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Abstract; We selected five grassland sites with different grazing exclusion times (0, 5, 9, 22, and 30 years) on Yunwu
Mountain as the study sites, where the roots of Stipa plants in the 0—30 cm soil layer and soil of the 0—20 cm soil layer
were| collected. Roots-were washed and identified to the species level based on attached aboveground parts and root color,
texture , and branching. Root samples of the same species were scanned using an Epson Scanner to obtain images for analysis
of root morphological traits using WinRhizoPro software. Root length, surface area, and volume were analyzed at 0.1 mm
intervals in root diameter, the measurements of which could be used for calculations of specific root length (SRL) , specific

root surface area (SRS), and root tissue density (RTD). Soil samples were analyzed to determine soil moisture, soil bulk
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density, soil pH, soil organic carbon, total soil nitrogen, total soil phosphorous, available soil nitrogen, available soil
phosphorus, microbial biomass carbon, and microbial biomass nitrogen. One-way analysis of variance was conducted to
determine the effect of grazing exclusion time on Stipa root traits, and to determine differences in the roots of different Stipa
species. Redundancy analysis was conducted to determine soil variables that best explain the variations in Stipa root traits.
The main results were as follows. (1) The root biomass, root length density, root surface area, and root volume of Stipa
plants showed a slight decrease at the beginning of grazing exclusion, but thereafter gradually increased and showed
significant increases in grassland with grazing exclusion for 30 years. (2) All of the root trait indexes showed similar species
compositional changes with grazing exclusion time. Specifically, the proportion of Stipa bungeana was the highest in grazed
grassland, then gradually declined with grazing exclusion time, and disappeared after 30 years’ grazing exclusion; the
proportion of Stipa grandis initially increased, peaked in grasslands after 20 years’ grazing exclusion, and then_sharply
decreased to the initial status; and Stipa przewalskyi appeared only in grassland with 30 years’ grazing exclusion and became
the dominant Stipa species. (3) Compared with the roots of S. grandis, the roots of S. bungeana and S., przewalskyi were
thinner and had higher SRL and SRS, mainly resulting from a larger proportion of root traits in the 0—0.6/mm root diameter
class. Besides, root tissue density of S. bungeana was higher than that of S. grandis and<S. przewalskyi.(4) Long-term
grazing exclusion significantly increased soil water content, total soil nitrogen, total soil phosphorus, soil nitrate nitrogen,
and available soil phosphorus, and showed limited impacts on soil bulk density, soil pH, 'soil ammonium nitrogen, soil
microbial biomass carbon, and soil microbial biomass nitrogen. With significantly ‘increased total soil nitrogen, long-term
grazing exclusion significantly decreased the ratio of soil carbon to nitrogen and: significantly increased the ratio of soil
nitrogen to phosphorus. (5) Redundancy analysis showed positive correlations among root biomass, root length density, root
surface area, and root volume, and total soil nitrogen and ammonium:nitrogen were significant factors explaining variations
in the root traits of Stipa plants after grazing exclusion. Furthermore, root traits were positively affected by soil water content
and available soil phosphorus, and were negatively affected by soil pH. In conclusion, inherent differences in the root traits
of three Stipa species and changes in soil properties collectively. drove the root trait patterns of Stipa plants in semiarid

grassland after long-term grazing exclusion in this area.

Key Words: grazing exclusion; Stipa plants ;<root morphological trait; species compositional pattern
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Table 1 General information of study sites

FE i (N) 2 (E) iz 3 R LIAFED)
Site Latitude Longitude Altitude/m Slope/ (°) Dominant plant species
AR K28 (Stipa bungeana ) , 5 E % B 3% ( Potentilla
Crared sraseland 36°13'10" 106°23'3" 1942 20 acaulis) , FT/RZEHIELE ( Heteropappus altaicus) , ¥
razed grassian (Artemisia frigida) I |y ﬂ:ﬁ(Swertia diluta)
HEH S5 a B K SRR (Anthoxanthum glabrum) | 2 B&
36°13'29" 106°23'30" 1928 18 o p s . o ’
GE 5 a grassland &E%J@Tﬁ,jlﬁhféﬁ:%
FE 0 u Bk KEFZE (Stipa grandis) , & 155, B B 7 ( Thymus
H 36°11'56" 106°24'43" 1901 22 mongolicus) , I 3 # ( Artemisia sacrorum) , & & %
GE 9 a grassland et b1z
78
b2 oo - T . o R e s
HH 22 a Wt 36212'3" 106°24'40" 1885 21 K, T LR (Caren f/’fﬁf‘la) BB
GE 22 a grassland ( Potentilla bifurca) , B BH& 125
FE 30 a Hiih ﬁ%gﬁ-ﬁ’h( Stipa przewalskyti ) KEF, THESE H
36°14'34" 106°23’0.6" 2098 23 AR ’ ’ ’
GE 30 a grassland W& HEE

GE: Grazing exclusion
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WRERAEY R (g/m®) = WA/ MR R RERH
MRS (m/m’ ) = MR R K/ AR R AR R
R (em®/m’) = MR REFY R R RER
AR (m/g) = iR KB/ R R i
FEAR AR (em®/g) = R A TRV AR R
MRV (g/cm’ ) = AR TR/ MR R AR
Hop AR REEREHR 0.5 mx0.5 mx0.3 m = 0.075 m’
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Fig.1 Root traits of Stipa plants in grasslands with different grazing exclusion time
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Table 2 Root traits of three Stipa plants

Wb H#E HAR K AR T A MR gl iy
Species D/mm SRL/(m/g) SRS/ (em?/g) RTD/(g/cm?)
KH Stipa bungeana 0.46+0.05 b 12.04+2.58 a 156.64+20.34 a 0.48+0.04 a
KEFSF Stipa grandis 0.55+0.05 a 8.27+1.41 b 132.14+14.89 b 0.44+0.06 b
HEESF Stipa przewalskyi 0.46+0.02 b 12.76£1.20 a 165.79+10.62 a 0.44+0.04 b

SRL: specific root length, SRS specific root surface area, RTD: root tissue density; [E] A ] /J\??ﬁ%%i:ﬁﬁﬁ%%%%@d%)
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Fig.2 Speices compositional pattern of Stipa root traits in grasslands with different grazing exclusion time

2.2 AFEFFREH 0—20 em TR

ANT] e AR bt B B AR BR A AR AL R A TSIl (36 3) 55030 A Bb B 7 15 4 v o 0 A K
AU A U A S A R B U LU I [ B RIS - S L L AN E i AL, B R
TR MTEE T 30 a J5ik 3 B EMEKI(P<0.05) o B E FHL S U ) IS E pH A YA Y S ik
SR A O IS R S TR B 25 5 (P>0.05)

®3 FARAHEEREM 0—20cm LR

Table 3 Soil properties of 0—20 cm soil layer in grasslands with different grazing exclusion time

F Parameter TS AT R HE 5 FRH HE 9 F R HE 22 R HE 30 4
TS KR SWC/% 16.57+0.77b 17.65+0.64b 18.93+1.47ab 22.48+0.96a 21.37+1.43a
+IEAE SBD/ (g/em®) 1.25+0.02 1.23+0.01 1.25+0.05 1.160.06 1.12+0.06
pH 8.68+0.05 8.68+0.03 8.63+0.01 8.62+0.05 8.57+0.05

A B SOC/ (g/ke) 30.03+0.44c 31.9020.69hc 32.21+0.43b 31.20+0.26bc 34.14+0.84a
2R TN/ (g/kg) 1.4420.22b 1.87+0.22b 1.83+0.07b 1.80+0.11b 2.40+0.04a
40 TP/ (g/kg) 1.14+0.03be 1.18+0.05b 1.18+0.03b 1.06+0.01¢ 1.32+0.04a
B AP/ (mg/kg) 2.14£0.06¢ 2.64+0.05bc 3.64+0.23a 3.42+0.16ab 4.1120.59a
AR SMC/ (¢/kg) 0.90+0.02 0.84+0.01 0.87+0.05 0.89+0.04 0.88+0.02
Wk YA SMN/ (mg/kg) 19.85+3.55 24.26+3.14 21.01£1.71 24.69+1.05 28.34+2.57
A% NO;-N/ (mg/kg) 25.26+3.72b 35.49+1.03ab 43.17+10.98ab 56.52+11.42a 39.16+7.78ab
B & NH,-N/ (mg/kg) 1.83+0.15 1.60+0.26 1.92+0.23 2.71£0.30 2.58+0.79
+HERR A L S-C/N 21.78+2.95a 17.49+1.94ab 17.70£0.93ab 17.47+1.07ab 14.23+0.54b
T AL S-N/P 1.26+0.16b 1.57+0.12ab 1.54+0.02ab 1.70+0.09a 1.81+0.04a
WE PR A L M-C/N 48.41+8.34a 35.90+4.67ab 41.76+3.30ab 35.85+2.26ab 31.20+2.08b

SWC: soil water content; SBD: soil bulk density; SOC: soil organic carbon; TN total soil nitrogen; TP total soil phosphorus; AP available soil
phosphorus; SMC: soil microbial carbon; SMN: soil microbial nitrogen; [RIfTA/INE F R R BE 25 (P<0.05)
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Fig.3 Distribution pattern of root traits in root diameter classes in three Stipa plants
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