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The Effects of Nutrition Polybag on the Growth, N-fixation and Heavy
Metal Accumulation of Sesbania rostrata Grown on Pb/Zn Tailings
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Abstract: Growth, N-fixation and heavy metal accumulation of Sesbania rostrata transplanted on acidified Pb/Zn
tailings in Lechang, Guangdong Province, were investigated. Experiments were carried out by transplanting seedlings
prepared with nutrition polybags of 9.5 cm in diameter and 10 cm height containing 1 kg soil (A), of 7.5 cm in
diameter and 8 cm height containing 0.5 kg soil (B) and without polybag (C). The results showed that Sesbania
rostrata succeeded to establish, grow and fix N on the tailings of pH 5-7, but failed to grow at pH<3. After
transplanting on tailings.for 84 days, the plant height (140-144 cm), basal diameter of stem (1.59-1.68 cm),
individual biomass (36.6-38.8 g DW), dry matter production (5 124~-5 432 kg hm? and nitrogen accumulation
(77-107 kg hm?) in treatments A and B were significantly higher than those in treatment C which were 117 cm,
1.35 cm, 20.2 g, 2 828 kg hm?, and 40 kg hm?, respectively. The contents of Pb, Zn, Cu and Cd were highest in the
roots followed by stems and leaves, and the amounts of the 4 heavy metals in whole plant were in the order Zn
(186-221 mg kg?) > Pb (96-145 mg kg ™) > Cu (17-30 mg kg') > Cd (3-4 mg kg). Transplanting seedlings with
nutrition polybag could improve the growth and N-fixation, and markedly decrease heavy metals accumulation in
S. rostrata. It is suggested that S. rostrata is a good pioneer species for bioremediation of the tailings.
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K% H# (Sesbania rostrata) = —FIE B IEMW B
P EREY, 528 E BRI (Azorhizobium
caulinodans)3t 4=, BE VT & AR , N AT TERGZES8, 1R
BAEYFREOEEEE, TR BartHR L
EABERMEERNLEREGRS, DEMHR
ERKEHENESRAESF —EHHHTES, &
YERKRBER BG4 BV Besh, T
KEHEFER—FEHEY, A KBE, BB RERE
AIRHER AR, AR TELEYNEE
MAEKS, XEHFRPTNKEEEEAESRTS
RS HEBEEER CEEYRML T EEZRKE.

ABFR M B F7E T3 — P X
BF R OE N A, B SRR B AR/ X
RAEXFRAEFRT IR THAERK BENES
BERRMEWN, NI NGB ESRG RFHRMHE
WK
1 ¥HeAN 5%
L1 R o 4

BRI AL T RIS B AT BV, 795
7 19.6°C, 7 A4r-F3<iE 28.2°C, 1 A4-F1RE
9.3C, EMEWE 1468 mm, BEF7F 4-8 B, %W
FrRT B B R ALK, B & FeS,, B PRk
e, THEEY U KRRKEFT . BT
HE AT A (pH 7E 9.5-10.5 Z 1) , BUF AR

RRALTE B IRIRYE . I RH M B 1987 SEFFIRHERR,
PARBRS, R REYRA, HEAHRALER 1.

21 AAAKTRTH A RKRANTSH LR B MEAUR(EFYEIRLEE)
Table 1 Properties of Pb/Zn tailings (A) and soil used for Sesbania rostrata seedling raising (B) (mean*SD)

L34 i Properties FEH" Tailings (A) + 3% Soil (B)
R pH 4.5212.04 5.32+0.23
BEEEC(@mS cm?) 3.08+2.75 0.67£0.07
£ ¥ Organic matter (g kg™ 3.67+1.54 142421
498 Total N (gkg™) 0.67+0.16 1.78+0.26
4% Total P (mg kg") 749.31224.5 2723.1+398.2
7%t Available P (mg kg™ 171.240.78 9.26+2.37
4248 Total K (mg kg™) 1441.3%158.6 323.3+431.8
DTPA TR A48 DTPA extractable K (mgkg™") 2.01+1.01 7.45+2.13
44t Total Pb (mg kg™) 3332.2+741.0 250.1+27.9
DTPA TR A4t DTPA extractable Pb (mg kg') 142.0+103.2 243124
44 Total Zn (mg kg*) 2770.4+334.7 294.9+33.1
DTPA 7[R B4 DTPA extractable Zn (mg kg!) 182.11+87.2 27.6+3.2
445 Total Cu (mgkg") 189.8+19.2 21.0+1.3
DTPA 7[R El 44 DTPA extractable Cu (mgkg") 2.78+0.43 0.3710.02
4247 Total Cd (mg kg™ 5.94%1.72 ND
DTPA w2 Eu A4 DTPA extractable Cd (mg kg') 1.29+0.24 ND

ND; k#4 Notdetected; DTPA: —W Z. 2=k Z.B Diethylene triaminepentaacetic acid
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Table2 pH, EC and contents of DTPA extractable Pb, Zn, Cu and Cd in tailings of all experimental plots

RN X Plots pH B %% EC (mS cm?) Pb (mg kg™ Zn (mgkg") Cu (mg kg Cd (mgkg")
A, 4.36 3.93 135.8 88.5 1.41 0.69
A, 4.48 298 112.0 834 1.04 0.57
A, 431 2.45 3404 76.8 2.69 0.68
A, 232 6.02 7.9 132.8 1.39 0.49
B, 5.13 1.32 1475 50.4 1.28 0.35
B, 4.89 1.41 2755 89.0 2.20 0.50
B; 6.50 1.21 310.8 134.8 5.89 0.23
B, 1.93 6.34 75.6 924 1.61 0.48
(oA 6.11 1.12 3494 77.2 2.67 0.21
C, 5.62 1.28 267.6 92.8 3.47 0.25
G 6.38 1.48 404.3 584 1.71 0.16
C, 2.42 4.60 19.3 72.0 2.26 0.31
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0, R R AR AARES, RE R LRR
EAAEE RS SR, K pHENEREERZ
1.93-6.50, B8 §: % %4 0.97-6.34 mS cm’, A, B, 1 C,
3AVPNX I pHAE/DTF 3.0, ALA; A 753045 2
;XN R AT S S BB R, R RS
2A+F 4.60-6.34 F1 2.45-3.93 mS cm’! T, Xk
SAHTE S TR A K. 4 6 /IR pHAE
KF 4.5, LG RBAHNH/NTF 1.5 mSem™’, 4 HES
B Pb [ty DTPA WTREUESBMAH S, AT
7.9-404.3 mg kg {3, A5 pH {ERIERX, Zn.
Cu 1 Cd f25 578 B W) 43 1l =& 50.4-134.8 mg kgt,
0.76-5.89 mg kg 1 0.16-0.69 mg kg,

22 KEHEWNHEK
221 FHEH
R LEwet, pH /M TF 3.0 BT DX (AwnB,

1 C) K mESHIET, RBERR 9 MK

#18 AB.C3 MEEKEEFRRE. ZETHEE.
TEVEE B BB BN 3 TR, €8
AT, A BRSNS T B.C 402, HEY
A RBER LT, FETEREE TR

BRBE RN, FHFEFERC>B>A BHERAE
%, MBLU/PRKBEKRIFERI,pHA48 [ A MK
31 85.7%, pH 6.5 [y B; /NX 1 pH 5.62 ) C; /MK #
% 100%, 45RERVEY REREWKEHELH
B EERE.
222 HE ZEZEHEMEDE

BEERU N B>ASC, EKEFN 5NVEFHL
BELTEEER B EWEERTLERNLH
(p<0.05) . ZEFHEAZRIN A>B>C, BEHKK
wEERRE. 3 MK EE R BB
HWE ASB>C, BEINMGHZ AHFEEEER.

A.B.C b3 Kk FHE T bk =R 2 5 b
38.8.36.6 A1 202 g, S b _F #5452 30.3.28.8 0
16.7 g, o TR 435114 8.9.7.9 #1 4.0 g; BALHARE
W4y 543.5.513.0 F1283.0 g DW m?, i
b B3 424.6.402.9 1 2250 gDW m?, HTF#K
118.9.110.0 71 58.0 g DW m?, # 8 A>B>C, e K&
(MG NEFHLERLEEEER B _EHRE
EHE T B AL (p<0.01) . RIEFMH
HEM KR EEREKEREE, MEFRAKRD

St HE TR .

23 KEBAWERWR (FHEREE)
Table 3 The growth of S. rostrata (meantSD)*

4 BBk 44 & Biomass per plant (g)
pE BEEG)  HECm e ok wory 2P
Treatments Survival rate Plant height . asal St £ # HFH EL Leaf number ranc
diameter (cm)  Apoveground  Underground Total number
A 66.7+18.0° 140.2+143* 1.68%+0.11* 30.31£5.7* 8.5+1.9* 38.847.5* 54.1+9.6* 3.8+08*
B 69.1+27.0¢ 14424344 1.59+0.14* 28.84+6.2* 79+15°* 36.6+7.7* 35.9+52° 2.3+1.6°
C 72.6+23.8 116.9122.1° 1.35+0.12° 16.7+4.1"° 41+1.2° 20.2£5.3° 28.6+1.8° 1.0£0.1 °

* 2 1SD iR, FAEKEEHRATFERALES 2§ (p<0.05), Means within column followed by same Jetters indicate no significant
difference at p<0.05 according to LSD test. ~ ** A, B, C: Wredf 1.3 54k, A, B and C in treatments represent using nutrition polybags of
9.5 cm in diameter and 10 cm height containing 1 kg soil (A), of 7.5 cm in diameter and 8 cm height containing 0.5 kg soil (B) and without polybag
(C) before seedling transplanting on the tailings. ’

23 WEEHEKMER

RIS LR, KK EH 98%LEH, BB K
BN SGRERTE 4 fin. DEBRKXEER
B, EBRRISRZR A RIIRIN A>B>C
LHBEAT ABERERXEERREE  ZHE
BUARR, 2 CB>A,AB B AERAK, Z&
BEETF C oM. tHbrl N, 2WRGEREREY
WK, TTEERNFEFAB AN T RS
R % 2, A/ ERAB RO A LNZE
EYE.

BB YRR CB>A, ]

BAT, ABAEREEERLEE REERN
2 ASB>C, BERARE. B, ELEFHBHEK
BT, 5 EERENBERBEMEZSRES
SRR, YRS T AR B IR R B AR
TR, YLHE R BE IR IR ST IE I RE ) R
TRIRAY . (B F B B AR R AR A B
FRMYNEREME,AB.C3 M EEIREE
W& 5 AL BB £ R 10.6% .24.4% F
26.3%.
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Table 4 Growth of root and stem nodules in S. rostrata (mean+SD)

24 Stem nodule #2J& Root nodule
Fp— BEEEESW
R tona | EHRNE B# $E  BHNE ¢ #E Fresh weight of
Treatments stem height Number per Diameter  Fresh weight Number per Diameter  Fresh weight  total no?ules
(om) plant (mm) (g plant™) plant (mm) (g plant*?) (g plant’)
A 95.6+11.7*  599.1+135.2* 2.29+0.21° 3.031£0.75* 243+12.7¢ 3.23+0.29* 0.3610.20° 3.39+0.95*
B 89.6+21.1*  460.7£78.0° 2.3340.32° 1.95+0.15° 32.749.9° 3.14+0.50* 0.6710.40* 2.6210.54°
C 66.8+9.9° 285.3+54.9¢ 2.6510.09* 1.88+0.29° 42.1x11.9* 2.96+0.25* 0.631£0.24° 2.5140.53°
*AB.C[R# 3., ForA,BandC seeTable3
£S5 KEWNESR(TYETFELE)
Table 5 Nitrogen content in S. rostrata (meantSD)
oE* ## Root Z Stem M Leaf L8k (%) B ER Accumulation
Treatment (%) (%) (%) ‘Whole plant (g plant?)
A 242+022* 1.571+0.14* 2.58+0.16* 1.969+0.279* 0.764+0.108 *
B 2.13+0.19° 0.8910.08° 2.611+0.13¢ 1.569+0.116° 0.550+0.042*
C 1.75%0.13 ¢ 0.65£0.09°¢ 2.57+0.17* 1.402+0.182° 0.283£0.037 ¢

*AB.C[R]% 3. ForA, BandC see Table 3

R6 KMENFSWEADR S ANBHSRTNSEARE (EHELFAS)
Table 6 Contents and accumulation of P, Zn, Cu and Cd in plant of S. rostrata (mean+SD)

438 Treatment**
A B C
Pb 18 Root (mgkg") 308.0+55.3® 487.7+48.9* 536.7166.4*
% Stem (mg kg") 40.6£6.3" 41.0%5.7° 49.6+7.1+
B Leaf (mg kg'') 25.142.4° 2514350 33.5¢69°
£k Whole plant (mg kg") 95.8+7.6" 133.6+18.1* 14514222+
BRI 88 Accumulation (g plant™) 3.72+029°® 4.89+0.66 * 2.931+0.45°¢
Zn 42 Root (mgkg") 411.8+57.6 788.3+121.4* 761.5+109.8 *
% Stem (mg kg") 130.3+20.9* - 82.5+11.6° 72.449.7°
M- Leaf (mg kg™) 101.5+14.8* 114.1+11.5* 94.8+18.7°
4Bk Whole plant (mg kg") 185.8+15.7° 22104237 219.8+21.6*
B IR B8 Accumulation (g plant™) 7211097+ 8.10%+1.03* 4.44+0.67"
Cu 8 Root (mgkg™) 26.243.6° 61.4+10.1* 67.5+12.7*
% Stem (mg kg") 172423° 17.5¢2.7% 21.3+4.6
M Leaf (mg kg') 13.442.1° 14.9+32° 17.5+4.3+
4Bk Whole plant (mg kg") 18.62.3" 264133 29.744.5
HI BB Accumulation (g plant™) 0.7130.24" 0.97+0.28 ¢ 0.60+0.19°
Cd 8 Root (mgkg?) 3.65+1.38°% 6.31+2.07* 6.03+2.45*
2 Stem (mg kg™) 3.49+1.29° 3.47+1.67° 434+2.13*
M Leaf (mg kg™) 1.89+0.87° 2.36+1.09® 2.45+1.21°*
4¥k Whole plant (mg kg™ 3.19+1.15¢® 3.85+1.39* 417+1.46*
BRI 28 Accumulation (g plant™?) 0.124£0.02* 0.14+0.03* 0.08+0.02°

* EXWBET P, LSD AR AR BENER SE N, AT RBEEHRAFBREEEEER (p<0.05)
Means within each line followed by same letters indicate no significant difference at p<0.05 according to LSD test;
** For A, B and C see Table 3.
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3 g
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YERU4S, RBE % 2R i 53 A i) 4 58, Hossner
Hons 45, JL P BH #GR, 5 £ BH 58t
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MEBELM. BTREYV PRTFSHRRERSREL
F AR R E R, KR BESR M A, SUE BB
FOFREE 161 ; A HUILRL U SRS Jy 1A
FEARK P, KEBFEATUEEERILAE
2.8-5.4 thm™ B FH R, HIRE T 40-107 kg hm? )
R, 5P EENIRERALY. XETYRE
SRS T RAE N, in b3k B A B BB R R 4
75, b B 38 4 M F T R DA R T A ) B AT B
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