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Abstract; Effects of cadmium concentrations(0, 0.01, 0.05, 0.1 and 0. Smg/L) on heterocyst frequency, nitrogenase
and glutamine synthetase activities as well as ammonium nitrogen, free amino acid, soluble protein and total nitrogen
contents in Azolla imbricata- Anabaena azollae symbiosis cultured in the growth medium were investigated under laboratory
conditions. The results showed that the above mentioned parameters did not change significantly in A. imbricata-A. azollae
symbiosis treated with 0. 01mg/L Cd during 7 days treatment, indicating that A. imbricata-A. azollae symbiosis have a high
tolerance to Cd. When Cd concentration was above 0. 05mg/L, heterocyst frequency, the activities of nitrogenase and
glutamine synthetase as well as the contents of soluble protein and total nitrogen decreased considerably with both increase
in Cd concentration in the growth medium and duration of Cd treatment. At the same time, the ammonium content
decreased in the early period of experiment, then increased rapidly, whereas free amino acid content increased gradually.
These results suggested that higher cadmium treatment caused the disorder of nitrogen metabolism and reduced the

accumulation of nitrogen in A. imbricata-A. azollae symbiosis.
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HERWEYRARET SHRAEEY . AYEREH KPS TEREERE, MR g o
FAERE, RS ACELIE A6 e AR P MR R h R B BB . HAYEAR - ERE
YRR, BT R B ELR RESHRERE MRS

W TLLLE (Azolla) T 1Z 43 A5 IMARER /NI K AR R ZSAE ) , 70 L i o 3k A 1) 1 4 95 0 JIE 35 (Anabaena
azollae) ARG B R FE ST o B BT, A4 B AR, R, BB &, A S, v 5K HEAE,
AR5 KRG B A KR BAR I, K SR A P B AR R W 2 B A RS R . Cd R &R EE
MESRITIY, BRI T Cd XK RS MTE E M R B AT T REMES . BELR TR
MY BA BRI ) B Cd i T 41 - #7888 6] R0 BRS  Be FL U i B4 SR ARG

A SCLAHTLAL [ Azolla imbricata (Roxb. ) Nakai ] Jp#4 L, WF5E T Cd X LAL - I8 B b A: 1A e AU B A 36 |
B R SR DR EER I E R A AMAE A S BERE R, B EEH Cd MILa-f
JIE 8 A IR RAR I T BN, it — B R R VL 4T R X Cd 15 LA H A BE AU 0 B & B3R FR i Y41 -
R R AR 2 RKIE TS %
1 #R5H=*
1.1 MR IR

WEILLLR BIRMN TR MFREH o AR B Rk PR , 288K w3 IR SRR AT 2/5 £ A
F SR A ) Hoagland 358 P WURE 5% 15d, BP A ALSR B BT SR P RS BREE , BH i L F S A s i £
B 8 S 5 6 SR 0 U AL o T R R A AR T T o BRI 4 (24 £4) C BB E
P B RIEINTEAT , e HRIREEZ) 100 wmol/ (m”* +s) , Y I HA  14h:10h, ZEIRI AT — K, Phk A= K EOH: 6
Wit R/IAHIE BRI TLAL , S FIZRB/K vh e , R G T B & B IBK AP & A
1.2 At

FEASEA 1000ml bR BE 55 A ¥R (AR AR 1500em’, /K B AR 150em? ) Hr, 43513 0 (% &) ,0. 01,
0.05,0.1,0.5mg-L~ "I AZM4f CACL AL Cd AbFR R FIW BE , AL 12 (3 NEER x4 #l3h) . &
AZEHBEHLEA 6g 25 PR TLAL , AR FIOK 40 TR E /K FEFR bt 2, IR I 55 S AR S SR A IR . 3
FRid R 2d EHIEFRW 1 IR, AERRA W Cd AE RN IR B TR E . 4 AIEAL S 1,3,5,7d JE Yok
1 HEETTAL, W0 e 58 S 70 A3 5 i ] SRS 1R U, K FL B0 Smimol - L' Ca(NO, ) , ¥ HH R 31 10min, DL %5
PR BRI EE VLA B Cd, FRA 2 IRFEIB /K v P T3 37 3 RIVLAL AR AR o Rl vLL - Bk 40 T\ L) 0. 5¢
JERALRREL 4 IR AR, R G HB R - S0CRIRKAE PR F, TS A R EER T FEEL S &M
BABES REHEERE . TR WL RABKER T, 7 70CTFHT 48h HHRTE, HTFERAETEW
W5E
1.3 fa R 5 AR I E

18 [ 43 B 45 B Peters il Mayne " f 5% , 7E BUK 400 1% ) Nikon A= 4y B 3485 (E200) F it %k 4 200
AR BE 22 R ARG M b R R M BRI O R A G R R R %R (% ) .
1.4 A IERIE

[ R PR P R SR s Y 3 M DA JRUAE R 24 B9 nmol/ (g - min) R, HAASBIRR
Chien 1 Kao'™ f 7 pElll5E . W ARG BRI =ML AENE™ , THEEARSERAL DS
W% G-250 M E U4 MEEEE MRS H . SASERA H,50,-H,0,H#&, K kaEnz" 8
REBERE & REEE 1S % Zhang 251 I gk RE , LA v-B BB E5 BRAE AR EY R, 16 HE LA 37°C F AR LAY
v-B @B E NG ) umol/ (mg - min - protein ) IR .
1.5 Sitsr#r

LI A5 R LS8 + bR 25 ((Mean + SD) >E3R7R , A SPSSI12. 0 Geit k4 xH A8 E T A R =
5225 s/ N 3 257k (LSD) B ERE , AR FRR R 2R B3 (p <0.05)
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2 HREHHW
2.1 Cd X} JEE R R R B0

MR 1 AR ZEARFWRBE ) Cd AL BT, f R 7 R R R B B & WA Rl EEA LR,
0.01mg/L Cd AbF 5% RAM L ITCBE 2R . 7£0.05mg/L Cd 43 7d J57 , 5 BRI R & & -5 %) A B
EFES. 7£0. lmg/L Cd b3 5d J5 , AR & & BT xR . FARITALE 0. Smg/L Cd ¥ 4b 3
7d JE RN HRAR, AN IR 57.94%

F1 Cd xR 5B 2 71 B W R iR (A &I

Table 1 Effect of Cd concentrations on heterocyst frequency and nitrogenase activity in A. azolla.

iH Cd 4b¥g AbPHI ] Treatment time (d)

Item Cd Treatment( mg/L) 1 3 5 7

ST AR 0 18.17 +1.04* 17.67 +2.08* 18.17 £1.61* 17.83 +1.04*

Heterocyst 0.01 17.50 £1.32° 17.33 +0.58* 17.67 +1.15% 17.17 £1.04%

frequency( % ) 0.05 17.00 £0. 50° 17.67 £0.57* 17.17 £1.042 15.17 £0.76"
0.1 17.50 +0.87* 17.17 +0.76* 15.47 +1.36" 12.50 +1.32¢
0.5 17.67 £2.5* 15.83 £2.93* 14.33 +1.53% 10.33 £1.53¢

o U 0 24.31 £1.61* 24.69 +2.06* 24.25 £2.07* 24.72 £1.70*

Nitrogenase 0.01 24,37 £2.21° 24.58 £1.07* 23.45 £1.35° 23.91 £2.09*

activity (nmol/ ( g+ min) ) 0.05 24.70 +1.59* 23.37 +0.94% 21.56 £1.50* 20.29 +0.92°
0.1 22.39 +0. 54 19.75 +2.75% 17.62 +2.42° 14.53 £1.09°
0.5 19.99 +1.84" 17.83 +3.60° 13.92 £2.10° 10.98 +£1.149

FHEUEN 3 N EE M « e, F—3BImAR 7R FE LR EF (p<0.05), FF Data represent mean + SD (n = 3),data in

the same column with different letters show significant difference (p <0.05) , the same below

2.2 Cd X fa B3 [ RBEE T i 2

M1 IRAT AE Y, Cd Xof £ I 38 [ S Mt = A B R . S50 IR L3, 0. 01mg/L Cd Ab3 9 [ 4
BTG MR IRIG R A B2 A5k, #£0.05mg/L Cd Zb3E 7d J5 , EABIEE S B S W BAGHEREER,
160. Img/L Cd 438 3d J5 , B ABHE S B B E T X B4, 76 0. Smg/L Cd YREEALFET , B 2 B S M AE %
ARb PR R 3 B2 TR, 7d S5 BB AR, SO X BRI 44. 42% o BRI, B AR TS MEBE A W Cd ¥k
JEE P33 o R Ak 2E B ] () HE S T IR B B0 o

2.3 Cd XPa-fa R A RS A S 'R oo 0.05mg/L  m 0.50mg/L
o 0.0lmg/L 0.10mg/L d

W 1 iz, 78 0.01mg/L Cd Zb3H T, WIL4T-fa
JEBESL A R SRS BRIEEAN LR R LR IFRE
7£0.05mg/L Cd b3 7d J5 , B A& B 53 BAFE
BEXER, 0.5mg/L Cd M THESASEAE3G
BE TR BAME, T EK 0. 83 5, RE B LT,
7d J5 , AR X IRM 1,17 £,

2.4 CdxPiLa-fmEgEtERFEAERSEN
A

ME 2 FTLAE H, 16 YL -0 18 B e A R i il S BT Cd AT 2T S S e A S
gﬂﬁﬁ%l‘ﬁ Cd ﬂ}ﬂﬂ(f}f 0] ;[%ﬁ jm;ﬁ] Kb 38 B ] E(J]ﬁi[gﬁﬁ Fig.1 Effect of Cd concentrations on the ammonium contents in A.
B FF. 760.0lmg/L Cd AbFE F, S AR S B imbricata-A. azollae symbiosis
5 RARABEES BB EMTFEMKER Cd 4k
¥, 0.05mg/L Cd b3 7 J5 , i ARR ST E SV BAFAREESR . 7£0. lmg/L Cd 43 5d J5, AR
REESFEDER TXEAH, 0.5mg/L Cd A 3d FIFERAERSTERE LA, 57 REBIREKXE, N

a, a aab
Jraab 23 ab L

1 \S

AT o
SRS

NH, " &
NH4* contents (umol/g)

=

N

AR

AR

w
P
~

AL P H] Treatment time (d)
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2.5 Cd Xf{pLLL-f0 R BES LA (R AT i PR 3R 1 R B R

I 3 AR, AN RHREE Cd AR B AT F R R & BRI BE AR, 5X L L,0.01.,0. 05 mg/L
Cd A2 F 96 VLAT - s A A AT ¥ 1 2R 1 B B 7 I 0 1) A B R R, (BRI B3 7K F. 0.1, 0. Smg/L
Cd b3 B AT R 2 1 R A A A B R P S B B O R T B 28 T e MR EE A RS B 7E 0.5
mg/L Cd ¥R EEALEE 7d 5k Bl e/ ME , (U X B 52.07% o

200 OO0 0.05mg/L  m 0.50mg/L oo 0.05mg/L m 0.50mg/L
g0l O 00ImgL 0.10mg/L. d 40 - O 0.01mg/L 0.10mg/L
2 160 | ¢ ¢ _35r a
= £ a0t a0 » =30} _I_;;:
a1 e 120 | il ab N7 g B
%Sloo-aaaaa w,’ “g a:53 ﬂgzs-
®E o[ \% §;§5 : é 7 2 20
oA AlL AR £
T8 i “\A ‘A % g

s wt '\ 7 7 S 10f

8 -\ :3:3 A 7 &

20l N\ “\A o / %

=2 A LA 7 st

1 3 5 7 0

Kb P[] Treatment time (d)
Kb BRHF ] Treatment time (d)

B2 Cd X146 I A Al 2 AR 5 i AR S

Fig.2 Effect of Cd concentrations on the free amino acid contents in

P 3 Cd X V14T U e A A ] e P 2 PO S

Fig. 3  Effect of Cd concentrations on the protein contents in A.

A. imbricata-A. azoll biosi
Hmbrieatarf. dzorae symplosis imbricata-A. azollae symbiosis

2.6 Cd XVLa-fa s A R B A S B INE N

H & 4 F]%0, Cd XHBTLL-faE A R R R ENE M SR EEARA S BN BB IEA B R
VP Cd B 38 IR AL B [B) B HERS R VLAL B RS BB W PR, 7£0.0lmg/L Cd b3 T, BA S ESX
MATREZER . 7£0.05mg/L Cd b3 7d J5, BRA ST EENBAFAHEEEZER. 0. Img/L Cd 4b3 5d J5, &
REBEEEW D, 0.5mg/L Cd YA 7d J5 R B HBARME, UM B2 45.48%

2.7 Cd XEVLAT - IR B L AR (R 5 RE Bk ik A BB P 0o 0.05mgL.  m 0.50mg/L
GS E/JE;HI'-J 6 O 0.0lmg/L 0.10mg/L
s, 5 ‘%ira 2 ohiad, i i -

W s B, 5% IR EEA,0. 01mg/L Cd AR ) 45
B R A ARG VAR (] o B AR 1L, (B2
EESRWELEZ HFERERZER. 760. 05mg/L
Cd 4b3 7d J& , S EBE & RS 15 X A 12 B
Z5to 1E0. Img/L Cd 403 5d J5 , A RABL R G BUEHE 1

%

BEE
Total N contents (%)
w
T

ATk

Z
BEETAR, R LRIEEA 0. Smg/L Cd 1 S s
WREEALEE 1d W 53 IR TC B3 22 57, Rt E] 2 B2
FHIR,7d 5 S BRAT, SN BRALHY 42.53% o K 4 COrTEAL ML B P
ﬂE ‘Eﬁ,@ /f(‘ @E ﬁ % ﬁjz % Iﬁ‘lﬁ Fﬁ cd ﬂ‘ﬁ %_{ ]E E'(J i%ﬁ j][[ il ﬂ‘ f;i ri atif;ec;:u(: :o::;tsli':tlons on the total nitrogen contents in A.
S F] RS T T e
3 g

YA PIRB R KBTI R EN R — R AR ERR TSR (NHSA EER) AL
BRIRR) 555 73— KB RAEWE R, BPE R A8 5 5 R F IR H T 801 2R AT BT oM
AR, PR I S O 1A B e Ak B R AE D R 3 35 AR S B R IR R . AR AT,
R EE R Cd 4b30( =0. 05me/L) BEAIR T 40 12 35 53 20 L R R ) ZEURBH 4 (3% 1) o Arora 257 ZEIFFE 40 VL
ZL /N YLAL P TLLLR Cr B A VE At B, 2 Cr BAL TR BE = 10me/L i, B AT T4 P9 4 18] SRS
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PEAE7d SR Z B ™ E MM, Vandna % B 5T %

oo 0.05mg/LL = 0.50mg/L

B ,40mmol/L NaCl Ab 3 35 -85 V1. 21 - f i 98 3 A= Ak [ 09 i OAOImi/Lb 0.10n:1gz/all; b
SRR e W 39% , 100mmol/L NaCl AL BT RASN o = 0% i (Hbpse LT
R 0% . Sepum b 2w E e 2 fos || A || Hpe |
Sl et wrss, wmpase, 50| ) )
Wik ki EEm e S seas ol | )R ||

GeyE) oAb, Balestrasse 2512 3R5E, B R EE K Cd 4 g gg? i é

mfEcE TR B o EEm oL I

BRI, 3 B A a3, DA T 261 R 1 T e AESRIF IR Treatment time (d)
BEBMED AR OEZMDL. KE CORIFR s o amiss i ams amstgm
R RETER E 2R {5 Cd i 18 B BUR Y 1A P9 T 1 Fig. 5  Effect of Cd concentrations on the glutamine synthetase
AR B, RTEAPFSEWIESS, B Cd AL FRYRBE RIS activities in A. imbricata-A. azollae symbiosis
I ETLA R B iR KRB R, A& it A i
$31 BRI, Cd it 5| A st 48 fh 5 o 0 R T8 5 0 R A0 23R TS A 40 1 [T RS e A R A

BARAREY AR PR —DEZR PO, EEY B A ES AR R B 58 SO R S
Raripea P2 ARG R, S XA E, 0. 1.0, Smg/L Cd AbBH f3 VLT 14 P 25 25 A& B 76 SL 16 30 1A
BIETREE EF (B 1) o X AT EE B 7 R EE S, — S 7EAR IR AT, B R EE R T SRS B
BEREENTR; ZRELAHEEH, 8RS B LA R A 2Bk & BB (GS) MTEME TSI (&
5) . GS EMEYENES AR — ") CS 15 M i R 8 1k YL i N 1 e A5 AR Re B IR , 3 %,
SR M BB, Chien 2 t1ih N, Cd i SBUKREB A 8 SR R i GS BHEMEMKS1E , T GS B
TEER TR Cd 3R B SIS R . Mooh, Bk E NSRS FX Y B A FEIEH, B EEY
M, AT SRS F, S AR B UL B W B9 Cd A BRI L= T B EE A

BRI HEB A R, R A RABRMRTEA ™ . ABREI, BE BRI+ Cd %
FEE B8 PRI AL BR BN 1] RS P S R RR A BB 3 hn (181 2) , X5 Cd 4B KT 5 &/ A prig s R —
o Cd il REM BRI X K 2 R R 5, B R R A K S, SR N K A4 . BB
VAT RAGY)IE N R ) AR LH, MR A ER R RER A AR B EE , YRR
K B, RS IR A B AN T BRI YLALXT Cd i Y —Fh A BEE S

RO S BRI Cd ¥ BE g hnFn ik 35 it 8] i R8T i 2 (8 3) o Cd b3 S BE H RS
BTREAMTEREE: —& Cd sk T JFA EER#, 40 Cd a4 1 B B 2 BeE o 1% 1 AU b B 3%
5| 2 2 1 R 0 B 5 4 o B K AR TS PR R B R R MR s R C i TR AR AR

LR N AE YR RO FH B A& &, B4 KR ZHCE T A Y E AR EE AR R AL
LI ARG A REBUK R A o Ventura PV & B, RigFh, MRS BE W ILL L AR & BRI W
VLA R ZHOKREAI MR . AR AR, GRS BEFEE W Cd ¥R B B35 i A 35 st (] () 48 T 2
W (B 4) , #E— Ul R R E ) Cd PR X VAT - R S A R = A B E R, R T it AR R R R
) [ R

BHISRUL, 24 Cd b FE MR B N B R bR K A B R B AR V 287K (0. 01mg/L) B, I A= (R R TG sh A2 3%
M) , 50 B VAT - I B e A AR Cd B B B = e . 24 Cd Ab3VR BRI KI5 K 556 HEbn e (0. 1mg/
L) B, VAT - R et A (R AR EREL R, RBUA R & & T 0, " RBN A T VL AL - R B e A R X A
HIIE# HEA
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