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Abstract: Energy plant as one species for ecological restoration in mining areas is of great significance to the economic
development and ecological environment of mining areas. Taking switchgrass, an energy plant, as the research object,

through pot experiments, by analyzing the growth characteristics of seedlings in the soil matrix of the mining area and the
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non-mining area under the control, mild, moderate and severe drought stress, combining the seed germination
characteristics in the soil matrix of the mining area, the response mechanism of switchgrass to drought stress and the
ecological adaptability of the mining area soil were revealed. The test results showed that: (1) the total number of
germinations, germination rate, germination potential and germination index of switchgrass seeds reached the maximum
under mild stress, and the vitality index was the highest in the control group. Each index reached the minimum under severe
stress. Each growth index of seedlings was minimal under mild stress, the root length and fresh weight of seedlings were the
highest under severe stress, and the bud length and shoot weight were not much different under the other three groups of
stress. (2) Drought stress reduced the plant height of switchgrass under the two soil substrates, and increased the rate of
dead leaves. It could maintain the leaf relative water content and the number of tillers stable under the control, mild and
severe stresses. In the soil matrix of the mining area, the root volume of switchgrass was the largest under mild stress, the
longest root length under moderate stress, and the largest number of roots under severe stress. The root-shoot ratio showed a
trend of first decrease and then increase with the intensification of drought stress, reaching the minimum value under mild
stress and the maximum value under severe stress. (3) Compared with the soil substrate in the non-mining area, the root-to-
shoot ratio of switchgrass under the soil substrate in the mining area was larger, and the other growth indicators were
smaller. With the intensification of drought stress, the plant height, dead leaf rate, relative leal water content and tiller
number of switchgrass under the soil matrix in the mining area were consistent with those in the soil matrix in the non-mining
area. In summary, the growth characteristics of switchgrass in mining soils were worse than those in non-mining soils.
Physiological indicators performed better under mild drought stress, while the growth of switchgrass was restricted under
moderate and severe drought stress. In arid and barren environments, switchgrass can ensure its own survival by adjusting
the biomass ratio. Therefore, switchgrass had certain resistance to drought and barrenness and was feasible to use it as a

variety of ecological restoration in the mining area.
Key Words: open-pit mining area; switchgrass; drought stress; seed germination; growth characteristics
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Table 1 Physical and chemical properties of the test soil
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. . Natural moisture p .. Salt .
Soil type water holding — conductivity/ fent/%% matter/ carbon/ nitrogen/ phosphorus/
. content/ % content/ %
capacity/ % (ps/cm) (g/kg) (&/kg) (¢/kg) (g/kg)
TIX £ Mining soil 27 5.7 8.84 394 0.17 6.74 8.95 0.21 0.29
JEH" X 4 Non-mining soil 30 114 7.76 258 0.09 12.96 17.48 0.74 0. 68
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Table 2 Germination indices of switchgrass under drought stress

[ gis o it iR R0 Hh EE e 0
Germination indicators Control treatment Mild stress Moderate stress Severe stress
% 2F BBL Total number of germinations/ > 40 45 31 5

% ZF3R Germination rate/ % 26.67 30.00 20.67 3.33

K ZFF Germinative force/ % 3.33 6.67 6.67 0

% % Germination Tndex 3.16 4.73 3.17 1.11

76 HFEL Vitality index 72.67 61.21 65.75 24.19
MK Root length/cm 18.96+1.35 11.28+1.20 15.712.12 31.03%3.20
2K Bud length/cm 23.00 +2.45 12.94£0.84 20.74%2.07 21.80+3.45
2 Bud weight/mg 3.5120.18 1.80+0.07 3.80+0.10 3.90+0.11
Tl i £ 5 Seedling fresh weight/mg 6.92+0.19 0.30+0.11 6.50£0.16 9.01+0.21

2.2 T ERHAX AR A K AR BRI
221 MIBRRAERIE RS T S AW L

W1 R B S ] BRI BB A [R] L SERE I A AU B, RS X S LT X
B IR B R IR AR X S R R RO 2, i B A R R S e, BMARE K
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W 2 Fros , 58 60 d J5, X B2 A MIRCRE K S5 , BR HE T R BE 8 Bk 2z, SR E
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Fig.1 The growth of switchgrass after 30 days of drought stress
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Fig.2 The growth of switchgrass after 60 days of drought stress
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Table 3 Effect of drought stress on plant height of switchgrass

N it 30 d it 60 d

LA TRMMARE Pla?te?;li*l;?fore Cocrcion for 30 days - Cocrcion for 60 deys —

/em Plant height/cm height/cm Plant height/cm height/cm
Tt Xt HE 52.2120.34a 58.1520.21ab 5.94+0.04h 64.9520.05h 12.74£0.23bc
Mining soil A 54.84+0.04a 61.16+0.36b 6.23+0.13h 71.73+0.42h 16.890.16¢
TR E 53.95+0.72a 56.29+0.05ab 2.34+0.08ab 60.2920.31ab 6.34+0.47b

3] 51.49+0.65a 48.70+0.23a -2.79+0.32a 48.15+0.11a -3.34+0.35a

JEF X+ X} IR 71.20+0.06a 83.45:0.31b 12.25+0.17¢ 97.89+0.37¢ 26.69+0.24¢
Non-mining soil A 68.69+0.17a 82.4+0.02b 13.7120.22¢ 90.63+0.25¢ 21.94+0.42¢
B A 65.72+0.31a 68.03+0.05a 2.310.16ab 75.0720.36h 9.35:0.12b

4] 67.23+0.12a 63.00+0.11a -4.23+0.08a 61.85+0.33a -5.38+0.52a

AIAVING 5 B MR AR ] SR RO ] LSk B b v 22 53 1035 (P<0.05) s I B BT AR B 22 (n=10)

2.2.3 TR BA IR S BEEUT R

Mk 4 fion, T2 WA s B D X+ 8 T AR BER Y 4 A TEIE X R 5 R 40 5—T
Ao TRBA 30 d J5 87 X SR WIS R R AR 4 BEEOIC AR Ak AR BT DX A SERE o v A MR BB A A% B i i
AIrFEE 38 R BRI Z 1 A0 B8, T RA 60 d J&, 7 X 4 3558 5 b (o MR RR A v B btk 0 o i 3
NAYEERC 2 1 A AR X T AR o BRI SR R A AR N2 1A R T R A
MR ) 73 BEBUTC A 5%
2.2.4 TR0 X RIAS AR R S R

Bl 3 FB, 540 30 d J5 , IR AR I 2 B 2 e i e, ELTE AT S A b B 2 ) 22 5
X IR A IR R EE R A N ARSI ER 00 11.26% (17.89% \21.15% \42.07% , AEAT IX.
T PR A R 5.59% 8.47% 11.70% 23.60% . T 1l 60 d I, B T 5 WaE i i), 9 X b iy
WA B A I S 7 o B e 2 R0 R 25 5, (LA T 5 3 T DR B A R 3 L T, A R R X B 1 4
5, R WA B AE P BE e N AT I AT 32 B B, AEAEST DX B A A SR A R FE T3 T e i, A
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Table 4 Effect of drought stress on tiller number of switchgrass

P kit 30 d Tt 60 d

Sk R Plaijtb};?;}i*}ffore Coercion for 30 days _ Coercion for 60 days _
Soil type Drought stress s;ress TSR,% ;iﬁii;iﬁ ﬁa,% feﬁi{:fwri

cm Plant height/cm height/cm Plant height/cm height/cm

Tixt X 1 3.72+0.20 3.72+0.20 4.04£0.20 3.72+0.20 3.72+0.20

Mining soil RREEa 3.80+0.28 3.76=0.32 3.92+0.24 3.80+0.28 3.7620.32

T E 3.76+0.20 3.76+0.30 3.04+0.20 3.76+0.20 3.76+0.30

R E 3.96+0.24 3.88+0.30 2.92+0.30 3.96+0.24 3.88+0.30

EFX L X BR 7.04:0.08 6.96+0.08 7.96+0.08 7.04:0.08 6.96+0.08

Non-mining soil RREEa 4.88+0.16 6.04=0.23 6.08=0.20 4.88+0.16 6.04:0.23

A 5.92+0.15 6.88+0.10 6.92+0.10 5.92+0.15 6.88+0.10

R ME 5.04=0.15 5.08+0.10 5.08+0.27 5.0420.15 5.08+0.10

—A— XL —— XL Ab
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T2E30 d T2iE60 d
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Aa Ba
10
Bab
Aa
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Jfp3E 3R B Stress intensity

B3 W0 T8 kh R 2 X £ ok 5 6 BT B B e R
Fig.3 Response of switchgrass withered leaf rate to soil water gradient stress
AIFRKE FEF R A ] 3K 4 T ASIR] R3E A 2 1] 25 57 35 (P<0.05) , ANIRI/INE ) 3 /R MBS 3R AL AR 7] -+ 382850 R[] + 38
IKIYZESE WA (P<0.05) 3 B P EAR P M AR HER 2 (n=3)

2.2.5 TSRO IR R KR BRI

N 4 FroR Xk B AR b ae B A IX S o S IR 1y i R KRR T AR X R S A
JEFNEE 0 T RIS . B T 50 r ), 4 DX R 5T rh i S B i 5 K i B B SR TS R
Feo RPIE B e R L B AR R AR KR R e, E A T L A AR X S KR A, R IR
BAE—E T WA, eI R Rk 7> & AR S (B AR E R R T A SRk ™
2.2.6 TP GHHICRR AL Yy R

MBEAED X L AR X b i B A= Ypit R AW A 25 5 . AR X L EEE BT ROMIAS R M
AR T X IR B AR 45 A, TR T RERA R 8T X RSB ISR B AR )
R RE I R B e ey, 7 RE A R S AR, MR AR AR BRAL N e o BEE TSR AT X S
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RH . MZESR AT AT U 7 X RIS AR Fig.4 Response of switchgrass leaf water content to soil water
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Fig.5 Response of switchgrass biomass to soil water gradient stress
DW: T dry weight; AGB .} -4 #) % aboveground biomass; BGB il T AE ¥4t belowground biomass ; ANFIKE P hE R /R A [F] + IR R AH
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FRifEIRE (n=3)

3 st
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Fig.6 Response of switchgrass root index to soil water gradient stress
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