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EFFECTS OF CADMIUM AND IRON ON AMINO ACID
CONTENT IN TOBACCO LEAVES
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Abstract Based on simulated field experiments.this paper provided information about the
changes of the content of 17 amino acid and total amino acid in tobaceo leaves under the
treatment of Cd,Fe ,Cd+Fe and Fe+Cd. The results showed that the types of amino acid
did not change under the treatment of Cd.Fe.Cd-+Fe and Fe+Cd; Amino acid content in-
creased with the increase of Cd concentration:the effect of Cd on amino acid content was
more significant than that of Fe:the effect of Cd on amino acid content was inhibited by
Fe,and the effect of Fe was decreased by Cd. The interaction between Cd and Fe was an-
tagonistical, On the antagonistical mechanism,it is suggested that the poison of Cd on to-

bacco could be impaired by Fe supply in Cd pollution area.
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BERTE EEUHFRYTEL . EAMNCEREES P SRENML Sme/kg M KIEEE=LHE. K
B HFER" “Alkagave 5. " Akiock ¥ "L B H BEAY “BE 45 "L ¥4 5 Fe A% F A X1, Coughtrey
HUPHR T Pb.Zn 1 Cd MM E S50 EHIH —BEETRTRT Cd 5 Fe MHEERAMMNERHY
B BERPFCAEN Fe WHRESEE FREANEBELAF . FATHRT CAISRIHE
RIRETR L B S W K Cd f R @l fEE N M T M, Cd BBl 9 Fe & &, T Fe 3800 Cd
SR, THREE N A A EEEE R B EElE S ERER AR ESE AR RAE
HE & By Hinet,Cd 5 Fe HERHH Y EXLHR T Cd.Fe REE SIS RIMARE N K 17HE S K#
EEEMEEERSBAEW.AFIT Cd.Fe REBERERAMIN . HREB Cd SRMK Cd WIEEMNEE
Bt —E MR,
1 #MHERE

LA S T E (Nicotiana tabacum L. ) KHAEHRRTF o E8HET N SE AT, KBL. 8
9, pH7. 99.Cd<C0. 001mg/kg,Fe 12247, Amg/ kg N 0. 0314%  FHES. 19% , X E77. 982,
HEPREYRE. MEEEE LUSE T ERE KSR A CdCl-2. 50,0 & FeSO,-7TH,O ¥ . Mtk
B 0. 7 e 187 15 Cem® )T B 25 1 8o B F15cm By AL R EE M0, 718 ) S0 1%
E2H0 95g-cm’, MU B H10. 15kgt" . LR R 2 P54 Cd . Fe BB ,.Cd f Fe MU BH AN RE
HaAEF,Cd ¢.10,50.100, 157 mg/kg:Fe 0,100,300, 1000, 3000mg /kg1Cd~+Fe G0+ 0,50+ 100, 50—
500.50+1000.50 3000mg/ kg :Fe—Cd 1000+ 0,1000-+10,1000+ 50, 1000+ 100, 1000+ 150mg /kg , & &b
BI3TEL B .cHCdERE B CAdEmHRe 5~7 13 mg/kg. B R H M Cd 4L B8 M08
B Cd BB (150mg kg #1015 uiX Cd B A 2065

B IS . RPN B A Rk (27 ~90 C.6d) EREBLE ST A 0. 5 B ER B B . R K A
¥, A HITACHI 835-50RI S HM 0 2 T A ME BB EN A REARM S ENM D HEMSE B
ik ¥ Bl mg/100mg -+,
2 HRERHK
2.1 WHEHAEBMEHELSTE

MELENHEP HEFFEITHREERE FARARLEEXEB I RAEANER HEESEAS I
AmesRBR LOEN.E-CHEN HEHRFENER SRV EMNEAR SR LS R AE W
HEmENEREAHES. CNNSEREEEEEMRE, MTEERSBRSENRSRE M,
R LA R & R B B HE O i D

Cd.Fe.Cd+Fe fil Fe+Cd BT EREEH FEERAREAR . EHHETEAREm. BEGHRT
.
2.2 CAAMEHEMN S EREBNEH

Cd R . ERAFEBY TRELAENMABERAED.EH. XTLER. S8 8. T 828 .Y
BB R. REN BER ER AR . EE R RERA S SN S BN Cd T W TR
(RIE1HMD EEER S BT Cd 10mg/kg N REKIAY HEREEER(F HH24. 82> FL0. 0D
21.20.n=3),

ST EHEER TR S CAAEEERERAR P, WA ES IR B EKE. YRR
KFE &L,

CAMERBEEMRSE. THENUEENSEMNER. SHEYEAR SBORMmE -y ). [
R .Cd 2B SR AT AR & B, W E R AR AR DS,

2P AT A ER TR L H BT X RSN —HEN e AT E N
AM—FHESL LESEYSMHEAHESENTEDNSEET . NReRES BRI . MBS B
B EHM. THESE SR TLFEIMEIES ClEFy - MEEHT".
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Table 1 The effect of Cd on amino acid content in tobacco leaves

HEm Cd S B (mg/kg¥Cd treatment concentration HEEH
Aminc acid 0 10 EQ 100 150 Correlation coefficient

EIT4&E®  (ASP) 0.530 0. 564 0. 670 0. 730 0. 825 0. 9899" -
HEm (THR) 0.175 0.179 0187 0. 187 0. 201 0. 9830~
iy 4. (SER} 0. 200 0.197 0.223 0.222 0. 239 0. 5383+
BEE® (GLUY 0.792 0.792 0. 879 1.022 1. 105 0. 9945 "
HE®R (GLY) 0.181 0. 184 0. 194 0.193 0. 204 0. 9459
AER (ALAY 0.262 0. 266 0. 269 0. 286 0. 288 0. 9542 "
R (CYS) 0.030 0. 033 0.038 0. 052 0.076 0. 9789 " "
HE™ {VAL} 0.243 0.243 0. 241 0. 256 0.312 0. 8651
Eam (MET} 9.050 0. 043 0. 056 0. 074 0.082 0. 9444
REXR (ILE) o172 0.181 0.193 0.193 0.19% 0.8982"
3.1 (LEU) ©. 271 0. 274 0. 279 0.282 . 277 0. 6437
BE® (TYR) ©-104 0.107 C. 118 0.129 0.136 0. 9916
¥HER (PHE} 0.205 0. 201 0. 237 0.236 0. 236 0. 7964
BE R (LYS) 0.205 0. 208 0. 218 0.231 0. 245 0.9851* "
HE® {HIS) 0.084 0. 085 0.054 0. 096 0.101 0. 9656 *
s {ARG) 0.188 0.190 0.162 0. 198 0.212 0. 9325°
nE® (PRO) 0.940 0. 940 1.033 1.181 1.233 0. 9371 *
BE xR (TOTAL} 4.532 4. 693 5.118 5.577 5. 965 0. 5985 *

# % BB R P<0.01. » BB E P<0.05,2=5.%2, KRR,
MNotes # # , + Sigmficant at < 0. 01 and 0. 05,respectively (n="5). The same means 1n Table 2, Table 3 and Table

FERTRBEATRRIDHTILEEE Fe+Cd 44 Hf Cd BN RH EBHEZMHR, & Fe
+Cd 1000+ 10mg/kg 4B Ef, L MR TR MR & B9 7 b Fe+Cd 1000 + Omg kg (if B BR K 11. 0% F1
13. 3%, 5+ RhET 2 B0 B KT (FE H25. 77>>FL0. 01321, 20,a=3YF1E R B XA T (F {5 48. 88> F}
(0.05)7. T1.r=3),

Fe+Cd . XIMTF AR . CETER . HER.FEAR.CER SR AR . XFERIBHN L
B Cd A EMAEERERESL. URTLERYS AE . LR Han KER. Eaga ke
BCd A EMAERER. AR E RE. ERASHEER S R Fe+-Cd 21K Cd i H 250 Cd
ST R W FE RS Cd A, T Ho B Cd AP g M DR BE R

HRSHTRB(RE2),7E Fe+Cd B P SHEERI RS Cd AR EERBELHLE HEES
ERX. EAERIAHER. AAHAIEMRRE,

MESHRAT. Fe KT Cd WHEERIBMBM.Fe M CABR.X5EFHEN FHEH
FRLERESVMAFRE BN EREERD.Cd 5 Fe WHLERT CA KKERRE ERR
A EHH AEHUEFRCA S Fe HERRAH, ABEREURNRHENERERTHEEN.

2-4 Fe ¥HEMHHERETBMNER

Fe WM 5 AR A E ERE R B2 R A M Fe SEREN M. HER. O FER . BE
B.AKNLER. 788 FER . ZER . SERANAEROT R TR, D1y 508, R arhdn R EK
T HEMEREKTORED. LLE R oW OLE . — XA & 3 Wb Fe 4b B 5 7 14 f1 i 44
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W UHERAA(EO X EME RS Fe AEREEERL, HHHERMNEERAMREH B EKTE,

AR R AR DX AT LR,

#2 Fe+Cd WENHHFRERSEAERE()
Table 2 The effect of Fe+Cd on aming acid content in tobacco leaves

F-2 1.1 Fe+Cd 4b % | (mg/kg Fe+Cd treatment concentration HEEW
Amino acid 100040  1000+10 1000+50 10004100 1000+150  Correlation coefficient
EARES 1. (ASPY  0.472 0.518 0. 566 0. 636 0. 747 . 9912
Eis A (THR> 0.181 0.181 0. 177 0.191 0. 203 0. 8797"
HE® (SER) 0.19% 0. 229 0,231 0. 234 0. 266 0. 881"
HER (GLU} 0.692 0. 746 0. §6d 0. 961 1.152 ¢. 9933 "
HE® (GLY) 0. 185 0. 189 0.194 0. 203 0. 28% 0. gg70"
AEe ¢ALAY 0.254 0. 252 0. 264 0. 287 0. 335 0. 9505 *
H‘ER CYS) 0.032 0. 038 0. G40 0. 054 0. 083 0. 9543 "
gEm (VAL) 0.251 0. 243 0.243 0. 244 0. 256 0. 4648
EER (MET} 0©.036 0. 054 0.060 0. 058 0. 055 0.5123
REER (ILE} 0. 186 0.187 0. 189 0. 193 0.218 0. 8897
REER (LEU} 0.292 0.296 0.292 0. 269 0. 380 0. 7489
HER (TYR} ©.098 0. 054 0.1156 0119 0.178 0. 9226 "
¥HEE (PHE) 0.212 0.243 0. 224 0. 206 0. 198 —0, 7273
BE R (LYS) 0.1%2 0. 156 0. 208 0. 216 0.237 0. 9885 "
HE® (HIS> 0.077 0. 074 0. 087 0. 095 o 118 0.9722" "
R (ARG) 0.211 0.183 0. 190 0. 207 0. 270 0. 7795
JE (PROY  0.906 0. 923 0. 957 0. 988 1. 046 0. 5936 *
BEEER {TOTAL) 4.476 4. 640 4.902 5. 209 5. 611 0.9965" "
0.9 . 27, A
- |' Fe 1000mg kg o I Fe 1000mg/kg
™y
| -~
= <0, cd o, Fet+Cd 45
i;b B cd rre%%ﬁ;ent E‘-&D 25} Fe+Cd treatment
4 = |
#So a5z
W ' L CARE
ff- o0, Fe+Cd 4b78 202 Cd treatment
Rﬁ ! e4Cd treatment =
[+3 L ¢ 19 L i 1
16 ) 100 1 10 ) 100 150
Cd 4380 I (mg/kg) Cd 3B W (mg k)
Cd treatment concentration Cd treatment ¢oncentration
Bl MFeflE . XMNARARIR T CdOERFEHER 2 MFPe G . BRI RT CdLBEFNEE
Fig. 1  The relation between ASP content and Cd Fig. 2 The relation between SER content and Cd treat-

treaimment concentration before and after Fe
supply

1.Cd 4:3 Cd treatment, 2. Fe+Cd £t 3 Fe+4
Cd rreatment . Fe ; 1000mg /kg

ment concentration before and after Fe supply
1.Cd % 3 Cd treatment, 2. Fe+Cd 4 3 Fe +
Cd treatment Fe . 1000mg/ kg
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%3 Fe FIEBM K RENSREER)

Table 3 The effect of Fe on amino acid conteni in tobacco leaves

R Fe $h3 % BF ¢mg/kg ) Fe treatment concentration R
Amino acid 0 100 500 1000 3000 Caorrelation coeflicient
FE/14E®R  (ASPY 0530 0. 511 0. 495 0. 472 0. 468 —{. 7958
FEM {THR} 0.175 6. 174 0.178 0. 181 0.194 . 9970 " *
HRE {SER) 0. 200 0. 187 0.135 0. 19¢ 0. 216 0. 8&32°
¥ ¥ tGLUY 0,792 0.718 0. 635 0. 692 Q. 480 — 0. 6247
HAR (GLY? 0. 181 0.176 0.175 0. 185 0. 153 0. 8841~
HAEA® (ALA) 0282 0. 268 0. 259 0. 254 0. 252 —{. 722y
wEm (CYS) 0.030 0. 028 n. 031 0. 032 0. 034 0. 9401
HAW {VAL} 0.243 0. 231 0.233 0. 251 0.251 0. 6676
E:3 0 {MET» 0.950 0. 049 0,047 0. 034 0. 034 — 1. B703
RREEN JLEY 0,172 0.175 0. 174 0. 186 6. 202 0.9781" "
E-% -0 (LEUY 0.271 0. 265 0. 267 0. 292 0. 285 0. 6414
BAR (TYR! D0.104 0. 103 0. 101 0. 098 0. 044 —1. 9586 *
FHEAR {PHE) 0.205 0.208 0. 204 0.212 -0.224 0. 9550°*
AL fLYSY 0,205 0. 193 0.198 0. 192 0. 178 — 0. 9700 *
2R N (RIS} 0. 084 0. 083 0. 083 0. 077 0. 074 —o.9232"
i kA (ARG) 1. 188 0.182 0. 198 0. 211 0. 224 0. 7971
RER {PROY  0.940 0.947 0. 939 0. 906 0. BOE — (. 4884 "
. BEER (TOTAL} 4. 632 4. 497 4. 457 4. 476 4. 417 —0. 6478

BHAEYLUBAABERE Fe A HERTRABM L Cd /X TEE Y Fe REYEIETELR
EHAEGHT AR MR EREE . B R AR T AR Fe IR AR LT WE SR 25 R
CdRMEYHEEERMAR B LRERESR AP SRR - BN ENE T R Ry —
o9,

1.5 Cd-Fe MEENHEERYRWEMR

N4, 7E Cd+Fe 3P B Fe SHEENEN. 2EEMR . HEB. . FER. 288 FE8. TER.
FEE REER.EFE R OER QMR ERWERRNTY EABE . H Cd+Fe 50+ 100mg kg
3 5 Cd+Fe 50-+0mg/kg (RO A HER 2FR . 4H5H. FER. A RER SAERAIHER
W F {48038, 97.943.1395. 1,435, 56. 38,38, 47F1212. 3. B K TF Fi(0. 01021, 20, A B # A { . 41 &
B FERI23>FIOL.TL AR ERE. HTEEMEARGEKE TRV AR . E Cd+Fe
50+ 100 mg/kg A, KT XS RA S8 E R EE. F ESS H172 30/ 253, 5,8 K F Fioo. ol
21, 20,368 S E AT .Cd+Fe 504+ 100mg kg B A ER IR ETHRMEE S EE.

Cd-+Fe b 3R BEME /Y Fe hBEERGAL, HTCHAER SRR FA L, HPHER HH
B EEANEME Y RABREMRXEKT.

CAEMA  BEMET Fe HAKBRSEHAERSRWER, i AAXT R ERRED . FES
AN RS EERYRY Fe DEEFMNHAXREER L AFr—E8K LER. UEERSBARE
Bt Cd BIB T Fe WHERSBMER,.CdER Fe AHEFMEETFREEEHEE " RE TS
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F4 Cd+Fe HEEH A EXBES ROV
Table 4 The effect of Cd+Fe on amino acid content in tobacco leaves

HEw Cd+Fe 4b B B (mg /kg }Cd + Fe treatment concentration HEEREY
Amino acid 5040 504100 304500 3041000 S0+ 3000 Correlation coefficient
EEEM  (ASPY .67 0. 561 0. 823 0. B3B 0. 316 0.5729
HE (THR" 0.187 0. 181 0. 2ug 0. 216 0. 236 0. 9393
22 -4} (SERY 1. 223 0,198 0. 240 0. 247 0. 253 0. 6776
EHEE (GLU» 0. 879 0. 757 1. 108 1. 136 1. 207 0. 7554
o (GLY) 0194 0.177 0. 205 0. 218 0. 226 0. B154
TR LALAY ¢ 256 0. 281 0. 327 0. 346 0.322 0. 5138
e CYSY 0,038 0. 025 0, N3z 0.045 0. 044 . 6350
o T (VALY 0.241 0. 234 0. 245 0. 267 0. 272 0. 8799°*
BEHE (MET) 0. 056 0. 52 0. 031 0. 049 0. 063 0.7123
REHAE {ILE' 0.193 0. 170 o 218 0. 229 0. 236 0. 7503
BEHE (LEUY 0.279 0. 264 0. 331 0. 317 0. 309 i 4111
Ed ITYR) 0.118 0. 118 0.129 0.122 v. 120 —0. 00625
FHEEmR (PHE)> 0, 237 0. 208 0. 261 0. 263 0. 272 0. 6395
HrE (LYS) 0.213 0. 197 0. 283 0. 2B5 0. 260 0. 4262
HER CHISY  0.094 0. 085 0. 114 0.114 0. 119 {. 7090
HER tARG) ©. 192 0.191 0. 221 0. 227 0. 237 . B7BS "
et (PROY  1.033 . 967 1. 088 1.112 1. 249 0.9433"
REEY (TOTAL? 5.116 4. 670 3. 478 5. 993 6. 241 0. 7584
Ca 50mg/hg o5
P N T SRR,

il =Fo a5

;I;EE 0 E é o :T Cd 50mg kg

i Fe vreotng B Fe qb3m

E g0 i #E_E" 0. 175 Fe trearment

e "o 20 1000 « )C'I”” st Tom 3000

Fe [ﬁeﬁ%ﬁ%%‘:nr?egl{trﬁhnﬂ Fe SR (mg/kg)

153 WCdals AEBEAEY Fe ABEHENLE

Fig.3 The relation between HIS content and Fe treai-

ment concentration before and alter Cd supply
1. Fe &3 Fe treatment.2. Cd+Fe & Cd+

Fe treatment . Cd: 50 mg/kg

3 SR

Fe treetment concentration

B4 WCdAE. HEMSBS Fe W BHREBHES

Fig. ¢ The relation berween THR content and Fe

treaimeni concentration before and after Cd
supply

1. Fe &% Fe treaiment,?. Cd+Fe 48 Cd+
Fe treatment.Cd, 50 mg/kg

31 Cd.Fe,CdrFe fil Fe+Cd &ML AR M A B O KR ERB REHA (BB 4 8, b

MW T AN Y R e,
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32 CABRSEEENFHOKREERA ST RN

CASRSIBEAKBEERTRNIMEE . THEREN THAEC &8 S EEEA LB MK
ol BN ERTERE SR EEEER AR XS5 CALEFRAY A EOR S EHMm. 8%
FERREERYEH .S —TEH. EAKBREERIRSEARIRE—FN 7. Cd {54 R EH
HEHRS R, WEER Cd 5 DNA &4 55, /8 DNA @i M IE O WM &8 . XRHEeN Cd #
FAT N, R—FRENI S, M Cd BRARAE S BRELH CA-FEADD,
33 Cd5FeiE{ER

AEHAREEM SRR . Cd 5 F- HERK RS EEHHEN K ETCHFOHRERE—R
s  HERTEER AN OREREFZTCIEER . AT FERMEHRE NS T Fe ZETE. M
FTF SR BERT Fe FRKGCd 53EH Fe NEEEERMITERCIELS MR T2HIZ
M2 SR A Fe AN B 4.CAd EMREEFE AR RM E Feor NS 5-SH 8 MR EO RERNE
chagt ™), A IE R . Cd FRfKE SN Fe AR M, g E.Cd R Fe MW Fe B E—
RS MPHT T Fe BIMATHE Fe TSN FURRANCA S Fe BEFR AN P ELEERY
BRFFREBY Cd 5 Fe MEEXE. MM Ca®' Mg FEE 2% T AT RRE Cd B4 A 75 5/ ik B Rd 2
AARMRE S~ ARAALERAR T AN FRSEE HE R SEH M BN 88
HEX. TESHAER . EOR.EE.FIEBSLEY XL THSESAARESFEEM . XR—MER
FATRMEESNH.
3.4 Cd WEEH A EERTRNERL Fe R

MEHAREERSRTLAEENMALERE, SR EHER/ RN Cd>>Fe+ Cd>Fe, K Cd
W Fe EHMEER. TEHF CAREFEFFEAMTED) Mz LMY RERRE BEME+ 2 BS.
Fe AR ERERLENPRERAEC. I HEREER AWM C R BEEEE . R L 5EEY
Cd.Fe #BZHEHH XM,
3.5 M Fe TEKCIIMHRENEE

BEHFHETEREEFEINECNERERERN.Cd WEENEETEDL N Fe BI88. 50
RENER . CAISRTHEELE. A E HATHEBS, BN Fe EXEFRTHAI AR FHR.£C
TG X E B Fe BV Fe % RmH CAHE RTTH.
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