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Effects of Pb Stress on the Growth, Development and Pb Enrichment Properties of Toona ciliata Roem Saplings
HU Fang—jie, ZHANG Jian’, YANG Wan—qin, WU Fu-zhong, LIU Yang, LIU Kai, YAN Bang-guo, HUANG Xu

(Sichuan Provincial Key Laboratory of Ecological Forestry Engineering, Institute of Ecological Forestry, Sichuan Agricultural University,
Chengdu 611130, China)

Abstract: To character the growth and Pb enrichment properties of Toona ciliata under Pb polluted soils, leaf length, leaf area, biomass, and
Pb concentration in organs of one—year—old T. ciliata samplings were investigated under different Pb treatments(0 mg-kg™, 200 mg-kg™, 450
mg kg™ and 2 000 mg-kg™) in acid purple soil, alkaline purple soil and alluvial soil in western Sichuan, China. T. ciliate showed good
growth characteristics in three soil types, especially in alkaline purple soils. Increased Pb stress obviously inhibited leaf growth regardless of
soil substrate. The highest Pb stress(2 000 mg-kg™) significantly(P<0.01) reduced leaf length and area in comparison with control. Pb stress
obviously changed the root/shoot ratio of the samplings and increased leaf litters. The total biomass was decreased significantly (P<0.01)
with the increase of Pb stress but the biomass in the highest Pb stress only decreased to 81.47% of the biomass in control. Pb concentration in
T. ciliate samplings was positively( P<0.01) related to Pb concentration in soil. Compared with other organs, fine roots displayed the high—
est Pb concentration. Few obvious variations of Pb concentration were observed among leaf, shoot, petiole and litter. The Pb tolerance indices
of T. ciliate samplings were from 0.67 to 1.06 depending on Pb stress and soil substrates. The tolerance index decreased with the increase of
Pb stress. The enrichment and transfer efficiencies were lower than 0.3. The results revealed that T. ciliate could have a good growth in the
soils with severe Pb pollution, wich could be a potential tree specie for Pb phytoremediation in western Sichuan.
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Table 1 Basic physical and chemical properties and contents of Pb in three kinds of soil

e pH1{E H L Organic 448 Total 424 Total nitrogen/ 4% Total Ht Pb/
HHERA Soil type pH value matter/g-kg™ potassium/g-kg™ g-kg? phosphorous/g-kg™ mg-kg™
{ cid purple soi 77 X . . . .
AP+ Acid purple soil 5 16.01 1.321 111 0.298 46.52
R4+ Alkaline le soil 8.33 21.54 1.751 1.60 0.635 57.28
purp.

WAL Alluvial soil 5.13 35.51 0.832 1.67 2.487 57.00
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Different letters within same soil type indicate the significant differences

among different treatments( P<0.05,n=5). The same below
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Figure 1 Leaf length of Toona ciliaia Roem in respond to different
Pb supplies in three kinds of soil(means+SD,n=5)
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Figure 2 Leaf area of Toona ciliata Roem in respond to different Pb

supplies in three kinds of soil(means+SD,n=5)
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Table 2 Biomass and its components of Toona ciliata Roem under different treatments with Pb concentration( means+SD ,n=5)

FEEA LAPHIKE Treatment 4R AR

Soil type concentration

Pkt
Fine root/g  Coarse root/g Leaf litter/g

T = v
Petiole/g Shoot/g Leaf/g

BAEYIE Total  fRZEH
biomass/g R/S

(24 S CK 9.40+0.14a 36.53+1.15a 15.89+0.29a 5.16£0.08a 31.53+1.85a 12.94+0.08a 111.44+2.62a 1.46+0.08
Acid purple soil T1 7.55+0.35b 28.19+1.14c¢ 18.98+0.33b 5.57+0.04b 24.15:+0.59b 11.39+0.34b 95.84+1.23b 1.48+0.03
T2 7.51+0.52b 30.76+£0.69b 21.07+0.44c 5.79+0.05¢ 22.54+1.22b 10.87+0.36b 98.54+0.45b 1.71+0.13

T3 7.03+0.31b 25.27+0.79d 22.77+0.59d 6.02+0.05d 18.56+£0.77¢ 11.14+0.20b 90.79+1.64c  1.74+0.06

[ 2R CK 10.07£0.15ab 43.00£0.59b 16.05£0.61a 5.80+0.04a 38.76+0.60a 12.22+0.25a 125.90+0.04a 1.37+0.03
Alkaline T1 10.64+£0.52a 46.11+2.13a 19.67+0.38b 6.14+0.10b  31.73+0.28b 10.42+0.22b 124.73+1.65a 1.79+0.06
purple soil T2 8.95+0.18b 39.95+1.00c 20.71+1.94b 5.80+0.11a 29.68+0.42¢ 10.86+0.33b 115.94+1.44b 1.65:0.03
T3 9.20+1.08b 37.60+£0.63c 23.66+0.83¢c 8.23x0.14c 25.72+0.68d 8.26+0.89¢ 112.67+1.96b 1.82+0.08

Wt CK 10.16+0.28a 22.17+0.37a 8.49+0.29a 3.89+0.12a 24.59+1.13a 5.75+0.10b  75.05+1.54a 1.32+0.06
Alluvial soil T1 9.01+0.02a 21.29+0.28a 10.45+0.84b 4.48+0.10b 16.19+0.28b 6.52+0.14a  67.94+0.84b 1.87+0.03
T2 10.20£0.08a 18.02+1.10b 12.20£0.37¢  4.75+0.17b  16.51+0.75b 5.94+0.16b  67.62+1.58b 1.71+0.07

T3 9.31x1.15a 12.37+1.65¢ 14.15+0.81d 5.06£0.07¢ 16.28+0.47b 5.47+0.04c  62.64+1.38¢c  1.34+0.19

V< [ — SR Rl F R AL I 22 57 8% (P<0.05 ,n=5)0 Tl

Note: Different letters within a column indicate the significant differences among the treatments(P<0.05,n=5). The same below.

i RVERR B A AR Ry B 2 2 (P<0.01) . 38 2 3K
P52, Pb JiA A PRAE —E R B3 K T LR AR/
ZE(RIS), FERRM S EE AT, AENIRZEL
K& Pb Jihib 6 B3 K 2 I K, HAE Pb
Jilp3E A6 BE T LM AR /25 e 4 AN AE B3 (P<0.05) 5
W .3 (P<0.01) 22 5 T AE s AR -, LR AR/ZE 1
BEE Pb Jilpia 15 B K S B SE 3 WU i A 2, HAR/
AR B 2 5 (P<0.01),
2.2 4T#E%T P BRI

LT B AN T ERAR Hede, Hot T ERXT Pb i
eI #5R . Hb T EE P AR X Pb A9 IR KRR ) R
(0.83~51.99 mg-kg™), Hi b MXF Pb AR I
AE 1 E5#8(0.20~3.21 mg-kg?), M\F 3 FH,3 Fh L
T, afEENEY P & EBREE Pb BAEE K
HRMZE LK, B35 Pb a5 B 248 B & 1IEAH
K(P<0.01), [FIB},£14F 6 asBEXT Pb a4 B i
M#EHEILTE—3, (HELEX Pb MR EH AR
KER, HTEREFEN Pb BRI EN B & & Tih
B (P<0.01), M 4HARXT Pb #) R e RE 77 AR B 2
TR (P<0.01), SERTL, # EIREEFE 4
Xt Pb WRIKCRE 7 5 F A ZE R AN R] 13
T, 40#EXT Pb BRI RE T thAFE— B R AR
6.1 4% Pb a6 AL T BT AR (AR 9 ()35 Pb &
EEMRTHARWR 3%,
2.3 4145 Pb it 45

ME 3. 4 T LAE H , 204 B9 3R 35 A
T S BB (T 7E 0.67~1.06 Z 8], 3 Fi+3E T, 40

P BRI TR PR B BR B . BB Pb A RS BRI R B
IR RSB ESL, Hoaaih EF T SYBEE Pb
B A BE 3 R B BRI AR A o Person AR
PraRW], LopEd b R A 4R R ) S
Pb A 2R B E AR (P<0.01), 3FHET,
Ph [P AR B LU R T B A T AR T BT R B 3
M (P<0.01) , T X 3t b R0 77 7 1 2 Bl B & R
(P<0.05,P<0.01),
2.4 4Bt Pb MERSHBEN

LIEXTE &R Pb B4 R (BCF){E7E0.000 3~
0.005 8 2 [a], ¥ 8 R B (TF){EAE 0.04~0.25 Z [8] (£
4)o Al WLATHEXT L3 Pb BB REE T REMRA, H
HELRLE Pb MhashE R B ERMRK(P<0.01),
AR Pb AT, LW Pb FRRRE NP LR,
RIU X AL B B R BRI, AR T4
X Pb AR RBE i 257, RIVMF Pb il
BETREE O AENEEREE S, ML
LRk, BBABN LB SERERBFEE
5, MO P R AR R BLRE Pb A A8 A
BN S YD) ST 2001 i s R
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Table 3 Toona ciliata Roem Pb concentration and its components in respond to different Pb supplies in
three kinds of soil(mg-kg™, means+SD,n=5)
R &S il s 4 AR Pt By 7] = - F HAF P & i
Soil type Treatment concentration  Fine root ~ Coarse root  Leaf litter Petiole Shoot Leaf Average Pb concentration
miEat CK 8.55+0.36bc 1.71+0.46a 0.63+0.03a  0.60+0.07a 0.38+0.01a 0.35+0.03a 1.68+0.14a
Acid purple soil T1 6.04+32.36c 2.24+0.27a 1.55+0.28b 0.44+0.06a 0.50+0.12a 0.35+0.05a 1.77+0.14a
T2 15.34£0.57b 4.11+0.16b 2.79:+0.19¢ 0.49:+0.07a 0.42+0.03a 0.40+0.05a 3.48+0.23b
T3 51.99+6.53a 21.40+1.25¢ 3.21+0.15¢ 1.23+0.10b 1.58+0.27b 0.57+0.05b 12.13+0.69¢
275 Sl CK 0.83+0.14a 0.60+0.08a 0.20+0.06a 0.13+0.01a 0.28+0.04a 0.36+0.01a 0.46+0.01a
Alkaline purple soil T1 5.74+0.50b 1.22+0.29a 0.45+0.04b  0.27+0.03b  0.40+0.05b 0.43+0.02b 1.27+0.11b
T2 11.48+2.19¢ 4.47+0.21b 0.52+0.13b  0.29+0.01b  0.39+0.02b 0.39+0.01ab 2.90+0.25¢
T3 33.51+£1.95d 6.86+0.63¢c 1.02+0.07¢  0.77+0.04c  0.68+0.04c 0.63+0.05¢ 5.96+0.35d
WL CK 1.06+0.03a 0.42+0.21a 0.33+0.03a  0.25+0.03a 0.37+£0.03a 0.39+0.05a 0.54+0.08a
Alluvial soil T1 13.73+2.35b 3.07+0.79ab 0.47+0.08a 0.95+0.02b 0.75+0.10b 0.55+0.07b 3.62+0.32b
T2 25.03+1.78¢ 4.22+0.26b 1.45+0.09b 0.77+£0.06b 1.24+0.10c 0.64+0.07b 6.54+0.17¢
T3 42.40+4.70d 12.50+2.16¢c 2.27+0.28¢  1.54+0.22¢ 1.59+0.06d 0.80+0.06c 11.47+0.09d
12-BCcK 0TI E]T2b @ 13 12rBCK OTI @AT2 T3
S10f . §1.0-§bbb
= -ﬁ i 7
ﬁ 08¢ Z ﬁ <08 = | 7
#H 3 7 # 8 — 7
& Zoe6} Z % g EoerH | 7
2 g Z Z “EI=E 7
£ Bo4f 7 Z H 24t H | Y
® 3 7 7 RIE |7
o2l Z Z 2l 5 | U
Z Z = | 7
L / L 74 — 7 |
mhEA LT WAL et FSEEAL: it
+ 3257 Soil type + 3 2AY Soil type

3 3 ML TARRERE Pb Ba x4 T A w8 R
ne (B EAR R ZE ,n=5)
Figure 3 Tolerance index(7T) of Toona ciliata Roem's rootin
respond to different Pb supplies in three kinds of
soil(means+SD,n=5)

DL, BERRREY RS AP, A
MR, IR JRVERR B LA R A AR A2 B P aE Y
BEFLM(P<0.05), TEBARIKER Pb(CK 5200 mg-
kg™ )AbIEBT , ZLRR A I R BERCK | T AR R B A
M E R R/, TTER YR Pb(2 000 mg-kg™ )AL 2
B, SRR K B AR | T AR /N A R Y T E R
BOR7E CK ALY, LA B AE Y BB K, & Pb
JoRAE A BE AU R T A0 B, 24 Ph i B B K3
2 000 mg-kg™ B, LI R B AE B R/, XRIVEHK
B[ Pb {RH AT A, RV BE Y Pb IRIZIE AR,
X5 HA— A Y5 Pb M MHABLGARMI Y, LI/
YR AR ZERL R A 0 32 Ph Ui A
REI AR, (HREARTR A 18 9% it Fet

4 3R TARRERE Pb BiE X L0453 _E &R 14 #060
FNa(EHEAREIRE  n=5)
Figure 4 Tolerance index(TT) of Toonaciliata Roem’s shootin
respond to different Pb supplies in three kinds of
soil(means+SD,n=5)
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SELFHE RS, ABEIE A, L0HE B R VA A R R
Ph [P A3 KT A BRI B (P, 20
P HARZE ELREE Pb i ie A B B3 KT A B4 K5 ]
I TERR IR 28 (o AN AR 2D Y (TP 5 S
AP R ELBTEC = B Pb BB K B — R
BERIE R AT WLLLASTE Pb il T AT SR AR R R 3th 3
Rt &, D RAE ™ BRI a7 o AR
PO, X SRR B 21 B 1 B BT UR  BE 5 4 A
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Table 4 Bioaccumulation coefficient(BCF), transport factor from concentration( TF)of Toona ciliata Roem in respond to

different Pb supplies in three kinds of soil(means+SD,n=5)

+ 327 Soil type AbFE YR BF Treatment concentration BERY BCF HBARTF
A2 65+ Acid purple soil cK 0.005 80.000 30a 0.090.009a
T1 0.002 4+0.000 37b 0.20+0.036b
T2 0.002 2+0.000 15b 0.17+0.003b
T3 0.000 7+0.000 03¢ 0.05+0.006a
$E %5+ Alkaline purple soil cK 0.002 00.000 17a 0.180.006a
T1 0.000 9+0.000 04b 0.11+0.016b
T2 0.000 5+0.000 09¢ 0.04+0.007¢
T3 0.000 3+0.000 01d 0.04+0.002¢
L+ Alluvial soil CK 0.002 5+0.000 09a 0.25+0.067a
T1 0.001 3+0.000 12b 0.05+0.004b
T2 0.001 3+0.000 02b 0.05+0.003b
T3 0.000 5+0.000 05¢ 0.04+0.004b
77 RIE L Pb Y E t, JVE I Ph & B, XTI RERAE L E L

+HEFESRESES H OB RS RER R
HEENASEFEYI E L E NS, g+
B Pb IR R K, -3 P B MR,
MR T ZLFEXT Pb AR, X 13 Pb S &K
2 2 000 mg-kg™ B, 3 b BT LA N EE Pb
BHB T BIE AR, 4B X BEAL BRI 7.20 £5.12.95
f5H 2113 £%5, BT R R Y22 57, 066X Pb
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