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Abstract: [ Objectives ] Sunflower (Helianthns annuus L.) has an huge potential for phytoremediation of lead
(Pb) contaminated soils. This study investigated the effect of fertilizers on the Pb absorption and transportation
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mechanisms in different sunflower species, which helped to improve the Pb phytoextraction efficiency with
rational fertilizations. The results will provide theoretical and technological support for reasonable
phytoremediation of a large area of mild and moderate Pb contaminated soils in China using sunflower.

[ Methods ] A pot experiment was conducted using a Pb-contaminated soil (total Pb 174 mg/kg) in northern
China. Three sunflower cultivars, namely LD5009 (edible sunflower), T562 (oil sunflower) and Huanlehuopaozhu
(Hhz, ornamental sunflower), were used as tested materials, and fertilizer treatments of CK, N, NP, NPK were
setup for each cultivar. At the 40th day after transplanting, the sunflower plants were harvested, and the biomass,
Pb concentration, subcellular compartmentalization were determined, at the same time the pH value and the
contents of different Pb forms in rhizosphere soil of three sunflower species were measured. [ Results ] There
were significant differences in Pb accumulation capacity among three sunflower species, and the highest shoot Pb
content was in LD5009, which was 1.6 and 1.7 times as high as that in Hhz and T562. Application of fertilizers
significantly promoted the growth of the three cultivars and the absorption and transportation of Pb in them. The
Pb contents in shoots of LD5009, Hhz and T562 under NPK treatments were 184, 112 and 108 pg/plant,
respectively, which were significantly higher than those under other treatments (P < 0.05). The results of Pb
subcellular distribution in leaf of sunflower showed that Pb was mainly compartmented in metal-rich granule
fraction (56.1%—-86.4%) and cellular debris fraction (8.1%—38.3%). Application of fertilizers significantly
increased the Pb concentration in cellular debris and metal-rich granule fraction (P < 0.05). The study on the Pb
forms in rhizosphere soil of sunflower showed that although the NP and NPK fertilizers treatments lead to
reduction of acid soluble Pb, the promotion effect of fertilizers application on root and shoot growth of sunflower
was far greater than that on the reduction of soil Pb availability, which consequently promoted Pb absorption and
transportation of sunflower. [ Conclusions ] LD5009 is a good candidate for phytoremediation of mild and
moderate Pb contaminated soil. N, P, K combined application effectively promotes the growth of sunflower, as
well as increases the Pb absorption and transportation in sunflower, therefore effectively improves the Pb
phytoextraction efficiency in sunflower.
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Table 1 Effect of fertilizers on the Pb uptake and translocation in three sunflower cultivars

S st Pb 4t Pb concentrations (mg/kg) HE R R
Cultivar Treatment b3 Shoot b F 36 Root Transfer factor

LD5009 CK 4377+38l¢c 30.24+457¢ 1.46+0.11a
N 52.57+2.23b 57.67+3.08b 0.91+0.05b
NP 58.41£4.62b 63.64 +4.75 ab 0.92+0.12b
NPK 67.41+3.46a 66.79+0.68 a 1.01£0.05b

VR JINT CK 60.71+6.17 ¢ 35.82+2.70 ¢ 1.69 £ 0.06 a

Huanlehuopaozhu N 66.46+2.14 be 36.04 + 5.05 be 19240232
NP 73.01 £2.11b 4157+1.62b 1.76 £0.11 a
NPK 83.10+2.08 a 4930+2.61a 1.69+0.13 a

T562 CK 62.37+526b 41.82+3.54¢ 1.49+0.10a
N 66.07 + 4.47 ab 47.09+3.01 be 141+0.11a
NP 63.83 £3.09 ab 52.72+4.85 ab 122+0.18a
NPK 72.67+6.83a 59.49+6.18 a 124+025a

Jr 58T ANOVA

il Cultivar 42.544** 42,381 75.361"*"

Kb H Treatment 31.926"* 56.061"* 6.110"

Al x BB Cultivar x treatment 2.352 10.075™" 4385

H (Note) : FIFEHE G AR FHEL R F— AP FRIAL B 22 5735 P < 0.05 {2 3E 7K F- Values followed by different letters in a column mean
significantly different among treatments (P < 0.05). **—P < 0.01; ***—P < 0.001.
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fipaer, fEaEm B SEA K R IR = AN H 255
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XN P K SRR R ELA i 2 e,

ARBFFE T, =A 0 H 22 SR E] Pb & AERE T R
RS, Hal e AR ) H 255 P it AL ]
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FIARES Pb e, H NPK BUifiabBiXT =) H %% Pb Mk
e E o B3, H B T N MNP ALBE,
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NH, G H o3, 1 SR Bs 3 pH FRE, M
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HEohdb )T 1, pH ik 7.7, KRR IR B 1 22
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98 UK 2 T 0 FL far B2 I 6T PO IR BREAE B
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Table 2 Effect of fertilizers on the pH and Pb species in the rhizosphere soil of three sunflower cultivars
Pb % Pb concentration (mg/kg)
i b3
Cultivar Treatments pH RIS ELES DEUES Bt s
Acid extractable Reducible Oxidizable Residual

LD5009 CK 7.73+0.02a 9531+0.79a 5254+097a 31.86+0.82b 23.28+0.59b
N 7.74+0.02 a 89.18 +5.30 ab 53.56+7.18a 3738+ 1.44b 28.55 +2.66 ab
NP 7.74+0.03 a 84.33+4.72b 53.71+245a 37.92+225b 36.04+5.57a
NPK 7.72+0.02 a 8136 £6.45b 5473+4.26a 4751+625a 28.40 + 8.67 ab

R KM CK 7.72+0.04a 98.44+230a 40.20+3.20a 41.94+8.03a 2475+ 11.85a

Huanlehuopaozhu N 7.75+0.03a 90.25+7.08 b 40.01 +4.48a 4778 +6.61 a 30.63+331a
NP 7.76+0.01 a 92.71 + 1.84 ab 4423+452a 51.90+535a 20.82+5.90a
NPK 7.74+0.01 a 81.71+3.03 ¢ 4354+443a 51.82+4.64a 38.27+7.87a

T562 CK 7.70+0.01 b 95.49+4.99 a 4729+351a 4336+252b 27.53+2.72a
N 7.70£0.01 b 9258 +4.28a 42.18+631a 4475+3.44b 35.82+6.20a
NP 7.74+0.02 a 89.15+235a 42.11+5.70a 56.81+4.25a 33.92+5.04a
NPK 7.73+0.02 ab 88.30+4.78 a 422243992 60.05+537a 28.10+3.81 a

J1Z5H ANOVA

[t Cultivar 4137 2.642 23.416™* 23.122** 0.634

JbF Treatment 2.590 12,677 0.241 15.260™" 3.086"

A x Ak B 0.922 1.142 0.766 1376 0.216

Cultivar X treatment

: (Note) : [EFVEHE G A F- 1R [Al— 18] B 2 SRR R Ab LR 2% 5555 P < 0.05 23& 7K Values followed by different letters in the
same column mean significant difference among treatments (P < 0.05). *—P < 0.05; ***—pP < 0.001.

i) B 28 XF P AW G A2 DL R AR w8 A W o 1 A T
SCEL, Hoh, R H 2R AR KT R R R HAE R AL
R FEH R,

A ) A R 4 ) ST 4 L DX A 2 AR ) B 4
e i P RN R A AL, Xt ) B 2E 0 Pb 7ER[R]
AN AL 53 A3 A5 G AT BY I B 1) H ZEXT P 1Y)
i B A B LRI FEARDEGE R, =R H 28
RS 43 Pb 3 i A AR 4 ' AR A >
ARG > e R > dIMER > U E . 2
JiBE SR A P HE BT 4 3 B A — B PR, AN iR
L EARKERILMRILEERER, RO Ew b
25 G055 PO &G, MM BRI Pb i 5 iz
By, DREFEAEA)EF B A AR ARsE, Ak
FRAEHE T 1n] H 22X Pb MW, B ) H 25 Hb 15
Pb S e, HAE A0 MR T 450 Hh 9 1 i R4 A
Lo it Bt 22 o 2 4 v, o AR A I 240 i 2
o Pb AR R K, LD5009 Kz, T562 MIJG
BE2ES, HEERYE = Fm H%E Pb BER N ZERW

W EE R — 5, #F— D UL T 20 e RE R W AR TN
Pb M BEA5 6 AL, & H SR EZ Y Pb & LWL
i, FAE HEA T H 25K P YR EE B T, 440
BE F25G RIS, S fE Y P 23 R A A N
HWAIMIA A5G, Hrb &R E LW 4 5 Pb 44
FLBITE 56.1%~86.4%, HAFIELIT, &8
ORI 2 53 v P bR Z 3G . 4 Jm S UL A
R 4 T AR S e A DUTENE FHTTE B A 5
S54%, DA VR 400 1t v o 4 2 R T M R
H R B A AW D, o mT 43 A F HAth 41 i 25 21
g, BEE R, KR P X RTE S R E AR
AL 3 P fiESE Pb WA N [a] H 357240 il /K1 LY e
B LRI, AERE R A AR Y E S

(phytochelatins, PCs) 54 /& M (metallothioneins,
MTs) %5, AR, Pb WA sH YAk i = A4l
WEA IR, M S A YA AT Po 17455 DA
IR R ER, MAHESE H Pb 7E M H ZE e A
H A3 EE B 7 2.0%~6.6%, FLtAE A3 T 1) H
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LR Pb F i g Mok g R F S E A P &
AR EAE, X5 Li Fe0%/NER Pb e T 40
JiL X B A I SR 25 A — 2, LR n] R n) H 25 A
M Pb S&JEmAE NS ENE, S5&Em
FEAL AT Po Y23 &8 W ERIE A 2, M
MG T 48 & 4R ki 4l 43 Pb 07, Ik, 4
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W DS — AR E— g d5r, i
H X E 4 R R A oy (A0 A PR R 1) R
— AR 5y — & SR BURA kW, KA B T
FNHE YT 4 R WA R TR AR ALY AEFIE ) H
LR Pb TEAE Y dE AL 53 Th B 40 A5 F SR 70.3%~
89.6%, IM7E 4B BURA /I 1.2%~3.3%, H
FERGEAE HE 1) H 22 P MR BL T, o4 JE Uskdl
43 Pb SRR R BB, T H 2R
PN 4 LA S 4 R e AR ASURE R P Y A3 A I S B A
] H 28 fh At £ rh Pb & AR RE ) 25 R I EHLH .

+3Erh Po MIE B A S22 13 pH. Eh.
CEC. AHLFEFALHN R AR, HA T E 5 0
+5Eh Po IRAAIERS, b2 # R B I mT 51k 4 15
X Sk AR AL, AT 3 P TR S R AE IR,
iE— L SE AR )N Po BRI, AT BCR &
PR EUE K 1) H ZEAR PR 3 Pb JEZS /0 55 R H2 B
AL WRES . EASURRES, REES
Pb (WA WA AN, 55 R P S 32 B4 46 n] 28
WS TR R ER 45 A2, 16 LIRS ol B st fik
WA RO ik, 2 - S PR A ] R R Y R B
A, ZAE pH SRR IR ol E 24
AWEEEA, YRS Eh BEARET, 850 b
WA TR, BAWEAA K, HA
ROMAR T 89 IR U WA EZ W AILE S
A, ERERSEDEONTE, MRS AW
R AE YRR, AR TR . AR
o, it AR AR FE T ) H 2R bR £ Pb RS S0 FRIE
PIRIN BRI ICS > IR A > AR > ki
A, FHREFES ML ESBER Y 50%~70%, X
A Ao = A AE = Po JEAS A9 & B g
WRIRER 25 A SRR L 25 B A G A xH e 3, &
AT IA 40%~80%, HAMFFRA R 5A L —3 ., A
FEH, MEAR AL FEXT 3 pH WA R, 1 NP A
NPK AbHRE) B E AL T e IR S Po i, K
FEFE R ] GE R AL A AR NHY . Ca® Il K% H &
TR A A T W BEE A PO E e Ok, O
H,PO, 5 3 Po* I B ARV fiff B (R vk, AT

FEAIC T 59 R4 HUE Pb S &0, R anit, Heibs
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YLK, WM S Ph WG TER E . 4 NP A
NPK AFET, = Fn) H 2R B 1155 IR 2GS Pb %
RS TR (5.8%~17.0%), {HH: + 1255 iR $2
2 Pb Era Al T K (81.36~92.71 mg/kg), ik
T HAEE (28.10~60.05 mg/kg); H =, NP Fll
NPK Ab PR F e E T = Fhm) H AR RAEK (22.2%~
72.9%), MG 1A FR 5 0 30 A0 T ) fh T
L, R T 1) H SR bR 3 P IR IS B
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AHRRAZES, WIS K815 Po ZEAR PR 138 iy
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7.5%~17.0%, T —Ff ) H SEHLE A 4 0] 2 45 v
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4 ZhE
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