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FE: NIREHHZR (Panicum repens)Xt Zn WM SZALHI FIZNZSIERL A, B KR AT 7 AR . 25, ) Zn BAN. ¥
BT Zn SWANMI AL S AP ATRFAE  Z5 SRR B, SR IUMR . 25 M5 Zn &40 2 728.38.388.63 A1 1 199.07 mg/kg,
HEERB G R 3 ) E bR s YT br RAE . 220 1T 2(264.99%) % K TAR—ZE11(14.16%). Fifiia
A () ZE AT Zn KEBRIR B (OB K, 2R Zn & 23 B ZHINP<0.05). R Zn §E2TLEAR, 1521 dikBIEEHE. R
R 2 S g A B [ (7 BB I 58%) A HE Zn 55, 2 R ENEIOM X AL EE . ARAI Y Zn EE L NaCl $2 IS A7
1, HlpE b A Bk B 75.40%81 61.05%, HGEA NI HAC M HCL), HI3:E@ETHEEZ K Zn 2 BRI ESTE
iSRRG . 2R Zn 3B DU A 1) ethanol A1 d-HaO ZSA77E, LG Zn B FRsh IR T 25— iaffE
I FHOEE Zn FEE . MR 2R RN Zn T2 RAEE ), RS AESMEE A AT HX E B Zn ¥5 Q49 298 Bk
e 5% .

KGR LA Zn BEL WA ARSI
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Accumulative Characteristics, Subcellular Distribution, and Chemical
Forms of Zn in Panicum repens

e .o . . *
GAO Guijuan', HU Wenjie!, LI Zhidan!, HAN Ruihong?
(1. Institute of Environmental Eeducation, Guangdong University of Education, Guangzhou 510303, China; 2. Zhongkai University of Agriculture and

Engineering, Guangzhou 510230, China)

Abstract: In order to explore the tolerance mechanism and dynamic migration of Zn in torpedograss (Panicum
repens), the accumulation and transport capacity of Zn in roots, stems and leaves, as well as the distribution
characteristics of Zn subcellular and chemical states were studied by hydroponic pot experiment. The results
showed that the maximum Zn contents in roots, stems, and leaves were 2 728.38, 388.63 and 1 199.07 mg/kg,
respectively, and their enrichment factors (with a maximum of 3.11) all exceeded the international limit for
super-accumulating plants. The average migration rate from root to leaf (264.99%) was much higher than that
from stem to leaf (14.16%). With the extension of stress time and the increase of Zn concentration, the Zn
contents in stems and leaves significantly increased (P<0.05). However, the change in Zn content of root showed a

“A” type, reaching the highest value at 21 days. The roots and leaves were detoxicated mainly by cell wall
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fixation (more than 58%), while the stems were detoxicated mainly by vacuole compartments. The Zn in the roots
and leaves mainly exists in the NaCl extraction state, with the highest proportions of 75.40% and 61.05%,
respectively, followed by organic state (HAc and HCI), which mainly reduces the damage by allocating more Zn
to the less active chemical state storage. The Zn in stems is mainly in the form of ethanol and d-H>O with high
activity, and the higher fluidity of Zn ions enhances the transport from stem to leaf, resulting in higher Zn content
in leaves. Therefore, Panicum repens exhibits strong Zn tolerance and accumulation capacity, and has the

potential and advantage of ecological remediation of heaviy Zn-contaminated water-level-fluctuation zones in

tropical and subtropical regions.

Key words: Panicum repens; Zn accumulation; Subcellular distribution; Chemical form characteristics

BE(Zn)E TR J0 3 AR — 8 WK BEYE [ A AT {2
A AR, SRR Zn WSS EY) =4 5 FH
1ERL, AN [EIRE A0 Zn 138 A i 52 78 FE 22 Sl AR K,
50 umol/L ] Zn BEHE & 3 2 = & i (Lycopersicon
esculentum) S SEI AT HEAE A AT 2 IR & = K
T 30 mg/kg ) Zn 22 K& A AR (Kalanchoe
daigremontiana) {14, THEIL 50 mg/kg NI 4=
K21: 300 mg/kg 1) Zn 2 B4R KRG (Oryza sativa)
X IR IR SR AR BRAR I AED) . M il 4
JE R S 40 i oA SR S AL B0 Zn T 26870, 2
EAE SR (Lolium perenne) M1 =E 25 (Festuca elata)
REMY 52 500 mg/kg P F 1 Zn ™. g1 T 7 FF R
B Zn RZGE T AN AF=IES) 5] K R Zn 15 4,
TEETF AR AS RARN AR IP. Fik,
BEXE Zn 5 GLI A IR T] R VH Tk R A8 52 R i

BRI, HAIAL T M T F- K B ARETS,
SFEMEMEKAMER KR . Tk RERE O IE MAZ R R A 1R
A K REW S R E S8 Zn V5 G AR A T
TR VIN R

BRI B AP A KRS AR R IE— B
BTz T A A R S YA B AR AR D), 4
M KL (Vetiveria zizanioides) « # -f (Echinochloa
crusgalli)~ =" %t 5 (Bidens pilosa) 1 =5 (Phrag-
mites australis)E 12, TMiEHHBZR(Panicum repens)!')
VERNZ A RARTEY), HPR Aok pHR R U4 A%
568 PR 70 52 AR TR 7K B 77 e 8 AR 7 110 3 B3] /2 9 T
AR AR, FLATT A2 46 d FESE T2 A1 9 AN H A
K EPIRAS IS, xS KA LTS e S R
S H 4w B s R U ), (H L E S R
ML 7038 FE IR R . B 4 S 1R V.48 B 43 A1 A4k
SEE B AR — 0 R R S W R A AR AR N )
W R ARV 5T R s B2 iE S8 Zn

N8 WS (Thlaspi caerulescens)VE N 5, i@t
WX E IR 86%[1 Zn 43 BLA/Efi 4, HEn
FHmahte, (2R AT Bk (Nerium
oleander) ] UL I A [F] 35 14 1) B 4 SR AL = 32 BUES 73
HLE AR N Zn RIS 212 H 2 Zn 842
s HAR E S8 (B 4R 55 FE R A Y 1) 048 i 25
i U AR R IR R AR FE LA Zn hiE
RUINEL WIZ /R EHZR Zn 1 RIREE ) R 2
2 [f] Zn BIBh#T s g, i Zn W40
AT AL TS RAE, IRIT Zn b NEHLZR A
W IR B L], R 7 TS GYim] R AR S8
BT MRS

1 BRI %

1.1 ¥

35 A8 W il Hb 2R (Panicum  repens) £ 75 7 (B-
guangzhou)>KAE T/ ARAT M EM R AR .
R R R R Y EM R, KRR IR, fRiEE
EBHRER G [ B 2 46, 22K T 2 mm, &
FE 10 em (GBIEETHEMD)], EEK A —. L
973 U R BB AR AT IR
1.2 #it

WP AT HASE IR 25 3, #e (T 100 mg/L ) Zn
S BRNELK, EREFREM. W
200 mg/L I I E IS, HH PRS2 fE ] &
151000 mg/L. PIHARIG R E 3 F Zn A0 :
200 mg/L (T1). 400 mg/L (T2)H! 800 mg/L (T3),
HEJE Zn WK ZnSO4 A1 Hoagland & 77 R Aic
B2 R R R BEALIX ALK B RS N B AR
25 cm, #4522 cm HIEEERIEE) i, BRESARUA
8L/, Bpab¥ 3 ANEKE, 05 T a7, 21 F135d
B AT AR FR I E o RI6 I V% B AR AR5 I
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FRE AT ACRMI(113°317 E, 23°09' N), 45
R, JMIER, WTCRHZEGENE, W5
WA MR FE AR 1 N 20 “C~30 C, MR SIEBEN
60%LA I
1.3 ik

Zn & R FARIHER(MDS-6, i, HE)M
JiR - WAL 43 5 6 FE - K I R i (AAS, Hitachi Z-
5300, HA)ME, Hrb, FEHRRRZWME Zn &1
AR 5 mmol/L CaCly V&R 15 min 34T it
B, S5 FHZETRAKACEE, K& . Zn SsilE
KM T EREAREAS 105 C A 30 min, 75 CTHE
T 3 h)o Zn AN 7 7 2 Ak A HEEL 33 5K
e T O A 2 R I A i R RS2 S (e R
A, H, BALEE Zn #5118 80% LB BT K.
1 mol/L NaCl. 2%[5ER . 0.6 mol/L £ K& kB A1
FRIF 53 AIEREL . A PRFREURE S T7E 4 C TS 225
K, 80 um JEIEGHILIE, BRI o 4 i BE A5k
B (FI) o SIKRE I Bl A R B OMLE O 7 2
(4 °C, 48 400xg, 10 min)J& , i A 4 (R
R, FIN, JEKJZ5RE N4 (AR,
FIII).
1.4 HFEMT

I BRLDR 2K 7 22 0 b R g0 i 25 22 B0 o b
AN [ b B ) () 22 5 J2 3 P (P<0.05) o R UK 2= 7
ZESY TR Zn Ab B R B ANAS ] ) ) [R] 22 54 Hh 2R
Zn R ERSLE G AEH . i1 Pearson’s X AL &
FHIR AW T RS N R ZRAR ZE 1) Zn AR & 5031
5 H A AR & 2 18] PR AH S 1 (P<0.05) . JEIT #-test 777k
I HTECXS REAR 2 18] (1 22 57 S5 35 14 (P<0.05) 0 3 YA
i (A1) 2s ERISFY) Zn & 8 (Me-Zn)=(Zn & & 7 4+Zn
B ot B 3540)/3; MoZEIEBER, %)=25H

Zn SRR Zn S Ex100%; ZoHTBER, %)=

W Zn & 8/Z255 Zn QEXIOO%; EEZH=
HR(EEHIT) Zn B R/EBOK A Zn R Feg A=
i EHBCEHT) Zn SRR Zn R

2 SRR

2.1 Zn EEMBHEZLL

ANFE] Zn WRPEAFETR, HHLZRARZET ) Mg-Zn
BRI T3>T2>T1 (B 1), B T1-T3 #R1 Ma-Zn
S35 1127.42, 1 976.77 Al 2 450.05 mg/kg; 2547
o4 192.93. 220.01 Al 345.27 mg/kg, M43 5k
378.05. 751.34 F1 886.52 mg/kg. &%#E BN Zn
EEAERISE KA N RIS H>ZE . AN [F] AL FL A
FREMN Zn HRBERECR, HA, R Zn
PR T3 A FRERT ] 2K R BLA TR, RIFE
521 R PUREEQR 728.38 mg/kg), HEEFHTH
7 RAEE 35 K(P<0.05), 1fif T1 A1 T2 A3 NH) Zn &
HAE 3 Y0 e I TE] 2 R] R 22 S 3 AN 2.3 (P>0.05) » XL
R T7 Z 0 R RHER 1), Zn IREXHR, 22, 1
(1) Zn &5 fE 50 3514 B 235 /K F(P<0.01), B [A]
FOOF ZE RN Zn £ 2520 42 3 (P<0.05) o FRIA I A2
Zn R FORS (] A FAE TN I Zn S B2 T
W2 52 (P<0.01)

B 7] 25T A s R Re 70 S b/ T 255 )
MRz Re 7], FHEREE Zn MRER R EK, 22—
W R 32 R DT AR AR FREL R Ko WA 7RI Zn &
B HR—-ZERIEFE R Rri R A Rrs 7338 13.72%.
11.44%H01 11.86%, 1M1 22— 1] R 53 71k 2] 214.69%-
328.52%F1 305.07%, 3 =T AHRIM R o (t-test,
P<0.05). B T1—T2 [1J Zn AbHEIRE K, Z—
IHRE RS BTG A, H T Y 214.69% (7 d). 184.59%
(21 A1 192.26% (35 d) 7 A48 N2 T2 1) 38.52%-
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Fig. 1 Dynamic changes in Zn contents in the root, stem, and leaf of Panicum repens. Different letters upon the same line indicate significant differences at 0.05

level. T1: 200 mg/L Zn; T2: 400 mg/L Zn; T3: 800 mg/L Zn. The same below
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Table 1 Interactive effects of Zn concentration and time on the accumulation capacity of Panicum repens (Two-factor variance analysis)
T R Root 2% Stem M- Leaf
Item F P F P F P
ZniRE (A) 96.883 0.000™ 40.528 0.000™ 92.109 0.000™
mfa (B) 1.191 0.327™ 5.961 0.010" 27.814 0.000™
AxB 2.085 0.125 1.998 0.138™ 6.388 0.002"

*: P<0.05; **: P<0.01; ns: P>0.05

439.04%7H11 279.83%, {HFEA BE 4k 4Lt T2—T3 400,
S8 T REES, 7 nlFEE] 305.07% 308.54%F
169.14%, ENTEEREER Zn WG SO A0H] 7 Zn B
EEm s . ARG E 4 R BRI R4
YIBE Zn et e g n, K, B4 R
ciEd 1.
2.2 Zn WA HIBHAS 73 A RHAE

MR AR ZE A & WA Zn & IR LR
92.17%~94.82%. WK 2,3 W[, REE 7 REESMHAI
HTEAH L BE AR B S FDHFE E R Zn S8R E, &
KAESA 1 480.53 (15 58.13%)F1 616.47 mg/kg (15
58.48%); M2+ Zn {E R ELH 23 (FID)H (1) 70 AT B
%, fKRAEN 126.84 mg/kg (15 36.29%), BIARAIH:
F1°) &4 i B 3] 52 R 25 1) R v X = A 20 I TE A B 1
o A AN AL BRI (A1 R (%) 744 i 2 A A 2
MR, o, MRAESE 7 KA Zn TAHAR A LA
LN 240 43 (FIIN>FI>FI, 1155 21 A1 35 K%
A FISFIRFIIL, B2 B ] i LA S5 28 39 in (P<
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K Root

0.05). 5[] FI-Zn ~F33 (5 b2y il 535 &= F FI1-Zn Al
FIII-Zn (P<0.05), {HFf Zn WHE R 8 AIZEK:, FI-Zn
5 LI N . Y FI-Zn o b, B3 T FIL-
Zn F1 FII-Zn (5 EE(P<0.05).

HHZR A5 W AN A ZH 5y Zn &5 843 e B ] E 35 Ab FE
WRPE 8] ) 22 AN 525 (P>0.05). 7E T1. T2 A1 T3 4t
PR35 d)fY FI-Zn /50K 41.52%~44.45%, FII-
Zn N 20.95%~26.06%, FIII-Zn A 30.27%~36.90%.
FEPRI 2, £ Zn BB MW LR B B, W AR
) Zo BRAG R] T4 A 7E 20 B 2% GROELRR A1), G
FIII-Zn (5 LR IN T1 (54.26%)<T2 (76.51%)<T3
(84.17%)

[F]— Zn WFEALEE T, Gl AR 25 7EAN [F] AL 2
INFE]) Zn MEAHAR A1 22 5 HEAR K. FI-Zn RILNR
(44.16%)> I (37.62%)> 25 (29.03%) , # 7 it & (P<
0.05); FII-Zn EIRNZESAE~I; FIII-Zn I N2~
FR=rt. {HFE Zn PR FERIE R, (1) FI 455 [H e
Zn [IELBIE K, 250 FII AP0 EC Zn A ELBIBE K.

m FI oFIl oFIII

T1 T2 T3

_21d_ _35(1 i 7d - _21d _35d
T1 T2 T3 T1 T2 T3 T1 T2 T3 T1 T2 T3 T1 T2 T3
Z£ Stem I Leaf

2 HHHEZRARZE T Zn WARME AR LLl . FIo ZHARBE NGRS 4 2 FIL wlVAYE4LSYy; FIL: 40fudsdlsr. T

Fig. 2 Zn subcellular distribution ratio in roots, stems and leaves of Panicum repens. FI: Cell wall and residue component; FII: Soluble component; FIII:

Organelle component. The same below
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Fig. 3 Subcellular Zn contents in roots, stems and leaves of Panicum repens.

Different letters upon column indicate significant differences at 0.05 level.

2.3 Zn BB SE L

FHD R FEARAR 220 () AL 38 Zn B 2R IR
N 86.71%~94.81%. K 4, 500, R Zn G &R
LR L B (NaCl)> £ FE HE HUAS (ethanol )= B 7K
2 U (d-Ho0)> 5 12 42 HUAS (HAC)~ 36 1R #2 U 25
(HCDH>FR 25 (residue); Z XK I AN ethanol=d-H,0>
NaCI>HAc~HCl>residue; M& I~ NaCl>residuex
d-H,O=HAc>HCI>residue, H A, HRAH ] NaCl-Zn
BORKAE 2 L F] 1 438.60 A1 515.79 mg/kg, i3
7 E (3 ORI TR AT 3 A B 1) A AR ST 34 ) 43l ik B

46.77%8 47.75%, .35 = T HAbML 3 Zn &R (P<
0.05). 125/ ethanol-Zn Al d-H,O-Zn /5 -

b4 Zn ACFRRT R EK:, MR NaCl-Zn &b
R Ry, HIL T2 f T3 s nig s B m T Tl
(P<0.05), TI~T3 4b¥E 7 d #RAI NaCl-Zn 5 Ee 251k
37.39%- 26.22%F1 32.84%; AbFE 21 d 435114 49.78%-
48.05%711 52.40%; 4bFE 35 d 43 51N 49.08%+75.40%
F166.36%. SHRAHALL, ) NaCl-Zn f i, H Mg-Zn
it EE 2518 51.07% (T1).42.08% (T2)F1 50.09% (T3),
H B EE61.05%, T3, 21 d)¥5Em T RS&4T
(PR AN Z25(P<0.05). 5 R 43 B AR 22 B0,
ZX[] ethanol-Zn f d-H,O-Zn i &, Hm il
34.99% (21 d-ethanol-T1). 37.92% (35 d-ethanol-T2)
M1 45.95% (35d-d-H,0-T3), ¥ 5E & T R4 T
(1) NaCl-Zn (P<0.05). Af4 I, ARFAH) HAc-Zn 1
HCI-Zn ~F35 5 LL s I, 434X o 8.98%. 8.40%FH
11.90%-. 2.85%.

ANTF] Zn R BRI PN A 225 B 2 1 L A 5 i
K. Zn REH T1~T3, #RH NaCl &/ My-Zn &
SEHAHNIEI, 25018 39.59% (T1). 49.89% (T2)
F1 48.20% (T3), BRI Zn Kb3yR BBk Ry, B0 ) T )
AL MM BRI R NaCl & Me-Zn &5
bl ey, (HHAE T2 M 51K (42.07%), (KT T1
(51.07%)F1 T3 (50.09%). SHRFMAE, ZEHEF
A1 NaCl 25 Mg-Zn & 5 LIS/, N 28.59%~
32.47%.

3 WAL

3.1 Zn RN 5HZBHH]

AR AEBI 52 RS Zn W38, 7F 800 mg/L [
Zn i SRR IR AR, ARSI R AR Zn &
S 2 728.38 mg/kg HARHREIREEN Zn = AERE
5B E (Vetiveria zizanioides) )R B, {HRETE
Zn {553 3 AN HINESES (Festuca elata)fil
S (Lolium multiflorum) & S8 1 2~4 £561, 294,
IKEE SRR AT REN Zn G03E T I BRAS S61F, fR3
THHZRAR R AT Zn RS IRIS. PhAE R SR AT
W], BAERAKEHE SR EAMT Zn S &
B 7 AR 2 54 F LR AR AR Zn
TR e T2, HAY/ZE i sk # 10.35 £, X
FIAR B 1) o - Z55R 1 Zn (REE R REVE, AT RE 24
FRIA BN T e DEEEHL ] SR 3 G Zn MAR 21 25 1)zt
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Fig. 4 Zn chemical form distribution ratio in roots, stems and leaves of Panicum repens
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FREITRPO, IRZ Y 2 HR R E SR E
BLm T2 B KRR, FHHBER I Zn TR
FRRNEG TR, RERENZESH Zn TEREA
HHEK R Zhang PR B (Paulownia for-
tune)fRFIH ] Zn S EES T2 4 500 Eo 2R
T 2 5t/ 20 7% 2 2 (Al B 3 57URH 2R (r=-0.83 1,
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