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PRI SR RIfATE 22 5 BEBRIA MR T, Ko ToME R bk i R AR K B R Je T i s AR
#aH Bi 8402 F1 72 JoME R AE 2 000 mg-kg ™" BhIE T AHRA: Pk U R AL, OB T RIERURVR B A T
PEHETAEY RGN, BT Wk R SRR AR, AW e o AR X Y AR R AR AR, 600
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( Plantago depressa L.). KM% ( Pteris

cretica var. nervosa) ®; KA M ¥ H R
( Ailanthus altissima (Mill.) Swingle) . #4
( Broussonetia papyrifera (Linn.) L'Hér. ex
Vent. ). KM 4, ( Buxus megistophylla Levl. )
ML T ( Amorpha fruticosa Linn.) 1, Hor,
FARTEAINHEE ST, i, FoR—FPRE
BABEEMN, BN ES R F 2SI N E
B W ( Catalpa bungei C. A. Mey. ) Jy 4%
AW T, AMATHERRRE . Hifl . R
TR BRI Rt EL A i i T 5 YL e T
CAFFR R, BB BAT B iy M R iz fig
A, AR — AR AR B2 B E R ) TR AR T
Hp= ARSI BEYEE, X AR K,
I, AR Sk e 2 665 e 3 B T I B AT 5 .
AIEUESE, ANRITCYE R A Y0 8 438 i BRI
W EA 22 50, dnli (Salix spp. )1 #4 HEAR
( Quercus variabilis Bl. ) "9, A W55 8 151z
T BT iR XA [) o Pk R AROR i 36 e ) AT 255 1
B, DIBIERR BRI SR I e R, ks g
TR LR AR RAEI AR

1 MREF*®

ket
ML R R T E AR B 2E R BERE R 1) 10 A4
BB TG &R, 40k 8402, 20-01. 5-8. 63,
52. 0.1, 2-8, 1-1 172,
1.2 RKEWigit

TR Ml R A, T R A ROl B2 B e AR RIS b
(28°24'0" N, 113°29'35" E), J& T I HH7 Z= X
VA, AEERRR 17.5 °C, SRR K R
1467 mm, +HEONFENLLaE, SR THEREH
HBEH, BAERE IS 1 4 H R A IEEAR— 4
AT B M 0, RE R BT O Y M TS Y 2T
HE, +HEpHE N 4.8, HIEMEICRIT L.
B1.94mg-kg™". 2% 0.74g-kg™". ©W0.15g-kg™".
S8 11.3 gkg™. ALK 105 g-kg. A AL B
0.51 mg-kg™. HERLH 39.2 mg-kg™. K i PE A
63.7 mg-kg™'. 2020 4= 6 H 15 H #4178 W ia ik
B, SRR AR, RS 30 cm x
18 cm ( HAZ x 5, WA 514 1 ecm? Bk
L), 3T 2 mm BRI, B2+ 5 kg, R
P Li 0 X RS A8 2RI T K VLR X i 4

1.1

JR AR Y A i (185.6~2 081.3 mg-kg™), %
B AANAERE (LB ): 0. 600, 1200 .
2 000 mg-kg™", SRHHGEHE M I AT 4 49 e b
BE L A4 RREE T ( KSbC4H,O07-1/2H,0, Z3 it
afi, [E2GHEA2E A BRA R ) BEEA R K
W3L, 76150, 6 18H. 6 421 H4r
BHLRMATHEHE, WHLKBEHE 1 LR IFIRA S
BB, RN B, B Eh
FAH 4 BEGIE, 3WEE, B3 F, 12
o WORRE SN SR — 2, AR E T
A ELA S0 T T B Y85 G KGEE BRI, 6 A 21 H
PUERERR 3d %e 1 0ok, DAMRFRFHHERIE BT,
1.3 HRRESNE

3% 90 d )i, BEALERARAE T REHLIEE 1 B,
3k, HEBE TR 3R, HARREHAW
e R UL o WO SO g 7/ = 3 LB L ol =1 S 1 1)
AR, BEAMALBEEEL 5 g S E TR AT T
e Ui AHOC T SRR T ; okl 5 g BNt & T
Fok B HF e g R A R Hay 105 C
A P2 T 30 min, #RJ5 80 C FHET ZEfEHFiE,
3000 5E A5 AL BEAR . ZERI A . A AL ERAGAR |
25, WAL R, 12 100 B H .
1.3.1 Ba&FnE  FREL0.5 g &t R B
Tk I ( CEM Mars6 ) HifinA 10 mL Y& Ay
MR AT AE AL, fiEfk 58 48 & 50 mL, R A ICP-
MS ( Thermo ICAP7000 ) & &34+ o i
132 wgE4EaE RANIER N
e e R i
1.3.3 AmAfdgirn e FEMAERE (H0,) &
. HEET (0) &, WA LER (CAT)
Wt BWERABEH K (GSH) i, &k
fitt (POD) FHLIfim Rt E LY ( APX) %
% H Solarbio 2 w]iG &I XE .
1.3.4 MEAZEHEE RO, H
FAA [E5E 48 h-lii /K- - i-U) -2 41 [ gk
o - PR R B R o 7RO R T R R
T
1.4 SEtowAE
FRAT G 25 AR L, 3 AR WIME + brifEiR
Fon, BANEZH 3tk BdEs R Spss 17.0
Gt T R 2 2500 (ANOVA), B4t
Z K IE & gk,
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63. 1 LHRMKEEKEEF AR, 58, 5
2.0, 28, 2 EHAMWAEHKEEFARE,
HAbYfAE2 5. 0 mg-kg™ BEA T, BRis Al
R KIS0 5-2 A0 TobER, B sk
8402 1 20-01; 600 mg-kg™" BhlA T, ks FiH:
K R B 20-01, & /N4y 51k 8402
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JetE % Clones
== 0 mg-kg”' = 600 mg-kg” ==1200mgkg" == 2000 mgkg"’
HARF /NG F R/ FRORF — F R T B LT 25 3%
(p<0.05), Fs
Notes: Different letters indicate significant differences among the
treatments at p <0. 05 (n =3). The same below.
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Fig. 1 Effects of Sb concentration on height
increment of Catalpa bungei.
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Fig. 2 Effects of Sb concentration on ground
diameter increment of Catalpa bungei.
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HbA2 34K Ground diameter increment/cm

F172; 1200 mg-kg™ BhMME T, B AR K
BRI 72 1 63 Ttk R, f/NAYa 5k 1-
1 #1 8402; 2 000 mg-kg™ &6/a T, #hes s
BRIy 9 72 F15-2 THER, He/MRs 51
7 1-1 F1 8402 THEA
22 HSWAREMERMEET =M

M 1 vl RFEPA AT, BR 8402 Jotk
FRAY ARSI, HARTOH: R b R
APy AEAN R VR B R A EAE 22 5 2 000 mg-kg™
BAMMA R, B3 8402 F1 72 ToHEZR, MRAEWY R LA
MEAh, Ha o ZRAY Y/, 5-2 1
63 Jo Pk R M A i B T A0 v B T i A R
2-8 JC P 72 Ml b A g i i e v B T v SE RIS T
AR, e oh R s £ 600 mg-kg™
SEHE T Mo AR AR, B 1 200 mgekg ! AR
Y W8, 600 mg-kg™ BEIMA R, ARAIHL I
AWy R ¥ R 5-8, fe /NI 43 il 20-01 Al
72; 1200 mg-kg™ BEMHA T, ARFIHL LA
KEY 59 5-8 F1 2-8, FH/NEIH 1-15 2 000
mg-kg™ BRI, ARAIHL AW R A4 N
8402 1 5-8, H/NMUHIH 11,
23 HHETAREMHEREMNEZRERSE

M 2 T B BB TR AR, 600
mg-kg™ BEMNA T, 63 TTPERM . M R A
i, 8402 JCHE R IEE S iR ; 1200 mg-kg™
Bppa R, 5-2 THERM B A ke, 1178
PERZERI B B AR 2 000 mgrkg ™ 6
e, 5-8 Jotk AR BB & R, 8402 TG
PERZEP R SRR, 72 TR TP AYE &
S
24 HIARLHERMNHEESEHZME

H P 3 RN . il 0 T 30 v BE 3G i, 8402,
2-8. 1-1 F1 72 Totk RAGNT 48 K & i 2 T ka3,
20-01 F11 63 Ttk R4 &2 PR LI-F N %
#, 5-8, 52 f10 LHERM R GEEX LT
TR, 1 RS R S EEE LTHE TR
BT fEBSGA T, 5-2 1 RN A
Fymt g R S e R XTI, 5-8 Jo i & 1E 600,
1200 mg-kg™ B T, e E SR KT
g, 2000 mg-kg™ &M, MR EENTX
I, 20-01 7E86 M0 EE 2 000 mg-kg™" A}, Af&
a5 R
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Table 1 The biomass of different clones of Catalpa bungei under Antimony stress
. T e R T REY =
. NG A Stress concentration/ Biomass of different clones/g
Different parts Ka™'
(mg-kg™) 8402 20-01 5-8 63 5-2
0 8.62+0.64 a 416+0.14b 9.01+0.50 ¢ 5.86+0.54 b 7.99+022a
600 9.24+0.38a 474+022a 11.22+0.35a 7.38+0.17 a 7.28+0.13b
Root
i Roo 1200 8.62+0.80a 3.70+024 ¢ 10.03+0.45b 6.33+0.21b 6.62+0.15¢
2 000 9.24+132a 3.32+0.15d 7.12+0.22d 5.09+0.34c 544 +0.12d
0 16.08 £ 1.72 a 1821+1.09a 23.69+1.76b 18.99+2.12a 2246 +2.78a
N 600 18.15+0.61a 1948+162a 3421+137a 16.26 +0.72b 19.76 + 1.90 ab
b EEBA
Aboveground 1200 15.82 + 1.95 ab 18.18 £ 1.29 a 18.31+1.72¢ 15.59 + 0.72 bc 18.61+1.76 b
2 000 12.86+1.97b 1520+ 1.24b 15.51+1.84 ¢ 13.48+0.91¢ 13.37+1.39¢
. T e R T REY =
. NG A Stress concentration/ Biomass of different clones/g
Different parts Ka™'
(mg-kg™) 0 1 2-8 1-1 72
0 7.02+0.15b 8.88+095a 565+0.23b 2.20+0.06b 427+0.26b
600 8.45+0.56 a 9.10+0.53a 7.95+0.27 a 549+0.17 a 5.87+0.05a
Root
i Roo 1200 7.35+0.51ab 8.94+0.38a 6.13+0.37b 1.89+0.21¢c 584+022a
2 000 6.54 +0.53 ¢ 6.98+0.42b 470+0.13¢ 1.72+0.14¢ 482+0.17b
0 11.75+1.17b 18.89+1.00 a 18.56 + 1.99 a 9.83+0.12b 11.52+1.02b
600 1428 +0.86a 20.61+196a 15.48 +0.69 b 1410 +0.68 a 13.65+0.96 a
Hh EE 4
Aboveground 1200 1417 +£0.30 a 14.01+0.47b 19.23+1.394a 425+0.24c 10.61 + 1.40 bc
2000 9.56+0.97 ¢ 10.18+0.77 ¢ 12.58 +2.05b 3.86+0.10c 928+ 1.04c

A FSIARNE FRMERE — B /A F iR B R 2 7 B35 (p<0.05).
Note: Different lowercase letters indicate significant differences amongdifferent stress concentrations of the same clonein the same column at

0.05 level (n = 3).

25 SHMETARLTHERMWHHPELDREE
TS AL P EETE

3R REEAMAMREE RGN, A TMERAEK
P Oy 7 AL TR A AR s 600 mg-kg™ #hMa
T, 20-01 1k & Oy 7= Ak i R djr K, 8402
TR/ 1200 mg-kg™ BBIHA T, 72 Jotk
A Oy =il R i K, 8402 otk & /D ;
2 000 mg-kg™" B8 R, 2-8 LM:RM Oy -7k
BRI K, 5-8 THERM I/, A TMERIENMY
H,0, f, 600 mg-kg™ #AF, 5-8 ILPEZRM

AR, 20-01 TR/ ; 1200 mg-kg™ &6
BT, 20-01 EHERMEK, O LMHRMER/D;
2 000 mg-kg™" # i R, 20-01 Ttk R MK,
5-8 TLHE R M/,

TEAR A E/NT 2 000 mg-kg™" BF, £ TGk
ZIRNIIABEH K (GSH ) %14 Fifi 4 i 16 He B 14
FreEs T, EE a2 000 mg-kg™' 1, BR

63 il 2-8 LRI, HE TR R P GSH i
PEEIREAR, X T BB B &, GSH A 3z
B TR, HyOp G AW =515 5 T 1 4
LY (POD) . Bk I R i E AL Y il (APX) il
WAL AN (CAT) IGPERRE N, T i s 1
FHLLTE BB = A TG MR 0 . AR BRI v /N
T 2000 mg-kg™ B, £ ToMERIRNHY APX i
B8 Tl 2 e B A 18 i %5 5 #E 2 000 mg-kg™ #
il v BE I, APX 3 PE L 1 200 mg-kg™ Wi B
i, POD M H1 APX T B A AL AR b i 2,
CAT 15 P56 M v B2 P 5 135
2.6 SWARTME R ES SR
B4 3B 10 A Jo i R Mkob B L 357 Bl 6 1
TR R 2 ST FE . 600 mg-kg™ B6
Wil R, T JCE R R MR E 3 X BE Y
1200 mg-kg™" #hHHE T, Bk O A1 72 Jotk R W
V3 U35 X HRARAE, LA TE I 2R A 38 ekt R
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Table 2 Antimony content in organs of different clones of Catalpa bungei under Antimony stress mg-kg~
sy S 3 Tt & Clones
Organs Stress concentration/(mg.kg™) 8402 20-01 5.8 63 5.0
0 0.33+0.02d 0.56 £0.02 a 0.18£0.01f 0.24+0.01e 0.37+0.01¢c
600 983.00+13.22h 1764.00+12.00c 1547.00+13.89d 2701.00+9.50a 1833.00+17.00b
eI 1200 2335.00+15.52f 2014.00+3.00h 3176.00+15.00b 3066.00+3.61c 3648.00+22.71a
2000 3508.00 + 13.00c 2405.00+29.00g 5799.00+33.18a 3278.00+9.40e 3346.00%14.11d
0 0.43+0.01e 0.54 +£0.03d 0.15+0.00g 0.28£0.01f 0.75+0.02 ¢
600 183.00 + 7.55 a 29.10+1.50 ¢ 93.70+2.20 ¢ 112.00 £ 3.30 b 7460+1.30d
2 Stem 1200 142.00 £+ 3.64 ¢ 29.90+1.18 h 109.00 + 1.44 d 146.87 £ 5.50 b 86.70+1.65¢e
2000 164.00 + 0.90 a 68.90+2.00 h 156.00 £ 2.20 b 150.00 + 3.20 ¢ 8270+ 1.30f
0 0.40+£0.02d 1.33+0.04 a 0.44+0.03 ¢ 0.22+0.01¢g 0.43 +0.01 cd
600 61.10+2.46 ¢ 9.46+0.211 7160270 f 117.00 £ 1.60 a 62.20+1.50¢g
i L 1200 96.20+0.30d 67.60+243¢g 89.60+281e 136.00+2.35b 81.10£2.01f
2000 121.00£2.17 ¢ 82.20+2.09f 108.00 + 4.30 d 142.00 £ 5.60 b 116.00 + 2.90 ¢
WE Jilh i g Tt % Clones
Organs Stress concentration/(mg.kg™) 0 1 2.8 1-1 72
0 0.51+0.04b 0.35+0.01 cd 0.26+0.01e 0.13+0.01g 0.17 £0.01 f
600 1208.00+11.14e 2690.00+11.50a 1055.00+6.56g 1204.00+851e 1145.00+7.40f
iz (1908 1200 1782.00+15.39i 2792.00+9.15d 2622.00+4.36e 217500+830g 1504.00+6.40]j
2 000 2018.00+18.52h 5249.00+14.40b 2651.00+36.37f 3460.00+89.09¢c 1539.00+9.30i
0 0.14+0.02¢g 1.73+0.09a 0.25+0.01f 146 +0.15b 0.43+0.02e
600 72.40+3.32d 7160+ 1.10d 23.00+1.15h 38.10+2.20f 46.20+1.25¢e
= Stem 1200 85.00+391e 67.10+2.25f 69.10+ 1.51 f 386.00+5.30 a 41.70£1.20 g
2000 109.00 + 3.89 d 102.00 £ 2.50 e 66.80+4.25¢ 99.60+2.38 e 103.00 + 1.67 e
0 0.54+£0.03b 0.12+0.00 h 0.33+0.02f 0.34+0.01e 0.39+0.01d
600 78.10+2.83 e 99.40+2.00 b 5210+ 0.70 h 90.00+1.45¢ 82.10+1.60d
"tLeaf 1200 83.30+4.80 f 101.00 £ 1.65 ¢ 88.80+3.01e 163.87 £2.70 a 100.00 + 2.42 ¢
2000 9460+290e 111.00 + 3.20 cd 51.50+1.81¢g 89.37+290e 165.00 + 2.30 a

E: FATA RS FEAER R — Mg iR B R AN AT R 22 5
Note: Different lowercase letters in the same line indicatesignificant differences among different clones under the same stress concentrationat

0.05 level (n = 3).

B3 (p<0.05).

o %%;2mmmgm4%%ﬁT Bk 5-2 LR Y
3 S N (R AR L R A, FUARTEPE ZR A48 I
s ole Lo T ettt - 27 EFEFHROMHRALMRHSSE
§§, i i e 1. 3. F 15 /4~ 24 KMO Fl Bartlett, 3127535
S | AT, 2 KMO Giiti>0.5, Bl al I
Sl © BTN AT . AR ST
5 ;3 ‘ E KMO {4 0.649>0.5, P {g°~ 0.000, /T i3
0 34022001 58 63 52 0 1 28 11 72 PR PR, Fride FH RS 0l A AR 4. 38

JeME % Clones

== 0 mg-kg™ 600 mg-kg™" ==1 200 mg-kg™'

3 BWHETARLHERMMHERSE

Fig. 3 Chlorophyll content of different clones of
Catalpa bungei under Antimony stress

== 2 000 mg-kg™'

P LRI T 4 NMFIEE R T 1 BT,
HARHE{E 4> 9l 4.981, 2.341. 1.920. 1.127,
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FAE TR ER P4 IR E R, UL
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Table 3 Contents of oxidants substances and activity of antioxidant enzymes in leaves of different clones of
Catalpa bungei under Antimony stress

o E R

TR giress concentration/ fﬁéftﬁﬂ%‘fﬂ FUR MRS ARG MK HEAE . MEfly SRR
Clones (mgkg™ O,/ (umol-g™) APX/(U-mg™") GSH/ (pg-g™") HOy/ (umol-g™' ) CAT/(U-mg™") POD/(U-mg™)

0 0.000 050 + 0.000 004 0.004 7 + 0.001 5 1.37 £0.37 0.59+0.10 0.45 +0.05 0.45+0.03

600 0.000 068 + 0.000 002 0.078 8 + 0.009 2 442 +0.16 5.99 + 0.38 2.23+0.18 3.96 + 0.04

8402 1200 0.000 097 £ 0.000 029 0.093 4 + 0.003 6 6.24 + 0.82 7.45+0.49 5.38+0.18 5.27 +0.19

2000 0.000 211 £ 0.000 004 0.071 7 £ 0.004 6 5.70+0.33 9.25+0.16 8.54 + 0.41 4.92 +£0.07

0 0.000 065 + 0.000 009 0.006 4 + 0.001 7 1.48 £0.21 0.53+0.14 0.59 +0.42 0.56 +0.13

600 0.000 140 £ 0.000 042 0.060 2 + 0.003 3 4.63+0.25 3.56 £ 0.20 3.12+0.13 473+0.10

20:01 1200 0.000 221 +£ 0.000 006 0.100 4 + 0.005 5 6.12 + 0.09 8.18 £ 0.46 6.65 + 0.28 5.57 £+ 0.32

2 000 0.000 254 + 0.000 008 0.076 5+ 0.001 9 3.96 + 0.32 10.74 £ 0.25 7.50 £ 0.32 428 +£0.15

0 0.000 038 + 0.000 005 0.007 6 + 0.001 3 1.50 £ 0.17 0.64 £ 0.18 0.74 £0.10 0.31+£0.02

600 0.000 114 £ 0.000 003 0.102 0 + 0.005 4 6.27 £ 0.26 8.31 £ 0.50 6.30 £ 0.19 5.46 + 0.35

>8 1200 0.000 148 + 0.000 007 0.174 2 + 0.009 3 8.45+0.15 5.30+0.08 8.30 £ 0.32 8.66 + 0.21

2 000 0.000 183 £ 0.000 009 0.099 1 +0.0055 4.59 £ 0.29 5.38 + 0.21 9.37 £ 0.67 5.41+0.13

0 0.000 060 + 0.000 006 0.006 7 + 0.002 8 1.34£0.14 0.72+0.15 0.43 £ 0.08 0.40 +0.01

600 0.000 135 + 0.000 008 0.060 3 + 0.006 7 5.38+0.15 5.47 £ 0.24 3.31+£0.30 457 £0.19

63 1200 0.000 173 £ 0.000 007 0.146 3 + 0.006 6.54 £+ 0.74 6.48 £ 0.45 6.09 + 0.53 5.31+0.18

2 000 0.000 257 + 0.000 01 0.061 8 £ 0.005 2 10.19 £ 0.64 7.10+0.24 6.96 £ 0.72 3.81+0.14

0 0.000 040 + 0.000 007 0.009 2 + 0.002 7 1.28 £ 0.26 0.55+0.11 0.87 £ 0.06 0.63 +0.08

600 0.000 132 £ 0.000 004 0.0402 +0.002 9 5.25+0.27 6.33+0.16 3.40+£0.37 3.64 £ 0.26

52 1200 0.000 177 £ 0.000 003 0.1107 + 0.005 7 7.42 +0.33 6.95 + 0.57 6.25 + 0.26 5.79+0.17

2 000 0.000 237 £ 0.000 015 0.058 2 + 0.007 8 7.34 £ 0.60 7.15+0.09 8.10 £ 0.36 3.35+0.24

0 0.000 037 £0.000 014 0.0059+0.0011  1.50 +0.30 066+0.11  039£008 066005

600 0.000 082 +£ 0.000 005 0.061 4 + 0.004 4 5.89+0.25 462 +0.15 4.87 £0.30 4.66 £ 0.22

0 1200 0.000 112 £ 0.000 006 0.149 6 + 0.004 6.35+0.20 5.08 +£0.13 6.68 £ 0.23 5.44 +0.31

2 000 0.000 184 +£ 0.000 011  0.085 2 + 0.004 4 6.02 + 0.08 5.99 + 0.26 8.89+0.28 3.57+0.35

0 0.000 039 + 0.000 014 0.006 6 + 0.000 7 1.91 £ 0.06 0.74+0.13 0.42 £ 0.07 0.56 + 0.04

600 0.000 129 £ 0.000 006 0.041 6 + 0.006 5 457 £0.44 3.79+0.21 3.66 £ 0.22 455+ 0.35

! 1200 0.000 182 £ 0.000 002 0.126 5 + 0.008 5.32+0.09 5.65 + 0.26 5.55+0.27 5.84 +0.19

2 000 0.000 229 + 0.000 013 0.051 6 + 0.003 1 4791042 8.02 £ 0.57 7.13+£0.62 2.75+0.15

0 0.000 035 + 0.000 003 0.003 2 + 0.001 2 1.11+£0.16 0.53+0.15 0.53+0.15 0.63 + 0.09

600 0.000 120 £ 0.000 006 0.069 7 + 0.007 2 4.75+0.34 4.49 £ 0.33 4.49 £ 0.33 3.44 +0.25

28 1200 0.000 144 £ 0.000 009 0.122 7 + 0.003 6.66 + 0.25 5.19+0.20 5.19+0.20 5.81+0.83

2 000 0.000 280 + 0.000 011  0.089 8 + 0.006 3 7.10+£0.61 5.98 + 0.36 5.98 + 0.36 3.01+£0.14

0 0.000 027 + 0.000 008 0.009 4 + 0.000 9 1.57 £0.28 0.41 +£0.07 0.53 £ 0.07 0.62 +0.03

600 0.000 109 + 0.000 007 0.053 8 + 0.005 5.43 +0.41 5.11+£0.10 4.34 +£0.11 4.71 +0.07

- 1200 0.000 184 + 0.000 008 0.125 8 + 0.006 5.93 +0.30 5.68 + 0.56 5.79+0.43 6.14 £ 0.07

2 000 0.000 250 + 0.000 013 0.048 3+0.003 8 444 +£0.43 6.28 £ 0.10 7.26 £ 0.56 5.43+0.42

0 0.000 025 +£ 0.000 012 0.004 3 + 0.002 4 1.01+0.14 0.63 + 0.04 0.71+£0.10 0.69+0.11

600 0.000 074 £ 0.000 008 0.063 7 + 0.002 457 £0.17 5.17 £ 0.20 2.50+0.27 5.18 £+ 0.57

2 1200 0.000 236 + 0.000 01 0.120 1 £ 0.005 5 5.11+£0.09 6.71+0.14 4.23+0.11 6.77 £ 0.29

2 000 0.000 273 £ 0.000 012 0.071 3+ 0.007 6 3.41+0.28 9.20 £ 0.39 7.62+0.15 3.61+0.37
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4 TR R LR G A TR VTN AN 7] TC 1 2R AR it 26
REJIRAIATIY . DA AN 250k 5 Bty 2
TUERR AL AR R 8, 40 I3 LA K 1 97573 8K
(C), MM AT —IBEA [ TCE R 255 1
Wi oA .

S$=23.926/69.132 x C1+18.479/69.132 x C2 +
13.488/69.132 x C3 + 13.239/69.132 x C4

Tt BT AT e 10 ASHRRE TC I 2R 7E B
T A L L 4, 7F 0~2 000 mg-kg™
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5-8>0>20-01>2-8>5-2>63>8402>1>72>1-1,
3 it
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PR AR 25 57, X UL [R] Tk F06 4 8 1Y
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SR . BT AL L AR I K TARAEY)
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(Linnaeus) Czernajew ) il £k ( Zea mays L.)
HEAT R R EE R AL I, TSR AR, FORAY ISR

Lt e Palisade tissue/spongy tissue
o
(o]

RE WY, ABREAER, 10 NIRRT
MHER R S AR IE TR, A R A
B2 R & A P, DO /RSB U E 2 000
mg kg™ LA BB A XA TCE R 1 4R G Y
/N, X5 FIRPFIEAT RN —F, BhE e R
IRt A RESE R, B 3 M SR AR ] 3 45 5
R AR TS ) B A X AR TH-2 3R 5 AR S e B 5 L
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Table 4 Comprehensive Evaluation score table of Antimony tolerance of different clones of Catalpa bungei

Fbk R BRAL LI e A sy B ST
A o
Clones Stress concentration/(mg-kg™') c1 c2 c3 ca Total score Average score

600 2.37 -1.13 0.32 -0.93 0.40

8402 1200 0.81 -1.33 0.29 0.00 -0.02 -0.14
2000 -1.03 -1.30 -0.06 -0.43 -0.80
600 0.54 2.88 -0.25 0.09 0.93

20-01 1200 -0.25 0.45 0.61 0.27 0.21 0.19
2 000 -1.12 0.03 -0.01 -0.97 -0.57
600 0.60 0.26 1.16 0.23 0.55

5.8 1200 -0.22 0.40 0.78 3.18 0.79 0.34
2 000 -1.06 -0.34 0.30 0.49 -0.30
600 0.19 0.08 0.22 -0.68 0.00

63 1200 -0.65 -0.31 1.71 0.63 0.14 -0.03
2 000 -1.00 -0.75 2.38 -0.77 -0.23
600 0.64 0.37 -0.01 -1.30 0.07

5-2 1200 -0.21 0.44 0.48 0.81 0.29 0.03
2000 -0.70 -0.11 0.64 -0.70 -0.28
600 1.49 0.42 1.13 -0.49 0.75

0 1200 0.14 0.31 0.73 0.93 0.45 0.31
2000 -0.74 -0.06 0.64 -0.65 -0.27
600 0.88 0.39 -0.72 -0.44 0.18

1 1200 -0.16 0.24 -0.73 1.07 0.07 -0.18
2 000 -0.86 -0.61 -0.28 -1.48 -0.80
600 0.67 1.06 0.24 -0.88 0.39

2-8 1200 -0.05 0.37 0.00 1.29 0.33 0.05
2 000 -1.31 0.68 -1.07 -0.42 -0.56
600 1.28 0.55 -1.34 -0.45 0.24

1-1 1200 1.40 -3.21 -1.14 1.44 -0.32 -0.33
2000 -1.33 -0.31 -1.60 -0.29 -0.91
600 1.55 0.67 -0.97 -0.12 0.50

72 1200 -0.71 0.50 -1.85 1.29 -0.23 -0.25
2000 -1.14 -0.64 -1.59 -0.72 -1.02

MYITEIE T AT R0 T, R A 2855
P LA ERAL TP, JF H AR, A

XAEY)AE KIS B . — BRI T 55 1F T
240 L P14y R A AR T W B 4 R B T R
iy, AR R 2t

VA=A
37

MR AR AT . A

WA SRR, TR, MR R R
F A BT B T F1 HoO,, Bl Wk BE R R I, 4%

ATCHERIRN ) Oy 7= A BB WK, 17—
Jiri8 s S NP E LS (CAT. POD. APX) i1
AR RN P FERE BT A ALY B ( GSH) ik & &
IEARSEE, X 5Z=EE RS A o8 25 AR L. XUl
BT S A P i AR BT AL ) i GSH & i
A B IR TR 4 ) — AN A
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EWRBER T, bR R E A AR R AR
FeTtE RN B 8402 1 72 otk R, 1E
2 000 mg-kg™" B /HA T ARA: Py i xS B Ah,
BT RERARU B S A SR T A,
B 7 W A SRR R, A=W B
A

B EE R BTEMB RS, ZEAR R BB A
T, S TOME RS v R A e ) B 2=
5o WFras REM: £ 0~2 000 mg-kg™ &6
JHpE T, 10 ANk To b R T i RE 1 25 AN R 5-
8>0>20-01>2-8>5-2>63>8402>1>72>1-1, {H 5%
FAPFAPEH BRI, 285 DO B A IR o 2k
BT TP, 75 25 W i g i E 4 T 35 uk i
e, LAZRASIE DR I T RO S Al S
LY TENBE R RO, MR R EA A
AARFAEN 2 2 4R 15 B E R, A
AT RE N AT
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Comprehensive Evaluation of Antimony Tolerance of Different
Catalpa bungei Clones based on Factor Analysis

LIU Zhen-hua'?, WANG Jun-hui', TONG Fang-ping?, SUN liang®, LI Gu#,
CHEN Ru#?, WU Min?, LIU Zuo-qun®, MA Wen-jun'

(1. Research Institute of Forestry, Chinese Academy of Forestry, State Key Laboratory of Tree Genetics and Breeding, Key
Laboratory of Tree Breeding and Cultivation, National Forestry and Grassland Administration, National Innovation
Alliance of Catalpa bungei, Beijing 100091, China; 2. Hu’nan Forestry Academy, Changsha 410004,

Hu’'nan, China; 3. Liuyanghu state forest farm, Liuyang 410300, Hu’nan, China;

4. Landscaping maintenance Center of Ningxiang, 410600 , Ningxiang , Hu’nan)

Abstract: [Objective] To evaluate the antimony tolerance of 10 different clones of Catalpa bungeiso for
providing plant materials for the remediation of antimony contaminated soil. [Method] Under different anti-
mony stress, the growth, biomass, leaf chlorophyll content, antimony content, leaf anatomical structure, hy-
drogen peroxide content, superoxide anion content, glutathione, and antioxidant enzyme activities (CAT,
POD, APX) of different clones were determined. The antimony tolerance of 10 different clones was evalu-
ated by factor analysis. [Result] The results showed that under different concentrations of antimony stress,
there were significant differences in aboveground and root biomass except 8402. The plant height and
ground diameter of most clones increased firstly and then decreased with the increase of sb concentration.
The root biomass of clone 8402 and 72, was higher than that of the control. Under the sb concentration
2 000 mg-kg™, the other clones promoted the increase of the root biomass under low antimony concentra-
tion, and gradually decreased with the increase of antimony concentration to a certain concentration. Anti-
mony was mainly accumulated in root. Under concentration 600 mg-kg™', clone 63 had the highest anti-
mony content in roots and leaves, and 8402 had the highest antimony content in stems. Under 1 200
mg-kg™', clone 5-2 had the highest antimony content in roots,1-1had the highest antimony content in the
stem and leaf . Under 2 000 mg-kg™", the highest antimony content in roots, stems and leaves was clone
5-8,8402 and 72, respectively. There was a positive correlation between the activity of antioxidant en-
zymes and the concentration of reactive oxygen species in plants under certain antimony stress.
[Conclusion] The comprehensive evaluation of antimony tolerance of 10 Catalpa bungei clones under 0-
2 000 mg-kg™ antimony stress is clone 5-8 > 0 > 20-01 > 2-8 > 5-2 > 63 > 8402 > 1 > 72 > 1-1. The res-
ults provide plant materials for the remediation on antimony contaminated soil, and can improve the re-
mediation effect of antimony contaminated soil. Under 2 000 mg-kg™" antimony concentration in soil,
Catalpa bungei clones with strong antimony tolerance can be used for remediation.

Keywords: Factor analysis; Clones; Catalpa bungei; Antimony
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