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Three Cherry Pepper under lead stress

YANG Jian-wei' GAO Wan-li' ,DU Rui-qing' , LI Dan-dan',
LIU Hai-wei' ,ZHAO Guang-gian®

(1 Department of Life Science and Technology s Nanyang Normal University , Nanyang , Henan 473061 ,China;

2 Environmental Monitoring Station of Nanyang . Nanyang  Henan,473000,China)

Abstract: [Objective) This research revealed the physiological growth and Pb absorption and accumu-
lation of Three Cherry Pepper from Tochigi,]Japan. [Method] Lead were added to the culture soil with dif-
ferent concentrations (291,541,791,1 041,1 541,2 041,2 541,3 041 and 3 541 mg/kg) (the background
was 41 mg/kg) ,and the physiological indicators,including height and biomass of plants,activities of CAT,
POD,SOD, MDA content, net photosynthetic rate ( Pn),accumulation of Pb in different tissues (roots,
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stems,leaves and fruits) were measured. Piecewise function describing changes of plant height and dry mat-
ter along with soil Pb content was established. Soil pollution degrees were classified based on activities of
CAT,POD,SOD, MDA and Pn. Direct and comprehensive correlation analysis between CAT, POD, SOD,
MDA, Pn and Pb content was conducted as well. [Result] (1) The average height and individual biomass of
pepper significantly decreased as the increase of Pb concentration, especially when the concentration of Pb
was more than 1 200 mg/kg. (2) The contents of CAT,POD, SOD, MDA and Pn in seedlings increased
firstly then decreased with the increase of Pb concentration. Pb had the greatest impact on POD and SOD,
followed by CAT, MDA and Pn. The relevant coefficient of Pb to the five physiological indicators was
0. 992 with extreme significant difference (P =0. 01). Cluster and discriminant analysis also revealed the
differences. (3) The contents of Pb in roots,stems,leaves and fruits all increased as the increase of Pb con-
centration with different accumulation peaks. The transfer coefficient of Pb was highest when Pb concen-
tration was 541 mg/kg,then decreased as the increase of Pb concentration. The contents of Pb in roots in-
creased faster than stems,leaves and fruits,indicating that roots were the major tissue for Pb absorption.
[Conclusion] The physiological indicators of Three Cherry Pepper were affected by Pb concentrations. Pb

enriched in roots,stems,leaves of Three Cherry Pepper, which can be used to reduce soil lead contamina-

tion. The highest Pb transfer coefficient occurred when the Pb concentration was 541 mg/kg.
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Table 1 Effect of different soil Pb concentrations on the growth of Three Cherry Pepper
Ph AR/ (mg- kg D MBAE /om BT HRH g KR NBIE
Pb content Average height Biomass per plant Growing and colors
41(CK) 55.30£2. 30 14.82+1.10 -2 fH: Green leaves, strong growth
291 56.2042.70 14.70+1.50 28 M H: Green leaves, strong growth
541 53.80+1.90 14.60+0. 90 23 M °H: Green leaves, strong growth
791 52.80£2. 60 14.34=+1.80 -2 M H: Green leaves, strong growth
1 041 45,.30+1.50" 13.16+1. 20 M2 HH: Green leaves, strong growth
1541 45.704+1.80" 12.58+1.30" -2 H1H: Green leaves, strong growth
2 041 43.20%1.60" 11.524+0.90* 23 M H: Green leaves, strong growth
2 541 40.10£1.30" 8.5140.90" 23 K 3455 Green leaves, weak growth
3041 30.30+1.90% * 7.2841.20" M & A A K 55 Yellow leaves, weak growth
3541 29.80+£2.50" " 7.3041.30" %8, A 254K 55 Yellow leaves, weak growth

W5 CK l#, » P<<0.05, * * P<{0.01, 3 3,4 [q],

Note:Compared with the control group, * means significant difference at P=0. 05 and * * means extreme significant difference at P=

0.01. The same table 3 and 4.
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Table 2 Segmented regression analysis of the average height and biomass per plant of Three Cherry Pepper under Pb stress

+3% Pb & (X) Soil Pb content

miH
41~791 1041~2 541 41~3 541
Wb Y, =—8X10 6X240.001 7X+ Y, =—4X10 6X24+0.008 6X+ Y, =—4X10 7X?—0.006 4X+
Avera :L; he 55.535, (D 40. 285, (2) 56. 319,
ge heg R2=0. 840 1 R2=0.986 6" * R2=0.950 5" *
— . Y,=—1X10"5X2-+0.000 3X+ Y,=—2X10"5X2+40.005 5X+ Y,=—2X10"7X?—0.001 8X+
Piﬁj*@ﬁﬁm 14. 84, (3) 10. 03, (4) 15. 325,
somass per p R?=0.959 7" R2=0.991 4" * R2=0.960 4" *

53 BEeR B W AR ST B A AR B R B R
TS R P & AR B 1 Wk [l ek %L
KF s HIRATEA R R I8 Bl AN [R) 9 Z 2k ] )9 ek 4.
+3E Pb &k 41 ~791 mg/kg Al 1 041 ~2 541
mg/kg i, R 53 sREE AN TR AR 8 bR (D) R
(2), SRAF P B R By or 5y X =1 272. 074
(mg/kg) Y, = 44.752 cm; M4 BREC(3) Al (4), 3R
P B bR B x5 . X =1 203. 58 (mg/kg) .
Y,=13.752 5 g, WalEMNIE B, 2+ Ph &
T 1200 mg/kg I, = AR 4 4 Bk R R AR
PR A= Wy AR 25 B d R XA PR AR K AR T B R
M, X531 Pb &&AEL 000 mg/kg LLF I Xf

AR A S A B R — 3K
2.2 TIEPHEAEM=ZEMAERIERNZIE

MF 3 T LLE . =4 CAT,POD,
SOD f Pn £+ Pb S8 KT 1 041 mg/kg J5 . JF
IR ARk & Pb &8 R 1 541 mg/kg I,
HAEPR L AR Ak, o, CAT 1 POD {f
PE N Pn B 13 b P & 5 i3 I 5 5 78 5 B
Ky 5, CAT G £ £ b Pb & & 4 541
mg/kg W45 7 . POD 36 PE7E 38 Pb &80 1 041
mg/kg I & 5 s MDA & 5 Fl SOD % 4 BE + 58 b Pb
RO IDSR NSy S
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Table 3 Physiological characteristics of Three Cherry Pepper affected by different soil Pb concentrations
o oy
Ph it/ CAT TR/ POD#itE/ SOD i/ MDA % 4t/ P/
1 (mgeg !'emin!) (U-+g!emin!) 1 M 1 (pmol « m™2 « s71)
(mg+ kg™ i .. (Ueg !t emin ) (pmol » g~ 1) .
Pb content Enzyme activity Enzyme activity Enzyme activity of SOD  Content of MDA Net photosynthetic
of CAT of POD o rate
41(CK) 0.35%+0.05 12.82+1.90 7.00+1.10 6.97+0.50 14.79+2.10
291 0.43+0.05 17.33+2.10 10.10+1. 90 6.91%+0.90 15.55+1. 80
541 0.57+0.09 16.30+1.50 11.60+2. 20 6.99+1.50 15.28+1.70
791 0.50+0.04" 17.60+1. 80 10.80+1. 50 6.72+1.80 14.244+1. 30
1041 0.2240.08" 26.56+E1.80" " 15.40+£2.30" 7.5940.90 10.33+£1.90"
1 541 0.04-+0.03"* 25.60+1.50** 18.40+2.20" * 8.43+0.80" 7.34+1.30"
2 041 0.05+0.03" " 24.5042.10" 16.60+2.40" 18.37+2.10" " 7.16+0.90"
2 541 0.05+0.02"* 24.26+1.90" 17.60+1.80" 17.93+1.90" % 7.23+£1.50"
3041 0.05£0.01*~ 23.50£1.80" 15.60+£1.90"* 18.37+£1.70* % 3.5640.80"
3 541 0.05%+0.02"* 21.2642.20" 16.90+1.50" 18.49+1.80" " 3.33+£1.10"

PR 3 i 5 AN EBAR bR AT RE T K
T Pb YA 3 RE RETS Y (13 P
Sk 41~791 mg/kg) s HEETG YL (15 Pb & H
791~1 541 mg/kg) , EEIF Y (LIE Pb T E KT
1541 mg/kg) . LA A3 2347 H0 50 43 A1, 2100 bR %L
HAW BEHEP=0.001),%F 3 A>3 4L 72 1 43 41
BB IE B A R 100%0, 4 38 BR 55 R AR i GB
15615—1995 ¥ +- 4875 YL Jal 70y — P . M = 2%,
55 B 5% 400 4 04 3 B RN BR VAN 6] (B AR IF 5 3 4S5
YU B B R0 o B 5 AR 4 b S B 13 Pb & X 5

MABIRAR LR G . SRR AR B Y
3 Ph &40 BE4T Ph I5 gL 72 B R0 b . — 7
T 2H 3 K 22 1) 1) DRI 5 55 — D T A A S B 7 L
2.3 THEPhEES=ENEEEBRNBEXSN
11 Pb &5 CAT,.POD,SOD, MDA, Pn 5
A FRAR B 1Y B AH G R B ) 2 —0..805,0. 605,
0.782,0. 914, —0. 955, # HA7 I 2 % (P<C0. 05)
XF 5 AN A R bR B R I &R AL 4 i ol 0,462 6,
0.626 6, 0.627 2,0.068 2 1 0. 141 6, 7] I, +- 1 Pb
Xt POD Al SOD i P (1) 5% m & K. Hok 2
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CAT,Xf MDA Fl Pn (52 W A XT8N, 5 A~ A B4g
b5 3 Pb S EMLE G M CRECH 0. 992, HA MK
BEMEP=0.01), KYIFE 115 Pb & & 93 m, =
PEMAZ 2 Pb Wit )5, AR BRAR P D RE g ik . 13 Pb
GO 5 CAT(X,).POD(X,).SOD(X;) . MDA
(X)) Pn(X)5 MBI EIHGECR M. Y=
2 336.916+2 461. 846X, —45. 610X, + 82. 221X, +
69. 258X, —245. 403X,
2.4 TEPhEEXN=EHEK P FENEM
M A TTLLE W FiE Lk P & & 5.
SREARAR L ZE 0t g P iR R 2 ks g 1
R Ph A B, M5 P FEK

T 541 mg/kg B AR A Ry Pb & i 3 S T XF
W2 ;9 3 Pb & &8 KT 2 041 mg/kg W), 25
Pb & IT 44 W25 0 T A R4 (H R 52 b Pb &
FEAS AL PR F) T i 25 A8 . - 3Erh P & & 54E.
2 RS Ph E o A AR OC R STl < 0. 8667
(P<C0.05),0. 822" (P<C0.05),—0.004,0. 417,
T S AL R AR DG B U AR AR 2 W i P g 3=
RN, S HRMLARR Pb S AE LI P SN
1041 mg/kg B K, 5XRAHAZFH T H. B
R ZBUBE 18 Ph 7 5 8 52 2 3 5 ek i R
£ 13 Pb & &0 541 mg/kg Bf e K.

x4 TEPLASEN=ZMHR.EH . EXHTPLAEREKR PO EBRENFI

Table 4 Accumulation and transfer coefficient of Pb in roots,stems,leaves and fruits of

Three Cherry Pepper under different soil Pb concentrations

T Ph 4 it/ =8Bk Pb & /(mg » kg ') Pb concentration of Three Cherry Pepper PR RS BB
(mg + kg 1) e % o 3% T WEBS ot
Soil Pb content Roots Stems Leaves Fruits Individual Aerial parts coefficient
plant per plant
291 15.85+1. 30 8.28+1.10 5.4740.90 4.72+0. 80 8.32+1.40 6. 26 0. 203
541 265.064+18.20" * 10.77+1. 30 10.05+1.50" 3.07+0.90 69.55+2.50" " 7.26 0.239
1041 330.76+23.20" * 10.80+£1.40 10.40+£2. 21"~ 5.42+1.20 101.5142.82" * 13.42 0.128
2 041 351.804+25.40* * 27.9941.80~ 10.78+1.30" 5.29+1.30 96.80+2.80" " 15.09 0.063
3041 370.49+26.10* * 20.46+2.20" 17.50+1.90" 4,484+1.10 72.44+2.11 14. 00 0.029

3 e

ZE T KW, M £ gk Pb ik F
1 000 mg/kg B, AT "™ 40 i 45 76 L K A 4 B A A K
RE MR BB E R Z FRER . ARG
SR, = PEABURS B 5 B RN SRR A 4 R B 1 B R Pb
R 0BG 0w B R R RE AR Y 58 P &
F 1200 mg/kg ), TR NEFH, XERNES
J& T4 E A RE S 3T 2 R A R Bk L IX
Fofp 22 106 11T R S 40 A B A 4 A2 A A SRR

FLAEA SR B FE A R s R, ORI 4
iS55 P ) 2B 5 N 5 3 1 3 0 ORI Ak o —
F A0 A A Al AR R A OGS TE 2 2 I
T3 B S A R S R R R I DL R R A R Y
R o, FEIER ST 4nf oy A i 3Ly 7= 2k
FE B AL F 2h & AR B EACPEARAR R 2 4
EANML . TTRYA W AZ B B 38 B 33X A S A 2 Bk
InE, AR BB L2 i S FEM Y . Yk
PR ) 4R AL W B Ak il (SOD) | 3t 48 46 9 il (POD) Fil
i Ak U CCAT) A5 7 477 [l mT LAY B 4 400 A o 34
I O, JOH ™ %5 5 dy i o ff b sl 9l 24 ) 1) 52 35 e
FE . AR AE R R, —RELAD T R CAT.

POD.SOD . MDA, Pn 5 4~ BR4E #1545 bt + 3 Pb
R 0BG 0T B b 30 R R L 22 ) B 4 Pb & i
) AT W 38 PR ST R B, & 2R B A i 0 AT
ATA,

Van Assche 2% B 57 % B, — S8 11 ¥ 4 & 4>
e W 17 () 3 [ AR & 2L h i) POD B B T
I A N BOK R 4 2 POD I P 9 A8 1 1R S A
W5 Je i ia i R R bR . ASBFSR 25 R R W], 1 3%
Pb & &% = #4 POD {52 i R %50 K, w1 POD
T AT LR i 18 P A Y5 Y AR .

R P T LUMEWE B W A A AT
FE kA A WA BOPERR R R A . ALtk Ph 2 2 R
TE R RT3 W A 9 W 32 2 R LT
M RA DBA R B 1R AR 45 R
U 2R B — AR 3 = W i SR A P i A
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