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Abstract: Changes of growth and some physiological indexes and Pb absorption amount in three leaf
vegetables (including Sonchus lingiaus , Brassica chinensis var. utilis and Ipomoea aquatica) were studied
by water culture method under Pb stress with different concentrations (24, 120 and 240 wmol - L™"),
and Pb resistance of three leaf vegetables was compared comprehensively by subordinate function method.
The results show that effect of Pb stress on fresh weight of above-ground part of individual of three leaf
vegetables is not obvious generally. With rising of Pb concentration, Pb contents in above- and under-
ground parts both increase gradually, and Pb content in under-ground part is higher than that in above-
ground part, while the translocation coefficient of Pb decreases significantly (P<0.05). The order of Pbh
content in three leaf vegetables from high to low is I. aquatica, B. chinensis var. utilis, S. lingiaus.
Under Pb stress condition, free proline content in S. lingiaus is slightly lower than that in the control
without significant difference (P>0.05), while that in I. aquatica is significantly higher than that in the
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control. But that in B. chinensis var. utilis only under high concentration (120 and 240 pmol - L™") of
Pb stress is significantly higher than that in the control. SOD activity of three leaf vegetables appears an
gradually increasing trend with enhancing of Pb stress concentration, but generally has no significant
difference with that in the control. CAT activity of three leaf vegetables is higher or lower than that of the
control after Pb stress, but only under 240 wmol - L™' Pb stress that of S. lingiaus is significantly lower
than that of the control and that of B. chinensis var. utilis and I. aquatica is significantly higher than that
of the control. POD activity of three leaf vegetables has no obvious regularity after Pb stress. According to
the comprehensive evaluation of physiological indexes, the order of Pb resistance of three leaf vegetables
from strong to weak is B. chinensis var. utilis, I. aquatica, S. lingiaus. It can be determined that the
response factors of three leaf vegetables to Pb stress are free proline content and activities of SOD and
CAT by the principal component analysis.

Key words: Pb stress; leaf vegetable; growth; physiological index; Pb resistance; subordinate function
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Table 1 Effect of Pb stress with different concentrations on growth and Pb content in three leaf vegetables( X+SD)"

i Pb ¥/ wmol + L7!
Leaf vegetable Pb concentration

Lty s M iy g
Fresh weight of above-
ground part of individual

' Pb content

W ERAY

Under-ground part?

Pb &/ pg - g

Ho Lo

Above-ground part

s B M

Translocation

coefficient

LRI 3 0(CK) 16.8+2.2a
Sonchus lingiaus 24 17.8+4.0a
120 16.7+2.6a
240 10.5+1.7b
Bl E L 0(CK) 25.4x4.7a
Brassica chinensts 24 24.9+1.4a
var. utilis 120 23.4+4.3a
240 24.4+2.4a
Z 3 0(CK) 48.6+7.2a
Ipomoea aquatica 24 53.6+3.7a
120 56.7+4.2a
240 54.3+2.0a

0.45+0.08b 1.37+0.34¢ 0.34+0.09a
0.56+0.11b 4.83+0.45b 0.12+0.06b
1.00+0. 12a 11.19+0. 66a 0.09+0.02b
0.83+0.04b 3.02+0.29¢ 0.28+0.05a
1.41+0.11b 11.45+1.82b 0.13+0.02b
2.54+0.52a 39.30+4.41a 0.06+0.02b
1.73+0. 19b 3.99+0.42b 0.44+0.12a
4.90+0.44a 30.80+4.24a 0.16+0. 04b
5.75+0.60a

D[] —Fi 22 v R SR 8] B9 /NG 7B R TE 5% KOF A B35 22 5 Different small letters in the same column of same leaf vegetable indicate the

significant difference at 5% level; - R Undetected.

2 [H 240 pmol « L' Pb ki 508 T 23 03 F B4 Ph &

HESRH, SO AR

Pb content in under-ground part of Ipomoea aquatica is abnormal under 240 wmol + L™ Pb stress, so the data is not listed.
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Table 2 Effect of Pb stress with different concentrations on free proline content and antioxidant enzyme activity of three leaf vegetables ( X +

sD)"
e Pb ¥/ umol - L™ Wl &R & ht/pg - g SOD #iME/U- g PODWEME/U - g'- min™'  CATV&HE/U - g+ min™
Leaf vegetable Pb concentration Free proline content SOD activity POD activity CAT activity
i TiE S 0(CK) 6.9+2.8a 28.0+1.0b 60.0+8.3ab 16.1+1.3a
Sonchus lingiaus 24 6.2+1.0a 30.0+3. 1b 67.9+39.3ab 18.3+3.0a
120 6.3x1.4a 33.3+4.5b 55.8+9.4b 15.4+2.5a
240 6.5+0.5a 43.6+1.6a 75.9x11.7a 11.7+2.5b
A ERL 0(CK) 6.2+4.6¢ 32.9+11.4a 217.2+106.9a 12.9+3.8b
Brassica chinensts 24 6.5+6. lhe 39.1x11.7a 260.5+125.4a 12.7+7.4b
var. utilis 120 14.9+1.2a 38.6x13.4a 241.3+14. 1a 10.7+2.3b
240 13.7+1.8ab 43.1+9.7a 296.9+48. la 19.6+2.8a
203 0(CK) 7.6+0.7c 5.6+0.7a 309.2+135.4a 7.5+4.5b
Ipomoea aquatica 24 8.7+0.3b 6.2+10.6a 375.6+39.5a 10.9+1.0ab
120 13.3+1.6a 6.5+4. la 302.2+76.9a 10.0+2.2b
240 13.4+0.6a 11.5+4. la 364.1+26. la 13.2+1.1a

U [&]—Fh 3 i &) 5 S 8] (9 /NS TR R R TE 5% K A7 1835 7% 5 Different small letters in the same column of same leaf vegetable indicate the

significant difference at 5% level.
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B2 1 790 Ph raa A iz [R5, 5 2 TR I
Ph Jify3e i 02 A5
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Table 3 Pb resistance coefficient of physiological indexes of three leaf vegetables under Pb stress condition

RNIEFEFRIY Pb Utk R AL

Pb resistance coefficient of different indexes

H35E

Lot vgetabl i L S0 J POD it CAT it
Free proline content SOD activity POD activity CAT activity

TS Sonchus lingiaus 0.72 0.80 1.11 0.94

HLHE L Brassica chinensis var. utilis 0.79 1.22 1.23 1.11

25103R Ipomoea aquatica 0.67 1.40 1.12 1.52

F4 PbHHEKRHT 3 P SEEBIERER B F (B FIERE) AR TEHE
Table 4 Load and contribution rate of principal component factors ( factor matrix) of physiological indexes of three leaf vegetables under Pb
stress condition

ARIRFEFRY IR F1f  Factor load of different indexes

o A \ : : Tk
Factor e =N e iy SOD Pk POD i % CAT {51 Contribution rate
Free proline content SOD activity POD activity CAT activity
1 0.933 0.941 0.602 0.693 0.650
2 0.361 -0.337 0.798 -0.721 0.350

R5 PhEMESEHT I HHRNRAEFEMEC(x) REREE U(x) MEETFMRED

Table 5 Common factor score C(x) , subordinate function value U(x) and comprehensive evaluation value D of three leaf vegetables under Pb

stress condition

3% Leaf vegetable c(1) c(2) U(1) U(2) D
AEZF T 22 3% Sonchus lingiaus -1.153 0.055 0.000 0.541 0.189
AL E L Brassica chinensis var. utilis 0.624 0.971 1.000 1.000 1.000
223 Ipomoea aquatica 0.529 -1.026 0.947 0.000 0.615
TiHk%E Contribution rate 0. 650 0.350

AUE Weight 0. 650 0.350

3 i fsEib

1E 24 120 F1240 pmol - L™'Pb 38 51F T ,3 Fh
SR 3F BS IZ2 R & 1 . SOD Al CAT 35 X%+ Pb #if
PIA — 7 i 0, H 3R IR 58 4 — 3 10 3 Rl S i
POD { P XF Ph Bl 61 48 A 8RR, 5% 5l U BE 4502
Boominathan 252 il ok 4 i 2524 B T 98 25 R — 3,
F£ 240 wmol - L7'Pb BB 254N, 4L 25 Rl 22 5 1 SOD
TR R EN(P<0.05) B CAT 1% 1 B AT X R

LK — Ph a6 5 R T AE2E I 2 38 CAT By
i 37 B, (A BEAI I SOD 514 ; 7F 24 ~240 pumol - L™
Ph W8 251 T, A6 28 i 22 2 1 i B I 20 7 o A
POD iHMESXT R 2E AN B & (P>0.05) , i AL 27 i
2 SR MU Il R & H M POD G X 2 MR ARAT P
PR3 4y e S A FH S B B 5 7E 240 ol - L' Ph 6 4%
P AEZERE SR B L AL Il R 552 1) P P36 (9 i
IR, S T S e AR RR 14 26 K, (5 b 35 4 i I /)N
(AR AR XS Ph A IR A2 DU A1, JHL Dt R 7 ik — 25
5%, #£ 240 pmol « L7'Pb JHE S5 14T, B4 & 3¢
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