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Sensitivity of Different Vegetable Seedlings to Lead
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Abstract; Lead is not a necessary element to crop growth but a pollutant with accumulation problems. In this study, we defined that the higher
cumulative amount of Pb in the vegetable seedlings, the more sensitivity of vegetables to Pb. According to the sensitivities of different types of
vegetables to Pb, we could infer the influences of Pb on the vegetable growth. The effects of Pb of different concentrations on seed germination
rates, seedling growth, physiological responses and Pb contents in shoots and roots of four kinds of vegetables (leafy vegetables: Chinese cab—-
bage; fruit vegetables: cucumber, cowpea; root vegetables:radish) were studied by means of water culture experiment. The results showed
that Pb contents in all roots and shoots of the four vegetable seedlings had highly positive correlation with the concentration of Ph(P<0.05),
and Pb was easily absorbed and accumulated in roots than in shoots. The ascending sort of Pb enrichment capacity in the roots of these tested
vegetable seedlings was cucumber> Chinese cabbage> radish> cowpea, and in the shoots, it was Chinese cabbage> radish> cucumber> cow—
pea. These indicated that cucumber was most sensitive to Pb among the roots of tested vegetables, while Chinese cabbage was most sensitive
to Pb among the shoots. With the increase of the Pb concentration, chlorophyll contents in the four tested vegetables increased first and de—
creased afterwards. Catalase (CAT) contents in Chinese cabbage had the same performance as the chlorophyll, but which in the other tested
vegetables had a reversed trend. By the way, we could get another conclusion that vegetable germination rates of cucumber and cowper,
seedling root lengths of all decreased significantly under the same experiment conditions.
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(1)Pb FRVEA : 1 000 mg- L HERRFRIL 1.598 5
g LR 4E Ph(NO,),, B/ ZE IR E R E 1 L

(2R ERSE . W32 . /NA 3 (Brassica chinensis
L., B#FA S ); lBZE2. 2 N (Rhaphanus sativas L., T.
FE M) IR ¥R (Cucumis sativus L., # K FHF
M) 5L ¥ (Vigna unguiculata L. , BHERFK )

(3)EK(ERA) B 24 h 5 . BFRKE
KBTI ESE R I 1,
1.2 7k1&iK56

IKIG RIS AEAR N FP R AP R I B A48
WK G = o T, W HBRE 21~26 C, 18
FF 88%~95% ; TL AR FE 17~22 °C, IR JF 83%~90%, i%,
35 Pb bruEvA AL d — R 5 Pb MR EHEE (0.5.1.0,
2.0.4.0.8.0.16.0.32.0 mg- L), V45 pH bk, 24k
R ERE 5 AT, DB RAKVERXTIR(CK),

FKIEFHILNy 400 mL (RHEHR, Bt 0 AL TRAE S
#ORBECE TR P BB RAR B, K BB TH =
DARISFRIE LA v, PRE s et B s s 7195
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1.3 MEBRS ST Z

R E £ 14 d B HAR Ph ISR T &
FHERSE MG H 2R R I A4 R Mol AL S R
X2 Pb 8., SHERNEF BT

(DHZEERE 2 WCE LR T,

()FBK AT FIME 4 14 d 33325 R [F Pb ik B
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F{IEN,

(4 Fnzent B Pb &2 SRR AIZE T B R KT
BEwE, 1t 40 B, % AR S , A ICP-MS il &
Herpb &,

L4 St tiAii

RIEEIR TG 2Bk /4 DPS v1.05 #E17487,
% 18 95%IWBAG/KF, M B/ B E 2 78 (LSD) X
AN [E MR B AT 2 5 530 - 003 SR T SPSS17.0 3
FFEIEST

2 GRESWH

2.1 B4 s Pb IRYRFAE R Pb X 4h & £ ig
FREISNE
2.1.1 g4 RAIZEH Ph SR (BRI HT)

B BRI P BRI, TEB L)
B Pb BRI RS Pb IR IRE R 8 mg L7 A
Al Pb ¥ FKFHEH,/NASE B b B UATEL R 4
HRAIZEMXT Ph @b R W2 2 RISk 3,

4 FhER A HIARFIZE M- Pb 5 B 346 Pb 4b B
VR JBE B I3 0, B B 2 IEAR 5 (P<0.05) , AR
FKARIYE 0.9 VI E, HR—FATYHARF Pb 3
BIL A TZEMH Pb 58, W0 Pb IKE 8 mg-L B,
4 PGSR AP Pb B RZEMAY 16~63 %, XUl Pb
TERRR N 2 AR , R R/ D —ER r 25 %
iz, TR b3 vk B R A M AR AU, A g
Fr L RETOUCE , (R RS FP DA (R SORLAT 7 RO SRR 23
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Table 1 Components in tap water after laying in the air for 24 h

pH TN/mg:L? TP/mg-L? K/mg-L* Ca/mg-L™* Mg/mg-L™" Na/mg-L? Cu/pg-L? Zn/pg-L? Pb/pg-L? Cd/pg-L? As/pg-L* Cr/pg-L* Ni/pg-L*

7.15 1.83 0.17 5.49 57.03 21.39 28.22

2.33 664.9 4.27 0.25 091 4381 1.13
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Table 2 Pb contents in roots of tested vegetable seedlings(mg+kg™)

Pb ¥ /mg L CK 0.5 1.0 2.0 4.0 8.0 FERE
INEZE 30.64f 2 335e 2 814d 3 880c 4 883b 6 333a 0.900*
b 32.53f 1 464e 2 434d 3 323¢ 3 570b 546la 0.915*
#HIK 15.82f 1727e 2 863d 3 203¢ 5 355b 7 22%9a 0.949*+*
INGA 16.91f 342e 1032d 1 260c 1 786b 3 000a 0.972%*
Yo * B P0.05; B POOL, BURE MRS BRI A BHHER(P0.05), T,
%3 HROHEMND Pb S8 (mg-ky)
Table 3 Pb contents in shoots of tested vegetable seedlings(mg-kg™)
Pb Y& /mg 1! CK 0.5 1.0 2.0 4.0 8.0 LEET X4
INEE 4.4f 80e 172d 225¢ 304b 378a 0.909*
B 7.1 88e 126d 178¢ 229b 280a 0.900*
#HIK 1.9¢ 46d 50cd 57c 74b 115a 0.924**
CIN=A 5.4d 14ed 18¢ 33b 42b 54a 0.941**
MR FE 78 Pb WEAMRBIFOL T, A 12

FIFPSER AR RN Pb & BFERKESR, B/R
W Pb F A,/ MNARHAETE b GRS ERE
fiko 7E Pb ¥R 8 mg- L7 I, BLEARH Pb & BAURE
JNRH 47%, T T 4 FRgEsSE i ZEmt38 4y, /NESE
Pb S ERR, HRES b, BIVHELEXS Pb %l
BREAH/NTE N, BB EFERTIE, B,
FHRIABERAT 4 s, TR Pb A 55811
ERBE S Wi/ 2L Ph AR A BERE ) o 3R
¥ Pb FEMRA, TERPFEIME, T HA
KM ARAEE R 2R, % Pb M RUAF7ER
K=,

MU BB LR, A5 SR Pb 89T I
EAER T B X Ph (U HER M B>/ E
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BB e CO, RIMEESRTEEREAR , 55 ANE I AR 4 R
B A R R S B/ D , RO REAR T B B
MBS, REWET Pb IR gESE B 420
Fm A ILE 1,

HE 1 AT RLE B, B Pb YR E R K, 4 Fhigisk
R R S BB R, 7E PbWREN 05
mg- L7 B, 4 PGS A R F BN AT
R, BN R SRR & B7E PhIRIEN 1 mg-L B¢
SRR APEE Pb WEE TR, R S BIYH R
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Figure 1 Effects of Pb on chlorophyll of the four vegetables

I, % MMIBLELE PhREN | mg L B Bk EIR
K, BRAVNEAZTE Pb ¥EER 2 mg: L I Bk
R&K, XUEBIIRIRER) Pb X4 B8 A1
A —ERENRIBAEA™, FEE Pb WKEA94%
Zidte, HRAHSREREITHE TR, XATEERA
PHrRERURIH-SR S0 10 Mg™, B TR RS
4, T IS 2R ) A2 B BE 2 BRI , R DB A
PR IE R AT
2.1.3 i RALAE (CAT)IE MR

CAT B—Fd Fe ML EAME, EAYEN
AR SRR R E AT, BER OR BRAE AR N B
H0, M AW -1 EALER . AN Pb ¥BERS 4 Fhifk
SEMF AP CAT SRR 2.

TEMRHE BE [ Pb KT, /NS IR CAT &5
BZATEIN, LB/ S RHE B Pb A —EAYLE
PSS, B BE R F 2 mg - L I TT 4R 2248 T I,
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Figure 2 Effects of Pb on CAT of the four vegetables

PRI24 Pb E ¥R B R R it 7/ R4 FrRE AR 2
HIBIME . B N CAT & EXE Rk R AR (b AR
R, %) 8 mg- L BRI K, BLETE 0.5 mg- L B}
CAT FEH/), WEE Pb WK, CAT S B K. &

MY CAT & BETEARVR BB /)N, 76 Pb MR
4 mg L™ B BEFFIRIG R . X FTRER i F4R A AR
X 3 PR SRR SZRE DT, BRSEM Roak b T AR
FRIR B

22 P WEHEHHEREL TG

AN TFHERSEERREREKETHN
BMETS IR , R B S BRI 20, DY I Y 2R R 4
WKL E 3 Pb fEERE AR Pb XK =2/
=28
2.2.1 $EF 14 d JGBSRL M AE KBS

BRSEXT Pb RN, W AT . M 4 FhER SRS
WA RARBRE R EFIE2 Pb S M ™ 5 R4,
5% Pb BHAMEEEWRR ML, LK
B, SRR Ph 355 T ST T R i B %z i,
{HFEE SRR, A REEFBHAHL
PREEAER R A Pb IR ISR T {7 RE AR R R 4T B A KR
A&, HAMX B &R Ra b B AT ZEH , 21k
BERA B —E i, BRI PR E RN, a2
FRERBW AR AHE , HAERSERT /EYA
RRBRBIEIGE T XA Z R B 3 51l T 4 Fhigi e
A RORAL
2.2.2 XTHZEREZ M

4 FBR R T R R R 4. ARV Pb
TSWALHR 4 FRER3ERhF, /NESEME MRF ARSI,

3 #M 14 d4 TERAERRR
Figure 3 The growth status of four vegetable seedlings after 14 days
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Table 4 The germination rates of four vegetables(% )

Pb ¥ ¥ /mg- 17 CK 0.5 1.0 4.0 8.0 16.0 32.0
NEE 100.00+£0.00a  97.50+4.33ab  97.50+2.50ab  96.67+4.73ab  97.50+1.25ab  95.83+5.05ab  96.25+3.31ab  94.58+9.38b
B b 78.33+6.67b 87.78£6.94a  81.11+18.36ab 81.11+6.94ab  78.89£11.09b  78.89+9.18b  78.33+x11.67b  70.55+11.10c
K 84.44x£18.36a 64.44+39.77bc  73.33+37.86ab  53.33134.64c  55.55+45.26bc  63.33x49.10bc  61.11247.41bc  52.22+34.05¢
:ING] 91.67+14.43a  81.94£20.56ab 79.17+32.54abc 75.00+36.33bc  66.67+34.10bc  73.61+38.71bc  73.61+34.95bc  63.89+23.69¢

TE  RPEER A R bR R R AR TR AR BE R R (P<0.05), TR,

HAZFRER, BN O FERRE T R FHRE
BMFEGBEMARL. RER Pb BHXTE b
FFRIFAMMORIEVER , AR ERIE R, fi+
KA, ARIKFER P BT/ NEE AR
FWAHE, HAERRKER AR BEMEE
SRR E RS P W B S A3 A & A K,
MU R S 2 mg- L7 BRI IIHIF 722, 2 Pb ¥k
& 32 mg- L™ BB RPF & 5F 38 X TR PRI 38%,
SLFPF R 30%.
2.2.3 SHRK AR

TR R DR AR RAE L3 R RIS
BFRYE, WASERAGYRY R FEAKZ 2, ™
EIN AT REGET . RRBH,4 FHESENRK 5K
WHY Pb YR BB BT R A . r(/NEIZE )= -0.783%,
r(3 N)=-0.810%,r( #JK )=-0.683,r(§L. 5 )=-0.770*
(* 7R P<0.05,** R P<0.01, FE), & 4%, 5%
FEAH L, AFEIVEEER Pb O/ NESE VB DAY
WK EMHIEN, EBEE Pb vk EIGAMSIEMN
Ko X Pb¥E N 2 mg L7 i, /NASERIAR H X BE YR
> 34%, 8 Mg 39%, BN 21%. X4 PhIRIE R
32 mg-L™ B}, /NE SRR LX) BdZ> 57% , 2 Dk
169% , B NIV 38% o AIHE LY Pb F WO UL & AR
KAREAER B2 Pb W ERT 2 mg-L™ B, X 5L

TR GIVE R K . Pb ¥R 4 mg- L™ A,
MHIZR A 25%; Pb W E R 32 mg- L7 B, #HIZRIAE]
64% .

THEARE Pb MRET 4 Fhgk = B AR X B AY
I, I DA BE () -3 28 (o ) 34T BH 347, AR 9
BIR GG 4 FhEESER ECx fH (FEBESMR I
il 2K 90%T(¥) Pb W BE) W3R 5, EIHFFEUT

INEISE :y=0.932 9x+30.257 ,r=0.956**

B P :y=1.438 1x+31.596,r=0.866*

I :y=0.588 2x+17.594,r=0.686

HLT 1 y=2.521 5x+2.720 4,r=0.753

RS 4 FEERN ECy E(mg-L™)
Table 5 The ECq, values of four vegetables(mg+L )

B /NE L LU CINE)
ECy 64.04 40.61 123.10 34.61

ECo fE AT LME N B R 2 E 48 5 5 2O IR 7
18, SR AT ECo RS LP AR I, X R
BRI LA A R TIkE. 3R S ATRIE P
Xt 4 FHBR SR BTN AR o 38RAF Pb #9 ECo A%
L, HRR/NASE, B MFIELER Pb ) ECo (HAHZE
AR ITERETE b, RBIELEXS Pb BREERL
W R 4 FHBRIERS Pb 1 ECo (ER/NA BTN/

0 5 10 5
Pb ¢ JE/mg-L*
4 A[E Pb iR 4 FERSEAMR KRR

Figure 4 Effects on root lengths with different concentrations of Pb
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28) . F MORZEZS) VBRI E JRRE ) S X Pb
PRI R E RN, IR B E R, BESR%) Pb #RAK
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BB
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Pb /oYX 28 |- kb . MRZEISGEESES bt Pb (AL R AR
FIUEER , A7 ARt L R BT B I AR ISR
PRI E IR YT Pb FLRRE 158 {02 Pb [nldth -
WA FERAR D AR RIS B X Pb
By EFRE RN AR>S ZEM>> /A R B L S
7= Pb KR BESR AR, 247 H T AR A — s,
‘BAE Ph & B A X A R EL =,

ARIFPAERZEN Pb MBURER A Rk — 2R
A, BlAnsE gE e fp 2, %ot AR FAE ARt R sE M 55, LA
SEEXABMEHE T o AR 7 AT IR P U HE
¥, MW Pb XA RIRE S KRB I &5 R
AR , SR 575 1B 52 T Y L3838 TR M1
Yy, XHER] LR PR AR R P R T B A R
P A R B A fi R

4 #ig

(Dgisegh it Pb ARE AT RFUWEN, BAR
) FEARE T 250, AR Pb 1% SRR S5 IUF B
HxT Ph BBUBMEHEF A BURS/ NE SR M >TLE 25
%) Pb URAEHER /A28 h>EIEIE.,

(2)fEIR BB Pb M HtABR S A i 4 2 B9 65 A
ARIBAERH, EFE Pb BB K SRS EITHRT
W, T RSO E 1 . S MR AR 7E Ph AT
BOATRURI A BRIE AR, /NI 3E CAT 15 ERE Pb ¥ B

WRICEKIRREAR, THAL 3 FhERSEN CAT IR
B

(3)4 FERRAI W LR L TR Pb a2 5
AR R R E Pb ALEET , B NAIEL E AY A
ZFRZ R AN, FEA R R EAERYIE,
RERE TR RIS K, X 2 T AEIR R BLZ AT A BB 4 Ff
BESAR R A LE R B 232 B4 1
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