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Effects of Heterogeneous Pb Stress on Root Growth and Biomass Allocation of Pogonatherum crinitum

HOU Xiao—long, LIU Ai—qin, CAI Li-ping, WU Peng—fei, ZOU Xian—hua, MA Xiang—qing”

(College of Forestry, Fujian Agriculture and Forestry University , Fuzhou 350002, China )

Abstract : Heavy metals usually distribute heterogeneously in the real environment. A controlled glasshouse experiment was conducted to ex—
plore the effects of heterogeneous Pb stress on root growth and biomass allocation of Pogonatherum crinitum, a Pb hyperaccumulator first
found by our research group. There were 6 heterogeneous Pb stress treatments with 5 replicates. The root length, root volume, root surface
area, average root diameter and plant biomass were examined. Root length, root volume and root surface area but not root diameter were sig—
nificantly influenced by Pb stress. The root length, root volume and surface area of Pogonatherum crinitum increased gradually with Pb con—
centrations in both Pb stress and no Pb patches, with greater increases in the later than in the former. The root—shoot ratio initially increased
and then decreased as Pb concentrations increased, indicating that Pogonatherum crinitum allocated more biomass to the roots under low Pb
stress , but more to the shoots under high Pb stress.

Keywords: Pogonatherum crinitum; heterogeneous Pb stress; root morphology; biomass allocation
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Figure 1 Diagram for experimental unit

1.3 K581zt

Ny TR D HAB T2 X A 5, AR g R
FAFEo S BRI Y t (R0 £ RNV AR HE 401
TRATROVE R BE 0T, 0 1R A A MMk [ 2R + 4
WPk AN S e, FEBKT S 5 mm JE i 4
LR P R e FEE SR SRR 1, BLE
RN 27 em(AE A 53 %45 4 kg, it 8 kg, AT 4
11,3 em JC Pb WGz (1.5 kg, AT H31) i F
HARA M E R TTRZ B R PRI,
GBI AR AR A0 5 B 5 BT Pb e
MR A e YRR X L 48 Pb & AR DL, 454
[ - 32 PR 5 B v (GB 15618—1995), #1164
Pb B, Y1:150 mg-kg™' (72 0,47 300 mg-kg™)
Y2:250 mg-kg (£ 0,47 500 mg-kg™) . Y3:500 mg-kg™
(%0, 4 1000 mg-kg™) . Y4:1000 mg-kg™ (Z£ 0,74
2000 mg-kg™) . Y5:1500 mg-ke'( £ 0,47 3000 mg-kg™) .
Y6:2500 mg kg™ (£ 0,4 5000 mg-keg™), FAAbFE 5
ANES L P SRR 85 [(CH,COO0 ),Pb - 3H01HL
B 60 g+ L7 1 Ph IR, F BT A B e EE 301
Pic & AN Rl E Ph P 500 mLL, SR J5 — U 5 1%

®1 ERNFSNECESE

Table 1 Contents of nutrients and heavy metals in the substrate used

SiH " HHLR/ 4N/ 4P/ 4K/ AN AHRPI EELKS Pb/ Zn/ Cu/ Cr/
> P g-kg! g-kg! g-kg! g-kg!  mgrkg! mgekg! omgekg?! o mgekg! mgekg! o mgekg! mgekg!
G 5.49 17.51 0.22 0.03 35.16 0.21 0.05 42.64 0.85 3.95 3.1 0.4
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AR AL PR FEAR BT (03045 1 500 mLL Af
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2012 4% 6 J 15 K H—3 5 10 em (422
FYH AR ZE AR Ph v R AR AR RS
FAH 2 bR BRI BRI R A AR, HELT
WhF LA E AL E R IG B AR E TPk A
TR o R PRIEAE AR A K HA SR A oK B T d 56 1
W4 BEFER 100 mL, 4 3 d BEEE /K 100 mL,
43 % 45 50 mL, 57K A Hoagland Bt J7 : KNO;
0.51 g-L™",Ca (NO;3), 0.82 g-L™", MgSO,+7H,0 0.49
g+, KH,PO, 0.136 g+ L', & 5 pH (E 9 5.5,

2012 4 10 J 15 H (FhFm, 58 1AM E R E
D HEA AR , 3R FIAR 2R 20 B A IO , AR
FOELPESHIMOR . BIBORIR R pRid s, o
AR vy T, PR TRk 3 i,
WK AU T J5 F AR R IE SR AR E o 1 b5
1E 60 CHIBLAT R T, AR5 AR R — [F]7E 80 “CryHit
T R E R A
L4 MEFE

2L STD1600 Epson %Ak 3 {00 A [7)
AR R4 A T S A4, ] WinRhizo(Version
4.0B)MR R IHT RGN AR R A RE (R ITAR AR
FPF-X H AR R IE SRR  FHL -7 40 510 o b
ERA IR R E A

2 ERESH

2.1 T Pb BB & 22 EARK B0

H1¢ 2 W0, 55T Pb WA Z&AF T, G 22 %G Pb
IR RT P A=, 3594 &
1.26~3.40 175 ; K P Wrif e BE A3 R, G 22 75 AR I

&2 AEFE P BEHTELELRK
Table 2 Total root length of Pogonatherum crinitum under different

heterogeneous Pb stresses

i RAREK

A% em A& lem LilAy
JY1 474.85+66.82d 376.79+£59.21h 1.26
JY2 740.79+150.58bc 264.05+73.88b 2.81
JY3 814.17+126.19bc 239.46+20.96h 3.40
JY4 602.36+214.92cd 350.89+58.24h 1.72
JY5 1064.46+9.12a 662.18+152.37a 1.61
JY6 959.75+124.41ab 610.15+£161.58a 1.57

T R —F B S 1B R NG T 5% R ORTE p=0.05 /K-
E2RERARE, T,

TETC Pb 7% RPN KI5 v N , T Pb e
A = ) 2 N ) s # . v R (1500 mg - kg™ Fil
2500 mg-kg™")Pb WA ST, AL ERRSKE
82T HA AN (P<0.05) ; Z545 i 28 AR 1 [
BRI A S K5 08 N AR AR . 68 Ph B X}
G2 K AR —E R EH, S Pb A 2%
PR, 2z FEnlaE AR R A L Ph PR, L
T8 N R W EE Ph BB ERET
22 BRPb BMEN &£ ERKRERAZI

FH3% 3 AT, 55T Pb JiiE 25044 T, BE Pb Jiria ik
FERER, Aoz B SR ARTETC Pb /8% B
Ky, LW Ph pia 4b 33 i 25 /N H A 4b 21
(P<0.05); 1 Pb a4y 2 ] 5 m/ N a g R 284k
FIAEE, e EE Ph A (1500 mg-kg™' 1 2500 mg-kg™)
b PR 4 22 BOAR R TR S 2 K T HA AR (P<0.05 ) 5 A2
A LA 5 S K DN AR AR . U Ph B
AT, G2 FE IR R R P KRR
TR AR ARE A B A TR SR 4, LAY Pb
[IUSIERZS
2.3 BB Pb BMEX & £ERFHEZH N

FH 3% 4 AT, 55T Pb hif 25040 T, Bifi Ph iaE ik

x3 AERE P PEKHTELERIRKREAR
Table 3 Root surface area of Pogonatherum crinitum under

different heterogeneous Pb stresses

e SRR R

FrEE lem? A5 lem? el
JY1 14.34+2.97d 15.07+4.51b 0.95
JY2 22.74+3.65hc 12.01+1.65b 1.89
JY3 23.66+2.47abc 12.13+1.89b 1.95
JY4 20.14+£391¢ 14.47+1.17b 1.39
JYS 27.62+0.23a 21.50+3.35a 1.28
JY6 26.09+3.77ab 20.89+4.50a 1.25

x4 AERE P BERGTELERTEHER
Table 4 Average root diameter of Pogonatherum crinitum under

different heterogeneous Pb stresses

e RO Bz

A% /mm F%/mm Felf
JY1 0.26+0.01b 0.27+0.06a 0.97
JY2 0.28+0.04b 0.26+0.05a 1.08
JY3 0.33+0.03ab 0.27+0.05a 1.22
JY4 0.35+0.08a 0.27+0.03a 1.33
JY5 0.26+0.06h 0.28+0.03a 0.92
JY6 0.28+0.08h 0.26+0.05a 1.06
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JERIG R, S22 RO EARTETC Pb A E e K5
WIN, TAE Ph Wi Ay 2 AR A AR R B S, 224 P ==
FUABL 2NN S I I N AR AR, 4 22 B A2 AT
ARV Y B R b B a] 35 T 6 25 25 5+ (P<0.05) , i,
B Pb 3 %) 4 22 B 271 FAR S /N
2.4 BJR P BMEX & 2 ERIEFRK I

H12¢ 5 W0, 5000 Pb a5, Bl Ph JPhia ik
JERIREK , 4 22 BARARFAETC Pb 222 SesE K5 )N,
iR 30 9 BE 500 mg - kg™t AbFR R R T HABAL IR (P<
0.05) ; Pb JHlrif A7 2 ] 52 S S vl N R34, v 3 oy
JAHREE(500,1000,1500 mg-kg )AL FHE] TG B 3 2 F
{H 36 4 & 1000 mg kg™ Fl1 1500 mg - kg™ Ab PR &g
KT 38 (150 mg-kg™ Fl 250 mg-kg™ ) IR
i(2500 mg-kg™) AL I (P<0.05) ; 75 47 1 %5 MR FH 1)
FUARL S e K5 /N i BT Ph e 450
T, &2 BRI Ph BEHUR R AR kS £
BB R A, DRI SR TR SR

&S5 TERE Ph B KRG T ELERER
Table 5 Root volume of Pogonatherum crinitum under different

heterogeneous Pb stresses

i HRAAFR

JE= e’ 1% fem® L
JY1 0.46+0.10¢ 0.18+0.06b 2.56
JY2 0.85+0.55b 0.24+0.08b 3.51
JY3 1.48+0.15a 0.26+0.10ab 5.77
JY4 0.90+0.18b 0.35+0.09a 2.57
JYS 0.74+0.03bc 0.35+0.09a 2.12
JY6 0.61+0.19bc 0.23+0.05b 2.67

2.5 FEPhIMEXN ELEEYERHE S ARSI
H15% 6 Al AL, 525t Pb Bl 2578, Bl Pb Bhif e
JERIHE R, 4 22 RAR AR AW R A A2 A S 3 RS eH R
JE IS /INR AR s ANTR] Ph 8 2 B Ph 72 5 AR
FAEYERT P A=, AERREYE A

T 1.9~4.9 15, ZE AT % LUAELRE Ph i v B2 1S
LRSI W N AL s 4 22 R B BAEY)
N SRR SNV N R [ WA N D
UL Ph W 22 w0 AR KA —E A i
YERT; JCPb 7228 \Ph A A7 28 S SRR R FE A 2R B
R SESERIm N A AL o BRI Ph a2 F
Nz ERAR YRS, Bl P A e
PN X7/ T T T o W 1

RIS i

Pb B AERK WAL OCER, HHEHER %
S A B AR NI AR TR 2857
TR A AR, NG Cd (Pb &4 B X
SN S R & R BAEN R, (RS Cd . Pb
RS A AR, (R B8 v B O,
il A FH 2 B 46 O o 8 7 i SRR S P 38 X £ A
(Toona ciliata) =K1 Ph & B FHPER 2 2B, Pb 1
XL AR A B A HIE T, 24 Pb Ak
2000 mg-kg™ I, ZLAR AT AR S 2 /N T 0] R
(P<0.05). AH5E kB4 22 HEAE Ph A ¥ B2 2500
mg kg™ BMIREIE H A, X Ph i 22 R HH 32058 1y i
PR T4 22506 Ph BT S 0 S Wk 2 P A
IR EE R . B iSRS A Ph B A 1S 214G
MREE L AR AR A BN T VR FR I . At
FER IS FIFEAETC Ph 15 YL PRI v 4 22 55 1) A KR T
AL, AARAERMRED Ph 15 MG h 4 22 B 5
R PR, TRl 43 BERT bR B SR BE L 2 bk, Sy
HENRG R RRESEOSER Pb b xf
VG R 1B (Lobelia sequinii ) A K B2 00 22 BH L Ph iy
X PY R IS A AR KA BT AR, AR AR
TR A B /N TR IR (P<0.01) . 7E[R] 5T Pb it
NEAEAET Ph AR XS P B8 38 )i e 1 B
FIREANHIE , {HAESET Ph WA 25T A 1 i 1 AL

%6 RERER Pb KT LELNEHE

Table 6 Biomass partition of Pogonatherum crinitum under heterogeneous Pb stresses

Ab3 o M BRI g Rt -
LElg fi%ly Felti L f% S
JY1 0.122+0.036¢ 0.043+0.005d 2.815 0.682+0.058d 0.178 0.063 0.242
JY2 0.320+0.027b 0.065+0.008¢ 4.944 1.032+0.093¢ 0.310 0.063 0.373
JY3 0.510+0.076a 0.116+0.005b 4.415 1.465+0.132a 0.348 0.079 0.427
JY4 0.293+0.016b 0.131+0.006b 2.235 1.165+0.072b 0.251 0.112 0.364
JYS5 0.305+0.023b 0.161+0.022a 1.893 1.159+0.070b 0.263 0.139 0.402
JY6 0.189+0.014¢ 0.052+0.006cd 3.635 1.209+0.013b 0.156 0.043 0.199
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WA RE S HOE I, SR TR S X Ph &
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P, RT3 A R AR AR R AR AN TR BREBR AR B, bR
JC Pb BEHAR R A, M I I PRI i e BE P Jiy
o B TR AL S0, B EY]
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MR T 22 AR R A AR PRI AL, X R A )
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SRR B A P AL 1 AN S8 g A L b A Rtk — 20
5.

4 Hig

(1) 55T Ph i 250445, Bl Ph 30 Wk B2 iy 184
K, e 22 AR R AN 135553 A - 459 2 S R s/
AR . TG Pb A ZE AR R ALkl bR AR ik 34 4
Pb BV 500 mg-kg™ 554 Fikfe i, 1 Pb M
AR R A WAE Ph A EE 1500 mg-kg™ 4514
IR, UL 4 22 FOR AT E R EE P Phan S aE
A 5 PR3E L

(2) 5255 Pb JHpif X 4 22 FAR A HRAARAR e mA
ST R (E AR X EAR )N s Bl Pb e
WIS, 4 22 AR ARABURI R R FUE TG Pb F1
P [ipif BEH A S8 R ke, HC Pb BEHI KT
Pb A e
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