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Abstract: This study aims to screen the suitable grass species with low sowing rate and high coverage. Four
ecological grass species, Poa pretensis ‘Qinghai’ , Deschampsia cespitosa, Koeleria macrantha and Elymus
tangutorum, were selected as experimental materials to carry out the screening experiment of suitable sowing
rate. The characteristics of plant phenotypic traits, biomass and soil nutrients under three sowing rates were
analyzed. The results showed that when the sowing rate was 9 g-m °, the aboveground biomass of Poa preten-

s ‘Qinghai’ , Deschampsia cespitosa and Koeleria macrantha were the highest, which were 296.45 g-m ?,
224.32 g-m 7 and 236.35 g-m * respectively. The aboveground biomass of Elymus tangutorum was 356. 24
g+m * when the seeding rate was 18 g+-m ?, which was significantly higher than other treatments (P<Z0. 05).
When the sowing amount of Poa pretensis ‘ Qinghai’ , Deschampsia cespitosa and Koeleria macrantha reached 9
g-m~°, the soil nutrient indexes such as organic matter, total nitrogen and total phosphorus performed well.

W #s B #3:2025-03-07; 1€ B H #3: 2025-03-27

EETE . &% X ARG E AR S5 E R H (2021 YFC3201605) ; 3 184 BHE 5 IR 5% 1 2025-NK-P25) % 1)

EEBN A B W 1997, 5, DU IR & A 058 E 35 20 8 H0m 22 38 48 BLIE 5%, E-mail : 1670240560@qq. com ; #4 5F 4
(2002-), 55 DU W0 A5 PO B B 90 AR L 220 NS 0 22804 BT 9% L E-mail : 1521722043@qq.com ; « 3 {5 14 Author for
correspondence, E-mail: 378605242(@qq.com



724 A U A it

o534 5

The seeding rate of Elymus tangutorum was 18 g-m™?, which showed a good soil nutrient status. Principal
component analysis of 13 indexes of plants and soil showed that the cumulative contribution rate of the first five
principal components reached 89.615%. The comprehensive evaluation of membership function showed that
the comprehensive evaluation values of Poa pretensis Qinghai’ , Deschampsia cespitosa and Koeleria macrantha
were the highest when the sowing amount was 9 g-m™?, which were 0.420, 0.486 and 0. 698 respectively.
When the seeding rate of Elymus tangutorum was 18 g-m™*, the comprehensive evaluation value was the high-
est, which was 0. 634. To sum up, 9 g-m™” is the most suitabel sowing amount for planting Poa pretensis‘ Qin-

2

ghai’ , Deschampsia cespitosa and Koeleria macrantha in Muli mining area, and 18 g-m ° is Elymus tanguto-
rum in Muli mining area.

Key words: Ecological grass species; Sowing quantity ; Biomass; Physical and chemical properties of soil; Muli

mining area; Eco-restoration
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Table 1  Different seeding rate of ecological grass species

F 4 FK Grass seed name 43 Treatments kit Seed rate/(gem ™ %)

T B AR (Pp) Pp, 6
Pp, 9

Pp, 12

KE (D) Dc, 6
Dec, 9

Dc, 12

A H(Ke) Kc, 6
Ke, 9

Ke, 12

FEE(ED Et, 18
Et, 24

Et, 30
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Fig.1 Comparison of dry quality of ecological grass seed
leaves at different sowing amount
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Note: Different lowercase letters indicate that there are significant dif-
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Fig. 2 Comparison of stem quality of ecological grass spe-

cies at differentsowing rate
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3 AEBETESEMHEM
Fig.3 Stem and leaf ratio of ecological grass species at

different sowing amount
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TE Pp i Bl ) 34~ 4 5 4b B p |, Pp, Ab A 9 4 B 75
I T Pp, Al Pp b # 4 B 23.01% Al
15.55% (P<C0.05) o Dc fiy Ff o AS [5) 4% 5 Ak 41 8] 41
Yk & mERANEE . Ko dh 7 K [F) 35 & b 21
L Ko, Ab BEAE P 4= ik % 1 B s, 48632 g-kg ',
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Table 2 Yield and composition factors of ecological grass at different sowing amount
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TR

Trc&iriims Far lﬁgh/cm Ear numbfr/ Number oj grain per ear/  Thousand-grain weight/ Seed yiij/(f;?ihmfz)
(Fi-m ™9 Chi-FD g
Pp Pp, 4.5240.26" 2340.204-18.43" 95.364-7.45 0.2240.02° 422.7746.58"
Pp, 4.61+0.52° 3794.68457.30" 125.36410.34" 0.25+0.01° 690.63+35.36°
Pp, 3.2040.35" 1840.01+17.42 86.4748.69 0.220.01° 398.34+29.52
Kc Ke, 7.8640.52" 672.2549.61" 96.48+9.32" 0.3440.01* 240.57413.60"
Ke, 9.62+0.68" 976.30-£12.03" 114.47412.54° 0.35-£0.04° 437.98417.60"
Kc, 7.554-0.52" 648.384+27.36" 108.36+14.58" 0.324-0.02° 251.284+14.25"
Et Et, 7.55+40.30" 628.64+34.21" 45.8343.56 2.184+0.03" 615.84+42.25
Et, 7.6240.58" 352.68+25.50" 44.0442.68 2.0540.14° 301.8324.30°
Et, 7.3040.26 368.56£36.42" 51.4743.56 2.2840.12° 428.81425.31°

T AN [ /INE B 30 [ o AR ] 48 1y Ak B 1) 22 7 2 35 (P<0. 05) . R[]

Note: Different lowercase letters indicate different sowing amount of the same grass species (P < 0. 05). The same as below

EAFBFBET MY EAGTHESH R (A
4B). Pp iAW 4 A S AR 3 b, Pp, db B
e, 27,41 g-kg ', BE T Pp A B 3 LA
47.36% (P<<0.05), 7EDc i Fl 3 A BT A
MERTERERARE . K 3R,
Ko, A A W) 4 1 & & e s, Ko, Ab Bk 2, Koy Ab B
/AU 15.78 g-kg ' Et Sh B AE 3 4K Ak HE
T B AR B AE A AU B R B B AL B S R N
25.91% (P<<0.05).

ANFIRE AL A A E R F (B 40) . £E Pp it
Rl 3R AL B Pp Ab B R, M 2. 93 grkg L
T Pp oAb 3R B H R 13,28 % (P<C0.05) . Dc fit
L, De b T Y 2 o 4. 25g-kg LB De, B 3
HEN 25. 45%(P<<0. 05) Ke fhFh i 34 & b i,
WY)W REFARE . FECRR 35 5 b2
TLEGAN A S R Mk 2. 94 gkg L B
T EGAbHE 35 S Ik 29. 46 % (P<<0. 05),

2.3 AEAHBEMESEMM EAYEMREIEEN
A

3PP T, A A E A M b AR W 22 R 0 B (TR
5). Pp il 34N, Pp A B |- Ak Wi e, v
ik 296. 45 gem 7, 4 Pp, kb B IR 2 18 0 51. 22 % (P<
0.05). Dc iy 3k, AL De, Ab B 1A= ¥ &
KFE 200 g m 2R b, N 224,32 gom A, B EE T H
b #% = 4b B (P<<0. 05) o Ko i Bl 78 3 4~ 4§ 1t b 21
F L Ke, F Keg 4b B 5 2% 75 F Ke 43 (P<<0. 05), Et
A FPAE SRR RE AL B R L b AR 22 S B (P<
0. 05, Hrh Et b8 b AEY) i 5, 356. 45g-m 2,
EtAb R Z ,ELAb B/ o

3P T AL EMRE LR BEE G,
FE Pp i Bl (4 344 1 4b 38 b ARe L HE ST O Pp. >
Pp,=>Pp,, H v, Pp, 4b 3 8 3 i T H A AL 2 (P<<
0.05) Dc il i 344 i 4 B f, De, 4b BUARTE X
K, R 4.59, 8 Do Ab IR 2 B 22, 07 % (P<<
0.05). Kc @ Fi7E 31 #% & AL #E b, Ko, 4b FEAR 5 1
BEE T HAMANALH(P<0.05), 18 Et #ff 34
FHEAAET BB iR &, 2% &S T Eukd
BB R IA 52, 13% (P<<0.05),
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5 CKA L, 4B AR S F AN 3 AL N +
BANR SR SN RS 2N a ik
L H 3% A HE R A R 4 o R A AS A TR
(K3, TEPp a3 AL I T, Pp, Ab B 4- 8
R AOCR g A LT i CK AR i T
31.12%; LI A & B L e & &5 CK A
HHHE 3 K #) 38,07 % F129.09% . 1 De i Bl AY 3
AR AL IR, Do, b B 4 3 ol BRSO B b i Ak PR
TIEPAIR G R IESA S EM L IELRE S
gy B CK A B & 25 $2 %5 11.69%, 28.69% Al
27.88%,22 3 W #FH(P<<0.05), 1 Kc il fpy 3%
AFETR Koo Ab 31 38 0 B O S iz Ak 22+ 3 v
AL S & EEAEA S BN LSS R
Wk 283.71 g-kg ', 7.17 g-kg ' M1 2.03 g-kg ', B
CK &b B3 532 75 7 38.82%,41.42% F123.03%,
#ER R FP<0.05), fEERF3MNMEEATT,
Et, Ab P iy 58 050 R AR B b, % A0 BE 4 A PLT
i A U R Al A0 i) 4R CK A 4
1 56. 66 % ,44. 97 % F136. 36 % (P<<0. 05,
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Fig.4 Stoichiometric ratios of ecological grass species at different sowing amount
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K3 AEABETTEFSE=2(0~20 cm)

Table 3 Soil nutrients at at different sowing amount (0-20 cm)

+ B P & Soil

+J=

4 A i Soil total + 3 48 5 i Soil total

b HH Treat ts tt tent hosphorus tent
Soil layer/cm Qb B Treatments organic ma erlcon ent/ nitrogen content/(g-kg ) phosphorus c?n ent/
(g+-kg D (g+kg D
0~20 Pp, 267.96+8.21° 6.31+0.29 2.13+0.12
Pp, 264.03-+10.74 6.91+0.18" 2.10+0.04
Pp, 246.96+13.24" 5.7040.31" 1.9340.07
CK 204.37+411.65° 4.57+0.06° 1.6540.12°
De, 230.70413.64" 5.6540.23" 2.084-0.13"
Dc, 228.26+14.72 6.01+0.29" 2.11+0.04*
Dc, 280.14+21.34" 5.304+0.36° 2.05+0.02
CK 204.37+13.42° 4.6740.09° 1.6540.12"
Kc, 221.82+19.43° 5.58+0.26" 2.35+0.15"
Kc, 283.71+25.27* 7.17+0.39" 2.03+0.06"
Ke, 246.34+14.51 5.784+0.30 2.1040.03"
CK 204.37+12.81 5.0740.11° 1.6540.08"
Et, 320.17+14.23" 7.35+0.13" 2.25+0.12°
Et, 253.98+19.41° 5.98+0.42" 2.15+0.07
Et, 275.56+14.24" 6.0440.44" 2.154-0.02
CK 204.37+10.35 5.0740.02° 1.6540.13"
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2.5.1 Emo o 7R AR 34
HE ) 3% 4 O B A 34 1 MR BEAL 48 bR E AT 32 0 4
Br L 855 kB 5 A A AR IEE AR F 1, H 2
TRk 235 F) 89. 615% , X 3 W] 54\5}&63\7»; a
TEM AT A S SR (R4, 8 — IR
{H % K, 5.437, sT#k % 28. 616 % , % F L4
Hby F A=) & (0. 905) | 438 4 A (0. 747) B RFAIE 1] 1
Y NP H B o B R BT R AR AR Dy 4. 448, ST R
h 23,409 % , 1% F 5 B AL ER (0. 660) (AH 1) ik
& (0.902) A P A % i (0.966) AH W BE Y
(0. 892) [ FRFAIE 1) £ 48 X (B #%  o 5% = WA R AR
{E M 3. 430, BTHR R N 18. 054 %, iZ E s bt F
o (0. 874) (B K (0. 791) , TR H (0. 538)  Fh 1
77 (0. 765) Fl A= AT AL BT ( —0. 649) [ ¢ AiF ) o7
o X H 3R o B DY 32 LA AR (B Ry 2. 563, BT ik %
h13.49% 1% F A AU AL (— 0. 634) 1Y FEAE 7]
AT E B R . B R AT RRAEAE R 1. 149, TR
R 6.047% L FE WA AL L IE B (—0. 84001
A 1) i e X (4 0

2.5.2 FEBJIHHH AR EFNIEE LB Pp,,
De,, Ke, M EG AR TR , 28 G PR (D) B, 43 9 R
0.420,0.486,0. 698 1 0. 634, # B Pp . Dc fil Kc #%
A9 g m L EHEE N 18 gom T IE N AR B
XS HEE(E D,

3 iwtig

HEART XSEES RGN, -1
P PR o 0T A TE R R TSR I 22 B = AR S AR R
PEUI I AR B E RS, R FE R H
RN RBER E R A A A B S, R
WX AEBG I E SR R, KRER
LKW TR0 AR & rh, N % 5 58 I AE ) S P a0 M
I R R R, HAR RR S AR R R R
B TE AT X S 1 R AR E A R
Z’-‘m%ﬁﬂi*ﬁllﬁxﬁﬁiﬁﬁﬂkiﬁﬂﬂ I
Hook e R o S m a S e, DL 0 oK B XA
?ﬁ\j:i%%*ﬂﬁﬁéli%ﬂ/ﬂ‘wﬁl_f;o SR, A JH Pp . De,
Ke Al Et 4 Fp Az 25 B0 Rh d@ Al A T8 Hb 7 17 4 2 — J&
36 3 A R R i, ORI ST A AR R AE ) A K
A R YA W R AR R B, Pp.
De M Ke#&m b9 g m “if A8 A9 &= K,
[vi) B Ml b 25 4 5 B A 00 1 0 S SR 1 S R
X 5 WA H 45 (Medicago falcata) FIHEZE A 7= H
15 3] 1) 25 B A — 3, B3 i) % Fh it m] 02 A A
AREE RS A Pp A De 3 &4
9 gr-m PCrp AR DI, B AR R e, S R
W B 4V YE FhoRE G T 48 2 (Bromus inermis) i 5 5|
MBI FE 45 A — 20, Bl v #5 AL T, A) £ i R
KRR~ g m . AR T Y A K R R
A, 3 S DR R A A A R = R AR ) AR A L 65 1Y
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Table 4 Principal component eigenvector and cumulative contribution rates
5 H Project SIS £ Observation index ZE 4> Principal component
PC1 PC2 PC3 pPC4 PC5
FRAE{E Eigenvalue 5437 4448 343 2.563 1.149
TTHk % Contribution rate/ % 28.616 23.409 18.054 13.490 6.047
ZBBTHLAR Cumulative contribution rate/ % 28.616 52.025 70.079 83.569 89.615
HEAIE i 4 Eigenvector M A=)t Above-ground biomass 0.905 —0.021 0.030 0.308 —0.177
A+ i Leaf dry weight 0.037 0.280 0.874 0.208 —0.183
fli K Ear length —0.272 0.321 0.791 0.121 0.372
T4 Number of ears 0.587 0.292 0.226  —0.634 0.224
4 B0 %% Number of grains per spike 0.095 0.660 0.498 —0.415 0.295
TR Thousand grain weight —0.101 —0.475 0.538 0.366 0.491
FlF 77 i Seed yield 0.317 0.052 0.765 —0.340 0.397
HE W) 4% 7 /& Plant total carbon content 0.311 0.902 0.093 —0.085 —0.067

Y4 A & &t Plant total nitrogen content 0.029 0.966 0.113

—0.105 0.058

H ) 4% & hit Plant total phosphorus content  —0.331 0.892 0.068 0.130 0.035

+HEAH P i Soil organic matter content  0.388 0.111
+ 1A % &= Soil total nitrogen content 0.747
+ 88455 & it Soil total phosphorus content 0.129

—0.649 0.474 —0.110
—0.062  —0.205 0.409 —0.135
—0.108  —0.243 0.193  —0.840

x5 AABETEEMNRERBENEURDE
Table 5 Subordinate function value, weight and D value of

each grass species under different sowing amount

b
e UX) UX,) UXy) UKX) UKX) D HF

Treatments Sorted
Pp, 0.307 0.371 0.384 0.082 0.402 0.311 3
Pp, 0.312 1.000 0.154 0.000 0.427 0.420 1
Pp, 0.330 0.552 0.382 0.057 0.884 0.394 2
Dc, 0.000 0.322 0.082 0.699 0.598 0.246 3
Dc, 0.212 0.762 0.342 1.000 0.000 0.486 1
De, 0.075 0.379 0.028 0.963 0.795 0.327 2
Ke, 0.311 0.393 1.000 0.635 0.325 0.521 2
Ke, 0.658 0.570 0.711 0.859 1.000 0.698 1
Ke, 0.424 0.429 0.797 0.495 0.409 0.510 3
Et, 1.000 0.653 0.000 0.765 0.429 0.634 1
Et, 0.539 0.000 0.265 0.250 0.296 0.283 3
Et, 0.587 0.113 0.086 0.524 0.401 0.340 2

W Weight 0.319 0.261 0.201 0.151 0.067
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