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Effects of high manganese stress on the mineral element absorption and photosynthetic system of vetiver grass
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Abstract: In this study, we investigated the effect of manganese stress on metal absorption and the photosynthetic system of Vetiveria zizani-
oides and determined this plant’s tolerance, accumulation, and physiological responses under high Mn stress. Seedlings of V. zizanioides
were treated for 60 days with half-strength Hoagland nutrient solution containing normal Mn (control) or 15, 30, 60, or 120 mmol - L' Mn-
S04, and, thereafter, the morphological, photosynthetic, and chlorophyll fluorescence parameters and the content of mineral elements were
measured. The results showed that SPAD, leaf water content, plant height, plant dry weight, potassium content, net photosynthetic rate (P,),
and potential maximum electron conductivity (ETR...) showed a decreasing trend in response to an increasing concentration of applied Mn.

Under 15~60 mmol + L' Mn treatments, the dry weights of the plants were between 77.6% and 88.1% of those of the control. In contrast, F,/
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F,, and SPAD showed no significant changes. The Mn contents in roots and leaves were 14 393~18 845 mg-kg™ and 4118~4782 mg- kg™,

respectively. The accumulation coefficients of Mn in the roots were above 1. Although the content of Mn in the roots showed no significant

changes, the Mn accumulation coefficients of Mn decreased under 30~120 mmol ™' Mn treatments. The content of Mn and the translocation

coefficient in the leaves showed no significant changes in response to treatment with 15~60 mmol - L' Mn. Under Mn stress, non—regulatory

passive energy dissipation [Y(NO)] remained stable, whereas regulatory active energy dissipation [Y(NPQ)] increased with increasing light

intensity. The K content in the leaves decreased slightly, whereas Mg and Fe content remained relatively stable. In contrast, K and Mg con-

tent in the roots decreased significantly, whereas the content of Fe increased significantly. Vetiver grass shows Mn tolerance and accumula-

tion in response to high Mn stress(below 60 mmol-L™" Mn), which indicates that vetiver grass could be used for the phytoremediation of Mn—

polluted environments. Furthermore, limiting the absorption and translocation of Mn, increasing PSII regulatory active energy dissipation,

and maintaining stable Mg and Fe content in the leaves might be the adaptive responses of V. zizanioides to high Mn stress.

Keywords: Mn stress; vetiver grass; mineral element; photosynthesis; phytoremediation
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plant dry weight(D) of vetiver grass
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Figure 5 Effects of different concentrations of manganese on maximum photochemical efficiency (F,/F,) , potential maximum relative
electron conductivity (ETR,.,) , quantum efficiency of photosystem II [Y( I )], down—regulation energy dissipation [Y(NPQ )], non—light
induced energy dissipation[ Y(NO)] of vetiver grass
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Table 1 Correlation coefficients between Mn contents in solutions , roots , leaves and net photosynthetic rate or K and

Mg contents in roots, leaves of vetiver grass

ot g AP K i K L eh Mg i - Mg 4t
P, K contents in roots K contents in leaves Mg contents in roots Mg contents in leaves
Mn Zb#9 i Mn contents in solutions -0.727%** -0.818%* -0.804%* -0.597* 0.221
HRHH Mn 1% 1 Mn contents in roots -0.751#* -0.766%** -0.846%* -0.985%** 0.029
- Mn 2 £ Mn contents in leaves —0.767%* —0.684%* —0.704%* —0.651%* 0.438

T :#P<0.05;%#P<0.01,

f) Mg 25 & 5 I rf Min ) 957 1 S A B 3 T A O (5%
1) o XA BEJE Bk = Min BE 10 il 415 420 X% K Mg (1) 1
W2, AR IS & BAR i P K B SRR T
iR FL /R, SR 3 TE AR OC (FH 6 R B0R 0.675 F
0.674,0.772 1 0.750) , |5 7~ K B 3% 78 B MR M A2
Mn 38 i A EEAIER . BLAh, A 0F5E & 3 Mn i
3T Mn i 52 BUKAREAR L s Fe S BEBG NP, A AR
TR HR Fe £ 12 0 386 Ji0 AT BE 2 Min it 52 7 5 1 B .
EAT AL A A WS

4 £it

TR ELRE NS B[R] T 52 60 mmol - L' PAF i) Mn 2R
Bi Ot Refg 7eml P BB S B 0Y Mn, A B Mn
TSYLEREE AT Sy, BRI Mn B T 59U A s
PS I35 P RE S AEHUHAE (HEFRp i rh Mg Fe ROAHX B
JE ST A LR =5 Mn JBIR3 B4 38 1 e 3

Sk

[1] Millaleo R, Reyes D M, Ivanov A G, et al. Manganese as essential and
toxic element for plants : Transport, accumulation and resistance mecha-
nisms[J]. Journal of Soil Science and Plant Nutrition, 2010, 10(4) :
470-481.

[2] Santos E F, Kondo S, José M, et al. Physiological highlights of manga-
nese toxicity symptoms in soybean plants: Mn toxicity responses[J].
Plant Physiology and Biochemistry, 2017, 113:6-19.

[3] Foy C D, Chaney R L, White M C. The physiology of metal toxicity in
plants[J]. Annual Review of Plant Physiology, 1978, 29(1) :511-566.
[4] JB/INF- . 35 Min 2 54890 Mn 1935 55 ()], 368 4R, 1999, 30(3) -

139-141.
ZANG Xiao—ping. Soil manganese toxicity and plant manganese toxici-
ty[J]. Chinese Journal of Science, 1999, 30(3):139-141.

[5] BOBE, B B, LA, 45 KB Je M - XA -3 4 R B S

S BHACUI]. Al FREERF 227412, 2017, 36(2) : 264271,
JIA Zhao—heng, LUO Yao, SHEN You-gang, et al. Speciation, distribu-
tion and sources of heavy metals in agricultural soils from the mining
area of Longjiao Mountain in Daye City[J]. Journal of Agro— Environ-
ment Science, 2017, 36(2) :264-271.

(6] 8L 8, VI, RRDCHE, 6 . B KT 1l Mn 47 X L HERIH A Mn 35

PSP FRELRlA HHR, 2012, 35(9) 1 167-172.

ZHU Tao, JIANG Chang—sheng, HAO Qing—ju, et al. Investigation and
assessment of contaminated soils and plants by Mn in manganese min-
ing area in Xiushan autonomous county of Chongqing[J]. Environmental
Science and Technology, 2012, 35(9) : 167-172.

[7] B /NG, VIR, PSP Mn ™ X 3 T 43 i e AR K

FSCRFEL)]. A2 25241, 2014, 34(15) :4201-4211.
HUANG Xiao—juan, JIANG Chang—sheng, HAO Qing—ju. Assessment
of heavy metal pollutions in soils and bioaccumulation of heavy metals
by plants in Rongxi Manganese mineland of Chongqing|[J]. Acta Ecolog-
ica Sinica, 2014, 34(15) :4201-4211.

[8] Raskin I, Smith R D, Salt D E. Phytoremediation of metals: Using
plants to remove pollutants from the environment|[J]. Current Opinion in
Biotechnology, 1997, 8(2) :221-226.

[9] TRALAE:, BLDOF- . AR R G 19 3R 15 SR M. bt il 46
ML AL, 2008:20-27.

XU Li-yu, XIA Han-ping. Theory and practice of vetiver system[M].
Beijing: China Radio and Television Press, 2008:20-27.

[10]J&] s, B, EHH, 5. 6 BRI FOGE 6w R FFIE K

JEH B AL LA 4235 S AR R 2241, 2015, 31(5)
690-696.
ZHOU Qiang, HU Shu—bao, WANG Qing—qing, et al. Comparison be-
tween six ecotypes of vetiver grasses in photosynthetic light response
and diurnal variation of photosynthetic parameters[J]. Journal of Ecol-
ogy and Rural Environment, 2015, 31(5) : 690-696.

[L1] e, B B BVERS, 45 AR RN AL X B A &

HORL PR L AL, HPI IR 7412, 2017, 44(6) :968-972.
LU Yan—hui, BAI Qi, ZHENG Xu-song, et al. Selective tropism of dif-
ferent geographical populations of Chilo suppressalis to the trapping
vetiver grass, Vetiveria zizanioiaes|J]. Journal of Plant Protection,
2017, 44(6) :968-972.

[12] i, 0, BRI, 45 . FHSe S5 M AR 2307 ke is g+
SERE S A Al FREER 7224, 2016, 35(6) : 1090-1096.
WANG Jiao—-jiao, HU Shi-bin, WEI Li-qiong, et al. Phytoremedia-
tion of polycyclic aromatic hydrocarbons (PAHs) — contaminated soil
by intercropped beet —grasses[J]. Journal of Agro— Environment Sci-
ence, 2016, 35(6) : 1090-1096.

[13] Zhou Q, Yu B J. Changes in content of free, conjugated and bound
polyamines and osmotic adjustment in adaptation of vetiver grass to
water deficit[]]. Plant Physiology and Biochemistry, 2010, 48 (6) :
417-425.



20194 10 B

FI™, 458 e 0 X A AR O R WA SO & RS R 2305

[14] B 7, £ PR e W 4 =R G FIN TR mmE AT
Be HIRAYSLNALT]. 4O FRETR A4, 2018, 37(8) :1690-1697.
CHEN Li, WANG Dan, LONG Chan, et al. Effects of three kinds of
chelating agents on U and Cd phytoremediation in Brassica juncea L.
[1]. Journal of Agro—Environment Science, 2018, 37(8) : 1690-1697.

(15] £ A, R, B R, 55 . BFR S H/K SO0 Mn (4 3955 43

THUHIL]. = AT, 2008(4) : 489-495.
WANG Hua, TANG Shu—mei, LIAO Xiang—jun, et al. Physiological
and molecular mechanisms of Mn uptake by hyperaccumulting plant
Polygonum hydropiper (Polygonaceae) [J]. Acta Botanica Yunnanica,
2008(4) :489-495.

[16] 4 B, ZRRYL, XUHESE . Mo Bhiax) Mn s R 04 #E AR A7 5T
JUER WML A SR []. ¥ 550 R 2 24 4l (RO B2 T ), 2018, 36
(1):24-29.

JIN Zheng, LI Jun—kai, LIU Qun-lu. Influence of Mn stress on miner-
al elements assimilation by Mn hyperaccumulator Schima wallichii[J].
Journal of Shanghai Jiaotong University, 2018, 36(1) :24-29.

[17] Yamazaki J Y, Kamata K, Maruta E. Seasonal changes in the excess
energy dissipation from photosystem Il antennae in overwintering ev-
ergreen broad—leaved trees Quercus myrsinaefolia and Machilus thun-
bergiilJ]. Journal of Photochemisiry and Photobiology B: Biology,
2011, 104(1/2) :348-356.

[18] Hauck M, Paul A, Gross S, et al. Manganese toxicity in epiphytic li-
chens: Chlorophyll degradation and interaction with iron and phospho-
rus[J]. Environmental and Experimental Botany, 2003, 49(2) : 181-
191.

[19] 23k, BEAR [, PR 2T, 45 . Mo Joihaf 0 2l e 1 bl 45 R e e -4

FIORSHIE ). £, 2010, 30(3) :619-625.
LIANG Wen-bin, XUE Sheng—guo, SHEN Ji—hong, et al. Effects of
manganese stress on photosythesis and chlorophyll fluorescence pa-
rameters of Phytolacca americanall]. Acta Ecologica Sinica, 2010, 30
(3):619-625.

[20] Emamverdian A, Ding Y, Mokhberdoran F, et al. Heavy metal stress
and some mechanisms of plant defense response[]]. Scientific World
Journal, 2015:756120.

1] XKUGHE, 5k W, P/ TR B TR A K S 2 S A it iy
SZALD). Wb R, 2013, 52(17) :4126-4129.

LIU Jin—xiang, ZHANG Tao, XU Xiao—yu. Effects of planting density

on growth dynamics and biomass of vetiver[J]. Hubei Agricultural Sci-
ences, 2013, 52(17) :4126-4129.

[22] Xz M, RAGTE, £ R, S5 . 7 000 B 4 i i 9 PSR B i e
FELI] IR R AR (AR AR, 2010, 37(1) :75-79.

LIU Yun—guo, SONG Xiao—chen, WANG Xin, et al. Study of the cad-
mium accumulation and tolerance of Vetiveria zizanioides[J]. Journal
of Hunan University( Natural Sciences), 2010, 37(1):75-79.

[23] Millaleo R, Reyes—Diaz M, Alberdi M, et al. Excess manganese differ-
entially inhibits photosystem [ versus Il in Arabidopsis thalianalJ].
Journal of Experimental Botany, 2013, 64(1) :343-354.

[24] Lidon F C, Barreiroc M G, Ramalhob J C. Manganese accumulation in
rice: Implications for photosynthetic functioning[J]. Journal of Plant
Physiology, 2004, 161 :1235-1244.

[25] Li P, Song A L, Li Z ], et al. Silicon ameliorates manganese toxicity
by regulating both physiological processes and expression of genes as-
sociated with photosynthesis in rice (Oryza sativa 1.)[J]. Plant and
Soil, 2016, 397(1) :289-301.

[26] Badger M R, Von C S, Ruuska S, et al. Electron flow to oxygen in
higher plants and algae: Rates and control of direct photoreduction
(Mehler reaction) and rubisco oxygenase[J]. Philosophical Transac-
tions of the Royal Society B: Biological Sciences, 2000, 355 (1402) :
1433-1446.

[27) Sima e, JASE, i Al A5 AR A G I E T I BE X /N 22 4l AR

A EERO N M= e UV SR v o A 1 OB i )
WA[T]. 4= AR, 2011, 6(6) :607-616.
WENG Nan-yan, ZHOU Dong-mei, WU Jing, et al. Uptake, subcellu-
lar distributions of Cu, Cd and mineral elements, and plant growth for
wheat seedlings under stress of Cu and Cd as affected by temperature
[J]. Asian Journal of Ecotoxicology, 2011, 6(6) : 607-616.

[28] 4% ¥, ARBATHE, ARIET, 55 . FEXT Mo A R KA TR 1Y
S FREERL2E R, 2015, 35(10) :3390-3398.

LI Ping, SONG A-lin, LI Zhao—jun, et al. Silicon—mediated mineral
elements in rice (Oryza sativa L.) under excess manganese stress[J].
Acta Scientiae Circumstantiae, 2015, 35(10) :3390-3398.

[29] Pittman J K. Managing the manganese : Molecular mechanisms of man-
ganese transport and homeostasis[J]. New Phytologist, 2005, 167(3) :
733-742.



