ISSN 1000-0933
CN 11-2031/Q

h
|

Acta Ecologlca Sini




L/ A R

<>
" (SHENGTAI XUEBAO)
seissenennes 0 B 31 B F208  2011FE108 (AT
H R

F B KRR BB LM G AR e FEu BRE T M % (5865)
KA R BT RE R L DR G A TACHAE o ovvveeennnennienis Lo, EFA, EHIR,F (5875)
AT RV 569 A LA BT AEEH veeeermeeee e BTAR,F W, FHE, % (5886)
ST RRH K E T E A B G R R AR e x| &, B EE (5894)
LR AN R B A AR B T AL BRI HUA] ceeereerrreeie T OF 4w, A EE (5903)
PN T EIRE A BB L B LA B H JE vvneernnreennnretni et ABEF R ExA,E (5910)
FUEMHEENAL LA ASELE—AEZITBER RG] e MooE,R X, REH (5918)
BTG A Bt A B L A ML HLR] v eereenneeeennnee e B .5 ML HXE £ (5928)
oy ST PR AR UL 28 T AL TR I v B B e veeeeeeeeennnnneee e A4 A, 2 (5937)
AR TFRT &R EZHRBEFRAAA ELRBIGHFRER ooeereerreeneens BAE AKX M, % (5946)
A TR E ZRIBIEBAEIER LGB Freeeerererrrerremrmmmmnnn. B AL % (5956)
20 H S AN B A AL IR I AL AETE AR oo e eennnnnnnreeeeae e e e e # X (5970)
AN ARG ARG AAEE TG E G ceeverrerrrerei Yolg A g HIvih (5977)
50 45 L) AL AL S M Ar S AEPEAG T AL covveeeeenreee e e T m EEK. E E.% (5984)
B RO ST A K W R A Bt B TS A IR TE B PR e eeeee e FTE EdE (5992)
VTR A IR AL B AT AAF A Fr et R RS R rm e X B M B L E R 4% (5999)
BT 3 F AR K EA KA S O RS0 v eeerrrerrereeeeaeeens B R R U E B (6005)
ZFDBAT B EoHiZ AR T # F LR v A AR AL AR e T . mAL BTALZ (6013)
R B IR AN A A TR B F A A B S AREI ) ceeeeenneeennnens RaH R W, EAE. L (6022)
A B EIERAT B AM B A AFE S AL e K R A E (6029)
PRI b A B ARG R FE K B IR TR AL e veeeneensee B ARG L% (6038)
3] £ vt PR R EF SR R ) S ERIE A BT TR e eeeeeennnii e B REHE 4 (6049)
KRR T FH TIE B R FERBEE I AR TR L P oo Bk LA AR (6060)
P il B R E I B G AR AT L S T B GG TR B v vveeeeeennnreeeennnnieeae e, B W LEE L (6072)
BALE W R EATF SR FAPEEGG DN R EAP A 28] R BR e eevvrrrorrneiiniaiiiia, ﬁﬁiﬁ,ff H7 (6080)
3E T 7R A BE T T B PR AT ERIE AR JE GG VR v eeeeeerennnnnneeeeeeeenniians Zu B B F (6088)
B B8 48 P35 HLAR) AR R 3 A FACE BF cvvvvvrrrreernneeanaaannins TEE ., ERE AL (6098)
HE//KEERRBHERATH E S MR LR R TG YR e mXE EEE.H 5% (6108)
TR AL B ) AT A Rk B RUTE A A e % M EFE HERLE (6116)
T R e e A FANG FEK.E L% (6125)
Cd2 it sh4R A0 PS I vt G2 35 S i L W A vy ooeeeeeemmmmnennnnns BAE ARE B £ % (6134)

B I AT AL 0 2 3T e G FTIR AR G0 ovvvererrnrereeronnenneoeneniien, %ﬁi,% # vt %,% (6143)



PELR BT A B ARG L TL G . oereeeenennnnne ettt e e e X B INMRITG, B X T, % (6149)

A KA B F RS CAPT G B A PE v W & UL, TR, E (6157)
G EIRACD AT AR IR R B I ZAZ B T oo REFL M K HEE, % (6167)
— AP R 49 L R SR A RO R A R ARG e WA A AL ERT,F (6174)
SE T HART AL ISR R E T GG G e e e M. EEE . E.E (6180)
RIS RATT P RBEI D GRS 5N LB W 0 F vy eveeeeenneeennns EOEL,E N B E (6186)
P E A KR LA FRABEEES RAIRS B ETHE oo 7oAk, F B PEE (6194)
L Wi i iy PAVEAC TSR A ] covvvvmmmmmmnmnnnnsnseneeeeeeenn KA, EmAr , FIEE, % (6204)
JE L) TR 19932009 - H 3G TEAL, wvvvrrrrrnmnnnmnnnnnnnnnnniin s FEA HREK,EKEH (6215)
AFHYFHAEORRTBUAL PR FAEFL oo TEE, ARE, 20, % (6224)
B R Y - - A%, ERE EHA (6231)
A TABELZOMT LA A EMEAC—— AT E T A e B E #E e (6242)
JET ARIMA BEA 64 A 25 i 2 5 BRI Fn UM —— AT AG A ooeerrmmeeennneeens K, FW (6251)
Eit5LERR

IR T R M TE G0 30 B v e v e e e e EH%%,WJ%‘EF (6261)
BT IR B R T e e AN i,?]ﬁf(iﬁ (6270)
AR TR A B AT e MR EAE B ER, % (6287)
BEAEA LI R B I IFAEAR BB R oo eeeeerrerrrnnnnnneeerrreriinens b, EFEW,E M, 4% (6295)

HAFIEARSH . CN 11-2031/Q * 1981 * m * 16 * 440 = zh = P+ ¥70. 00 * 1510 * 49 % 2011-10

ECEEEEECEEEEEEEEE

HE B . 45 AR R 2 K B B — S R AR B AR, BB 2 e 1l WA A b il il— EL 3, S8 30
K TRZ 50 oK B RERTE 3 7 V5K, IRIRHUK AR 2B UL, BRI , 2 A S A, IR BIVR  fds AL, 2 75 45k
BATE, HIEHSME M, 844 0, 300 45K 58 VR IR B K B LRI AT O, 7 « T B —apilc 2
‘i’;ﬁo

HEREM: BEFEEER EZEME  E-mail; cites. chenjw@ 163. com



5531 B4 20 W) o N 2 Eie Vol.31,No.20
2011 4E 10 A ACTA ECOLOGICA SINICA Oct. ,2011

A R MR, A, SR, SR X A A AR B B Y FTIR B Y. A2 2542 ,2011,31(20) :6143-6148.
Xue S G, Zhu F, Ye S, Wang J, Wu X E. Physiological Response of Mirabilis jalapa Linn. to Lead Stress by FTIR Spectroscopy. Acta Ecologica Sinica,
2011,31(20) :6143-6148.

2R FIXT S5 BB £ I Nim fz B FTIR A 5%

BRAR" R HFP ORI OB XTHK

(PRGBS RES TRAERRE TRR, KD 410083)

WE . e —MElRMESR TR, — il ARSDIS RS S, JF Tl 8 W 58 e AN @ e, Bt 28 3 a Aok vk
(FTIR) B MERf BEAT (P A0 B e A R, 2 — AT ) 4 B AL T AT 0 i, SR AR — R AE R 2 4F
Az B, A R AT G SRR E SR, B RS R TSN A AL B 4414 T (0,50, 100,200,500, 1000 mol /L) ,
SORFIANFH T (R 25 ) RS 20N (FTIR ) KIS A2 fb, 453 B, AR KA B b BRI FEAIR T 500 mol/ L iR X 4¢
AT AL R IEATE A R, 24 Ph APV FE L E] 1000 wumol /T, A, 21 s i 8 PTG, (R B AL B BE i) A i 5 RN 3, %8
FRATHRH LU 3420,2920,1610,1060 om ™ 4014 5 56 L THE TR, WL IR EFEIR DS IR IR S ) B A (I Ab B 4 11 T 1
AAENBEERT YR, AT ET S, BMESTENT R, AR HRZR, B 8585 T 0, 248
2920,1630,1380,1060 cm™ 25 4b 1 =5 TG B B84k, 4127 1650 om™ 4b I o i A1 Ak JEL Mk 28 TH s T T 5, X P R 5 2 S8 i vh
RSB S Y A RTm A 6, XR SERFHE AR R A Y & =AML, BAE Y Y Ph R4 R BRAEARFS, B 1k
Ph [ dth_ #5850, A SRR T AR b Ry

KGR SEORH S A TR s A2 20 03 s s M SR LT A

Physiological Response of Mirabilis jalapa Linn. to Lead Stress by FTIR

Spectroscopy
XUE Shengguo”* , ZHU Feng, YE Sheng, WANG Jun, WU Xue'e

Department of Environmental Engineering, Central South University, Changsha 410083, China

Abstract; Industries such as metal smelters, refineries, and mining operations have been indicated as major sources of
metals release into the environment. Pb is a highly toxic and cumulative poisonous element. Similar to other metals, once
released into the environment, it is difficult to recover and can adversely affect human health. Mirabilis jalapa Linn. is a
fast growing plant, with the proven ability to stabilize Pb from contaminated soils. Fourier transform infrared ( FTIR)
spectrometry, which is accurate, simple and efficient, with high resolution, was used to investigate the physiological
changes in chemical composition of M. jalapa L. exposed to six different levels of Pb in solution (0, 50, 100, 200, 500,
1000pmol/L.). At Pb concentration below 500 wmol/L, M. jalapa could grow normally, without any symptoms of Ph
toxicity, although with a lower biomass at 1000 wmol/LPb than the control samples. Using the roots, stems and leaves of
M. jalapa, absorption bands corresponding to carbohydrates, ester and proteins varied differently. The absorbance of the
dominating bands near 3420, 2920, 1610, 1060 c¢m™ which corresponded to organic acids, carbohydrate, protein and
amino acids elevated initially and then decreased in root tissues, but no obvious changes in leaves and stems were noted.
All these results suggested that Mirabilis jalapa inhibited the transportation of Pb from roots to shoots. Hence, it is practical

to apply FTIR to explore the physiological mechanism of lead tolerance by higher plants.

ESTE . EEA M ME) LRI H (200909065 ;201109056 ) 5 E 5 H AR #3410 H (40771181)
eis B #1:2011-06-21 ; &1T B 81:2011-07-11
# W IRAER Corresponding author. E-mail ; sgxue70@ yahoo. com. cn

http ://www. ecologica. cn



6144 A E = 31 &

Key Words: Mirabilis jalapa Linn. ; Lead stress; Tolerance; Chemical composition; FTIR

PR — PR MR E AR TR A2 HE i TE AL SR e AR T E e A R Bl
AR TAL & R 0 ILTT & ARAEAR 25 1R B ), 754 R ASHERI, 3O b Ph & i B i, 2
AR EAELTOCE YA KA P R E S S8 AL, A K A E Z S H, HE5ET, i H
Ph i G638 i £ P U A S M fa e

UL SIS R FRor 2 AR RE R R, B A K &8 B K e i
TG Y TR, ME LT B A AR st 10 A 0 U R 3 1 T 4 S V5 TR B L MR AR A4 1)
AIUAH T2 7 FH AR 2R T8 B R0 AR B 9T 3 7, R IR 4 1) A W0 A A J2 — i B8 i 5% 1 3 358 A 0 4
AREH S H B TR R Y A e R B SERT . Baker N | A0 T 43 S 0 TP 1o AR B e P
FRARTRSCIN, B RS RNV 4 e AR DA 9 DAAS LA W38 1k (0 A 22 2 A7 78, A EE 1Y Ph UOTEVE FHBH IR
20 Ph iE AR A T, HEA A BT Ph 38 AT DU 5k ] VR v i 305 10 90 JRUAR B i B AR 2R A
LIRS P SUSIE RS W ATLIE B 1 th 2509 Ph; HERR VRS 5 48 Bl Wl i it 3 shiz i el
PO B RS, 503 4 AR VR o8 1932 4 A2 B BELR

T2 2 T 4@ e i, AR & 7 DL AR P o 4 T R SRR IE A 2 7 A5 R I A5 Ak [) 08 i 37 AL 7 1
SR L E LIS (FTIR) AR —Fh 3 0 &9 b B RE R MR sh i g A T R B
2T KA FA A P A5HE 431 LA SRR LB ) — R ES K b, 2 AR M T 450 15 B 0 ) TH iy H R A4
A P2z oy B BARXT AR 2 FER AL B )T T 5 B G — R e AN e M A e ™ . |2 & e Jr
BN FTIR AR AR T 4@ i PEALRIAF 22> o AR RAF T FTIR AR5 58 Y55 Bl Xoh 4 2 11 A= 38
MR, DA AT AR ) Ak 2 03 (AR A A Bl T8 7 A B SE RS A AR TR LEE ) ik AR FTIR SRR TR
X W A B 7 AR, % BRI SR 25 Y 1060 em ™ A FE B R R R I G AR L, B B PR
et 4L , TTRE SARTHIE A C ) S HT ( Mirabilis jalapa Linn) 27538 W X & SR —Fp it PEAE 4 , B4 AE
KRG AR B = R, R — P A R S RIS Y M £ H Y, L, TR A
4 A T 1 (A 5 L B S v Y 3 LA E R S AR SOR AR ST AR 2T AN 43 BT 2R
FIFE Pb WA TGI8 (R 25 ) AR 224l AR 1L, DU T Yean e (8 5 SIS 2 4k
1 #MBE5AEZE
1.1 WM

BERA ) A SRR, PR HBIRE 28 S0 R e, 450 F R T 5 R AR ( Nyctaginaceae ) 285K @ | /&
— P AR RUAAE TR, Ik 50—100em A 2020 B2l £ B SR WLE M B
1.2 Akt

SRR T 0T L PR G B K — B g i, K FROK RN L B oK R IR R B A A 20 L 12
Hoagland B F=W M /MEEVR B SRLAE P, 15258 6 402, Ph ¥ 43514 0,50 100,200,500 , 1000 pmol/L,,
Pb DIHFRHIE XM, AR AL T & 3 IRSEH . B 4d e 1 YOS IR, T HF pH HAE 5.5 A4y REFiELL
WA, 35d JFERERATRIVE , A SleaK 25 8 1ok kg FR R, 43 IO L 25 i 3 35843 F 105°C L4 A 7 30
min, S8J5 T 75 CHEAA T8 48 b, RS HR BEHLIR I , 12 200 H I
1.3 HHELAMERE S

I PR B 2T AR 616 (S5 Nicolet 23 7] Nexus 670 , Y& 35 Fl 4000—400 em™ , 0 FER 1 em™ ) Il E 45
TRATAR ZERI A ZURE S SR R,
1.4 BdEmbr

SEES AR R F Microsoft Excel 2003 #4740, 32K H Origin (7. 0) #FAT£LAMGIEEE K 1AL 3

http ; //www. ecologica. cn



20 #§ fEAz A SRR AT I aE Az BRI N ) FTIR B 6145

2 GRE5SHR
2.1 ASTA] e A A B2 2R 0 A K R S i)
ANTRIHR BE A A B A5 PF T SR AT BB AE W AR K (BB 12

SEMEENH AR E TS R) , 450 B 2 5O I 10} s . a a
(P>0.05) ., f=HeE Pb(1000mmol/L) &b FE T 4 2% i i g sl T T B

Fr it MRS 14 & S X AT RE S R M FE R R R A AL T 3 e |

SR SRR AN A 0 0 — o A B 7 i R A PR 4t

WM F &, ERAAEYEKE LA BE HE 2f

1000 wmol/ L HYAEFRAET , A=y 3O 2 A1, (ELR AN [] O ok TPs0  Polo0 Pb20  PbS00 PHI000
REBRA N A 25 SR 3 | i RIS AT R A KA Pb concentration/(mmol/L.)

Jox Hh B EL A AR R A

2.2 LFEFMEM FTIR 487 E1 AEREHRLENERFTEDEHIZM

Fig.1 Effects of different concentrations of Pb on the biomass of

3420 em™ ) A HRIER 4R IR S EEOR A T4
KRR ZHE TR L e R BRA S W (K
2) M A 3 T RLE YRR Ph ARFRACIE R 2
FIMOEEE BT 7 200 mol/ L BYRE G AE R IR B dre e, WG Y A PRV B2 RO AR SR 7 X AL IROB B T R, X
VAWM RE P fe it T SORFIR AR B AP 7000, i e BE B0 W ) 1 5K A5 90 ) o, B A ok
JE A ARSETH R, ARADR Bz 200 0 BE PO 2 SR R 45 ™ foff 200 JH B 26 T 1) S0 R D38 o

2920 em™ BT 2 RIR O—H 5 WAL 4R RS T B b, 25K F T4 AR 3 R4S Rl I5E % 200 6 B 1) 20 4 55 1 o
(F2), Ak 2 BUAEAR YR BE Ph Ab BRR RO RE B, B AT b PRV BE 4k 2248 m O E T RERY 3 (181 3) .
AT BB LEARHREE Ph AOME R, ST BARAR th T HUHEAL I A W - A LR ES & Ph, S BORIRIE W LT, E
24 Ph (AL B ARSI, Ph XS I REH TR , A7l AE S EUE YA — R 5 A BAE A R 008, 52 1 A
PIHTHERLE , S BOA PLRR ML, IR A HLER AW & P>, TS HURIR O—H i, W TR,

Mirabilis jalapa

1060 1380 1610 3420 orr —=— 34200t
2920 " —e—2920cmt
hé —4—1610cm?
¢ g 0o \\ . —v—1380cm'!
3 & AN
g e o vy
S =2 05F v
2 2
< d =
- g 04}
e 4
= c
03F
b
1 1 1 1 1 1 1 |é1 0.2 1 L l 1 1 1
500 1000 1500 2000 2500 3000 3500 4000 0 200 400 600 800 1000
P % Wave number/cm™! Pb>" b H Pb?* treatment/(Lmol/L)
B2 FEHGETERFRREE M5 E (400— B3 AEHELETERFRRMNEFMEIE (3420 em™, 2920
4000cm™) em™ | 1610 em™ | 1380 em™'and 1060 em™" ) T4k it
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