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Characteristics of Vegetation and Soil in the Process of Shrubbery in

Typical Steppe of Yunwu Mountain, Ningxia
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Abstract: The distribution area of shrubs or subshrubs continues to increase in arid and semi-arid areas
(shrub encroachment), which could significantly change the original vegetation landscape and ecological
process, but there was a lack of research on shrub species replacing herbaceous species in the long-term en-
closure process, which affected the composition, structure and function of grassland communities. In or-

der to reveal the response characteristics of enclosed grassland vegetation and soil to shrub encroachment,

Wris B :2023-02-27;: {2 AR B B B . 2023-09-14

EEWE  HEKARPIAEGIH (42277464) 5 H K E 0L 1HRI 5T H (2022 YFF1302805)

TEER N WH = (1964—), B @ FH KON, EZNF R PV . E-mail: gyjixiuyun@163. com

x WMAEVEH .2 WL IrsE 5, EENF R A S HIE M ARV . E-mail:liwei2013@nwsuaf. edu. cn



11 M5 25, 45 T B 23 55 1) i 2 2 TR A (b ol i v AR R e S R R AR 1921

authors investigated the response of long-term enclosed grassland vegetation and soil characteristics to Ca-
ragana brachypoda encroachment by site observation of plant community (species importance value, rich-
ness, diversity and biomass) and soil characteristics (soil moisture, nutrients, pH) at different times
(2010, 2016 and 2021) in the same enclosed grassland in semi-arid loess area. The results showed that,
(1) Caragana brachypoda had replaced herbaceous plants as the dominant species of enclosed grassland.
The shrub biomass and total biomass and the coverage and height increased significantly, while the com-
munity density was less affected. (2) The Patrick richness index, Simpson diversity index and Shannon-
Wiener diversity index of grassland community were significantly decreased, while the Pielou evenness in-
dex was significantly increased due to the encroachment of Caragana brachypoda. (3) Shrub encroach-
ment caused a significant increase in soil bulk density in the deep layer (60—100 cm), and the soil water
storage showed a trend of first decreasing and then increasing with the increase of soil depth. (4) Shrub
encroachment significantly increased the soil organic carbon content in the shallow layer (0—60 cm); the
total nitrogen content had a significant increase in the deep layer (60— 100 cm); and the total phosphorus
content in each soil layer was significantly increased. The results showed that shrub encroachment changed
the aboveground-underground process of grassland community, and the response of vegetation and soil
might be inconsistent. This research results could provide theoretical and practical support for community
succession and grassland steady-state theory. as well as the adaptability and sustainable management of
shrub-encroached grasslands.

Key words: Caragana brachypoda; shrub encroachment; long-term enclosure; community structure; soil

nutrients
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Table 1  Changes of important value of grassland species in different enclosed years

ﬂ]ﬁﬁ i Wy Fil HH M Enclosed year ﬁ‘%{ﬁfﬁﬂﬁ
Functional Species , Change of
group 2010 2016 2021 importance value
KRICEF S, bungeana 0.216 8 0.168 9 0.124 8 —
HEEFE S, przewalskyi 0.097 5 0.102 3 0.162 0 +
KEF S, grandis 0.096 3 0.046 8 0.015 0 —
fifi i L #OR Poa sphondylodes 0.021 2 0.023 4 0.029 8 +
Gifjlsirﬁrae it BUKHL Agropyron cristatum 0.075 9 0.043 4 0.034 7 —
& Carex tristachya 0.058 4 0.036 4 0.013 4 —
Wl ¥ E. dahuricus 0.102 3 0.064 8 / —
i L. secalinus 0.064 3 0.039 8 / —
F A. nitens 0.043 2 0.012 3 / -
WEHE A. scoparia / 0.009 0 0.0130 +
R JR ZE M1t 4. Heteropap pus altaicus 0.098 1 0.069 7 0.043 2 —
HEH A. sacrorum 0.091 2 0.126 7 0.192 1 +
2R A EL Saussurea japonica 0.0359 0.012 7 0.004 9 —
Asteraceae H 2§ Chrysanthemum lavandulifolium 0.066 3 0.0219 0.003 2 —
KRBT Leontopodium leontopodioides 0.043 2 0.017 8 0.0218 —
JEHEFHS C. crocea 0.064 3 0.014 7 / —
KB C. acanthoides 0.024 2 0.021 1 / —
WIRIF T. humilis / 0.013 4 0.014 3 +
e LW E. stephanianum / 0.002 1 0.003 5 +
T 6 5 MM Androsace mariae 0.006 3 0.010 3 0.024 8 +
BN P. bifurca 0.057 9 0.058 9 0.062 1 +
BREZERKXK P. acaulis 0.003 8 0.004 1 0.004 7 +
ZEIF K ES Scutellaria scordifolia 0.028 9 0.019 9 0.012 0 —
HHBEF Thymus mongolicus 0.060 1 0.032 8 0.003 7 —
Sk MMM Viola dissecta 0.024 1 0.019 7 0.017 0 —
Forbs KA % A, stenanthina 0.034 2 0.027 2 0.017 3 —
W B3 Salsola collin 0.030 5 0.039 9 0.044 0 +
¥ T3 Galium verum 0.092 0 0.056 6 0.023 6 —
Mt S A, capillaris 0.050 1 0.015 4 / -
T Stellera chamaejasme 0.021 2 0.011 5 / -
(164 T 46 Dracoce phalum heterophyllum 0.021 1 0.001 9 / —
ZEFRWKRE P. multicaulis 0.026 9 0.010 1 / —
HKITE Sphallerocarpus gracilis 0.0319 0.009 5 / —
X L ETE Medicago ruthenica 0.038 9 0.015 8 0.004 8 —
Leguminosae IS IL C. brachypoda 0.009 3 0.108 5 0.326 2 +

/R RATEAE ; + R Y Fh BTG, — LR Y FhEZ G WD,
Note: / means the species does not exist. —+ indicates an increase in species importance, and — indicates a decrease in species importance.
12 AR e rp AR AR B A 1 BFOR Y 10. 60 Y082 & 69. 52 %0, b I B AE W) Al
I E RN (P<C0.05), MR A Y A BTN (P <0, 05) , Uk B % BV ER 3G L 5K X bk -
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Table 2 Changes of aboveground vegetation characteristics in different enclosed years

HEFFEN i i g B WEARA: Y i
Enclosed year Cover/ % Height/cm Density/(number/m2 )  Total biomass/(g/mz) Shrub biomass/ ( g/mz)
2010 84.2341.83b 47.28411.13c 482, 83+28. 36a 115.37=+4. 82¢ 12.23+1.49c
2016 87.56+1.53b 59.78410. 22b 467.44+19.71a 269.45+17.23b 124.334+12.67b
2021 95.474+2.95a 78.8949. 83a 432.47+46. 45a 462.35+15.23a 321.43+24.12a

T SRR NG 5 b 7R B 7 4R 1] 22 535 50 3 KF . T,

Note: Different lowercase letters within same column indicate significant difference between encolosed years at 0. 05 level. The same as below.

£3 TRAHEERYMHSHEEETL

Table 3 Changes in species diversity in different enclosed years

1 FH 4 My Wy Fh = w RE Shannon-Wiener 3§ %% Simpson 1§ %% Patrick $§ %k
Enclosed year Patrick index Shannon-Wiener index Simpson index Patrick index
2010 12.46+2.37a 2.67+0.05a 0.837+0.08a 0.1440.01c
2016 11.89+1. 39%a 1.9740.11b 0.797£0. 06a 0.2140.02b
2021 9.47+1.38b 1.3240. 25¢ 0.712£0.05b 0.29+0.07a
*4 AEAHEERLTEYEHETHL
Table 4 Changes in soil physical properties under different enclosed years
L2 .
PR L7EL s LR e #H 41 Enclosed year
Soil physical property Soil layer/cm 2010 2016 2091
0—20 0.93740.01Aa 0.947+0.11Aa 0.95+0.03Aa
. 20—40 0.9240.02Aa 0.96+0.03Aa 0.98+0.08Aa
LA
Soil bulk dgnsity 40—60 0.93+0.04Aa 0.99+0.11Aa 1.01£0. 06Aa
/(g/cm®)
60—80 1.0440.07Ab 1.1440.07Ab 1.1940. 08Ab
80—100 1.174+0. 10Ab 1.1640.13Ab 1.2340.11Ab
0—20 16.87+0.62Aa 15.23+0. 66Aa 15.86+1. 38Aa
20—40 15.45+0.49Aa 15.23+0.55Aa 14.89+0.46Aa
o A E=N
RO 40— 60 14.3540. 78Aa 14.2740. 66Aa 14.1340. 45Aa
Soil moisture/ %
60—80 13.13+0. 33Ab 13.27+0. 44Ab 13.34+0.67Ab
80—100 12.17+0.56Ab 12.66+0.49Ab 12.81+0.55Ab

RS F/NG 58208 LR M 225705 0. 05 BE KV AT AR RS 58 28 [ — £ 2 AR FAE O A 22 5715 0. 05 REKF-. TR,

Note: Different lowercase letters within same column indicate significant difference between soil layers at 0. 05 level; different capital let-

ters indicate significant difference between different years in the same soil layers at 0. 05 level. The same as below.
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Different lowercase letters in the same year indicate significant

difference between different soil layer at 0. 05 level;

different capital letters in the same soil layer indicate significant
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Fig. 1 Changes in the mean value of soil water storage

for different enclosure years

x5 FARAHEERIBEXFHFETH

Table 5 Changes in soil chemical properties different enclosed years
U #FH4E14y Enclosed year
I SRR TRHE
Soil chemical propert Soil layer/cm
chemieal property ayer/c 2010 2016 2021
0—20 19. 984 1. 40Bb 20.35+1.72Bb 23.17%1. 33Aa
20—40 17.11+1. 02Bb 18.14+1. 14Bb 21.48+1.51Aa
H B % 1 (SOC)
Soil organic carbon 40—60 13.62+£0.48Ch 15.98+0. 56Bb 18.23+1.66Aa
/(g/kg)
60—80 13.1040. 47Aa 13.35+1.65Aa 14.4141.33Aa
80— 100 12.99+0.32Aa 12.46+1.53Aa 12.01+0.42Aa
0—20 2.724+0.17Aa 2.54+1.13Aa 2.63+0.10Aa
20—40 2.3240.18Aa 2.1240.69Aa 2.08+0.10Aa
LA &5 (TN
Total nitrogen 40—60 1.9640. 32Aa 1.90+0.27Aa 1.94+0.06Aa
/(g/kg)
60—80 1.68=+0. 22Ab 1.60+0. 35Ab 1.4740.05Ab
80—100 1.50%0. 33Ab 1.49+0. 33Ab 1.41£0.05Ab
0—20 0.22+0.03Ca 0.5040. 27Ba 0.87+0.04Aa
20—40 0.25%+0.03Ca 0.4540. 13Ba 0.80%0.04Aa
A B (TP)
Total phosphorus 40—60 0.21%40.02Ba 0.36+0.07Ba 0.83+0.05Aa
/(g/kg)
60—80 0.25+0.05Ca 0.50%0. 10Ba 0.78+0.04Aa
80— 100 0.24+0.05Ba 0.34+0.02Ba 0.70+0.08Aa
0—20 8.1340.32Aa 8.22+0.12Aa 7.984+0.21Aa
20—40 8.1740.38Aa 8.12+0.27Aa 8.14+0.18Aa
LA pH 10—60 8.2340. 24Aa 8.2140. 25Aa 8.1840. 23Aa
Soil pH
60—80 8.31%0.37Aa 8.1940. 35Aa 8.21+0.32Aa
80— 100 8.3940.12Aa 8.22+0.46Aa 8.19+0. 14Aa
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