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The influence of mercury in the soil stress on physiological characteristics of forage

WANG Daohan, DU Junnan, LI Yu’e, CHU Shijing

(Engineering and Environmental Research School, Liaoning Technical University, Fuxin 123000, China)

Abstract: Background, aim, and scope Parts of large-scale coal enterprises in Inner Mongolia have
been striving to develop coal-fired power plants and promoting the integration of coal and electricity,
which indicates the rapid increase of coal consumption in the region of Inner Mongolia. During the
coal combustion, the phenomenon of mercury emissions into the atmosphere appears, which has a
serious impact on environmental pollution. This paper aims to explore the mechanism of how mercury
in soil influences the growth of forage, and the effect to grassland caused by high mercury content in
soil. Materials and methods In this study, test materials for alfalfa, cover with alkali grass, festuca
arundinacea, grass seed were seeds from East Wuzhu Mugqinqi grassland station in Inner Mongolia of
Chinese Academy of Sciences. Test the soil collected from East Wuzhu Mugqingqi grassland station in
Inner Mongolia of Chinese Academy of Sciences. Peroxidase (POD) activity of guaiacol method is used
to determine. Catalase (CAT) activity using ultraviolet absorption spectrometry. Malondialdehyde (MDA)
using glucosinolates barbituric acid colorimetric method. Proline using sulfosalicylic acid method. Soluble
protein using coomassie brilliant blue staining method. Soluble sugar content determination by anthrone
method. Results Alkali grass and festuca arundinacea seed germination rate gradually reduced with Hg”*
concentration in the soil, briefly in the early years of alfalfa seed germination, but high concentration of
inhibition. In this paper, research has shown that, under the stress of Hg’" in soil, Hg’" concentration is
lower than 1.5 mg-kg ', alfalfa POD activity is on the rise, when the Hg’" concentration is greater than
1.5 mg-kg ', alfalfa POD activity falling. Cover with alkali grass POD activity as a whole is on the rise.
Tall fescue POD activity smoothly. Under the stress of Hg’" in soil, Hg"" concentration is lower than

2.0 mg-kg ', the three kinds of forage grass CAT are on the rise, and when the concentration of Hg’' is
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higher than 2.0 mg-kg ', all show the tendency of lower. The duration of alfalfa malondialdehyde content
reduced; cover with alkali grass malondialdehyde content also is on the decline, to Hg*" concentration is
higher than 32.0 mg-kg " after the previous deal with higher concentration of content; festuca arundinacea
MAD content tends to reduce the rising trend, after first when soil Hg”" concentration is higher than
1.5 mg-kg ', malondialdehyde content increased. Three kinds of grass under the low concentration,
soluble protein content were higher than that of no stress state, with increasing stress concentration,
reduce gradually, appeared rise to high levels of stress condition. Three kinds of forage grass appears
content change trend of the change of different concentrations of DNA showed that three kinds of forage
grass active Hg’" stress influence degree is different. Analysis of soluble sugar content, soluble sugar
content of alfalfa under Hg"" stress reduction, tall fescue in mercury concentration higher than 32 mg-kg '
with elevated levels, cover with alkali grass in Hg’' stress state soluble sugar content is higher than no
stress state. Instructions in the accumulation of soluble sugars, alkali grass has more obvious advantages.
Discussion The normal development of mercury inhibition of plant roots and make plant becomes short.
POD in organism can eliminate oxygen free radical, superoxide, inhibit free radicals on membrane
lipid peroxidation, preventing damage to membrane damage and, at the same time outside the POD
also participated in the film the generation. CAT can be reduced by H,0, in plants, and reduced H,0O,
accumulation in the body and limiting oxygen damage potential. CAT, POD is enzymatic defense system
of plants to membrane lipid peroxidation of protective enzyme. Mercury by acting on the cell membrane
phospholipids, make the cell membrane permeability change. Plants under the stress of mercury, active
free radicals content in cells, membrane peroxidation of unsaturated fatty acids, which makes the structure
and function of membrane is destroyed. MDA content can reflect the degree of membranous peroxide,
reflect the extent to which plants suffer adversity harm. Plants can represent proline content in plant
resistance, high proline content, strong resistance. Soluble protein content in plant cells can directly reflect
the state of intracellular protein synthesis, denaturation and degradation. Proline and reduce the effect of
the water in the cell, which can be more efficient for a variety of enzymes and complex protein quaternary
structure protection, system stability in the adversity of cell and reduce the membrane lipid peroxidation.
Soluble sugar of plant adversity. The more soluble sugar, the stronger the resistance of plants, there was
a positive relationship. Conclusions Under Hg’' stress, inhibition of grass seed germination rate, and the
higher the concentration of, the lower the germination rate, affect the plant height. Peroxidase activity and
CAT activity and MDA content, proline content and soluble protein content, soluble sugar content changes
under the stress of mercury, and the higher the concentration, the greater the long-term accumulated
after mercury will have an impact on the prairie grasses. Recommendations and perspectives Current
grassland mercury accumulation quantity is less, but should attach importance to the control of mercury
from coal-fired power plants, to prevent the accumulation of prairie grass pollution, prevent the mercury
in coal from entering the food chain, ecological health.
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Tab.1 Physicochemical statistics parameters and mercury contents of soil

- AR LA FyRL S kL Hg &1
P Organic matter/%  Clay content/%  Silt content/% Sand grain content/%  Mercury pontent/(mg-kg™)
8.23 2.31 2.76 23.29 73.95 0.23

KRR R, RREXCT. HE S
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1.0mg-kg'. 1.5mgkg"', 20mg-kg'. 40mgkg'.
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Tab.2 Impact on grass germination rate and plant height of Hg""

R4# Germination rate/% FHFREE Plant height/cm

ECIAE PwE HAE ECIAE Pewe HAE

He Ve Alfalfa Lyme grass Festuca arundinacea Alfalfa Lyme grass Festuca arundinacea

4bFE Concentration X BRZH ROyl IR apils X BRZH X HRZH Hoxif BR
Treatment  of Hg B S8 S 4 B S
/(mg-kg ") He /% More He™ 1% More He™ 1% More He' 1% More He' 1% More He™ 1% More

than the than the than the than the than the than the

control control control control control control

group/% group/% group/% group/% group/% group/%

T1 0.0 533 88.8 97.8 12.76 21.93 22.75

T2 0.5 55.6 4.32 86.7 —2.36 91.1 —6.85  11.55 —9.50 21.12 —3.69 2045  —10.11
T3 1.0 622 16.70 80 -9.91 88.9 -9.10 11.04 -13.49  20.59 —6.11 19.33  -15.03
T4 1.5 66.7 25.14 733 -17.45 733 —25.05 10.64 —16.63  20.29 —7.48 19.15  -15.82
TS 2.0 733 37.52 60 —32.43 66.6 -31.90  9.61 —24.70  20.16 —-8.07 16.11 -29.19
T6 4.0 57.8 8.44 57.8 3491 62.2 -36.40  9.26 —27.44  20.13 —8.21 1524 -33.01
T7 8.0 57.8 8.44 57.8 3491 60 —38.65 7.86 —3841  20.13 —8.21 1423 3745
T8 16.0 422 —20.83 55.6  —37.39 55.6 —43.15 747 —4147 1931 -11.95 1249 —45.10
T9 32.0 35.6 —33.21 533 —39.98 533 —45.50  6.61 —48.21  18.00 —17.92 12.03  —47.12
T10 64.0 13.3 —75.05 489  —44.93 46.7 —52.25  6.00 —52.99 15.8 —27.95 11.70  —48.57
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( CAT ) &R
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Fig.l The effects of Hg™" stress on the POD in pasture
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4 BRI AR 11 5T & B AR PO M % 22 R 15 1
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Fig.2 The effects of Hg™" stress on the CAT in pasture

iz R (Pro) 1EMHEY) & 1 B p2H 53l LLLA
TS ZAE TR o IR — 7 e il
YA RNB E WY B, i — Ty nl LI E A
YIRSy F-250 . FRARAMMOERME . Al bR 5 DL S
A7 A0 AR R A (S Rl Tt K, 1998)
T N I 2 R 7 o] AR b i, iR
B WPk ag o [R)EF I 2 R 34 AT R LG 20 it Y
IREHIVER, AT BB A = R A X 45 Bl 22 DA
BARE AW R SR B R ER, dEHran it
ARG RRUE N, RIS Ak, M2
MR & i R B LRA h e AT, EEME T
A % 20 M S RE S v, DT 41 725 20 ML S 138 1 )
X 0 LR 5 VRO 1498 35 T 22 VR, (A B )
3O B S A LR AT RE AR B A ) K AR L
R AV PRI AR FI 93817

R He B F, RHEHEBEN BT E
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