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Abstract: The Ningxia LLuoshan National Nature Reserve is the only water conservation forest area and regional
green ecological protection barrier in the arid zone of central Ningxia. This reserve plays an important role in the

protection of biodiversity, the prevention of soil erosion, and in ecological security. However, few studies have
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focused on the characteristics of the grassland plant community in Luoshan, or on the relationship between the
characteristics of the grassland vegetation community and environmental factors. In this study, we analyzed the
grassland plant community in the LLuoshan Nature Reserve. We analyzed the composition of the plant community and
its spatial differentiation, and the diversity characteristics of different types of grasslands and those at different
altitudes. We also explored the relationship between the characteristics of the vegetation community and
environmental factors. The results showed that: 1) The grassland plant community in Luoshan Nature Reserve was
composed of annual and biennial herbs, perennial herbs, shrubs, and semi-shrubs, and perennial herbs accounted for
the largest proportion of the community. The plant communities of desert steppe and typical grassland were
dominated by grasses and weeds, while meadow steppe plant communities were dominated by weeds. As the
altitude increased, except for the above-ground biomass of the community, the quantitative characteristics of the
surveyed vegetation conformed to the ‘intermediate height expansion’ theory, and showed maximum values in the
altitude range of 1600—2100 m. 2) As the altitude increased, the Margarlef richness index and the Shannon—
Wiener diversity index of grassland plants increased to a certain point, reaching the highest values in the grassland
sample plots at 2000—2100 m. This trend was unimodal, with the initial increase followed by a decrease (P<C
0.05). Simpson’s dominance index and Pielou’s evenness index did not change significantly with increasing altitude
(P>>0.05). There was no significant difference in species diversity among the meadow steppe, the typical steppe,
and the desert steppe. 3) Annual precipitation, altitude, total soil nitrogen content, total soil phosphorus content,
and average daily air temperature were important environmental factors that affected grassland vegetation
characteristics in the study area. Among the environmental factors, annual precipitation and altitude were the main
environmental factors affecting grassland vegetation, whereas total soil nitrogen content, total soil phosphorus content,
and average daily air temperature were secondary environmental factors. The results of this study provide a basis for a
deeper understanding of the distribution characteristics of grassland vegetation in the Luoshan Nature Reserve.
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Table 1 Grassland type distribution and main soil properties in the protected area

i
&

3 DX 45

Distribution location

Soil clay con-

Soil bulk den-

Soil total nitrogen Soil total phosphorus

Soil organic matter

Grassland type

sity (grem ™) tent (%)

content (g-kg ') content (g+kg ")

content (g+-kg ')

1.46

1.33

0. 36 0.46
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Fig.1 Basic information of sample plots

BT S U R AR AE b T A IR 55 0 i T A0 o BRSO T S(2022) 55 001 5 14 b o B AE L IR B E4E 2K . Based on the standard map
downloaded from the online service website of Ningxia Hui Autonomous Region with the map number of Ning S (2022) No.001, the standard map was

created without any modifications to the base map.
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Table 2 Life style and importance value of species in different grassland types
LAY TEEHHES AT 10 (9 F4 The top ten species in terms of importance value R

Grassland type

A TG T Life style

W) Fli 4 Species name

Importance value ( %)

it 155 L J5T ZAF 1 B Perennial herb JAEE 3 Stipa breviflora 28.72
Desert steppe Z 4B Perennial herb RIKTEAE Convolvulus ammannii 5.40
APMEAR Subshrub EBARW 2 Ajania achilleoides 4.85
Z A HUK Perennial herb BT 5 Cleistogenes serotina 4.45
Z 4 B Perennial herb W IR Z& M GEAE Aster altaicus 4.31
Z A A B Perennial herb Wi Artemisia frigida 4.11
K Shrub R F Lespedeza bicolor 3.49
AR Subshrub KT Lespedeza potaninii 3.31
Z 41 B Perennial herb KPEHE Stipa bungeana 3.13
PR Subshrub ZRTE B3R Sibbaldianthe bifurca 2.06
M Z AR Perennial herb KE Stipa grandis 21.82
Typical steppe ZARH B Perennial herb KAE S, bungeana 9.92
Z 4 B Perennial herb B AL frigida 6.14
LA AR Perennial herb JHAEER S S, breviflora 6.09
Z 4/ B Perennial herb i BA B Hedysarum brachypterum 5.88
Z -4 HUAR Perennial herb B[R B UEAE A, altaicus 3.95
ZAFEAE B Perennial herb FR Ak AE Gypsophila davurica 3.55
LA AR Perennial herb BB EWKH Potentilla acaulis 2.56
L AR B Perennial herb B 75 C. serotina 2.22
Z A HUAR Perennial herb R 25 Haplophyllum tragacanthoides 2.06
i i) 5T Z A4 B Perennial herb TH 2 W Carex aridula 25.92
Meadow steppe AR B Perennial herb B AL frigida 8.95
ZAEAEHUK Perennial herb SUEYH Buplewrum smithii 8.08
LA AR Perennial herb WE T Medicago ruthenica 7.13
Z A4 HUK Perennial herb Y H Phlomoides mongolica 4.99
ZARHE B Perennial herb ZF A Hedysarum polybotrys 4.29
ZAEAE UK Perennial herb WAL HZE Viola biflora 3.21
Z 4 BUA Perennial herb W& Koeleria macrantha 3.00
ZAFEAEHUK Perennial herb FIF KA G. davurica 2.92
LA AR Perennial herb AT Oxytropis ochrocephala 2.89

R GEAS [) B J5 26 AL PN ) ol 22 R M T I A, X8 AN [ 9 4 100 3 58 R Dt ML R ) e 2 R M R B AT A0 AT
2 R, Fe B R (8] 3B) Margarlef F & & . Shannon— Wiener Z2 FEE L K Pielou 24 Ji 5 %0 44 b %5 15 3k (10 42 7
i 334 K (P<<0.05) , ifif Simpson f ¥ B 45 ¥ Bl & 5 4k T+ H AR 0 JF A 35 (P>0.05) . 81 % J50 (] 30)
Margarlef = & J¥ 48 B 4 W 35 TH R 2 3 K (P<<0. 05) ; Shannon— Wiener Z A% 1 48 IR Bl 5 1 4 19 TH i 2 1
FHa# ABAE 2000 m ¥R T 1938 HOIF R 83 (P>0.05) , M 78 2000 m ifE4k L 2 FE P46 R 13 0 Kl (P<
0. 05) ; Simpson fIt % F£ #1 Pielou ¥ 2] & 48 Bt g 4k AL A IF A B3 . B 5 5l Tk bEACR 2, JF R AT 1140
I3
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Table 3 Changes of species number and importance value of plant functional groups in different grassland types
HH ) D) REHE Jic B H L Desert steppe H I % Typical steppe A L Meadow steppe
Plant functional group WREC BIRCH EEE W BWRIE  REE W WRLE B
Number  Species  Importance Number  Species Importance Number Species Importance
of species ratio (%) value (%) of species ratio (%)  value (%6)  of species  ratio (%)  value (%)
WEAK 2K Shrub, subshrub 11 12.64 18. 22 12 18.75 11.75 1 3.33 2.28
Z4Ff HR Perennial herb 64 73.56 76. 80 51 79.69 66.43 27 90. 00 96. 97
— ZAFAE UK Annual , biennial herb 12 13.80 4.98 1 1.56 21.82 2 6.67 0.75
ARAE} Poaceae 17 19. 54 42.62 10 15.63 45.44 3 10. 00 4.78
TRl Leguminosae 20 22.99 13.19 11 17.19 10. 55 4 13.33 16. 14
4%+ Compositae 14 16. 09 19. 06 13 20.31 16. 57 5 16.67 15.52
Z%JSH Forb 36 41.38 25.13 30 46. 88 27.44 18 60.00 63.56
100 25
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2 FRBHERFFEETL

Fig. 2 Changes of vegetation characteristics at different altitudes
Pl e 553 3408 43 22 7% AN [ 1 BT 0l B8 e R0 AE (L 1) 20 A0 Y 181 5 AN ) /N5 5 B 38 R AN (W) T 4 06 2 ) AL 9097 E A7 7E fik 35 22 5 (P<€0.05) , The shaded part in

the figure represents the distribution range of vegetation quantity characteristic values at different altitudes. Different lowercase letters indicate significant

differences in vegetation characteristics among different altitude gradients (P<C0.05).

MO [R] b 2 Rk (18] 3D) , Margarlef F= & J& . Simpson f %)% . Shannon— Wiener Z £ | Pielou ¥ 5] & 45§
B HE R Xy Dy B f) BT R > R R R > S 8RR, (H 3 28 R0 A ] ) Rh 2 RE R R B 22 RO R B

(P>0.05),
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H, I H, | H, | H, | H; H, H, H,

Wb 2 REE R B
Species diversity index
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Fig. 3 Species diversity index changes at different altitudes and grassland types
Pl N8RS F b R« AR TR SR s B e i 58 0 it 5 C s M A R s D AN [R) S 28 80 DS g BB, TS« MUAL B Jit . MIS - B i B Jt &1 vh B K 52 1)
IR S : Margarlef £ 5 BE 45 £ D : Simpson {58 45 £ H : Shannon — Wiener 2 FEPEFE 85T Pielou ¥ 57 BEAE Ko 1] P AN [ /NG 1 3R AN [] g 4 5
T 2 T P B £ Ak S B 25 5 B35 (P<<0.05) . The capital letters inside the figure indicate: A: Different altitude; B: Desert steppe; C: Typical
steppe; D: Different grassland types; DS: Desert steppe; TS: Typical steppe; MS: Meadow steppe. The horizontal capital letters in the figure
indicate: S: Margarlef richness index; D: Simpson dominance degree index; H: Shannon— Wiener diversity index; J: Pielou uniformity index. Different

lowercase letters in the figure indicate that the species diversity index of different altitudes or grassland types is significantly different (P<20.05).

2.3 FAAMBHBZHELIRLE T X R

R T T R AIE LA K b 1) 25 4 5 HE T Ak 1 B 05 L JRORE OG L IR, S SR AR W T T RRAE R TR W b 2 R
PES PREE A 7 2Z 18] B OG22, X2 1 [ SR AR DX b A ) B 0 R R I LA S W 22 R M R B S R B Y T AT
Pearson 1 L4007, IF R I RDA 438 #EAT 90 0IE . AR B AR AE L8 BE 7 55 B V9 (R b B AE W it ZHE R4
AL 45 Margarlef £ & B Simpson t % . Shannon— Wiener Z FE ¥ | Pielou 5 5] B2 158 %5, P45 K 1 (L 45 1 4K A%
KA H B AR e (AL i A S R e R, PR, R R ) .

3 2 X I 5 DX JEURE M AT ) A U AR S PR B B T R AT Pearson A C M43 B & BE (KT 4) , B Pielou ¥ 5] BE 48 %L
5k ARG E  FIESH SR B EMIE(P<0.05) 40, KA SR ZREEIE R 5k B R & i
T AR B B E R IEA K R (P<<0.01) , 1 4 Z TR 80 5 R FORL & B AF7E IEAH G OC RAHIEA 1
% (P>0.05), H i 30 0 i 5 W) Fh 22 06 P4 B0R] 09 A DG M B oK AR R K i H 30 A HL S & &
A H S YR Z FEVE IR BUR S SO OO R, H R A S W R 2 M R B0R] AR G 3 (P<<0. 05) ,4ERE
KA H B S YR 2 VR B R] B A OGP DG R 2B 3 (P<20. 01) H H 3R 5 Simpson $5 388 15 £ 3
S (P<<0. 05) , 1 5 Pielou 3 5J 45 BOA # MR HIF A 8.3 (P>0. 05) ¢
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FEBERRAE T, BEVR 36 8 53R e IS S R 2 B E EM KR (P<0.01) , 5 +E2A T RE R EMH
KK FR(P<0.05), T 5 4EFE K & H 3 38 28 5 IR S AR 035 00 A OGO &R (P<0. 01) s BEVE %5 B 54k .+
AHLER AR A BORS B R B ARG OE R (P<C0.01) , Hoh 5 1 6 4 1 A B LA R R o B A A G
BOR BRI Z A0, 5 AR RE K B DA M 3 25 T 22 TR 5 I 35 A A DG DG &R (P<<0..05) L T 5 H 2493 52 0 1 3 19 A0
KK FR(P<<0.01) s FE T 71 18 B2 W) A58 R - [6) A — 5 AR DG C RAEIF A 35 (P=>>0.05) s b B A& 54k +
BEA R SR R WA R A IE AR SCER O 3 (P<<0.01), M S ARFE K . H 2430 | 4 098 2 3 () 77 A6 A% B 3 Y
FUAH X SE R (P<<0.01) .
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Fig. 4 Pearson correlation analysis of vegetation characteristics, species diversity index and environmental factors

#FIRAE 0.05 K AR G PE B 3 o IR 1E 0.01 K P ARG HE B 35 o CC: BEJF 351 5 CD: BEJE % 2 CH: BEVE P 1 5 OB R b L AE 5 S
Margarlef % & i 45 %4 ; D : Simpson 4 # & 48 %0 ; H: Shannon— Wiener Z £V 38 % ; T Pielou 35 5] & 38 0 ; Alti: W 3K 5 Prec: 4B /K 8 ; ADT : H ¥ 5
TC: AP & it TN: LIRS & TP 1LY 4 ;SBD: LA ;SC: R AR & k. T, * indicates a significant correlation at the
0.05 level. ** indicates a significant correlation at the 0.01 level. CC: Community coverage; CD: Community density; CH: Community average height;
CB: Community above-ground biomass; S: Margarlef richness index; D: Simpson dominance degree index; H: Shannon— Wiener diversity index; J:
Pielou uniformity index; Alti: Altitude; Prec: Annual precipitation; ADT: Average daily temperature; TC: Soil organic matter content; TN: Soil total

nitrogen content; TP: Soil total phosphorus content; SBD: Soil bulk density; SC: Soil clay content. The same below.

TUAA AT (RDA) Wom (& 5) 55 — Sl i B ol 41, 22% 55 i fd BEFE M 9. 1796, 24 HE P b SR i AR 4
VERFIE 5 B 7 AR A6 0 R 9 50. 39 % o AR P 5 Sk 34 2 A I B 5 Sk % 4R 1) 1Y e A RN ET DA BE TR
i REVE B RETE M AR B 3R B RRAE LA K R R R S A SRR RS SRR K R L H
IR A WL DA K - 5 T 2 ) R By BAH DG OC AR RV T R R M b AR e S o R 1 P 0 DR U 0B
P, K B R B R A I BRI DR Ay A G e R A e X R ST ) v B i e K Y R B TR R SR AR
R 7K k5 39 4 A W o X A B 22 R M R B R e AR K, BRI J2: Pielou 29450 B 48 £URT Shannon— Wiener £ #
PEAR B, IR IUAR B s R Wm0 64> 5835 5% W ABL ) BE V& R AR 19 FR B8 IR 7 (P<<0. 05) , 43 12 4R R K it T4k
A SR H R AR A A AR 5 2 M S R ) B R AR B R B I (P<20. 01) +4F
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