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Enhancement of agro—-management strategies and implementation protocols for nickel phytomining
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(1. School of Environmental Science and Engineering, Sun Yat—sen University, Guangzhou 510006, China; 2. College of Natural Resources
and Environment, South China Agricultural University, Guangzhou 510642, China; 3. Institute of Quality Standard and Monitoring
Technology for Agro—products of Guangdong Academy of Agicultural Sciences, Guangzhou 510640, China; 4. Maoming Branch, Guangdong
Laboratory for Lingnan Modern Agriculture, Maoming 525099, China; 5. Guangdong Provincial Key Laboratory of Agricultural & Rural
Pollution Abatement and Environmental Safety, Guangzhou 510642, China)

Abstract: Vast expanses of ultramafic soils across the globe that are rich in heavy metals, such as nickel, but lacking essential nutrients,
such as nitrogen and phosphorus, present a significant challenge for effective land utilization. The scientific community has proposed
phytomining technology for economically exploiting and extracting nickel by hyperaccumulator plants grown in such soils for both soil
remediation and nickel supply risk alleviation. This technology has been implemented in North America, Europe, and Southeast Asia.
Targeted agronomic management measures are necessary to improve the efficiency of phytomining for nickel and enhance the economic
viability of phytomining due to the limited growth rate and biomass of hyperaccumulators. In this context, we review the effects of soil
amendment measures (e.g., regulation of soil pH, application of soil amendments) and cultivation management measures (e.g., fertilization,
weed control, planting pattern) on the growth and nickel accumulation of hyperaccumulator plants. Moreover, we summarize the main
advances in nickel phytomining agronomic management research in China, aiming to provide guidance and references for future research
into agromining,.
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Figure 1 Regional distribution of phytomining research and corresponding hyperaccumulator plant species for Ni accumulation
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Table 1 Species and distribution of selected hyperaccumulator plants for Ni accumulation

Wkh iEk/ et 31 FE 2% (LX) SCHR
Species Plant type Distribution country (region ) Reference
Actephila alanbakeri HEAR VG [20]
Actephila excelsa AR R 2]
Alyssoides utriculata(1..) Medik ZN L BEROR) A PR B R A [21]
Bornmuellera dieckii Degen TWHEAR BERIR [22]
Berkheya coddii SR MR AT [23]
Breynia cernua HEARBITA S [24]
Breynia coronata HEARBITAR TR P . 2]
Dichapetalum gelonioides subsp. tuberculatum EiN e [25]
D. gelonioides(Roxb.) Engl. subsp. andamanicum — #EREIRA EEE [26]
Euphorbia helenae HEABITA e [27]
Justicia lanstyakii WHEAR B [28]
Lippia lupulina HEAR (A [28]
Leptoplax emarginata AR H A [29]
Leucocroton linearifolius HEAR e [27]
Manihot sparsifolia V7 AR SR (it} [28]
Noccaea goesingensis ZAEA N B R B JE NP B ] RN AP | £) 2F R R 5 [30]
N. tymphaea ZARAAEY) B[R EL R A i [31]
N. caerulescens WA A L N 1 7 e 8 e b e [32]
Odontarrhena sibirica WHEA BRI A3 B L AR W 57 G JE I - AR 133]
0. muralis TEHEA iy DI ¥ A ACS NI YN (34]
0. chalcidica EHEAR BT /R BT AR A i |+ LA 35]
0. corsica DIAZN T HI EHE [36]
0. bertolonii A ERA (371
Pearsonia metallifera ZAEHEAEY) HE AT [38]
Pyenandra acuminata WA B LR [16]
Psychotria gabriellae AR g B2 e [17]
P. xaragurensis WA TA BB L 2T 17
Phyllanthus nummularioides AR Z oK Je A [17]
Phyllanthus rufuschaneyi ARAKTY) =P U2 [39]
Phyllanthus cf. Securinegoides HEA IR [17]
Phyllanthus balgooyi AR B[ e [40]
Rinorea bengalensid HEARBNFA FNERIA [41]
Streptanthus polygaloides AR 15 [42]
Senecio conrathii N.E.Br. HA Ak [17]
Viola calaminaria Lw:N LRI [43]
Xylosma luzonensis HEARBLTTA AR [17]
Walsura pinnata HEAR HE AR [20]

WAERT . VR 88 pH AR IR Ik 24 TE AR R AR
AR it nT DA Ry - R R R A A TR R AR
o AR X B E AR RE ) (H N AR AT RS
AR S N R A 738 Y R 4
2.1.1 4 pH

358 pH {2 52 M AR AR 1) A K R 1) & 4R
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3 pH A B P e T L3 4 R R 1A R
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MgCO; ., CaCOs Fl it X} 48 & FE A ) B. coddii & Hf5%
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(DNoccaea caerulescens; 2Non—identified ; @Psyc/wtria douarrei; @Odontarrhena bertolonii; @Pycnandm acuminata; ©Aeollanthus biformifolius ;
@Phyllanthus balgooyt; ®Viola calaminaria; @O0dontarrhena Corsica; @Vigna dolomitica.

B2 HERRHRBESEY (B R B Alan M Baker 1244)

Figure 2 Morphologically diverse hyperaccumulator plants for Ni accumulation (Image provided by Alan JM Baker)
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P&, AL HNOs il CaCOs 1715 3911 pH (L, #4¢
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cum) ZE BRI 2, K IR A + 3 pHE M 5 THE 2
6.5, WA HE Y b Y ER & B BE Z B . Do s S
RT3 00 pHAE S MY A. murale 1 A. corsicum
My EEER S R OC R, WA KRR R LI pH 7E
5.0~6.0 I, FE 9 09 B H2 B 2 AN B2 % 5 T > pH
1f 6.0 AHY) AR S S TR, X T RER S AR
R MY SR, AR A pH 2 30 AR 2R %
BB RE T 5 24 pH i, I ARSI
S BHER , BEARER 1 A= A RUPE . Nkrumah Z50YBF5Y
KL, T E LAY P. rufuschaneyi F1 Rinorea cf.
bengalensis , T35 pH {H (5.2~6.4) X FE AR H (O8R5 %
A RELW X —IWE ] BRI TR AL

AT pH A AT LS AL A P X B 1Y ' B RE T
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1 HOHE ) AR K A — € A2 #EVE T o Nkrumah
SENL B REAR pHAELBE P. rufuschaneyi B4 4 i FEAIG
T 60%. Rosenkranz 25™% BUiti 1 0.46 ¢ - kg™ A0 A7 [
R T 43 pH W IE B80T 0. chalcidica B9, H.
ANx W AR ) h R B e . R 29028 T R Ak
1358 pH S ER R AR B AR B AR OGS . 2R b
TR B R A ) B R I R A P e Y SRR A
K BN T 3R S5 T AN [R) RS B SR AR ) R R
) B BE AR R R 2 5
2.1.2 TR

TERR TG e iy R b, BV 5 1t AT LA 34 8 000
mg kg™, {H PR 4 ] ) A B i AR (60 mg -
k™), 3K BRI T AR RAT AR . T 3 it i kAt
7 ey B P RO R R S A R R RCR I
By 2B L AR Y B AR 3 AR AL G
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(1) EEA A R B AR 10 5 )

— PR R AR LAY SRR T
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FEA SRR [ B A T T A5 35 AR A DGR 5T
RILEDTA A HR AR TE L EE J) o Munn 555k B
TEN AR B A 8 4 Jm 5 e 1) L3 1 EDTA XS 41 1
BEEA AR . SUK 1,03 g-kg! EDTA 4L
FEAE E T A & FE MY Helianthus annuus 4123

()& 4, X 5 Jean S ) AF 55 A5 AH AL 4 B AR , LB
SE 45 B LB N 1 mmol - kg™ i EDTA 1J DL 5 45 /&
i ALY Datura innoxia B AR R o B 5 o
Cay 2511 % BT I EDTA F1 TA (B 7 12 ) o] LA g 3%
P B B AR W) Althaea rosea Cavan PRIFRE . {H
JE , Chen S5 % BRSNS 5 78 (HEDTA A1 EDTA ) 3
T AEP AL A R B (ERRAC TSR PR G,
Jt DR O] RE R R AR 1 4 JE IR T OH. annuus A=
o Ak, Robinson " HIFFE & B, jifi il EDTA \DPTA
FINTA IR AT ARG 0 -3 v RS PR B AR BCS Y BR 5 8

{HIZ it i EDTA S8 3f K42 = & Y B. coddii 111
B R R AT BEE EDTA X ALY ER . 142 Yy i+
BB A 2 AR BRSO MBS B T BE HLA
AR S AR

(2) A3 HILFR X ) R B A5 1 R i)

NG A PR Bl 2 FCALE T DL R A
88 pH A R R TS R A AR AL, T R AR Y
FEIA S Ny FAENLR £ B IEETIR SR
Mg AR IR 5 . 7 BRSO 5 & B, /N A HLIR
(CFPEETR S SRTR AR 1) S 5K (1 mmol - L),
X R TG AL ROR I B 2% X = oGV LA AR YT
(I S0 IR BTG AL 32 5/ N T 0.7% F10.5% 5 4
A LR & B8 F) 50 mmol - L7 I, TG AL AR A3 T
I (9.1% ,12.9%) o X B K B 5L HOR 4 2 38 Ul
ARG | K AR b TE AL BE ) WF 9% 2 B, T2 R4
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Table 2 Effects of soil pH on Ni accumulation in hyperaccumulator plants

o iz < 2 fgg kA A . SR A AL - ‘ o
WK i AR LRRAR g g BEERSR  Lepm w
Region Soil 1 Plant Culture  Content of soil Ni/ Optimal pH val Shoot Ni content/ Culture time/d  Referen
€g10! o1l type a condition (mg-kg") ptimal pH value (mg-kg") ulture ® eterence
62 A 55 0. muralis; I E W:2 550 Wm:5.46 Wm: 11300 120 [14]
THE(W.Q) 0. corsicum Q:1700 We:5.7 We:7 000
Qm:6.32 Qm:4 630
Qc:6.1 Qc:4 000
636 BRI T U 0. muralis; %= 0:2 147 Qm:7.30 Qm:6 430 68 [55]
+HE(W.Q) .0 0. corsicum W:3207 Qc:7.3 Qc:—
B -1 (B) B:4 707 Wm:7.6 Wm:6 980
We:6.5 We:9 060
Bm:5.84 Bm: 12 260
Bc:5.80 Be:10 950
AR iErE A T 0. muralis; T YJ:1779.3 m:6 m:5 000 28 [53]
0. corsicum c:6 c:4 000
AR Mpars 5 Pimelea Y5 4h 3 665 6.35 1535 — [56]
leptospermoides

Qo RAFHRA ;W F5 2B B A P w8 3 Y] 0T 35 m: 0. muralis;c: O. corsicum

Note: Q: Quarry muck ; W: Welland loam; B: Brockman soil ; YJ : Yuanjiang soil ;m: 0. muralis ;¢ : O. corsicum.

R3I UFEAFNZMBEEEYREEARNEXHAR

Table 3 Exploration of the effect of chemical chelating agents on the enrichment of Ni in hyperaccumulator plants

HbIX. A el iRt HRAEATE SCHik
Region Hyperaccumulator plant Chelating agents Culture condition Optimal dosage/(g-kg™) Reference
By s Berkheya coddii NTA AR 0.5 [10]

DTPA 1
EDTA 4

EH Helianthus annuus HEDTA Fov5 1 [57]
EDTA 1

EH Helianthus annuus EDTA Tk 0.3 [58]

ESEs| Helianthus annuus ; Thlaspi caerulescens EDTA Ak 0.1 [59]
+HI Althaea rosea Cavan EDTA AR 1.5 [60]

TA 1.5
e Trifolium repens L. K;HEDP i 0.566 [61]
http://'www.aed.org.cn — 457 —
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SBOBORT B Rl BT 5 1 3 Ak BB O (W A6 300 1y
4.8% F118.7%)'"™', Nascimento 55 /& I HME I fin 47
12 (20 mmol - kg™ ) AT LA I 238 i & ZEAE W . cae-
rulescens FIAE & ALY Thlaspi arvense M F H Y ER &
i SR, Turgut ZE% B, AP R X H. annuus 77 1E
A I T RN, HFTRRIR M 1.0 g- kg I, AT AT
RO & AT R TR, T AT AR ER 0 3.0 g- kg Y
T AR i SRR AR DRt , R A e e 2
T AN A S5 1 22 5, Pl A AILRR 57 2T R 2048
RO A Y S i
2.1.3 YRt

T WX R ) A A SR A R Y B A
SO N, AR AT DA g3 0 AR R R AL
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