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Effects of vanadium stress on growth, vanadium accumulation, and translocation in alfalfa

WU Zhen—zhong'*>, YANG Jin—yan®, ZHANG You-xian""

(1.College of Earth and Environmental Sciences, Lanzhou University, Lanzhou 730000, China; 2.College of Architecture and Environment,
Sichuan University, Chengdu 610065, China)

Abstract: The study aims at providing a theoretical basis for the restoration of vanadium environmental pollution using alfalfa by evaluating
its growth response, vanadium accumulation, and translocation characteristics under vanadium stress. An indoor hydroponic experiment
was designed with nutrient solution of varying vanadium concentrations (0, 0.1, 0.5, 2.0, 4.0, 10.0 mg+ L' V), where alfalfa’s plant height,
root length, chloroplast pigment, photosynthetic gas parameters, degree of leaf membrane lipid peroxidation, cell membrane permeability,
biomass, vanadium concentration in each tissue, vanadium translocation factor (TF), vanadium uptake amount in shoots, roots, the whole
plants, and the percentages of shoots, roots vanadium uptake amount to total intake quantities under each vanadium concentration were
determined. The results revealed that, at low vanadium concentration (0.1 mg+L" V), the root length, chloroplast pigments (chlorophyll a, b,
and carotenoid) content, leaf net photosynthetic rate (Pn), transpiration rate (Tr), stomatal conductance (Gs), intercellular CO,
concentration (Ci) and biomass were not significantly increased (P>0.05). In contrast, high vanadium concentrations (>4.0 mg-L™" V)

significantly reduced the plant height, root length, chloroplast pigments, Tr, Gs, Pn, and biomass; meanwhile, the degree of leaf membrane
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lipid peroxidation and membrane permeability significantly increased (P<0.05). Compared with the control, the root length markedly

decreased at 20.5 mg+ L' V. At 2.0 mg- L' V, the shoot and total dry matter mass declined markedly (P<0.05). Nevertheless, plant height,

chloroplast pigments, photosynthetic gas parameters, degree of leaf membrane lipid peroxidation, and membrane permeability were not

conspicuously affected at 0.5 mg+L" V and 2.0 mg-L" V(P>0.05). Vanadium concentration in control plant tissues was in the order of

leaf > root > stem, and the order in vanadium—treated seedlings was root > stem > leaf. The roots were the primary storage site for vanadium

in the plant. TF was initially decreased and then increased slightly with increasing vanadium. The maximal vanadium uptake amount of

0.546 4 mg was obtained in plant shoots per pot at 4.0 mg+ L' V. Although the plant growth was significantly inhibited at >4.0 mg-L"' V,

the vanadium uptake of the root, shoot, and the whole plant increased substantially relative to treatments of <2.0 mg+L™ V. In conclusion,

the alfalfa plant is relatively resistant to vanadium stress with the potential to remediate vanadium environmental pollution.

Keywords : vanadium; alfalfa; stress response; accumulation
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Figure 1 Effect of vanadium stress on plant height and root length

of alfalfa seedlings
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Figure 3 Effect of vanadium stress on photosynthetic gas parameters of alfalfa leaf
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Figure 5 Effect of vanadium stress on vanadium concentration in plant tissues of alfalfa
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Figure 6 Effect of vanadium stress on translocation factor(TF) of
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2.7 PLEMBIERE AL TYRENZ N

FERE IR 25 0 e )2 VB RR) T4 = 7F 0.1 mg -
L7V L BRISAT FP BN (P>0.05) , 2 5 BNV 32 g 48
AR (F 1), SXIEMIE, 0.5 mg- L7 VI ERAR T4
J A RIS, i 25 2 AR T T A BT
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K3), 740, R4 0.5 mg- L7 VI AL 2RI BE K H AL

x1 BN ERLEESARTYRENFNT

Table 1 Effect of vanadium stress on dry matter mass in different tissues of alfalfa

LT Dry matter mass in each organ/g

pOBL
Treatments/(mg-L™" V) 2 Root Z£ Stem I Leaf jit )72 Shoot # K Whole plant
0 0.95+0.04a 4.04+0.37a 2.67+0.42ab 6.71+0.52a 7.66+0.48a
0.1 0.96+0.07a 4.22+0.20a 3.04+0.11a 7.26+0.25a 8.22+0.21a
0.5 0.94+0.07a 4.14+0.40a 2.92+0.16a 7.07+0.56a 8.01+0.62a
2.0 0.88+0.05ab 3.71+0.24ab 2.36+0.16b 6.07+0.24b 6.96+0.24b
4.0 0.80+0.08bc 3.28+0.26b 1.51£0.13¢ 4.79+0.14¢ 5.59+0.18¢
10.0 0.69+0.08¢ 1.82+0.11¢ 0.76+0.12d 2.58+0.20d 3.28+0.20d

T« IR SN B J5 AN RN D& S0 3R AN R BE LA BN AR TR 28 2 4 B it A 1 351422 57 (P<0.05) o

Note: Different lowercase letters in the same column indicate the significant differences (P<0.05) for dry matter in the same tissue among varied

concentrations of V treatments.
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Figure 7 Effect of vanadium stress on uptake amount of vanadium in shoots , roots and the whole plants of alfalfa

[

901

I [m] 0O 5 )2 Shoot

3 b ® {13 Root

= 51 |;| c ¢ ¢
2 E o @ O
oo 60F d
B :
1 5 451
= d b b a
=% 30t ¢ e ¢ i
| d ¢

S ist @

5

n-‘ 1 1 1 1 1 1

0 0.1 05 20 40 100

LUV concentration/(mg- L")
8 HlimENEKRER REFIRKER S LHFm

Figure 8 Effect of vanadium stress on vanadium uptake amount

percentages in shoots and roots of alfalfa

PR ECR AN IR (P>0.05) 2 3 (EI S FIET7),
st e B T MR 2R B A o R R AL B B 1Y L )
<01 mg- L' VAMEE I EF 5 (K8), HI0.5 mg-L™!
VAR 2R AP AT R 7 R B A ) B A e LR
FoEE, NIt iR R 2P B Bl 7 HA K.
2.0 mg- L™ VIR 25 (T4 5 B0 BTGB I 22
(P>0.05) , {H 6L F1 5 9 i 2 2 & R IR (P<0.05)
X AT BE 32 B R T AL X A AL 2T AR R
(R BB . X R E AR 25 nE )2 R T
R AE> 4.0 mg- L7V B & 208/ (P<0.05) . 4.0
mg- L' VAI10.0 mg- L' VEFAR 25 0 52 vk T
Py Jo s A G X RE G300 . 25 I 15.8% . 18.8% .43.4%
28.6%.27.0% F1 27.4% .55.0%.71.5% . 61.5%.57.2%
(P<0.05) .

1% WHART]

3 g

3.1 EmBEXEEERE ERKNZMm

AN TR Ve 5 AL B 38 X e AR A AR K R g e B A
— BN R . AR B R EE (0.1 mg- L
V) XA B AR KR AN B 25 (P>0.05) T g e AL
(24.0 mg- L' V) B FMH T HAEK (P<0.05). 0.5
mg-L™" VF12.0 mg- L™V I P AR 4 i i 8 AE A F
ANl o AR ZR X AL 8 A AURR, 7R 20.5 mg - L'V AR
2 (P<0.05) 38/N (& 1) HER S SRk O
HAESEC N R AR AR BSEMEAE 0.5 mg-
L' VAHI2.0 mg- L' VB TCEZ KA (P>0.05), #lE
PR 3 o 45 IR S PR AR 2R T e i A AR A R
AT 2 AL RE 8% 00 1) 248 Jf 43 2402 AR 3R A P2
BILGT ke e 0 () AR A A 1 T A A R YR
TP P TR S AR AE A A AR Y A R
(ELAS VR B2, AU R A o AR A 45 T s 5 L
IR DG, angs i il LS , KA R A X
BEPEAS U,

S R (5 2 R A ) HEA T A A A E Y .
W H AR SR SR RS D R A A
AR R PR FE AL (<0.5 mg- L™ V) 42b FH Esf A ke -4
PR AT BT IER B 5. (P>0.05) , I Sk AL (2.0
mg - L V)] T SR 6 R 15 al, R AR 7E24.0
mg - L VIS0 (8 5 18 25 FEAIR (P<0.05, [812) . Hif
N LT RES 5 T R A K™, Hxt



AR, %  BUBI R S T KRR B R 1 R 1205

R A BN AT A S AR HERE 0Tk VBRI R
PR O, TR R ik VBE R AR I S R A R T T
R, R vl B LA 2 R AR Py i 2R
JARL A A I v 3 0 T v R B B A R A SR R
B R E

AL T 240 B 4 e R o it i HoAl
s T HIC A AR S R R BT EHL(<0.5 mg-
L V) BEANTT B B L (2.0 mg- L7 V)RR TSR
RS H, R B, LS B R0/ B 1 25 18 R 11
R AT 2 00 A A 2 I A T S T 0 A P K 43
AW 2 R A T FRPLER R BE A I A <
FLSEW, Nawaz 5% P e e FE 41 (50.0 mg- L' V)
B3 (P<0.05) FAK T 78 KA Pn Tr.Gs f1 Ci, T4l
Xof 2% i 3k 2R (A A ] CPED 3 ) AT 400 i) 17 4 42 R AT K 4
5300 8h J15 . BRIE, B 40 e 3R R AT ) 410 i
BRI AR P A T R A B SR 2 — 1,

WH,EEESES A m LA R
1M1 51 &AL ME 5 SRR R Al B 55,
I 2t AR Ak 2 200 K P b 540 A e e, L rp B TR
i AL YN TR (MDA) 2 i i Ak 1 fe &
Yy, B AR R AR A D i an A5 B B gL
KRR AR SR E AL (4.0 mg- L' V)i S
PR T B0 R 2 Ak N [ B A e S 7 1 A
R,
32 B EEEENRRESERNTME

R B YEMEFE TR N SR W E R
HREGEZEZ 4R, A5 & AL B4 %
TR LR B AR>S ZES I, 3 — 25 SR 5 5B 454 Nawaz
SET T Tian SRR A5 0 — 2. X BRAD 45 41 21
BB I >AR>ZE . 5341, Hou S99 Qian S5 % B
BLLERE ) 45 AL SR A R BRI R ARSI >2E . i
ARG A — W 25 R E R SRR Rk AR
e SN ISy S P

HE R RS BE AT PR, MU A AR R AR A 4 1Y
I KA i MR R P LR mdh F3R  X 5 m iR AL
(2.0 mg- L™ V)AL FRI TF A B E A4 (E 6) .
B8 B AR AL 2 b 1B A RE F7 (TF) 78 %o BE Ak 1 A
A, ALAL PR TF B35 FEAIK, 76 0.5 mg- L' VH TF
eI A MR BB IG5 , i 2 SR B 7
4.0 mg- L' VIR K, HLILHRBE T 56 )2 B B
B BCE P 5 0.5 mg- L'V AT12.0 mg- L7 V Ab
PRI, H9K 4.0 me- L' VEFEIEE 1E A KO W24
il , (AR 2R 0 5l 22 B R0 B 9 v (&1 8)

I, ZEAE T T AT AR R A BT s PR %) B 3 1 Y
BE 1 ABAE SR R (10.0 mg- L7 V) BHRE AR BT 2 1) 1
JAFREERE 4.0 mg- L'V B E 150

4 ZEig

(1)0.1 mg- L™ VIR S AL 5 15 A K IC W B2 4k,
WREBL (4.0 mg- L' V) B E TG THMRAA K, R
K-AE=20.5 mg-L"'V T2 WA NPT =73 1D s o 7/ D
LHE2.0 mg- L' VIR /N

(2)0.5~4.0 mg- L'V I 568 2 R AR 2 B B
Fhds i HARRE -

(3)4.0 mg- L™ V i b SR A B fe K, VRS
AR R TR BE LB 25 4,

Sk

[1] Liu H, Zhang B G, Yuan H Y, et al. Microbial reduction of vanadium
(V) in groundwater: Interactions with coexisting common electron ac-
ceptors and analysis of microbial community[J]. Environmental Pollu-
tion, 2017, 231:1362-1369.

(2] THEE, b [, Aqteae, 55 . 5 5L AL BT g L g [ AL 2CR
PSR AR 24447, 2016, 35(2) :274-280.  DING Xu-
tong, JIANG Jian—guo, LI De—an, et al. Immobilizing effects of calci-
um-based agents on soil contaminated by vanadium ore[J]. Journal of
Agro—Environment Science, 2016, 35(2):274-280.

[3] Imtiaz M, Rizwan M S, Xiong S L, et al. Vanadium, recent advance-
ments and research prospects: A review[]]|. Environment International,
2015, 80:79-88.

[4] Liu Y, Liu G J, Qu Q Y, et al. Geochemistry of vanadium( V ) in Chi-
nese coals|]]. Environmental Geochemistry and Health, 2017, 39 (5) :
967-986.

[5] Fidi, wIEC S, ftk, 45 . BHE L3 rh PLIIE SRR R AR [, R85
P 5BiiR, 2020, 42(4) : 401-405.  YANG Jie, ST Ao—nan, XIE Lin,
et al. Study on the morphological characteristics of vanadium in culti-
vated soil[J]. Environmental Pollution and Control, 2020, 42(4):401-
405.

[6] BFIBAR, e EZ [ . 13 h LTS e B A2 58 FEOR PR (I]. - 3id
i, 2008, 39(2) : 448-452.  JIAO Xu-dong, TENG Yan—guo. Tech-
niques on soil remediation and disposal of vanadium pollution[J]. Chi-
nese Journal of Soil Science, 2008, 39(2) :448-452.

(71631, SR, MTSU5E . AR AR di T LA B, Ko Ab IR 4501, 4R0ll
IREE R 2E 4], 2013, 32(9) : 1738-1744.  HOU Ming, GUO Ling,
HE Jian-liang. Accumulation and chemical forms of vanadium in dif-
ferent rice cultivars[J]. Journal of Agro—Environment Science, 2013, 32
(9):1738-1744.

(8] S2IF. TAE, W5 Ak, 55 . AR BRAR S AL B O B R RTE T[],
BT RL 2 2 4R 2019, 39 (4) : 1191-1197. PENG Fei, HUANG
Zhen, HUANG Zhan—-bin, et al. Study on the adsorption characteristics

of vanadium by nano—iron—manganese oxide[J]. Acta Scientiae Circum-

WWW.Qes.019.CN




m@g 1206

URETRR Rt Y F 4055 6

stantiae, 2019, 39(4) : 1191-1197.

[9] Shaheen S M, Rinklebe J. Vanadium in thirteen different soil profiles
originating from Germany and Egypt : Geochemical fractionation and po-
tential mobilization[]]. Applied Geochemistry, 2018, 88:288-301.

[10] Xu Y H, Brandl H, Osterwalder S, et al. Vanadium—-basidiomycete
fungi interaction and its impact on vanadium biogeochemistry[J]. Envi-
ronment International, 2019, 130:104891.

[11]WuZZ, Yang ) Y, Zhang Y X, et al. Growth responses, accumulation,
translocation and distribution of vanadium in tobacco and its potential
in phytoremediation[J]. Ecotoxicology and Environmental Safety,
2021,207:111297.

[12] Teng Y G, Yang J, Sun Z J, et al. Environmental vanadium distribu-
tion, mobility and bioaccumulation in different land—use districts in
Panzhihua Region, SW ChinalJ]. Environmental Monitoring and As-
sessment, 2011, 176:605-620.

[13] Hope B K. An assessment of the global impact of anthropogenic vana-
dium(J]. Biogeochemistry, 1997, 37:1-13.

[14] Qian Y, Gallagher F J, Feng H, et al. Vanadium uptake and transloca-
tion in dominant plant species on an urban coastal brownfield site[J].
Science of the Total Environment, 2014, 476/477:696-704.

[15] Zou Q, Li D A, Jiang J G, et al. Geochemical simulation of the stabili-
zation process of vanadium—contaminated soil remediated with calci-
um oxide and ferrous sulfate[J]. Ecotoxicology and Environmental
Safety, 2019, 174:498-505.

[16] Anke M. Vanadium: An element both essential and toxic to plants, an-
imals and humans?[J| Anal Real Acad Nac Farm, 2004, 70:961-999.

[17] Garcia—Jiménez A, Trejo—Téllez, L. I, Guillén—Sanchez D, et al. Vana-
dium stimulates pepper plant growth and flowering, increases concen-
trations of amino acids, sugars and chlorophylls, and modifies nutrient
concentrations[J]. PLoS One, 2018, 13(8) :0201908.

[18] Aihemaiti A, Gao Y C, Meng Y, et al. Review of plant-vanadium
physiological interactions, bioaccumulation, and bioremediation of
vanadium—contaminated sites[J]. Science of the Total Environment,
2020, 712:135637.

[19] Wang L, Lin H, Dong Y B, et al. Isolation of vanadium-resistance en-
dophytic bacterium PREO! from Preris vittata in stone coal smelting
district and characterization for potential use in phytoremediation[]J].
Journal of Hazardous Materials, 2018, 341:1-9.

[20] Chen L, Liu J R, Hu W F, et al. Vanadium in soil-plant system:
Source, fate, toxicity, and bioremediation[]]. Journal of Hazardous Ma-
terials, 2021, 405 :124200.

[21] Aihemaiti A, Jiang J G, Li D A, et al. Toxic metal tolerance in native
plant species grown in a vanadium mining arealJ]. Environmental Sci-
ence and Pollution Research, 2017, 24:26839-26850.

[22] Saco D, Martin S, San José P. Vanadium distribution in roots and
leaves of Phaseolus vulgaris: Morphological and ultrastructural effects
[J]. Biologia Plantarum, 2013, 57(1):128-132.

[23] Mielmann A. The utilisation of lucerne (Medicago sativa) : A review
[J]. British Food Journal, 2013, 115(4) : 590-600.

[24] Cota=Ruiz K, Hernandez—Viezcas J A, Varela—Ramirez A, et al. Tox-
icity of copper hydroxide nanoparticles, bulk copper hydroxide, and

1% WHART]

ionic copper to alfalfa plants: A spectroscopic and gene expression
study[J]. Environmental Pollution, 2018, 243:703-712.

[25] Peralta=Videa J R, Gardea—Torresdey J L, Gomez E, et al. Effect of
mixed cadmium, copper, nickel and zinc at different pHs upon alfalfa
growth and heavy metal uptake[J|. Environmental Pollution, 2002, 119
(3):291-301.

[26] Yang J, Teng Y G, Wang J S, et al. Vanadium uptake by alfalfa grown
in V=Cd~-contaminated soil by pot experiment|J]. Biological Trace Ele-
ment Research, 2011, 142(3):787-795.

[27] Wang Y, Ren H J, Pan H Y, et al. Enhanced tolerance and remedia-
tion to mixed contaminates of PCBs and 2, 4-DCP by transgenic alfal-
fa plants expressing the 2, 3—dihydroxybiphenyl-1, 2-dioxygenase[J].
Journal of Hazardous Materials, 2015, 286:269-275.

[28] Lichtenthaler H K, Wellburn A R. Determinations of total carotenoids
and chlorophylls a and b of leaf extracts in different solvents[J]. Bio-
chemical Society Transactions, 1983, 11(5) :591-592.

[29] Zhang N, Zhao B, Zhang H J, et al. Melatonin promotes water—stress
tolerance, lateral root formation, and seed germination in cucumber
(Cucumis sativus 1.)[J]. Journal of Pineal Research, 2012, 54(1):15-
23.

[30] Ning J F, Ai S'Y, Yang S H, et al. Physiological and antioxidant re-
sponses of Basella alba to NaCl or Na,SO; stress|J]. Acta Physiologiae
Plantarum, 2015, 37(7) :126.

[31] Lin C'Y, Trinh N N, Lin C W, et al. Transcriptome analysis of phyto-
hormone, transporters and signaling pathways in response to vanadi-
um stress in rice roots[J]. Plant Physiology and Biochemistry, 2013,
66:98-104.

[32] Meisch H U, Benzschawel H. The role of vanadium in green plants:
Il Tnfluence on cell division of Chlorella[]]. Archives of Microbiology,
1978, 116:91-95.

[33] Imtiaz M, Ashraf M, Rizwn M S, et al. Vanadium toxicity in chickpea
(Cicer arietinum 1..) grown in red soil : Effects on cell death, ROS and
antioxidative systems[J]. Ecotoxicology and Environmental Safety,
2018, 158:139-144.

[34] Yang ] Y, Wang M, Jia Y B, et al. Toxicity of vanadium in soil on soy-
bean at different growth stages[J]. Environmental Pollution, 2017,
231:48-58.

[35] Nawaz M A, Jiao Y Y, Chen C, et al. Melatonin pretreatment improves
vanadium stress tolerance of watermelon seedlings by reducing vana-
dium concentration in the leaves and regulating melatonin biosynthe-
sis and antioxidant-related gene expression[J]. Journal of Plant Physi-
ology, 2018, 220:115-127.

[36] Wu Z Z, Zhang Y X, Yang J Y, et al. Effect of vanadium on testa, seed
germination, and subsequent seedling growth of alfalfa(Medicago sati-
va L.)[J]. Journal of Plant Growth Regulation, doi: 10.1007/s00344—
020-10206-0.

[37] Larsson M A, Baken S, Gustafsson J P, et al. Vanadium bioavailability
and toxicity to soil microorganisms and plants[J]. Environmental Toxi-
cology and Chemistry, 2013, 32(10) :2266-2273.

[38] Baeck S A, Han T, Ahn S K, et al. Effects of heavy metals on plant

growths and pigment contents in Arabidopsis thalianalJ]. The Plant



AR, %  BUBI R S T KRR B R 1 R 1207

Pathology Journal, 2012, 28(4) : 446-452.

[39] Wang D L, Safiudo Wilhelmy S A. Vanadium speciation and cycling
in coastal waters|J|. Marine Chemistry, 2009, 117:52-58.

[40] Imtiaz M, Mushtaqg M A, Rizwan M S, et al. Comparison of antioxidant
enzyme activities and DNA damage in chickpea (Cicer arietinum L.)
genotypes exposed to vanadium[]J]. Environmental Science and Pollu-
tion Research, 2016, 23:19787-19796.

[41] Saxe H, Rajagopal R. Effect of vanadate on bean leaf movement, sto-
matal conductance, barley leaf unrolling, respiration, and phosphatase
activity[J]. Plant Physiology, 1981, 68 :880-884.

[42] Kaplan D I, Adriano D C, Carlson C L, et al. Vanadium : Toxicity and
accumulation by beans[J]. Water, Air, and Soil Pollution, 1990, 49 :
81-91.

[43] Maleki M, Ghorbanpour M, Kariman K. Physiological and antioxida-
tive responses of medicinal plants exposed to heavy metals stress[J].

Plant Gene, 2017, 11:247-254.

[44] Yang P Z, Zhang P, Li B, et al. Effect of nodules on dehydration re-
sponse in alfalfa (Medicago sativa 1.)[J]. Environmental and Experi-
mental Botany, 2013, 86:29-34.

[45] Ashraf M, Ozturk M, Ahmad M S A. Plant adaptation and phytoreme-
diation|[M]. New York: Springer, 2010:71-97.

[46] W], WIAEAS, RBES, S5 BUIEAIC A i h LR (e is KO AR 43 A1
W] Rl FRBE R4 4], 2013, 32(8) :1514-1519. HOU Ming, HU
Cun-jie, XIONG Ling, et al. Accumulation, translocation and subcel-
lular distribution of vanadium in Lycium barbarum seedling[]]. Jour-
nal of Agro—Environment Science, 2013, 32(8) : 1514-1519.

[47] Tian L 'Y, Yang J Y, Huang J H. Uptake and speciation of vanadium
in the rhizosphere soils of rape (Brassica juncea L.)[J]. Environmental
Science and Pollution Research,2015,22:9215-9223.

[48] Hou M, Lu C, Wei K X. Accumulation and speciation of vanadium in
Lycium seedling[J]. Biological Trace Element Research, 2014, 159:
373-378.

WWW.Qes.019.CN




