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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

“ ” (2016YFC0500704) ; (KFJ-SW-YW028-07) ;
(XDA05050202) ; (41230852) ; (KJZD-EW-TZ-G10) ; “
”(CARS-35-40)
:2016-06-26; :2017-05-27

Corresponding author. E-mail - gyzcjm@ ms.iswe.ac.cn

http: //www.ecologica.cn



6572 37

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 Siipa 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
) (E)
Site Latitude Longitude Altitude /m Slope/(°)  Dominant plant species
( Stipa bungeana) ( Potentilla
Grazed grassland 36°13°10" 106°2373" 1942 20 acaulis? o (Heteropup‘pus tAzltaiAcus)
(Artemisia frigida) (Swertia diluta)
- Sz“gmsm | 36°1329"  106°23730" 1928 18 (Anthoxanthum glabrum)
0. (Stipa grandis) ( Thymus
GE 9 o srasdand 36°11°56" 106°24°43" 1901 2 mongolicus) (Artemisia sacrorum)
GE 222221 b:grassland 36123 106°24740° 1885 2 (Potentilla bifurca) (Corer aritle)
CE 3 s (; ‘;msslan | 36°14°34" 106°230.6" 2098 23 (Stipa praewalshyi)
GE: Grazing exclusion
( 5 c¢m) 3 0—20cm
o 2 mm 4C pH
; Il mm  0.25 mm N N N
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0—20 ecm o
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300 dpi (Epson 10000XLPro )
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1
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
Species D/mm SRL/(m/g) SRS/(cem?/g) RTD/(g/cm®)
Stipa bungeana 0.46+0.05 b 12.04£2.58 a 156.64+20.34 a 0.48+0.04 a
Stipa grandis 0.55+0.05 a 8.27+1.41 b 132.14+14.89 b 0.44+0.06 b
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; (P<0.05)
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2

Fig.2 Speices compositional pattern of Stipa root traits in grasslands with different grazing exclusion time

2.2 0—20 cm
( 3.
30 a (P<0.05) . ~pH. N
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Table 3 Soil properties of 0—20 cm soil layer in grasslands with different grazing exclusion time

Parameter 5 9 22 30
SWC/% 16.57+0.77b 17.65+0.64h 18.93+1.47ab 22.48+0.96a 21.37+1.43a
SBD/(g/cm®) 1.25+£0.02 1.23+0.01 1.25+0.05 1.16+0.06 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
SOC/(g/kg) 30.03+0.44¢ 31.90+0.69bc 32.21+0.43b 31.20+0.26bc 34.14+0.84a
TN/ (g/kg) 1.44+0.22b 1.87+0.22b 1.83+0.07b 1.80+0.11b 2.40+0.04a
TP/ (g/kg) 1.14+0.03bc 1.18+0.05b 1.18+0.03b 1.06+0.01¢ 1.32+0.04a
AP /(mg/kg) 2.14+0.06¢ 2.64+0.05bc 3.64+0.23a 3.42+0.16ab 4.11+£0.59a
SMC/(g/kg) 0.90+0.02 0.84+0.01 0.87+0.05 0.89+0.04 0.88+0.02
SMN/(mg/kg) 19.85+3.55 24.26+3.14 21.01+1.71 24.69+1.05 28.34+2.57
NO;-N/(mg/kg) 25.26+3.72b 35.49+1.03ab 43.17+10.98ab 56.52+11.42a 39.16+7.78ab
NH,-N/(mg/kg) 1.83+0.15 1.60+0.26 1.92+0.23 2.71+£0.30 2.58+0.79
S-C/N 21.78+2.95a 17.49+1.94ab 17.70+0.93ab 17.47+1.07ab 14.23+0.54b
SN/P 1.26+0.16b 1.57+0.12ab 1.54+0.02ab 1.70+0.09a 1.81+0.04a
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; (P<0.05)
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”»

RDA ( 4

30 a

30 a ;

http : / /www.ecologica.cn

(P<0.01)

30

pH

RDA

”»



6578 37

30 a
21
30 a 3
58
C.N ( .
31 4
C.N Fig.4 Redundancy analysis between root traits of Stipa plant and
soil properties
(0—20 cm)
5
N K k%
° P<0.05 P<0.01 ;O O Sa
2 A 9a ° 22a m
33 30a
3435
32 3
3
21
36 .
28
30 a o 30 a
3 3738 3
o 3 AY
3

http : / /www.ecologica.cn



19

6579

[ L )

10

11

12
13

16

19

20
21

22
23

( References) :

WuGL DuGZ LiuZH Thirgood S. Effect of fencing and grazing on a Kobresia-dominated meadow in the Qinghai-Tibetan Plateau. Plant and
Soil 2009 319(1/2): 115-126.
2000.
2009 29(9) : 5039-5046.
2011 31(15): 4270-4276.

JingZB ChengJM SuJS BaiY JinJ W. Changes in plant community composition and soil properties under 3-decade grazing exclusion in
semiarid grassland. Ecological Engineering 2014 641 171-178.

2013
33(9) 1 2856-2866.
Qiu LP Wei XR Zhang X C Cheng J M. Ecosystem carbon and nitrogen accumulation after grazing exclusion in semiarid grassland. PLoS One
2013 8(1): e55433.

2013 30(11) : 1824-1830.

2012 32(10): 3118-3127.
JingZ B Cheng JM Jin] W SulJS BaiY. Revegetation as an efficient means of improving the diversity and abundance of soil eukaryotes in the
Loess Plateau of China. Ecological Engineering 2014 70: 169-174.
2011 28(6): 887-891.
2015 22(6): 224-228.

Pirtel M Hiiesalu I Opik M Wilson S D. Below-ground plant species richness: new insights from DNA-based methods. Functional Ecology
2012 26(4): 775-782.
Gross K L Peters A Pregitzer K S. Fine root growth and demographic responses to nutrient patches in four old-field plant species. Oecologia
1993 95(1): 61-64.
Fransen B de Kroon H Berendse F. Root morphological plasticity and nutrient acquisition of perennial grass species from habitats of different
nutrient availability. Oecologia 1998 115(3): 351-358.
Jackson R B Caldwell M M. The scale of nutrient heterogeneity around individual plants and its quantification with geostatistics. Ecology 1993 74
(2): 612-614.
Jackson R B Caldwell M M. Geostatistical patterns of soil heterogeneity around individual perennial plants. Journal of Ecology 1993 81(4) : 683-
692.
Hutchings M J de Kroon H. Foraging in plants: the role of morphological plasticity in resource acquisition. Advances in Ecological Research
1994 25: 159-238.
LiHB MaQH LiHG Zhang FS Rengel Z Shen ] B. Root morphological responses to localized nutrient supply differ among crop species
with contrasting root traits. Plant and Soil 2014 376(1/2): 151-163.
Claassen V P Marler M. Annual and perennial grass growth on nitrogen-depleted decomposed granite. Restoration Ecology 1998 6(2) : 175-180.

30 . 2014 22(4):
677-684.

2012 20(3): 439-443.

Leva P E  Aguiar M R Oesterheld M. Underground ecology in a Patagonian steppe: root traits permit identification of graminoid species and

http : / /www.ecologica.cn



6580 37

24
25

26

27

28

29
30

31

32

33

34

35

37
38

classification into functional types. Journal of Arid Environments 2009 73(4/5): 428-434.
Pohl M Stroude R Buttler A Rixen C. Functional traits and root morphology of alpine plants. Annals of Botany 2011 108(3): 537-545.
Brookes P C Landman A Pruden G Jenkinson D S. Chloroform fumigation and the release of soil nitrogen: a rapid direct extraction method to
measure microbial biomass nitrogen in soil. Soil Biology and Biochemistry 1985 17(6): 837-842.
Vance E D Brookes P C Jenkinson D S. An extraction method for measuring soil microbial biomass C. Soil Biology and Biochemistry 1987 19
(6) : 703-707.
LuYS PanQM LiuHD Bai YF Simmons M Dittert K Han X G. Plant responses following grazing removal at different stocking rates in an
Inner Mongolia grassland ecosystem. Plant and Soil 2011 340(1/2): 199-213.
Pan QM Bai Y F Wu ] G Han X G. Hierarchical plant responses and diversity loss after nitrogen addition: testing three functionally-based
hypotheses in the Inner Mongolia grassland. PLoS One 2011 6(5) : €20078.
Glimskir A. Estimates of root system topology of five plant species grown at steady-state nutrition. Plant and Seil 2000 227(1/2) : 249-256.
Fransen B Blijjenberg J de Kroon H. Root morphological and physiological plasticity of perennial grass species and the exploitation of spatial and
temporal heterogeneous nutrient patches. Plant and Soil 1999 211(2): 179-189.
Garcia-Palacios P Shaw E A Wall D H Hittenschwiler S. Temporal dynamics of biotic and abiotic drivers of litter decomposition. Ecology
Letters 2016 19(5) : 554-563.
Lange M Habekost M Eisenhauer N Roscher C Bessler H Engels C Oelmann Y Scheu S Wilcke W Schulze E D Gleixner G. Biotic and
abiotic properties mediating plant diversity effects on soil microbial communities in an experimental grassland. PLoS One 2014 9(5) : €96182.
Fornara D A Tilman D Hobbie S E. Linkages between plant functional composition fine root processes and potential soil N mineralization rates.
Journal of Ecology 2009 97(1) : 48-56.
Legay N Grassein F' Binet M N Arnoldi C Personeni E  Perigon S Poly F Pommier T Puissant ] Clément J C Lavorel S Mouhamadou B.
Plant species identities and fertilization influence on arbuscular mycorrhizal fungal colonisation and soil bacterial activities. Applied Soil Ecology
2016 98: 132-139.
Okubo A Matsusaka M Sugiyama S. Impacts of root symbiotic associations on interspecific variation in sugar exudation rates and rhizosphere
microbial communities: a comparison among four plant families. Plant and Soil 2016 399(1/2): 345-356.

3 . 2012 32(3):3336 61-61.

2011 31(20): 6013-6021.
2012 23(3): 673-678.

http : / /www.ecologica.cn



