOA #1A Rl By MR 2R

] ELISA ¥, i3 E EnviroLogix 7~ Bl 4= #] AP003 ELISA £ iR &

LR EEERIRA 4 D CrytA) e, Hik
B HN A 20~30 mg BIEEM B INA 1 X CrylA (b):

B4k :0.0.5.2.5

B/ MR

W 0.5 ml, B 2 min FZ FASBY R 101 5. RS ILP & 250 A 100 p] &5 RBUR . RE KB %200 r/min PR

15min; & MEFLEINA 100 ul CrylA(b)-enzyme conjugate , £ 8 B 55,200 r/min F % 1h; X8, Wash Buffer ¥k 3 IK; &
R % ,200 r/min FHY 30 min; BUE WA 100 1l 2
OD{H,.BIERERE KL Bt EETE.

—AEELR A 100 pl B R N E Y 4R &
] K ¥R {Y (Sunrise Remote )l i H

FEF K 450nm T,
1.4 ZEHHr

B A BB 5513 B Excel #1788 ,SASS. 12 it B A4 # 75+ 2.
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2.1 EXM ¥ DIMBOA |) HPLC B 3%

38 5 7 B0 45 )1 000 fg iy 0 A S T L2 45 7

HESEHEFENENZFEAE . WS T EEA S0 £k A+ /8 DIMBOA,

2.2 AREIEXSF A FA
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 BREW ERHEHESFEREYF
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MR X AT S A

" DIMBOA 8 25 43 #i

s fE 5

I

ABIELLKE Bt 3
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LWL, HEZFBRS . 30 min Iy

E ¥+ 5 DIMBOA ) HPLC EHig (B 1),HE 1 /xR &5/, DIMBOA 5

UBERER 1#HME 11dNgE2KRM IR, e LFH

S B fb 34B24 1 G30 By DIMBOA 4 B # 5 Z% 3

R EVA:OE | 329
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SRR K 61 H B EREK.
AR DIMBOA S EBEMTHMMWEERHFEXK I E B REREHIHWREFE
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Fig.1 HPLC profiles of DIMBOA in corn leaves
KIEA K DIMBOA £ Y& REZWHBE. SHEIEFEX £1 TRAEXRRMH 11dHELHEH S DIMBOA &1
F]ng@fﬂjﬁr‘ E}gjpgg%ﬂ Ei*;ﬁlﬂ*ﬁ ., 8 E’,] |;L] i%ﬁﬂﬂ Table 1 The level of DIMBOA in the mixed leaves

Bt Bk 5%, Mk K DIMBOA 5 BEEERK . HAEHN

H— B e R AL -

B1&H
2.2.2

N
AR

FEBRER AL M o+

1) DIMBOA & &

FIX 3T MR AEEREZRR, R A
MENZEER R sk,

AR R

1 BFJE 20d 4hE (6. 5~7 M MBIBEE 1 .58 3 FAE S

AR

HHES HETF
#¥) DIMBOA S B EZEH

- R R, B E K
T EX G A
HEENKS 1 A B DIMBOA S BB EE-
-5 34B23 figk K 3138 13

PR 3 BRI
SEBCE 5 h RITH . RIK 61 AN

i) DIMBOA B (R 2., FEFWH
H L BT AR 61 A1 1426 X1482 Ab, H 4 54

B 3

1426 X 1482 XA A pr il & B 3 5 BN 8] 8 DIMBOA

FEERARE. GRRA, AR TR Bt -

s oK i Tl R

RIFFEFEERMF EELARALMRNBE: B (4

of 11d-old corn seedlings

DIMBOA & & DIMBOA level
(ng/g fresh wt. )

EX G R Corn lines

34B23(Bt™) 57.83x0. 76d
34B24(Bt™) 29. 88+0. 74e
G26(Bt™) 71. 361 0. 58¢
G30(Btt) 58.90+0. 82d
Nongda 3138(Bt™) 216.33+4.13b
Nongda 61(Bt*) 69. 601 0. 58¢

1426 X1482(Bt™) 234. 8015, 18a

* BRPREFEBAHEHEIHEE: SN PHREARNFEANRTIE
SUKELEREZE, TH:Bt M B 20lFE A Bt ZEHmFFIE
2% Bt A S () The data in the table were shown as “mean+

S.E.M”; Means with the same letter within the column were not
significantly different (p>>0. 05) using REGWQ multiple test (SAS

Institute, 1989) ,the same below; Bt™ and Bt~ indicated Bt corn and

M) # DIMBOA S8 & T F#H (BN,

AFHEFLSEEE D, Bt K5 34B24 F1 G30 I ¥t Non-Bt corn, respectively
FOE 1 oFiE 3 )W DIMBOA S ERAEZFMTHMMIEREEE KSR 34B23 M G26, XM MEEMB 1 HEHHE, Bt £
KFEROF A (8 5 OB DIMBOA S E 5N MIEHREEEKERE /N 4L SFERE R 34B23 f1 34B24 LI K& G30 f1 G26 8] 5

& DIMBOA S BEZERAEE, XEEREXHA Bt EXXEEFEMBMTHKE LI a9 DIMBOA &, BX FHMH T8
DIMBOA EBE WA E X,

*x2

K 20d BEXKBHAFWEMH A a9 DIMBOA 21 (ug/g FW)

Table 2 Levels of DIMBOA in the differently locatied leaves of 20d-old corn seedlings(pg/g fresh wt. )

E X5 PP Corn lines

H- {3/ Leaf location

{8] 1 First leaf from the top

{8] 3 Third leaf from the top

8] 5 Fifth leaf from the top

38.1041. 35b 29. 651 2. 54b
32. 0010. 83c 31.6740.72b
39.72+£1.75b 38.99x1. 31a
34.8012. 49¢ 38.24x1.5%
66. 102. 64a 21.25x2.18¢
17.37x0. 99 18. 0910. 81d
20. Ez?il. 02d 14.39x1. 08e

e

34B23(Bt™) 74.73+2. 11c
34B24(BtT) 49. 8810. 76d
G26(Bt™) 89. 90+ 4. 25b
G30(Bt+) 48. 840. 96d
Nongda 3138(Bt ™) 152. 2318. 23a
Nongda 61(Bt*) 17.9110. 69
“1426>< 1482(Bt*) 17. i}_:...tl' 28e
2.2.3 AREAKEHA

EX4E LMY F DIMBOA SEMELHS H

SIS 2 IR K 61.1426X 1482 FIAL K 3138 40 1
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Bkt R AR 7E 4 PARRIAE KT E S B E XM A DIMBOA 58315 (R 3), FESWEH,LEE Bt Af
it R AE Bt da .4 PEHHZ B £k 240 & DIMBOA § & B A8 8 ZE/KE, KAFHKK A :6d >9d>12d>15d. &
FEMHEISdZESHMEREHEMT A DIMBOA S B REH/ME 6d M 1.78%0~5.79% . UIEHREREXK MR K 3138 #Y
DIMBOA S B EMEMKEKEBRTHRAEERR, ARG od 25%MH FNE DIMBOA S8 THERIERMIS 6 d B 36.88%.

ERERA EEERKNOER, FRPEXSE LEH KA DIMBOA &2 2 RIB/V,X 5 Cambier LR R — .

X3 BEEXmMHELKEHTABMEABE X DIMBOA &1 (ug/g FW)
Table 3 Levels of DIMBOA in the whole corn leaves at different days after sowing (ug/g fresh wt. )

BREREWD

Days after sowing Nongda 3138(Bt™) Nongda 61(Bt*) 1426 X 1482(Bt™*)
6 2539. 84 +26. 75a 1627. 24+ 34. 56a ~ 3504, 511 86. 23a
9 936. 70+ 32. 66b 1297. 37445.11b 2167. 404 56. 25b
12 216. 854+10. 25¢ 69. 67+ 6. 32¢ 235. 211 10. 18c
15 45. 074+ 2. 26d 48. 054 3. 65d 202. 90%11. 17d

L

A SRR 2z E] L, BB LA 1426 X 1482 FIfe K 3138 4h Mk DIMBOA S BEE . Kk 61 8K ;5 , &M EXL B HE KM
F B DIMBOA §BUANRHEE 2B TR MG 15 d, &K 61 MK 3138 #h i B M 7 1 DIMBOA S EH LR . B E
K F 1426 X 1482,
2.2.4 ARAEKKNEHEXRER LM DIMBOA 8724 N T#H—2 T # Bt EXMEKR LA DIMBOA §8&1%&
b, AR E S H AEANFEX @A R, R/ ERRE 7 A A K ERERE 1 o3 3 A DIMBOA & & (3k
4), AESWEABRT 34B24 81 1 ¥ DIMBOA S BRABME 53d 5 67dZHEERABEINEEKGMAE 1 H K
DIMBOA S BAE I NN ENHEHNARNEZRBEKF;MEEKNEMER, & EXKMAME 1 5 DIMBOA & & # & ¥ B
B33 H Bt K 34B24 E S KT HA 1 14 DIMBOA S8/ THRIEFERNIEFERNR 34B23. B3 HBEA XA, X
UL Bt ERZEm) FEZ LM 1 HE4 MM H# DIMBOA & &,

T4 EFXGMHE 1 HMNE IHEAREKHNAKN DIMBOA £ (ng/g FW)
Table 4 Levels of DIMBOA in the first and the third leaf from the top of corn plants at different days after sowing (ug/g fresh wt.)

# 1 HEMEAR XD # 3R AR KX Third leaf from the top
i Lines First leaf from the top at different days after sowing at different days after sowing
39 53 67 39 53 67
34B23(Bt™) 123. 71 x10. 26a 71. 20 8. 51a 44.0116. 18a 55.1946. 87a 13. 01 2. 78a 32.41+3.75a
34B24(Bt+) 77. 981 6. 76b 13.24+5. 15¢ 10. 35+ 2. 78¢ 53.6715. 68a ND 20. 131 3. 46b
Nongda 3138(Bt~) 146.02117. 61a 47.95+6.78b 22.02+3.56b 26.37+2.78b ND ND
1426 X1482(Bt ) 30.6314. 51c 17.33%3. 56¢ 10. 94‘i1. 32c }7. 021x2.10c 15. 68i2..553 18.5312.75b

x NDEREEMB|, FB  ND means not detectable, the same below

2.3 Bt EX$+ Bt EHSTEE DIMBOA S EMAXREKR

FAHEBRLE 1 &5 20d Bt EX41H (6. 5~7 HEHORBIEE 1.56 3 MF 5 FBRIFH A4 6L, #il € H + # DIMBOA 5 Bt
EHEE . XWERNSAY S MM, DIMBOA M R MM (W 2.2.2),Bt BE & & FH R 4 8% 5 hn w5
. H—HatrmENMEELRXE,34B24.G30. 4ek 61 F1 1426 X 1482 MM X R B 4 8k —0.7326** . —0.8509"
—0.9720" " F1 0. 3179(Y n=12 B yr9.05s=0.576, 75.00=0.708), BE T 1426 X 1482 4, HR 3 MM H AP Bt EHETES
DIMBOA 4B ZHMEREZRIHEL. EREEW.EZXINPBt EXSHFHP N EBERAFLW B EAERRE  EXERATMHE
Y1 DIMBOA WIRIAZMEHBR., EXEFHNNEINED RS AN BEIRERILEFBILRER.

2.4 AEES&HET Bt £X4 DIMBOA &

2.4.1 TEMENF DIMBOA EEMEWR LIERIE 3IWEXMAAI#RKENE DIMBOA 8. Xie/ Bt EXEREIE
Bt %K, SLA 8B4 W 3| DIMBOA 9, T 2 B8 T ot i # DIMBOA & B T EX A K &M, I HARE LKA BB EKF E

5). TR T £ KM H DIMBOA & S M & ;X5 Richardson UL R H—3. Bt EXi &5 DIMBOA #8B#ET
B T s E 53E Bt ERAEEL.

2.4.2 EFEMaxH 5 DIMBOA &M ST REEEMEER, L E Bt £XKEEIE Bt X, EERA R F DIMBOA &
BHEL T, EHFWATE 1M DIMBOA SEVMBFERAREAZG . HHELXEHALBBEKE(ES . B, —FRBEX
BFEME &R #EXKRN F DIMBOA WA KM R, Bt £XX 5 DIMBOA §BEEBFMET WAL ESIE Bt TRAMELL.
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2.4.3 TEMEFRWEWANNITH DIMBOA SBHEW S53R—BEHILL.AZAXEZEEALAT TEMERVNEREBHMNH

DIMBOA S BHREBEHIN, EMWEZRM FE. BERMBEMBMN (RS . TESWEREZH , E#HME 33d LIgT, Tit £

Bt £XE£IE Bt XK, 7R N B DIMBOA S &MEHL T,

IEHA

K&, EBMIE 40d DUSE,3E Bt EXKR K 3138 ETEMEFNERMIE T &4

WHERKLME,T Bt EX 1426 X 1482 E TR M B F W E A

WA KT EH, TREMEFWEMEE 223 Bt XN 5 DIMBOA & B MHA R .
£5 TRABEKXGHTEEXRHTEBLM ) DIMBOA & REL AR (ng/g FW)

T & Aot F ek 2 B DIMBOA & H KT

-

gl

TFEMERFRNEN AT EFRAMMTHA DIMBOA S BYEERT
it BB DIMBOA S B8 EE FI
KR, X

Table 5 Levels of DIMBOA in different leaves of corn plants under different stress conditions (ug/g fresh wt. )

lH

fH)a 26d 26 d after sowing

S5 33d 33 d after sowing

o . (=3 ] T £ a8

58 Lines Nitrogen oo 1 af Bl 3 ot 5 o B 1ot @3 5o
1 LFT 349LFT 5t LFT 1 LFT 3¢ LFT 5t LFT

Nongda 3138(Bt™) 1IE # Normal 1IE % Normal 122. 80d ND ND 8. 00e ND ND

Nongda 3138(Bt™) IE# Normal T8 Stress 203. 20b 79. 81c¢ ND 14. 68d ND ND

Nongda 3138(Bt™) ik B, Stress 1IE % Normal 164. 48c ND ND 21.51b ND ND

Nongda 3138(Bt™) ik B, Stress T 8 Stress 158. 57¢ 150, 15a 101. 85a 22. 82b 9. 98%a 9. 03a

1426 X1482(Bt™) 1IE % Normal iIE % Normal 118. 90d 59. 53d ND 11.12d ND ND

1426 X1482(Bt*) IE# Normal T & Stress 149. 37c 108. 02b 91. 32a 18. 49¢ ND ND

1426 X 1482(Bt 1) ik B Stress IF # Normal 150. 07c 66. 82cd ND 18. 56¢ ND ND

1426 X1482(Bt*) &k A Stress +F B Stress 272. 28a 125. 96a 72.05b 39, 32a 12.5%a ND

)5 40d M) 47d )5 61d
F A Lines Fgﬁ%ﬂj}lﬂ_ FElH 40 d after sowing 47 d after sowing 61 d after sowing

Nitrogen ~ Water  fg 1% 3t Bsot @16 3ot Bse @1t @3 @5
1 LFT 39LFT S*"LFT 1*LFT 3<LFT 5%"LFT 1#LFT 3<LFT 5%"LFT

Nongda 3138(Bt~) IE# Normal JE# Normal ND ND ND 9. 8% ND ND 7.69d 7. 40d ND
Nongda 3138(Bt~) " IE# Normal T8 Stress ND ND ND 13.86c 11.50c ND 20.37c  10.73c  10. 26¢

Nongda 3138(Bt™) &R & Stress I1EH# Normal ND ND ND 21.22b  15.72b 13.14b 10.44c ND ND
Nongda 3138(Bt~) &% Stress F& Stress ND ND ND 22.23b 16.40b 15.93a 39.66a 33.5%9a  31. 35a

1426 X1482(Bt*) IF® Normal IEH® Normal 40.21b ND ND 15. 00¢ 54.69a ND 5. 43¢ ND ND
1426 X1482(Bt*) 1IE# Normal F 5 Stress 70. 0la ND ND 79. Z21a 58. 54a 8. 75¢ 27.27b 16. 40b 13. 69b

1426 X 1482(Bt™) R Stress IEH# Normal ND ND ND 18.29b ND ND 8. 00d ND ND

1426 X 1482(Bt™) ¥ Stress T H Stress 21. 60c ND ND 11.07d  9.13d ND 5.13e 4. 55e ND

*
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Fig. 2 HPLC profiles of a mixture of 7 standard phenolic acids. Proto, Protocatechuric acid; p-OH-b, p-Hydroxybenzoic acid; van,

Vanillic acid; caf, Caffeic acid; syr, Syringic acid; p-coum, p-Hydroxycinnamic acid; fer,Ferulic acid.
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Table 6 Concentrations of phenolic acids in the leaves of Bt corn and non-Bt corn seedlings (ug/g fresh wt. )

P Lines F B BR Vanillic acid T &FE Syringic acid Fl B #R Ferulic acid
34B23(Bt7) 16. 671 2. 76¢ 5.0610.63d 49, 001 12. 25a
34B24 (Bt ) 13. 80=3. 85¢ 4. 81+0. 69d 24. 651 3. 87¢
G26(Bt™) 21. 361 4. 36b 8. 3241.21c 53.82%11. 31a
G30(Bt*) 23.18+t3. 25b 8. 69+ 0. 66¢ 34.17+6.51b
Nongda 3138(Bt~) 81.94+10. 81a 13. 841-2. 38b 7.37+1.28d
Nongda 61 (Btt) 77.301+11. 83a 19. 244-4. 36a 4. 65x0. 79¢
1426X1482(Bt™*) 90.04111. 25a 20. 3542. 30a 4. 9410. 67e
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