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Abstract

Aims Phosphorus mining wasteland is a very special kind of degraded ecosystems, where vegetation and land-
scape are severely damaged. Our objective was to select plants suitable for phytoremediation of phosphorus-rich
soils in mining wasteland.

Methods We conducted pot experiments to investigate phosphorus uptake and accumulation capacity in Helian-
thus annuus, Sorghum sudanense and Cucurbita moschata grown in soils with different levels of phosphorus sup-
ply. The phosphorus concentrations applied are 0, 100, 300, 500 and 700 mg-kg™. Phosphorus concentration,
phosphorus accumulation, bioaccumulation and translation coefficient of the plants were measured for three
growth periods (4 weeks, 7 weeks, 10 weeks), respectively.

Important findings Over the same growth period, phosphorus concentration in shoots of the three plant species
increased with increasing phosphorus supplies, with the maximum of 9.67 g-kg™ in H. annuus, 4.86 g-kg™ in S.
sudanense, and 6.32 g-kg™ in C. moschata. Under the same phosphorus treatments, phosphorus concentration sig-
nificantly increased with growth time in shoots of H. annuus, decreased in shoots of S. sudanense, and did not
significantly change in shoots of C. moschata. The aboveground total phosphorus accumulation in the three plant
species all reached highest values when grown for 10 weeks in soils supplied with 700 mg-kg™ phosphorus,
amounting to 217.83 mg-plant™ in H. annuus, 93.92 mg-plant™ in S. sudanense, 135.82 mg-plant™ in C. mo-
schata, respectively. The bioaccumulation and translation coefficients in both H. annuus and S. sudanense ex-
ceeded 1.00 under each treatment. The peak values of the two coefficients were 11.39 and 4.09 for H. annuus. In
conclusion, the phosphorus uptake and accumulation capacity of the tested plant species were in the order of H.
annuus > C. moschata > S. sudanense, and H. annuus can be a possible candidate for phytoremediation of phos-
phorus mining wastelands.
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F1 APBEP)AR AL BT R 3FIRE) 25 A K i I b3 AR i (0) CPIH AR AE R 72, n = 3)
Table 1 The aboveground biomass of three plant species over different growth periods at five phosphorus (P) concentrations (mean + SE, n = 3)

PAbER i) F1%% Helianthus annuus 7515 Sorghum sudanense /R Cucurbita moschata
kg 4 7 107 2 7 107 a7 7 1071
4 weeks 7 weeks 10 weeks 4 weeks 7 weeks 10 weeks 4 weeks 7 weeks 10 weeks

0 543+0.29° 14.68+0.14% 1893+ 067 2.66+0.45% 11.00+0.43% 22.87+158" 5244024 11.43+1.16% 18.02+1.01"
100 7.31+0.38% 1505+0.48% 18.18+0.75"* 3.44+0.32°° 098+049% 2590+ 279" 852+0.23% 13.03+0.75%* 19.20 + 0.64"
300 9.61+0.73%® 1578+ 1.47% 19.78+0.43 371+0.59% 1505+ 1.00%° 30.18+1.69"% 6.29+0.56°° 12.43+0.155 19.62 + 1.22"%
500 8.00+0.30° 14.48+0.625% 22.65+1.05" 2.77+0.655 1562+0.84% 24.68+0.64" 6.81+0.08%° 12.43+0.845 17.15+0.73"
700 8.65+0.23°® 16.30 +0.48% 2250+2.04" 316+0.11% 18.25+0.89% 27.43+3.42"% 7.53+0.65°° 14.90 +0.685 21.43+0.73"

Al —F T AR RS R R 2 7 B35 (p < 0.05); [Rl—A7 IR 'S - RER IR 7 5+ 3 (p < 0.05).
Different lowercase letters indicate significant differences within the same columns (p < 0.05). Different capital letters indicate significant differences within the

same rows (p < 0.05).
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Fig. 1 \Variations of phosphorus (P) concentration in shoots of three plant species with time at five P concentrations (mean + SE, n =
3). Different lowercase letters indicate significant differences among P treatments (p < 0.05). Different capital letters indicate signifi-

cant differences among growth periods (p < 0.05).
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Fig. 2 The aboveground total phosphorus (P) accumulations in three plant species over three growth periods (mean + SE, n = 3).
Different lowercase letters indicate significant differences among P treatments (p < 0.05). Different capital letters indicate significant

differences among plant species (p < 0.05).
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Fig. 3 \Variations of total phosphorus (P) concentration in soils of the pots containing three plant species (mean * SE, n = 3). Differ-
ent lowercase letters indicate significant differences among growth periods (p < 0.05). Different capital letters indicate significant
differences among P treatments (p < 0.05).

R2 TR AL BN SRR 5 AR A S (P) T 4R R L CP I eAr IR 22, n = 3)

Table 2 Bioaccumulation coefficients for three plant species over different growth periods at five phosphorus (P) concentration (mean + SE, n = 3)

Phb i) %% Helianthus annuus 7515 Sorghum sudanense MK Cucurbita moschata
makgy 4 77 1074 4/ 7 10749 AH 7 10

4 weeks 7 weeks 10 weeks 4 weeks 7 weeks 10 weeks 4 weeks 7 weeks 10 weeks
0 456 +£0.16" 3.40+040°™ 435+0.29%° 492+050" 3.87+026% 2374015 3.96+045"% 416+0.17"° 3.54+0.31"
100 498+0.14" 3.83+0.16% 560+042°" 548+0.34™ 398+047% 2734023 516+025"" 5724025 4.75+0.16"°
300 4.65+041% 523+011%° 736+045°° 578+031" 384+019% 2861007 530074 577+033" 566+0.24"
500 531+0.67% 6.78+0.16% 9.00+021"" 533+0.29" 398+032% 324+032% 586+037" 570+0.19"° 585x042""
700 5.28+0.27% 7.79+0.63°" 1139+031" 588+0.16" 432+022" 447+060" 6.19+028" 7.20+057"* 7.90+0.32"

F—F ARG AR R 22 57 B3 (p < 0.05); [l—47 P IARRIRE - RER /R % 57 W% (p < 0.05).
Different lowercase letters indicate significant differences within the same columns (p < 0.05). Different capital letters indicate significant differences within the
same rows (p < 0.05).

F3 TP L AL BTN SRR £ R A I I (P) BB REUCFIMEHARHE IR, n = 3)
Table 3 Translation coefficients for three plant species over different growth periods at five phosphorus (P) concentrations (mean + SE, n = 3)

PAbBE [ H¥% Helianthus annuus FFFHEE Sorghum sudanense ) Cucurbita moschata
mokgs 4 7 10 a7 7 107 a7 7 107
4 weeks 7 weeks 10 weeks 4 weeks 7 weeks 10 weeks 4 weeks 7 weeks 10 weeks

0 1.81+£0.15" 161+0.16™ 1.85+020"° 3.03041" 214+0.17"% 185+0.12° 084+0.15" 0.85+0.08™ 0.86=0.04™
100 218+021" 1.75£0.12" 255+024" 290+0.15% 207+019% 208+0.22%° 167024 1.15+0.11"% 0.87+0.04%
300 230+027% 2284015 256+0.19%° 339+0.34" 216+0.20% 210+0.11%° 161+052* 1.01+0.14"* 1.00=0.06*
500 1.65+0.25" 201+004% 305+033" 344+035" 215+022%% 246+0.12°® 169+0.63" 0.88+0.09"* 0.95=0.09*
700 1.86+0.14% 243+0.41% 4.09+0.30" 354+0.15" 2354014 292+0.15% 1.82+0.36" 0.71+0.05% 0.95 =+ 0.04%

[ — B P A )/ B o 22 S .35 (p < 0.05); [l —A7 R (AR K S 8808 53 18 3 (p < 0.05).
Different lowercase letters indicate significant differences within the same columns (p < 0.05). Different capital letters indicate significant differences within the
same rows (p < 0.05).

ST/, R WAL F N B AR B SEC Ah) RS R B AR R RIRAL BE T 24 0 W 22
SeNE RO, MR AR Y, TR R Q0B SR (p > 0.05).
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Table 4 Comparison of accumulation indexes between Helianthus annuus and other candidate plant species for phosphorus (P) phytoremediation

BN PR % AL PR JE A I 1] i bRt 7320 s wARRBUER R
Reference Species studied P treatment Growth P concentration P accumulations in Bioaccumulation/
(KH,PO4) period in shoots (g-kg™)  shoots (mg-plant™)  Translation coefficient
PN Ja) H 2% 700 mg-kg™ 10 weeks 9.67 217.83 11.39/4.09
This study Helianthus annuus
Yeetal., 2014 K3 800 mg-kg™ 4 weeks 5.25 7.32 11.71/0.89
P0|ygonum hydropiper 12 weeks 3.31 105. 12 5.24/0.91
Padmanabhan Duo grass (Lolium x Festuca) 7.5 mmol-L™ 5 weeks 17.2 - -
etal., 2013
Liu etal., 2013 KA KA 800 mg-L™* 30 days 11.81 (stem) - -
Pilea sinofasciata 30 days 22.85 (leaf) - -
Sharmaetal., 2007 i) 2500 mg-kg™ 8 weeks 18.80 (stem) - -
Cucumis sativus 12 weeks 11.00 (leaf) - -
R 2500 mg-kg™? 12 weeks 9.00 (stem) - -
Cucurbita pepo 12 weeks 15.21 (leaf) - -
R RIORERRAA
The symbol “~" in the table indicates missing values.
2R

3 iTigFngEig

i e SRR 05 226 S ML) I D A8 S 19t e e - 3 1)
Kb, RTHEEEDIE, B LA
AFriE(Brooks et al., 1979; Baker et al., 1983; 3]
FHRITER [F) ik, 2001; /M55, 2012, 4 &4,
2012): (L)fEdih b E L HAR TR S R8T
— g I SE, B Z R M S 10 gkg™
(Novak & Chan, 2002); () ) I s 45 2 H0R
R ALK T, M EAIc s & B E TR
s AN TR S, QYN MRS
B, AeIEE AR, AR K.

AWFFER I, 3R AL A (0 M bRt 2 B KD
VSIS E22: )| \ebiR N e Sl Tl 25 1 e
Wi d KA I%9.67 gkg™, 5 A A kR eI
P10 g-kg WM RENT, BRI T M E SR
Wyl b A A AR B WAL B R A AR A
A B ) de AR AN 220 (R 4), ™ 1l A 251
Ui KL 2 T3 B K8 422,85 kg™ (X1
FH%F, 2013). Duo festulolium (—7FfLolium x Festuca
A IR B ) B BT K B A B KA M 17.2 grkgT
(Padmanabhan et al., 2013). ¥ JICi 25 2 ] I8 ) (1) i
KAE A11.0-18.8 g-kg™, PH#H2 f  f5 m] ik 31 1) 5t
KAE 49.0-15.2 g-kg ™ (Sharma et al., 2007). HF5TiE
RN, BEAE WAL PR BERG R, n) H 21w
SRR TS (L), BT 1R) H 20 B RONT
SERATAEAR K Jy, Jokh b3l &5 10 o o (1 1
Qb PR BN AT REIE S G N Ty HLAR N ) ROBE B g3
Frae ], AT RS AT T o) | 25 4 oA BBl ) 8

Monni%%(2000) FilPant 4 (2004) £ t: fH1E &
(0% B e TR M 0T HRR G2 i B AR
5, DURHIIH BRI A A SO ) A
BEAAET, 1o H 2 b R E B2 = TR R
I (p < 0.05). 7700 mg-kg BT, 1]
HZEAEK L0/, Hih Fim B EA R E, N
217.83 mg-plant™, JEiC T HACHESS(2014) i 5%
(R 1L A A5 7K 22800 mg-kg Ak 3, A K124,
e KB 2R 105,12 mg-plant™), X 784> % 30
1) H 25 AR B B SR SR AR BE T . R TRI, 1)
1 2% 40 110 8 Al 5 o o 2 I T B v K
B, WEHH ) H 20 i IR EA AT RE R )
TiAb, R SRR AT 3T M8 S R AR 1%
TP ST TR AR AT O B TR RR A4
e, B SRR R, AT AT R R AR e H
FIFTHFEETAR, AR, HESF . AT
W BACPATZAER, Ta) H S0 Rl 25 B ] A
5.85-7.35 7 ¥k-hm™ (Ph-FoZ R gk i, 1985), [Hit
Sy A AR RAR TR A 0 R A 0 ik
R

LA, FEPH b5 0 s AR RN R R 2
i ' A A O 12 1) T AR bR (h /D AR 45, 2012), W
Sy ST AR 6F - B (0 MR BCRN 3 B fE ) (Xiao
et al., 2009). &4 RERIELR REGHOR, UiHREY)
XiF - G R RIS e I8 fig ) ki, R T RETE N
e A (A B, 2012), 7EASREG &AL FE T,
) H 28, HPHR S RO R R K T1,
i AR e RRAE . Xiao%(2009)i i BT A1
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KEEWF G R 1280 (L 2L SR I & 46 R B0
R REUE T AR AR ST, (E LT ST Al
W, E A R BOREE R 2 B K AE 53 93 24 6.25
([ PE I3 (Epilobium fangii))13.39 (/K2). 52
o, ABIFFEAR ) H 220 & S R ECRI A R 00
IR, fe KA S 50 4 11.39 814,09, FEH H A o 1)
RSN IE g o AH AR MESE (2014) K F 74kt
WL RIL, Bl S RK S & 4 R B0 800
mg-kg M EALBE R . A KA I RBEIS 31171, T
I /K S | il B AR AR, 1 7.32 mg-plant™
(F4), S HZEMZE R, S5, 75 EREE R
BREARB GRS R K T 1es ME R, R
iy b (Rl R ARG, L P e B A A I T 1)
e, Mo EEREE SRR S RN AL, SRk
B, HPRRE IO & L RE 5, RIS BEAE
e A o

ZE L RTIR, AHIEFT A 3P4 1 5 SR 4
REJIIIR/N g o) H 5SROI ph B, S ) H 2%
fRo s b R B A e T A8 9.67 gkgh, R B
MR (217.83 mo-plant™), H &4 REORIEAE &
K T1, FAT B we s SR & 4R RE ;IR
e N IR AR, L B AR EA
ANl DRI, [ % X SR AR KRR
G A T bR, KRB R R
Wi Ak, M HZEERARAR KL PURE .
Az KA S (SR HE N 45, 2009),  HL 4 A7 v [ B
JULOIEMN R, AR, S TR (AR, 1992;
Ruso et al., 2001). [l ) H 2% 45 HoAth ol w5 SR A
U B2 AR A, el TR R o R
RS S 1) £ B ol

BEWE ERART R 5EEHRERER
(2012Z2X07104-002).

st FEHAFRAZAY B E. ERA
Wb, sk, B, AR AR, RAX L
BREES AN, TWEEY SRR
YT KA, ¥ ERFR S BT B
HH I A LBRERE T HE AW 5T, £
Ho—FEL
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