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Responses and tolerance mechanisms of plants to molybdenum pollution in soil : A review

LI Lu"*’, HU Chengxiao'?, TAN Qiling"?, SUN Xuecheng'**

(1.College of Resources and Environment, Huazhong Agricultural University /Micro—element Research Center, Wuhan 430070, China;
2.Institute of Agriculture Product Quality Standard and Testing Research, Tibet Academy of Agriculture and Animal Husbandry Sciences,
Lhasa 850032, China; 3. Hubei Provincial Engineering Laboratory for New—Type Fertilizers, Wuhan 430070, China)

Abstract: Molybdenum (Mo) is one of the essential trace minerals and an important strategic resource for plants, animals, and
microorganisms. Previous research mainly focused on the effects of Mo deficiency on the yield and quality of crops, while the studies on
ecological risks and curative measures have not been reported. In this study, the current position and ecological risk of soil Mo pollution in
China were analyzed. The effects of Mo pollution on the growth and development of plants, the toxicity threshold in plants and its
influencing factors, and the tolerance mechanisms of plants to Mo pollution were reviewed, and the prospects of Mo contamination in soil—
plant systems were proposed. The information is useful in providing guidance for risk control and remediation of soil Mo pollution.

Keywords : molybdenum; pollution; ecological risk; toxicity threshold value; anthocyanin; tolerance mechanism
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B LA T IR E G X IR L g T G
ARV, Y5 et DR, BHA X R J] 300 T 3340 &5 e
TR E A SR R E (2.0 mg-kg ™), F A
JUTEE 2 BT A, 0 W SR 18 DX 38 0 75 et
AH
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Table 1 The soil pollution condition of molybdenum mine area

and its surrounding in China

T
b A B R Mo content in soil/(mg-kg™)  <riksie s
Site Soil property H{E N Source
Average value Maximum value
LT#HME glnlik 6105 21367 [17]
R IX 1143 2904
OSBRI X 912 3987
1L B 1 721 1472
ITHI B IR 1360 9017 [18]
SEA A VS R (R | 1071 — (5]
Wr#irEs X3 710 — [19]
WFHE 0 X E Dk 589 — [20]
TR KA 305 — [21]
IR WX 4 — 857 [22]
RS WIS+ 25~50 — [6]
TRSREL X — 1007 [23]
f TR — 326 [24]
WG B IX 784 2072 [25]
WEg o XA — 323 [26]
fEE o XJEA — 2229 [27]

AT G v 3 2 £ W 3N i R N
i FRE . FERGUSON 48281 vk & B8 ) 4 8l ) R 42
B R AR BAH R AR, B AT e fn) iz )
R, JF R, AR B KT 10 mg- ke
BIaT 51582 2 4y o HO= 4 3h 4 v BRI VS 45 vh 5
ARE FR I F 1981 4EAEVLVE K4 B2 Bl#k R I &
BRI RN B R B S, B S AE RV I
S5 b R AH XS B AR AR S A R ER
i R B A A i R i A K, BB O LR BE L
g PRIB S5 A SO AR, RIS Y2
A AT AL AH KT B R 57, DATTT S M) A%
BRI o AR N EH I T 37 B s BB (UL) Oy
900 g+ d", 17T ) A< L AH A IXOROK H i B
0.58~12.04 mg - kg™, 1% H X K K Heifil & i 78 2% 4 A
484.6 g+ d™", M A3 220 K K FL) it () BH R A
282.23~5 858.66 pg-d"s 7 K AU X R 1 SR el
IR & R K 27.45 mg - kg, [ SR AR A 1
TF 7K A5 A} 200~350 g+ d ™, U] A4S 5 11 7K SR
BEAGH B 5L AT 3K 5 490.0~9 607.5 pg-d™, 2t T 4K
H 5 e ] i 32 48 A, 3k e 4t B9 BH 3 [ 40
B X AFAE AR B3R5 Y 5 | R AR 7= b v A 2
b R o AR AR TS 5 R 1 AR 28 KU PR A 11
J5 e BRI R T = A SRR T R A Y
B S b 9, T 7™ b R 7™ it A e W 1 AN B AL
DAL M X = 3988 05 e 5 | R 178 A 285 XS A8 4 SR s A 5
ARAE NG

2 AW T EERE RN

AR IR B = 25 AR i R B (H e
B S XA A K R B i N B2 . FHT5 e 2
S ECPTLUA A A 2R KSR B 50~
600 wmol - L™ A EH {1 22 M MY 25 | I 3510 T 285 ) A L
AR R B BE AR5 10 mmol - L7 (R EH AL AR
S TR B K B B R AR5 200 mg - kg Y
B P A AR g b SRR S 42 55 ) A
22.8%.29% . 15%"", X e ZE JL{EIH 24 40 7 R —
SE KB RE ) TG 1E A R R,

RS Qe RO C S E I ZEIEVE R . B
KW, HERIGTYL S 18 AP SRR R IR, T
SO GAVE R, HGAR IR B 5 an R AR DG 2o
4 (1 000~2 000 mg- kg ) 2 /NEM LK a b )
SRR RN, a/b B 2E N ARCFLRR I 2 g0
A TR IR ;50 pumol - LAY BH 25 £ A |-
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FEBERHES ZK AL, IR PS IT°%; o i B0 5 S 0 %
R B W AT T A T BELAG SR 2R A A, S BRI
AR /NSRRI, A R B A S R BN
5 RN SR 2 i R R e I AT B T
VA JRE B B AU TR 00 X6 7K 3 B W B A A PR B L
AT REE e BEAH R M A ABA ZK B i S 81 fL ok
PR X SR AE IR [R] R Ay E A B — i A
PRTE— B REIE bl a5 AR ) GG A R AN ZE T AR T
HEM A AE K R T -

BHYG Ye5  FE ) T AR R AT e . FE )
32 v U 4 5 G S PR T B I, TR P A A R
7, T30 F R SR RS MG T R
() EH A AR ) 4 3PS Ao 44k, 38 B MDA i 2 iR
YRR R 4B PR 1S 5, IR A M A 2 e AR
I ZSE AR E R AR KW (B AR Y, BEAH
KR L /N iR 9 SOD  POD . CAT  APX
TEVEEEATRE | R W HAR N TR PR S ™ A R B e
REHE T, MR S Qe 55 TR R KR B AR
Xof AF W 400 18 1 T, P AR AR T R S TRl AE R L
Achilla tenuifolia #EAT 1L 12 5H 3 B8 ) A AL 35405 20 2 vp
Py (A A0, XK AT g S TS
Yerle B AHPFNIS | EEH B A R S R AN A AT

3 SAXMEYNSERERESMETF

DA N BH 5 1 EU AR, — RSO0 T AN 1.0
mg-kg ™", FARYIXTHHA A0 S50 9T 32 68 7, TEAR N
B R KT 100 mg- ke ' B, R Y H %A R H
ARSE R FR IR TR 0 A ) RE A8 20 52 i BH 5 i s ik
1000 mg-kg™™o H A& T FHXHE 4 00 25 35 IS 1% T
B 2 S, A A9 U AR A HE BRAH AR B
A SRR K- BRI B AR ) H APk SO A RRE R
A DA A SRR B AR A I (L B s e

A RO SR 5 F B E 2 I B A2 R
W2 s o 3 H AR T - A A, BT A
PR G 1) S SRR T 25 5 T AE A AT AT 52 5
ZRYFH S, A EENIE T RIS YA T 4T Y
TEAN[R) -3 b X SRR 52 RE 7, & BRECT BHAE 7 ok
B 55 WU A <l > RAEFRHMPGLLA > ZLAEE T
FRREGUE 1 2535 @ AE )% eH i SR 44 ; [W]— VR 7
ANTA] 13 E R B E A BORZE 5, X R L
Pt 252 e A ) 50 B0 B T BE . — Al e
Xof - S AH B AR WA RO 7 AR R B A A TR 2R
e FE 5 3 B, 40 1= 498 pH R A BLISE S A Y

1% WHART]

R2 EYHENEEKTF

Table 2 Toxic concentrations of Mo in plants

5 it Mo

LizkZk/ i fiva content/ SCIHRA R
Plant species Plant tissue | Literature
(mg-kg™)
44 2 (Solanum tuberosum ) Hi B 100~200 [53]
Wi FIHIE (Beta vulgaris L.) A R 100~200  [53]
.2 (Phaseolus vulgaris) A1 8, Wid  500~900 [53]
tifina

2&/NFE (Triticum aestivum L) FIFE#AHL B3 600~1000  [53]

TEMB3E (Brassica oleracea  FERRIVBLRT, #40k  640° [54]

varboutis L) ey gmgi: 3900 [55]
2 )R (Cucumis sativus L.) ez 1000 [56]
K ( Cucumis melo var. LA 1000 [56]

Reticulatus)

A2 3% (Lactuca saliva 1..) H-ERIE B, i 277 [54]

e 100~200  [53]

P (Allium cepa 1..) A 640° [54]

AW AR [ER SR 1S 192¢ [54]

(Trifolium pratense 1..)

v A 1 585° [51]

LN e 1 800" [51]

F A i 1000~2 000  [47]

BT M 710 [52]

2% 1054 [52]

e 5920 [52]

BFBRE Pl e 135 [57]

THIE Bizffa21d,  105~4 165"  [35]

o 13 525-6815°  [35]

AR WizEG 21 d, 52~974" [35]

o 13 4992058 [35]

R Bizffa21d,  60~1575"  [35]

o b 863~4270°  [35]

Achilla tenuifolia e 1024 [48]

S 745 (48]

it 210 (48]

Erodium ciconium(Jusl) L. Ly 725 (48]

ES 411 [48]

Uits 72 [48]

Axonopus compressus(Sw.) it 6 000 [42]
Beauv

T a iR (A BETRE AR 5 b b B AR 109% 5 .
AR 50%

Note: a. High concentration but not toxic to crop yield; b. The
concentration that caused a 10% reduction in shoot yield; c. The
concentration that caused a 50% reduction in shoot yield.

WRAFTE A5 53 4, L 320 43 vh T s BB A6 AL
PSR IE M B 1 A HLICHLIC A | SOT 45 HoAth 52 4+ PE B
YA ] REE A R BH B4 AR A AR T i R
RS SR A A 1 26 Y A1 A B B
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WA o

4 1Y E AT L H

AT T 455 R P P — B ok P A B A i A 5
B, — I AN HE R AL, 32 AR R W R PR
Tl A= B DU S A R B S i B AE AR Sb, L
e AP AL A ) B 4 TR A IR A1 s i AL 00 A DAY 5 1 i
TEAL ol < S TR PR A AN HAE W6 4 ) 1
& A A, BRIV 5 R 55 20 i i DX B AR A 200 i B
L HCEH 3 1A W RO T A P 2 1 BT S A B B i
B 1 FH 8 i AR 0 4 Je R 1 R XS A
i BRI A9 0F 5 0 Ak B2 20 B B . HALE S5°9BIF 5 %
B, H A RERAE N — Ml b G W BB K& S
Yy ) W B 5 A = T ) B T S 3 B A0 ) TR
Hh, JE— 2 BRI R I B B K- 2 S BUE YA N
FEH R AR AR E 4 i a0 FRS Qe a5 T Al
Pyt W | 2500 A8 A, HEI A A BH DUAH LR
P 525 AR A B Bl B i 7 B0 R ™ B R R A
Achilla tenuifolia 1 Erodium ciconium (Jusl) L. 1E3Z %]
FRIPM A BT K GSH | Cys 75 it K I, 4D ] fig
TE R T AE )L & RS SR AR R Y 22 i, I 2t 5 51
PR 5 A P U535 e B X L ) 3 ) A 5 R
MR, SR B Y 2—oxoarginine . L—nicotine SE{Y;
W) e 2 /NAE W e SRR i P ORI B T
AR i R U A W AR A 5 3 AR 7 5
A BRI A 3 A 73 A 4 R B, 2 /N2 il T v vk
IS 3 T2 B S L Aok B ) T A, L i
TEIZ 3 R Pt 32 S A A5 TR S Hpad A0 32 Ak
TEML R N it R 20 A T R 200,k s o 24k
FRTEAY) B B EH B g HL b SR A A A T
T A0 HEAL i R BEL 1 5B ] 8 BH 2k AR 4 14 A H i
I A L SCHR A o B 75 BE IR 2 A2 S BT XA
LRIOCTE I I W SF BRI K S , RAAEA D i
BRI R ) BE IR B BRI B 5k

5 RE

BEA& R BT A IT R, L3RRS Y R H 25
B, HA Sk iy AR 25 R AN 2 280, {5 H T ¢ 340
15 B AR 25 KU S I SR 7 EAFAE R AR,
$ i Xk AT YL B RLXTRE ST, RSk stk AR L5
T AT 5T - — 2 3 TS Y A9 KU PRAG DT 5T, 5 oAb

HaJRICR AL, T S g, U XA
A FH -3 AR 75 G BRARAN T, SR AN R 10 5 5 1
{EL S HAS A AN |, A1 T A 5 B A A 5 %
TR 1 R S, b AR i PP AR R AR o AT
DRl M A o A e T 95 e I 3 B 75 T BR B U:
(R JE A b 1 B R A i P A A BRAE AR HE , 5
X b SRS Y A A s R SRS G A B S R AT
5t , H ATt A3 AR5 QB S BORA IR, A BT A4
HRBEEAMEA B, — B RA MR, Wi f s
IO A A A S TR TR AN TG A | DR A 258 -
SRR TS Y S He S EORBEST , AN 355 4t
IR AT A AR O S TR AR AL DR, H RTEE
C ARSI AP X R A PEAR 35, A7 Se Al i AR 241
FHHABE LIRS Qe rg v 1, 2R 0 SH R A R A
e K JLTR AR AL A1 o Ak 62 25 B B, Al 7 g
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