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B E N THEREEMEEREFALAPLE BT T A 0—20 wmol - L~ CACL, HYAfH pH(3.0—7.5)
VS VRONT SRR AN B A RN S0 AR B SE A Fh - A 25 R R W, ORTR] pH W WAL SRR SRR B K (2 62% )
FRZF (24 48% ) To B 5 SAEAE pH(3.0—7.5) %l h ¥ 10—20 pumol - L™ CACL, I, 10 pmol - L™
Cd>" AR Rl % ,20 pmol - L™" Cd>* Il R % . 5 %% 58 19 10 SR AW R 776 AS ] pHL 35 R 40 3 10 d
B, Sl AR RIS A pH 4. 5—5. 0 MYER PV K, T AE pH 3. 0 W i/, IR CACL J5 , 4 AR K
ARk RS B— pH Z5 R — 5 (HI KT AR A9 pH. SN 75— pH 5 pH + 10 pmol - L™" CdCL, Bk A 4k
P20 d B, bR E AR TE pH 4.5—5. 0 % A K, Cd AT S 2 30 4l B AR iy AR 4. WF SR 45 SR Ui, pH 3. 0—
5.0 FRPE KA S0 LR MLAD T & ,20 pwmol - L' Cd (& IR 2% 5 SE R ML T BB T pH 3. 5—5. 0 Rtk AN
10 wmol - L™" Cd Jfaft , Ay RIS & R PERT A LA T RS 4k 4.

KR MM, EEE, pH, KA.

BERTAT SRR PE IR T HERC A [ A58, oh T D0 AR B AR R8T — St 1, 2540 X A 34
K — RIS R, Qi ST R R SRR AR TR s T e R Z AR AR S R SR
SRS B IR ARy = i A 210 DRt BT A7 S A R B DK S22 L A S PR B A 11 S B B
T SRR P VAR SR B, HAT TR RGP , W I8 R R 8, REAE Sl I 55 AT AR G, R A B AT
R 2 S P RS R L SR A0 5 B0 47 2 26 W S R AL 6 L AR T 3, AR K
BT, TP 2 2 2B AT A LK R I D A FZRR e R BT A LLURUE 2 1 pH
ARE GRS REUEAT A B RIS , S WK 74 pH3. 0—6. 0 BRI K , S BURAT A1 H YA
BRI A B A R, A Cd  Mn F1 P S5 SRl RAT 41 AR JE AR G - S IR A S R A
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1.2 SEEe ik
1.2.1 SRBEMAEAF pH 48 Cd JBha T rydi &

Bl L R R K BC ] < FH 0 A 6 B PR A PR S — R4 B it 2 bL 12 4 FCRl B, L B 10K
BB, pH {7 3.0.3.5.4.0.4.5.5.0,5.5.6.0.6.74( K& F/K,CK) 7.5 WA, ARG A
1 mol-L~" CACL ¥ , [EATERE K Cd®* W B3 5199 0.10 3 20 pmol-L ™" (pH + CACL, ZhHH) .

SERERL R T & SCRR AT 60 C/KIRA 24 h, FARVAHI, HEATHTHARIR AL L T 10% H, 0,354
THBE 15 min 247, KUK 0pYE T4, BT 4 CokA IR 4 d($EmE &) SRIE7E 30 CIRA
B . 50 RiFFRAREFRILA A 10 mL 547 0,10 57 20 wmol - L ™' CACL, YA [] pH AbFRK , 44~ ib
W3 AEE. HRIER SR MR, B KU 3 mL AR AL BRYR . SE56 10 5% R AR P GB2772—1999¢ MhA
Tl TG0 250D W , T R S 2R

R (% ) = SRR R 14k x 100%
REHF( %) = B R ZFFFH0K B Fe g VIS R 28 1D 7450 bRl -4 < 100%
1.2.2 K[A] pH {EAIE 4:)8 Cd Whhin Zb 3w & 25 AR+

THBE) B 75 JC W K i A, W5 7 A LR 010 Mg AP OAR 1—2 mm) & T 10 mL
0—20 wmol -L™" CdCl, 5 A [A] pH 7K % ¥ (A 8 & S2 86 ) H, 30 °C i % ok B BG 9%, O e 9 )%
165 pmol-m ~*s ™' AFRKIEIE 14 h,7 d JE Ak AR .

1.2.3 AfA] pH EMESJE Cd JPha T S M A K

HEERIRDFAE KB A, AE R 2R 2 em B 4% T 1/2 Hoagland FHY)E FR W 1555 3 d. Phik
KAN—BH G (KL 2.5 em BRRZY 3 em)200 B, BF &4 0—20 pmol-L™" CACL A [H] pH(3.0,
3.54.04.55.0.5.5.6.0.6.74( 25 T7Kk,CK) .7.5) iy 1/2 Hoagland H¥)78 7 Wi AL FR 20 d, 45 4%
6 M, 455 d Ho— YR AR K ks BEE B 2R R R SRR B R .
1.2.4 it 508

S5 2 i AR 9 2R ] Microsoft Excel 2003 F1 SPSS19. 0 #4454k 43 4 FL 2 2 PR 56

2 IR 5®

2.1 R[] pH FUR M Cd B 73 SEREMLRH T8 % ) 5

W SRR 72 pH 3. 0—7. 5 ¥R B R I 10—20 wmol - L™' CdCL, f A [] pH ¥ (pH +
CACL) Hfi % 14 d, 254 A 1. i8] 1 A] L 78 pH 3.0—7. 5 450 F SEREMLRD T 1B % R 2 62% , ]
pH 2 (]G 8 24k 2% 5. 76 pH 3.0—7.5 VRN 10 pmol - L™" CACL, I, 1 2% % 8 24 125 T A Bz ) B — pH
VW AR T B R R . 2 CACL YR 4R 5 51 20 ol - L™ i, HLd 5 SR 55 T 4 0 A B — pHL {31
pH 3.0—5.0 [y R 1 4% 1 F R 52 Wi 28 R ML AP 7 9 &, 10 wmol « L' CACL, fI§ ¥ J& T 42 oE W % , 1M
20 wmol-L~" CACL, i v B W 1 % . Wl CA™* e B A3 5, 3 210 Cd™ 3 AN 5 R IR AR 45 45 , B AR
T RNA I DNA (35, 51 RRELS , 5400 T A 224524, T 7 fp ik

RIFWRFORF TG SR R AL B0 R pH RALEE 7 d TR R T 1 48%
TR EMERE T YN 10 wmol - ™" CdCL, I, e 2545 5 FAH R 9 28— pH, EL7E pH 3.0 I % 234
B T RIS A A — pH ;24 CCL #e R F 20 pmol - L't , & ZF A KT8 — pH A RN B, HL7E
pH 3.0—4.0 i} B EL T3 pH AL EE. W pH 3. 0—5. 0 AERTE S 14 T A SR L BB AD 705 715
Mi7E pH 3.0 1,10 wmol - L™" Cd** W] g 2 5 @b 71 & 4, T 20 wmol - L™ Cd** WU . 35 AR 1 2% 4. 4%
SR AR Cd™ P ERR T8 R R &, i vk B Cd D) PR3 A A R 2%, 3 2 pH 3. 0—4. 0
(RRTEZCIE T Ca® 3l P
2.2 AJa) pH A4 Cd Jhie T o283 b 82 1 Rh AR i 5

ARLXT S SR A BAURR , T AR e A A T 4 o AL Tt 0 7 43 8 11— 4> T 45 4% IRAR R 4 1—2 mm
(FR1T) BLEREMLRD 775 50— pH 3.0—7. 5 V¥ G ¥R N 10—20 pmol - L™" CdCL, i AR[A] pH ¥ Wi v 4k 2t
10 d. AR E 25 5 (P 2a) W, 7E AR pH 408 F , MR K BE7E pH 3. 0—4. 5 WhiLs 42 5, pH 4. 5—
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IRFNR AR 4.5 em( 5XFHE pH 6. 74 I K T 50.84% , 5 pH 3.0 AHILIE K T 175.51% ) , R )5
Fxﬁ% pH HYTH R B TR, #RACTE pH 6.0—7.5 5 pH 3.5—4. 5 LR F M2 5 HU] R & T pH 3.0.
YA pH 4. 5—5. 0 FR 1 25404 A1) T R R AR A K, 10 pH 3. 0 BY MR PR A5 1 B B 4 AR A= . S s m
10 pmol - L™"'8% 20 wmol -L™" CACL i, AR K AFfL 4 #455 8— pH AL FIAH L, MR AE pH 4.5 B ik
ME {HE 5 AT HENL A B — pH I TRALFE, BB 10—20 pmol - ™" CACI, b3 5 B 3 i AR 9 4 K

ALRER T Cd* " ZEARER BB SRR T 4 P e (o R AN A%, A 23 4 RIAR i K Bl sl B s . i F
pH 4.5 +10 wmol - L ™" CACL AZbFAYHL K i 55 F pH 3.0, 1if pH 4.5 +20 pmol - L ™" CACL 4B 5 pH 3.0
TEW] i 22 5, RS TN I AT 7E pH 4.5 + 10 pwmol - L™" CACL Y& A5 Y561 FAEIRAE K. SR ¥R
ZERMBZFHAML, SRR 1— pH 3.0—5. 0 I pH 3. 0—5. 0 + Cd B AL BERZ mi BEAHURY, S A2 A
Tifﬁﬁ%ﬂlﬂ%mkﬁ%’ﬁ%ﬂﬂ RRF T4 3 SRR AR K AT /o S L T B R e R A

159 — A5 Fx.

70 - a 60r b
LT 40
S 40 | g < o
5 —e— 0 pmol-L & 30 —8— (0 umol-L
R 5L —=— 10 umol-L™! iR —&— 10 ymol-L™!
= »l —A— 20 pmol-L~! b)) —a— 20 pmol-L!
10 10
O 1 1 1 1 1 1 1 I 1 1 0 1 1 1 1 1 L 1 1 1 1 ]
2530 3.54045505560657.07.5 80 2530 354045505560657.07.5 80
pH pH
B 1 A pH FRFVEEE CACL, Zh3BXT SRR EE 28 (a) FAK 245 (b) BI52 IR

Fig.1 Effects of solution pH and Cd concentration on the germination percentage(a)

and germination energy (b) of Amorpha fruticosa L.

57 a —e— 0 pumol-L™! 67 b —&— 0 umol-L!
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Fig.2 Effects of solution pH and Cd concentration on the root elongation (a)
and embryo of (b) Amorpha fruticosa L.

R g R (B 2b) KB 7ER R pH Z60F T, MR 28 Ak a3 S5 AR R i 22 46 — 2, 78 pH 3. 0—
5.0 BB R R, pH 4.5—5. 0 S5 B KAE (4. 53 em, FXHE pH 6.7 fHELIEK T 37.37% , 1k pH 3.0 #H
PO T 72.15% ) ,pH 5.5 B iR R 5l FAR S AE pH 5.5—7.5 I 5 pH 3.5—4.5 LR &5 ,H
B2 & F pH 3.0. ULHH pH 5.0 By A R F SRR BB i A4, 17 pH 3.0 PR T 4% 14 mT BH I 30 ol 2
K. MVRH0 10 pmol L7585, 20 pmol -L™" CACL Bt , Bk 7E pH 3. 0—4. 5 FHESE EFF, pH 4.5 Bk Bk
(B, X5 Hd R . pH 3.0—4. 5 + CACLBE A AL B A R = S AR R A pH G 35 P22 5, il RE S 1 F Cd®”
B2 BBUEARR , T LAk B3R K S /N 7€ pH 5.0 B, Cd® ™ 4 3 35 B AR AR A RbR 7, o] RE 2
Cd* " A A R ™ SR T AR A A K, D TS M FR MR A WA AN #3880 B3R KR, S5HR
M ABAAH L, AR = A2 A XS pH 3. 0—S5. 0 BT 15 B 4 Jm AL B ) 2 M AL G2 1
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2.3 R[H) pH FESJE Cd Bra TR SRR AY i A K Ry

FEYIH AR R R & A 2R K 3 e HAE A h i A A7 AR pH {E 5 pH + CACL, b B SRR 4)) 1
20 d, 3B HARAC bk i A AR AR A (8] 3a) ARSI ZEANTR] pH 250 R ARKAE pH 3.0—
4.5 WHE WL E ,pH 4.5—5. 0 SA B KA (11.58 em) s R K7E pH 5.5—7.5 5 pH 3.5—4.5 B} LB &
P25 BB ST pH 3.0. UiW] pH 4.5—5. 0 2 A | TSR AR, pH 3.0 BYBRTE 25 (W] A il AR
A HEN 10 pmol - L1 CACL i, ARK AR fL#E 345 — pH %% — 5, % pH 3.0 41, pH + CdCL, 4b 3
AR 34 3 K T 88— pH; [, pH 4. 5—5.0 + CdCL, 58— pH 3.5 LB EE2ER. #0120 pwmol -1~
CACL, i, ARt pH 3R #i3% K , HAE pH 3.0—5. 0 B i (K110 pmol -L~" CACL AR Y pH., F 512
¢ pH 3.0—3. 5 BFHRJLF A K. ULHT AL A 7 pH 4.5—5.0 + 10 pmol - L™" Cd** A5 Y+ F 4
K, 58 AR KSR

14 _ a 9 - b
12 b 8r
10| T
g 6
S gt § 5L
2 >
™ 6L o 4 +
= > —&— ( umol-L™!
o L
at ~* OumolL 3 —&— 10 ymol-L"!
5L —a— IOMmol-L 2 r A 20 ]J.lTlOl'Lil
—aA— 20 pumol-L™! 1
O \\\\\\\\\\\ O 1 Il 1 1 1 1 1 1 1 1 J
253.0354.04550556.0657.07.580 2.53.03.54.04550556.0657.07.580
pH pH
051 ¢ 3510 4
—— (0 umol-L™! 30 L
o4k —&— 10 pmol-L™! B W
—a— 20 pmol-L! 25
=03+ < 20
ﬁ #% —— (0 umol-L™!
= 02t ®IST —8— 10 umol-L™!
=10 b —aA— 20 pmol-L™!
0.1
05
2.53.03.54.045505560657.07.580 2530 354.04550556.0657.0 7580
pH pH

3 RIA] pH FIARTFR BE CACL, ipia T X SRRl i AR S ks R I 28R a/b HEAR AR
Fig.3 Effect of the pH value and Cd concentration on the root length,
plant height, biomass and chlorophyll a/chlorophyll b ratio of Amorpha fruticosa L.

PR (18 3b) W FEART pH A F bR 928 LB 3-S5 A K AR L, 72 pH 3. 0—4. 0 B #i42
7. pH 4.0—5. 0 K FIR KA, SRS HEZ pH A THES A BT F W L (R ELHR B 7E 38— pH 3.0—5.0 4b3 R B
BEVERE S UL pH 3.0—5. 0 Wtk S REME bR A KA/, 20 10 umol - L™ CACI I, k225 £
Hadh 5 — pH 45 51—, 75 pH 3.0—5. 0 bk 5 HIRY pH J6 8 ME 22 5 70 20 pmol - 1™ CdCL i,
PR bl pH BRI, 78 pH 3. 0—S5. 0 Bk B E(K T pH 3.0—5.0 + 10 pmol - L™" CACL 40 B, H7E
pH 3.0—3.5 BREGJLT-BA N, SIS L H—FL KW pH 3.0—5.0 + 10 pmol -1~ Cd*" S 475
X ML, |- B9 A KM/, T 20 ol - 17" ™ 0 3 B0 A bR 9 A K

MR KBRS0 R SR A 30 TS 2 . A ) RS (I8 3¢) W ZERIR] pH & 4
T AR A S K, pH 3. 0—4.5 I Z#F 4R 5, pH 4. 5—5. 0 A F 5 K {E (0. 3939 &) 445
B pH O THREHT T W AL pH 5. 5—7.5 15 pH 3. 5—4. 5 I} JC i %192 5, (0L 3 7 FpH 3.0,
LT pH 4.5—5. 0 J A5 1 T 4 HMAE 1, pH 3. 0 RIRRTE A 9] S ) 6 BMR A K, S AR K A b7 4 S —
B VRN 10 wmol +L7 5 20 wmol - L™ CACL B, % pH 3.0 41, A4 5 3 % FAHM (02— pH, [ pH
ZIRIRTE B VS 5, W G XA A K MR T pH MR, 31— A S S RS Cd Uk
H). 10 umol - L' Cd™* T i 2540 i SRR A AR K, FARELIRCRE 1 , E T S0 HL A et 1y SR

R A A VEFTI E B R A i AR (G T SR M e & D RE ISR , o 0] AL B
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Wi TAHS BB ERRGL ™ A a/b W T M R B A B B T, e R, B A
FE PR, WO LR 42K a/b (18] 3d) 43T M, B[R] pH ZbERZ T 20 d B4R R
a/b 2y2.8 ,[a] pH ALFRIAJC @ & P22 57 (p >0.05) ,iX Ui H] pH 3.0—5. 0 YRR TE S04 T AN 52 i 55 R A
WA SRR, BN 10 wmol - L™" CACL i, 4% a/b S pH IR IRACHTC B & T 22 5 5 4 i CdCL ke
P F] 20 wmol - L™ M4 % a/b 3 8 KT M1 B 49 82— pH A1 pH + 10 pumol - L™" Cd>* b H, {5 BA
20 pmol - L™" Cd** P H S 5 AR G A AR, e 28 5 SO0k = A 2B 9 o 0 S RAIG, JIT DA, SR A R R A
20 pmol -L™" Cd** AbFEFFLEE pr A 7.

(1) pH 3.0—5. 0 B SR SR AN 7~ B W A2 W 8/ )N s pH 3. 0 B S 410 1) 25 A 40 e R AR
A, T pH 4. 5—S5. 0 IERMESR A A T HAE K.

(2)10 pmol - L™" Cd** R {ig b S REMLFh 1 % , M7 20 pwmol -L™" Cd>* AT ik JL %

(3) LFEMEAN P T AE pH 4.5—5.0 + 10 wmol - L™" CACL & & 15 YL 51 FAEm A K.
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Effects of pH and cadmium on the seed germination and
seedling growth of Amorpha fruticosa L.

ZHANG Yuxiu ™ ZHANG Qian LI Xia NI Xiaotang ZHANG Min
(School of Chemical and Environmental Engineering of China University of Mining & Technology ( Beijing) , Beijing, 100083, China)

ABSTRACT

In order to understand the mechanism of remediation of acid coal gangue pile by Amorpha fruticosa L. ,
the effects of pH 3.0—7.5 solution supplied with 0, 10 or 20 wmol+L ™" CdCl, on the seed germination and
seedling growth of A. fruticosa were investigated. The results showed that the single pH treatment (3.0—7.5)
had no significant effect on the germination rate (62% ) and germination energy (48% ) of A. fruticosa.
Addition of 10 pmol + L.™' Cd** increased seed germination, while 20 wmol+L ™" Cd** inhibited seed
germination. The germinating seeds were exposed to the solution with different pH values for 10 d, and the root
length and shoot height were the highest at pH 4.5—5.0, while it was the smallest at pH 3.0; The change of
root length under pH + CdCl, stress was similar to the pH alone. However, the root length was remarkably
smaller than pH stress. The root length and shoot height were highest at pH 4.5—5.0 when the seedling was
exposed to pH solutions for 20 d, and the root growth was notablely inhibited by Cd** under pH + CdCl,
stress. All these results indicated that the germination of A. fruticosa was not affected by the acidic water of pH
3.0—5.0, and 20 pmol:L~" Cd significantly inhibited seed germination. A. fruticosa seedlings was resistant
to the pH 3.5—5. 0 stress and 10 pmol+L.™" Cd** treatment. A. fruticosa could be used for the vegetation
restoration of the acid coal gangue pile.

Keywords: Amorpha fruticosa L. , heavy metal, pH, germination.



