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Abstract; Phragmites australis ( common reed) , with extensive distribution and high tolerance to
stress, is widely used in pollution remediation. Vegetative propagation is the main way of popula-
tion maintenance for common reed. It is unclear how Pb pollution would affect clonal growth of
reeds under elevated CO,. To explore responses of clonal reproduction to Pb pollution under
elevated CO,, we imitated the ambient CO, and elevated CO, concentrations (380+20 and 760+
20 wmol - mol™) , and Pb pollution (0, 300, 500, 1500, 3000 mg - kg™') in phytotron. The
number of axillary shoot buds first increased and then decreased with increasing soil Pb concen-
trations. The number and length of rhizomes, the number of rhizome and apical rhizome buds and
total number of buds decreased with increasing soil Pb concentrations. Soil Pb concentrations had
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no effect on the number of axillary daughter shoots and total number of daughter shoots, but

significantly increased the number of apical rhizome daughter shoots and Pb concentrations in

organs. Elevated CO, increased rhizome growth, the number of each type of buds and daughter

shoots , and plant absorption and accumulation of Ph. The concentration of Pb in roots was signifi-

cantly increased, while the Pb accumulations in rhizomes, steams, and leaves were decreased by
elevated CO,. These results indicated that elevated CO, alleviated the negative effects of Pb pollu-
tion on clonal growth of common reed, increased clonal propagation and population stabilization

through increasing phalanx growth with low cost, guerilla growth by spreading rhizomes, and the

effective Pb allocation strategy.

Key words: Phragmites australis; Pb pollution; elevated CO,; bud bank; daughter shoot.

F 19 g 70 4RAR, i T A iR Be FI AR bRk £
IR H KR CO, YR TE BRI NPk T, Wt
) 21 LA KA CO, WS AT BEHI 2 AT 19 370 ppm
A 500 ~ 1000 ppm ( Bamola et al., 1995 ;IPCC,
2007) o HJL4F, T 4 R T g A TR EL A
CEBCy— N E N, e FEESET RN Z
— PR KT 5 Ph RT3k 4 b TS g (56
F-,2005) o - R AR W AR IS 2 R AR ) 14
A K AU 5 77 A 17 RN R (Sharma et al.
2005) , TEAIK CO, WETHR MR H T, E&JR
15 RRHAEI A A B B2, LA A )0 T 4 ) 1Y
WS ZL T P RE 23 A AR B . X TARSE T 2R kAT
otk BH R Z AR R UL, #7282 b B A vk
A8 Ec B AR, HRATT 5 A R B 5 3 10 0 SR J o 2
JEE 7 M T 22 1) o B 0 R R 14 i B A= 7 77 ( Benson
et al., 2006; Dalgleish et al., 2006; Wang et al.,
2010) , DEEEEWISE T CO, VR B i XA 4 v b
HE R FER | 4] 40 2 50 1 55 ( Eriophorum vaginatum )
VI BB ( Phalaris arundinacea) , AN CO, ¥ B Tt
e A AP AR ZE A S R BE AR AR G, 1SR TG
PEEHE e 71 ( Tissue et al., 1987; Kinmonth et al.,
2011) . SRTMIE) H Ay 1k, A LKA COo, TS
X 4R TG e R IR A K Z AR A Y LR 2R R
R BB 5 0 5 T A 5 IR AR Rk

742 ( Phragmites australis ) J2& L 751 fR AR 25 71 22
AEA SRR BRI W G R T M AR 1B
fEJ1(Ye et al. ;1997 ; Fediuc et al.,2002) . T H K
FAFN T EE I e B B AT R e A T B
SR UL (Liu et al.,2012) . FEARR K CO, Hk
ETEIRERT , A XESRGR DR
PR S AR AR o 1Y, H RITE AN T AR DL AR IE
ARSCFEWFSE HET KA CO, R BEFIAE 1S 5540 F 4%
3B 3 SR AR e, AT (1) €O,

Y JEE T e R RE DR BN X 7 3 B A I Y T R
Wi 5 (2) CO, W& JEE T ey mI REAE 157 =5 X 8T g i, (2
ARG B ROy s, X LRI B TR
U3ty PR o A ) AT i 7R PR SE A AR 1
HAEBITIH

1 #R57EE

1.1 MR

PSR TR A AR RAE T E M KA R A
FH IR HE 2 25 (125°1'E ,43°56' N, i3k 188 m) , 5256
FH A2 B A AR R 08 B AR AR IS A2 el
H(123°44'E ,44°44'N 54K 167 m) B9 0~20 cm 1Y)
RKZLH, LM Z A LK S 2 6.9% Fl
0.6% ,pH J& 8.6, FL % J& 91 pS « em™ , i K HI[H]
Rk R 200 ¢ - kg™ K ERT)SEL 1 mm T,
PHERE W E I Ph(NO,), RSP 5 ff +
Herp XTI A B 2155 2 253 51 0,300,500, 1500
13000 mg « kg™, ARIGHALLAL (NEE 16 cm, =
14 cm) , 575 3 kg 154+ KA 159 LR
BEN, BERT 45 K (2014.5.15—2014.6.30) , I
B A IRRE A 14~28 °C ., [RIAF, A4S A 3 rp B
eG4 F I E 4575 Y P A SE PR R, X
HE AR 4 A6 B 1975 e = B & 2o Bk (5.9«
0.2) .(304+4.38) . (508+7.89) . (1513+£37.28) .
(3020+120.41) mg - kg™ ', LT LFR B E W
1.2 SCiabH

FIRISH R B W, A K 45 K (2014.5.15—
2014.6.30) , P FEE B (10 em Z245) A% (3 ~ 4
M) —SA TR R B 1S bR RS 5 K
JE AT, B AR B 10 PR, AL ACE N TR
B4l % ( LT/ACR-2002 Phytotron System, E-Sheng
Tech. , Beijing, China ) , 8 4b 3 60 K (2014.7.1—
2014.9. 1), M= WML A A S 500



K BIRAE R COL MR BETH R BTG ™ =35 sE e LR K B R

1767

pmol » m™ + 7' SEUE R FH C R S R A AR LT
T 3E JEL I ' B () R R BRI P K AR (h
FE 7R b IX ) 6—9 H 1 1A et 13 Bof K R ik B8 A
AT AE (Li et al.,2014) DEREFNRE R EMHR 1, —
AEMEZEAE RN, E N CO, ¥R+ (380+20)
pmol + mol ™", 7 — S AEEANE R CO, £ 15 4 2E,
CO, HeESEFE (760+£20) pwmol - mol™ . CO, SAKH
A TFE S s A IRER 10 s WHE—IK,
BAREEERE S AL EE(0,300,500, 1500 ,3000
mg - kg™) BN 6 ANESE 3k 30 4%, BEALHESY
3 KMHLEe— R AE GO E, A2 H B
AEMEZE RN, RIS CO, bR E DU
DA EZE BN R R IRZE, BK 16:00 %
K, LT RRFR R 3.42~3.48 ke, fiAEA Y
S KRR 70% ~80%
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Table 1 The setting parameters of phytotron

st ] MWEE(C) P LS
05:30—08:30 22 b
08:30—11:30 25 Jera
11:30—14:30 28 e
14:30—17:30 25 b st
17:30—19:30 22 b
19:30—05:30 18 By

(v/v) BRI R 75 G R OB T8 AR ) R | o3
SE R 7 ( ANALY X, CEM Mars5, USA ) L 41
HMEFATH W (LWY-84B, China ) #E17 % 4 TH IR 1
., HAEWR G E R E 50 mL, 85 A B4
JF 7 G Y6 BE 3 ( Varian, SpectrAA 7220, USA) il
TE R TR P A i A T I G BRSSPI E
1.5 Sitotr

WAL X 511, CO, 1FE 2 F X, 45 Ak BRAE 4 &l
X RHIZ R Jr 2200 B, BE9E €O, H Me oA HAE
FXF P pe b AR RSBV R, 4 HR
T 2250, CO, FETIFATE VR R, AT BRI R
T 22T R ST REAR T RS, B R 5 2 0 i AN
/] CO, e B & A/, By AR b T2 [ 1~ (P <
0.05) o MSEAEA T A6 5 73 7 AN [8] B e B2 K ~F- |
CO, WIFEHT, CO, M E M T (P<0.05) , fEZEAT
AR TT 220 g, X T ARE B R S o0 A AT 2 5%
P 1 BN JE AT B e, BT AT B 6 SPSS 17.0
(SPSS Inc., Chicago, USA) #4743 #7, FIr 3 Kl Sig-
maplot 10. 0 ( Systat Software, Inc., San Jose, CA,
USA) il #F

2 ZER59Hm

2.1 AR

CO, M XFARZETH 2E %A 52, X 43 BE 1T 28 AR
SR ZERUR 2RO A S M R ) TR PR A6 v R
KRR 2RI W E R, PbxCO, M B AR
XA RRIZE AN B35 (8 1) . fEAHIE] CO, Wk
IR, Bl AL 3 B R AN R 2R 2 R OR[R] A
AR RER Sy BETT SRR AT RN D N ) AR
A, 7 f o v B A A BHL 7T 345 14 43 BE Y 2B R T 0T
PRI TA) AR 255 2 MR 25 00 2 1L 25 550 b 25 ik
A (E1B,C,D), fEMFEFHEHKF I, co, HEE
FHE R EOR RIS B ZE 08 N, JH v sy e B 4 b 2K
R B4 BETT ZERI, LA AR A A 3 AR 25T (]
ERAGIE PPl RTE ) O & O S Y G TE = ) |
(Bl 1A,B,D).
2.2 KEBFHREL

CO, WREEARAXT 43 BE YT FREFIAR ZE T F MR IA
S, Ph ¥R BE X 45 A ISR BR (BR - BETT FRESM)
KA B0 T PbxCO, X 4% 288 TR A 35
YEFH(E 2) , 7EMITE] CO, WeBEKSE R, BEE # Ak 3
VR BERA TN, 43 BETT T AR B 2 A 3 S e/ 1 AR
Tl H, B e T B AL B 5 % R FL 25 S AN (B 3
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Fig.1 Effects of elevated CO, and Pb concentration on the number of buds of Phragmites australis
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Fig.2 Effects of elevated CO, and Pb concentration on the number of daughter shoots of Phragmites australis
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CO, A Ph AbFEXTAR 254 K HA B & 5
(B13) . Bl ET M0 W A 3, AR ZEBORAR 25 K
W, CO, MRBEF = AT, ARk B A Ak #K
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F(E 3A) 5 BRame e W B A, bl 3 0 Ak 3L A A
ZER B ER TR CO, K- (K 3B),

2.4 HEESEC

CO, WRFE \Pb AbFE N — F A B AR FAR AR 4% B
Ao A W (3R 2) o FEE AL Bk B 3
I AR ARZE | ZE R T R, R R AR
1500 F13000 mg Pb « kg™ KM e il ek, HBF
TRAT T B B AR AR A AL H R SR ZE P A
U #4094 B 20% ~ 40% /N T X I
(80%) , M ¥4y i BT & m AU A 43 LA 10% ~
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x2 KRRCO, REABEKBTHEESHREFNHERIE (mg - kg™')

Table 2 Pb concentrations in organs of Phragmites australis subjected to Pb stress under conditions of elevated CO,

Hi b2 R iiE e i B

(mg - kg™)

XTHE CO, WRBE CK 29.16+£1.69 e 22.77+1.58 d 13.57£0.34 e 15.38+0.54 ¢ 20.22+0.26 e
300 513.14+2.02 d 77.77+7.50 d 49.42+3.12 d 57.86+6.63 d 174.55+2.33 d

500 1279.86+189.15 ¢
1500 2122.11+31.98 b
3000 3473.37+328.22 a

275.90+54.30 ¢
506.84+18.82 b
763.68+9.11 a

CO, fi5 CK 32.50+2.07 ae 18.25£1.21 e
300 685.10+17.40 d* 60.62+6.41 d
500 1663.74£105.58 ¢ * 164.27+4.49 ¢*

1500 3134.13£64.43 b~
3000 3878.35+£122.48 a

380.72£17.73 b~
636.77+13.01 a”*

P1{H CO, 0.00 0.00
Pb 0.00 0.00
CO,xPh 0.00 0.01

112.99+8.27 ¢
220.53+6.60 b
257.31+2.91 a
14.90£0.05 e
38.10+1.95d"
74.29+6.14 ¢ *
170.73+4.43 b ™
200.65+5.58 a*

123.72+0.32 ¢
250.66+2.62 b
364.31+4.02 a
15.31+0.82 ¢
40.76x£1.33 d
95.95+4.15 ¢ ”
197.66+4.42 b *
282.47+9.00 a”*

448.12+£22.32 ¢
775.03£9.46 b
1214.67+7.54 a
20.24+0.79 e
206.14+4.02 d
499.56+26.64 ¢~
970.81+13.18 b*
1249.56+28.19 a

0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
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Fig.3 Effects of elevated CO, and Pb concentration on the
rhizome growth of Phragmites australis

ANIF R H AL BRE) Y 22 5« RoR Al — T T €O, MR
#H, I x FRRERARE,

CO, MRPEATHG P BORZE 2L i B & =,
HR A 2 B LG S B RS 0, 78 500 F11500 mg Pb -
kg™ KPR B 3 (3% 2) 5 AT AL BN TG AT AL B
AR ET S B LR AR 8 g i 10% ~
30%F1 70% , 1 b3 53 o5 SV 50 43 H 4 i
9% ~ 10% 1 30% , 5%} 18 CO, e BE AL FRAH L 357358 /N
(£2),

RIS

X T2 AR A AR Y R U, T 28 = oM B A
FRELEARR 1 R 2RI, PRk A 7 2 i TR
A2 AR 20 B9 ( Dalgleish et al., 2006; Benson et al.,
2006) o [FJ, ZF Rl T BR O BE ) A2 0 2 5
M 1 ol R 28 3 R AR 7 ) B — > E T (Jitka
et al.,2007) ., TEABK CO, T 25 1F T, sebEtE
Y R 2 e B A A T BEAZ B — e g, 3
B HETCH IR ACH D BEEFEBIGE T CO, WREE TR XS
FEL v A2 K AU 2 ( Tissue et al., 1987 ; Kinmonth
et al.,2011) , fiTINR, CO, ¥R T = Al F HE A A
Py 1 R LR AR 2R 1 A 4 R 2SR bk (R
SYBETT TR A SR TOVE B AR ) AR
KHEGR TG LI ZAEA Y R e R KX CO,
R B TV 1wl O i R WLARGE

AT FVET BT A B, 785 25 F = B[] 2
RUZFFIF- R, o0 B 19 25 Hh 7 PR b AR Y
T, 2905 BT R ECH) 80% (18l 25 Zhang et al.,
2009) , HRYEHBTT-FIE B L, 3 BETT 2 G TR
HUE: S VAS Rl v 35 =g (WK 3 7 Wi 7 S - (A
#&(Hendrickson et al. ,1997) , A0 , R MR 25 K HAFf
E e el T o VAR e B 79 Y17 & = 3 L ol <
e P K2 3 48 T BB 23 T A B AT A A 0B i ((Klimes
et al.,1993 ; Hendrickson et al.,1997) , ZUfHi #2527 4
R T B B RE A (Vesk et al.,2004)
CO, MR FE T R 5 Ge il 3 BE 15 25 A0 BE Y 5 R &K
B 1,8 2) U P g B B Dy RN T
AR FIRIME 25 2 5 380 A A2 ), SR BB T 1A
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Y A BARR 19 73 BE 5 2 O O 455 Hoda HH BB 7, A4
R AR 0 b e B8 i) SR A XA AR 3
JH A (Humphrey et al., 1998) o RUFAHRZE T 71k
X E AR ST/ (EE CO, W TH R A S
YR AR AR 2T ) - 0 B AR ZE T bk (&
2) , [FE CO, ¥ BE Th iy A4 i AR 25 A A ) 7 e (&
3), AR ZE TR A i A R AR AR AL TR R )RR
IS [ BT (Prach et al.,1994) o XK WIERTTS
YRR CO, WRPETH iy, S 0 = SR Bl o AR K
PRI 5 26 W ( Humphrey et al., 1998) . A58
KR PR 2L 28 0] | R R BORR 2570 1k X AT g
JE PR R A AR 2R 1) 2F E R KPR KR EUR
SRR TRTRR ZE3E A, A mT -5 A KN (8] =S [R) AT
FRARSC (B 3) . KL, CO, We Tt (415 Ye 3R b
HA A AR S [ I SR BT R A BRI ol A A
A BB R EAT R BT RN AS [ e

BEA BT A FA BN, 7 = B BT ACRE T G 5R
T H A 2R 4 2R R T A e, X 55k
HI2E# B BE 5T 45 e — 2 (Ye et al., 1997 Fiirtig e
al. ;1999 ; # 7K A5 5% 2005 ; Bonanno, 2011 ; Hechmi et
al.,2014; B R 2455 ,2016) , BEAK AR 5 BB 4
FOESIRBEAS IR K B Y G R, T RS R 2T 4EAR
FGEHAT BRI i 11 M B Jo i 2H 4 AT R
A BEL[B] TE) B2 ( Sawidis et al., 1995 ; Wang et al.,1997) ,
Li 45 (2010) W\ A, CO, W& BE Tt 25 4F T AR Aok
e X ] — B 4 Ja 4 W MACAF A 22 5, 5 AN [) ot o T A
PR Fh S F0 53 Wh R R R W) A 06, A BFFE £ W,
CO, WP T PR A N G R AR R 15+ 4
pH I/ F AL 3 A AL ( DOC) 3845 56 (Liu et
al.,2008;Wu et al.,2009;Kim et al.,2011) , CO, ¥
JETH R AR AR A3 W E 2 1A LR 3 B PR pH /)
(Wu et al.,2009) . pH W/NAR B A DOC 5
S A T R AR 4 15 - AT LT (SOM) Al
R 0 W UKL A R R, 244l B 22 1) i 4 J A A SR
DU 9 BB K ( Yanai et al. 2006 ; Rajkumar et
al.,2013) M58 T 8 4 JE 0 A A IV S BOE 2 ny H
aJE AR W, X ARG R T A BIF ST A 2R €O,
VR T T v e a2 =5 AR 4 1) IR W A AR 2R AR A 3
VEFISESR AR, CO, WREE TR S BORZE P & i
FWUN(R2) o PN IR AR ZE R e R AR
WG A AR 25 B S R il A7 R BB A, i
PSRRI A MY RARE T, AT, CO, HRE
ThE P ER L FCws > T REA R TR ZE R T

AU AR (BT 3) Al 2R 77 2 1) g B A R e 35
fio M DAEMORAE A TGS FARAC i 2248
B, CO, WSETH il o5 1) 3t L300 iz (K 2)
REA RO G AL ZL, A R T Rfie A 7= ) e 15 AR
TE o ATUL, R CO, TR AME T, P 3B R
DR R S T A AT 23 BC AR AR ZE i b F ) fiE

RS BH A B R SR FOC AL AR T

bR I AR A 1R E
4 &

TERS CO, WREETH R Z64F T, LASEe S50 o &
AR 2 g 1 HRAEN R 5 95 T O AN 52 i e ed 38
SRR P A S5 AR P S AR A AR ORI TR 28 2 (i i
HE 2 il A AR O 51k e [ BB AN A A 25 8]
A BE T 5 e 3 AR A BB AR R S A
TERRZE  F Y 1) ML 30 0 iz i S5 T 0 MO SRS, 42
PRI SE R SRR AR AR T, I, TR
CO, WREETHR, REAS I T T5 Qe 36 me e AR K
P 7 TR WD, 38 5 =5 (0 Ml R A R AR

S 0k

#2005, KA e G 15 QLIS B A X SRS
(W28 30) . AR FAROR:.
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