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Degradation of Tibetan Kobresia Pastures
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Abstract

Copyright © 2016 John Wiley & Sons, Ltd. Degradation of Kobresia pygmaea pastures has
strongly increased on the Tibetan Plateau over the last few decades and contributed to a high
loss of soil organic carbon and nutrients. The pathways of carbon (C) and nitrogen (N) losses
from degraded K. pygmaea pastures are still unclear, but this is a prerequisite to assess the
recovery of Tibetan grasslands. We investigated the response of day- and nighttime CO 2 efflux
and leaching of dissolved organic C and N, NH 4 + and NO 3 - from K. pygmaea root mats in
three degradation stages: living root mat, dying root mat and dead root mat. Dying root mat
had the highest C loss as CO 2 and as leached dissolved organic carbon. This indicates K.
pygmaea pastures shift from a C sink to a C source following plant death. In contrast, living root
mat had the lowest daytime CO 2 efflux (0-38 £ 0-1 ug C g =1 h =1 ) because CO 2 was
assimilated via photosynthesis. Nighttime CO 2 efflux positively correlated with soil moisture for
living and dead root mats. It indicates that increasing precipitation might accelerate C losses
due to enhanced soil organic carbon decomposition. Furthermore, dead root mat had the
highest average NO 3 — loss (23 £ 2-6 mg N L —1 ) from leaching compared with other root
mats. Consequently, leaching increases the negative impacts of pasture degradation on N
availability in these often N limited ecosystems and thus impedes the recovery of K. pastures
following degradation. Copyright © 2016 John Wiley & Sons, Ltd.

http://dx.doi.org/10.1002/Idr.2522

Keywords

CO efflux 2, dissolved organic carbon, grassland degradation, Kobresia pygmaea pasture, NO
leaching 3 —

References

[1] Aulakh MS, Wassmann R, Bueno C, Kreuzwieser J, Rennenberg H. 2001. Characterization of root exudates at
different growth stages of ten rice (Oryza sativa L.) cultivars. Plant Biology 3: 139-148. DOI:10.1055/s-200-
-12905.

[2] Babel W, Biermann T, Coners H, Falge E, Seeber E, Ingrisch ], Schleuss PM, Gerken T, Leonbacher J, Leipold T,
Willinghofer S, Schitzenmeister K, Shibistova O, Becker L, Hafner S, Spielvogel S, Li X, Xu X, Sun Y, Zhang L,
Yang Y, Ma Y, Wesche K, Graf HF, Leuschner C, Guggenberger G, Kuzyakov Y, Miehe G, Foken T. 2014. Pasture
degradation modifies the water and carbon cycles of the Tibetan highlands. Biogeosciences 11: 8861-8923.
DO0I:10.5194/bg-11-6633-2014.


https://core.ac.uk/display/197473437?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://dx.doi.org/10.1002/ldr.2522

(3]

(4]

(5]

(6]

[7]

(8]

[9]

(10]

[11]

[12]

[13]

(14]

[15]

[16]

(17]

(18]

[19]

[20]

[21]

[22]

Bilotta GS, Brazier RE, Haygarth PM. 2007. The impacts of grazing animals on the quality of soils, vegetation,
and surface waters in intensively managed grasslands. Advances in Agronomy 94: 237-280.
DOI:10.1016/50065-2113(06)94006-1.

Brookes PC, Landman A, Pruden G, Jenkinson DS. 1985. Chloroform fumigation and the release of soil nitrogen:
a rapid direct extraction method to measure microbial biomass nitrogen in soil. Soil Biology & Biochemistry 17:
837-842. DOI:10.1016/0038-0717(85)90144-0.

Canadell JG, Ciais P, Dhakal S, Dolman H, Friedlingstein P, Gurney KR, Held A, Jackson RB, Quéré CL, Malone EL,
Ojima DS, Patwardhan A, Peters GP, Raupach MR. 2010. Interactions of the carbon cycle, human activity, and
the climate system: a research portfolio. Current Opinion in Environmental Sustainability 2(4): 301-311.
DOI:10.1016/j.cosust.2010.08.003.

Cleveland CC, Nemergut DR, Schmidt SK, Townsend AR. 2007. Increases in soil respiration following labile
carbon additions linked to rapid shifts in soil microbial community composition. Biogeochemistry 82: 229-240.
DOI:10.1007/s10533-006-9065-z.

De Graaff MA, Jastrow ]D, Gillette S, Johns A, Wullschleger SD. 2014. Differential priming of soil carbon driven
by soil depth and root impacts on carbon availability. Soil Biology & Biochemistry 69: 147-156.
DOI:10.1016/j.50ilbi0.2013.10.047.

Du MY, Kawashima S, Yonemura S, Zhang XZ, Chen SB. 2004. Mutual influence between human activities and
climate change in the Tibetan Plateau during recent years. Global and Planetary Change 41: 241-249.
DOI:10.1016/j.gloplacha.2004.01.010.

Fan YZ, Zhong ZM, Zhang XZ. 2011. Determination of photosynthetic parameters Vc and ] for a C plant (spring
hulless barley) at two altitudes on the Tibetan Plateau. Agricultural and Forest Meteorology 151: 1481-1487.
DOI:10.1016/j.agrformet.2011.06.004.

FAO (Food and Agriculture Organization of the United Nations). 2010. Challenges and opportunities for carbon
sequestration in grassland systems. A technical report on grassland management and climate change
mitigation. Integrated Crop Management 9, pp. 14-53.

Fischer H, Ingwersen J, Kuzyakov Y. 2010. Microbial uptake of low-molecular-weight organic substances out-
competes sorption in soil. European Journal of Soil Science 61: 504-513.

Follet RF, Stewart CE, Pruessner EG, Kimble JM. 2012. Effects of climate change on soil carbon and nitrogen
storage in the US Great Plains. Journal of Soil and Water Conservation 67(5): 331-342.
DOI:10.2489/jswc.67.5.331.

Ganjurjav H, Gao QZ, Borjigidai A, Guo YQ, Wan YF, Li Y, Jiangcun WZ, Danjiu LB. 2014. Alpine grassland
ecosystem respiration variation under irrigation in Northern Tibet. Acta Ecologica Sinica 34: 271-276.
DOI:10.1016/j.chnaes.2014.07.004.

Geng Y, Wang YH, Yang K, Wang SP, Zeng H, Baumann F, Kuehn P, Scholten T, He JS. 2012. Soil respiration in
Tibetan alpine grasslands: belowground biomass and soil moisture, but not soil temperature, best explain the
large-scale patterns. PLoS ONE 7: e34968.

Guan XY, Wang JF, Zhao H, Wang JJ, Luo XM, Liu F, Zhao FQ. 2013. Soil bacterial communities shaped by
geochemical factors and land use in a less-explored area, Tibetan Plateau. BMC Genomics 14: 820.
DOI:10.1186/1471-2164-14-820.

Hafner S, Unteregelsbacher S, Seeber E, Lena B, Xu XL, Li XG, Guggenberger G, Miehe G, Kuzyakov Y. 2012.
Effect of grazing on carbon stocks and assimilate partitioning in a Tibetan montane pasture revealed by CO
pulse labeling. Global Change Biology 18: 528-538. DOI:10.1111/j.1365-2486.2011.02557.x.

Hansson K, Kleja DB, Kalbitz K, Larsson H. 2010. Amounts of carbon mineralised and leached as DOC during
decomposition of Norway spruce needles and fine roots. Soil Biology & Biochemistry 42: 178-185.
DOI:10.1016/j.s0ilbio.2009.10.013.

Harmsen GW, Van Schreven DA. 1955. Mineralization of organic nitrogen in soil. Advance in Agronomy 7(1):
299-398.

He SY, Richards K. 2015. Impact of meadow degradation on soil water status and pasture management-A case
study in Tibet. Land Degradation & Development 26: 468-479. DOI:10.1002/Idr.2358.

Hill P, Kuzyakov Y, Jones DL, Farrar J. 2007. Response of root respiration and root exudation to alterations in
root C supply and demand in wheat. Plant and Soil 291: 131-141. DOI:10.1007/s11104-006-9180-6.

Hu GZ, Liu HY, Yin Y, Song ZL. 2016. The role of legumes in plant community succession of degraded
grasslands in northern China. Land Degradation & Development 27: 366-372. DOI:10.1002/Idr.2382.

Ingrisch J, Biermann T, Seeber E, Leipold T, Li MS, Ma YM, Xu XL, Miehe G, Guggenberger G, Foken T, Kuzyakov
Y. 2015. Carbon pools and fluxes in a Tibetan alpine Kobresia pygmaea pasture partitioned by coupled eddy-
covariance measurements and CO pulse labeling. Science of the Total Environment 505: 1213-1224.
DOI:10.1016/j.scitotenv.2014.10.082.

[23] Jones DL, Shannon D, Murphy DV, Farrar J. 2004. Role of dissolved organic nitrogen (DON) in soil N cycling in

grassland soils. Soil Biology & Biochemistry 36: 749-756. D0OI:10.1016/j.s0ilbio.2004.01.003.



[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

Kassahun A, Snyman HA, Smit GN. 2009. Soil seed bank evaluation along a degradation gradient in arid
rangelands of the Somali region, eastern Ethiopia. Agriculture, Ecosystems and Environment 129: 428-436.
DOI:10.1016/j.agee.2008.10.016.

Klein JA, Harte ], Zhao XQ. 2004. Experimental warming causes large and rapid species loss, dampened by
simulated grazing, on the Tibetan Plateau. Ecology Letters 7(12): 1170-1179. DOI:10.1111/j.1461-
0248.2004.00677 .x.

Kuzyakov Y. 2002. Review: factors affecting rhizosphere priming effects. Journal of Plant Nutrition and Soil
Science 165: 382-396. DOI:10.1002/1522-2624(200208)165:4<382::AID-JPLN382>3.0.CO;2-#.

Kuzyakov Y, Gavrichkova O. 2010. Time lag between photosynthesis and carbon dioxide efflux from soil: a
review of mechanisms and controls. Global Change Biology 16: 3386-3406. DOI:10.1111/j.1365-
2486.2010.02179.x.

Leber D, Holawe F, Hausler H. 1995. Climatic classification of the Tibet Autonomous Region using multivariate
statistical methods. GeoJournal 37: 451-472. DOI:10.1007/BF00806934.

Lehmeier CA, Lattanzi FA, Schaufele R, Wild M, Schnyder H. 2008. Root and shoot respiration of perennial
ryegrass are supplied by the same substrate pools: assessment by dynamic C labeling and compartmental
analysis of tracer kinetics. Plant Physiology 148: 1148-1158. DOI:10.1104/pp.108.127324.

Lin L, Li YK, Xu XL, Zhang FW, Du YG, Liu SL, Guo XW, Cao GM. 2015. Predicting parameters of degradation
succession processes of Tibetan Kobresia grasslands. Solid Earth 6: 1237-1246. DOI:10.5194/se-6-1237-2015.

Liu JG, Diamond J. 2005. China's environment in a globalizing world. Nature 435: 1179-1186.
DOI:10.1038/4351179a.

Liu-Zeng J, Tapponnier P, Gaudemer Y, Ding L. 2008. Quantifying landscape differences across the Tibetan
plateau: implications for topographic relief evolution. Journal of Geographical Research 113: F04018.
DOI:10.1029/2007JF000897.

Miehe G. 1988. Vegetation patterns on Mount Everest as influenced by monsoon and féhn. Vegetatio 79:
21-32. DO0I:10.1007/BF00044845.

Miehe G, Miehe S, Kaiser K, Liu JQ, Zhao X. 2008. Status and dynamics of the Kobresia pygmaea ecosystem on
the Tibetan Plateau. Ambio A Journal of the Human Environment 37:272-279. Retrieved from:
http://www.jstor.org/stable/25547897.

Miehe G, Miehe S, Bach K, Nolling J, Hanspach J, Reudenbach C, Kaiser K, Wesche K, Mosbrugger V, Yang YP,
Ma YM. 2011. Plant communities of central Tibetan pastures in the Alpine Steppe/Kobresia pygmaea ecotone.
Journal of Arid Environments 75: 711-723. DOI:10.1016/j.jaridenv.2011.03.001.

Mukhopadhyay S, Maiti SK. 2014. Soil CO flux in grassland, afforested land and reclaimed coalmine overburden
dumps: a case study. Land Degradation & Development 25: 216-227. D0OI:10.1002/Idr.1161.

Neff JC, Reynolds RL, Belnap J, Lamothe P. 2005. Multi-decadal impacts of grazing on soil physical and
biogeochemical properties in southeast Utah. Ecological Applications 15: 87-95. DOI:10.1890/04-0268.

Novara A, Gristina L, Ruhl J, Pasta S, D'Angelo G, La Mantia T, Pereira P. 2013. Grassland fire effect on soil
organic carbon reservoirs in a semiarid environment. Solid Earth 4: 381-385. DOI:10.5194/se-4-381-2013.

Parras-Alcantara L, Diaz-Jaimes L, Lozano-Garcia B. 2015. Management effects on soil organic carbon stock in
Mediterranean open rangelands-treeless grasslands. Land Degradation & Development 26: 22-34.
DOI:10.1002/Idr.2269.

Peng HC, Han F, Wang H, Shi SB, Shen JW, Zhou DW. 2010. Characteristics of seasonal and altitude variation of
UV-absorbing compounds content in three alpine plants on Qinghai-Tibet Plateau. Acta Botanica Boreali-
Occidentalia Sinica 30: 1197-1203. (in Chinese with English abstract).

Peng F, You QG, Xue X, Guo J, Wang T, Xue X. 2014. Effects of warming and clipping on ecosystem carbon
fluxes across two hydrologically contrasting years in an alpine meadow of the Qinghai-Tibet Plateau. PLoS ONE
9: €109319. DOI:10.1371/journal.pone.0109319.

Peng F, You QG, Xue X, Guo J, Wang T. 2015. Effects of rodent-induced land degradation on ecosystem carbon
fluxes in an alpine meadow in the Qinghai-Tibet Plateau, China. Solid Earth 6: 303-310. DOI:10.5194/se-6-3-
3-2015.

Pereira P, Ubeda X, Mataix-Solera J, Oliva M, Novara A. 2014. Short-term changes in soil Munsell colour value,
organic matter content and soil water repellency after a spring grassland fire in Lithuania. Solid Earth 5:
209-225. DOI:10.5194/se-5-209-2014.

Ren PBC, Sigernes F, Gjessing Y. 1997. Ground-based measurements of solar ultraviolet radiation in Tibet:
Preliminary results. Geophysical Research Letters 24: 1359-1362. DOI:10.1029/97GL01319.

Schleuss PM, Heitkamp F, Sun Y, Miehe G, Xu X, Kuzyakov Y. 2015. Nitrogen uptake in an alpine Kobresia
pasture on the Tibetan Plateau: localization by N labeling and implications for a vulnerable ecosystem.
Ecosystems 18: 946-957. DOI:10.1007/s10021-015-9874-9.

Schonbach P, Wan HW, Gierus M, Bai YF, Miller K, Lin LJ, Susenbeth A, Taube F. 2011. Grassland responses to
grazing: effects of grazing intensity and management system in an Inner Mongolian steppe ecosystem. Plant
and Soil 340: 103-115. DOI:10.1007/s11104-010-0366-6.



[47]

(48]

[49]

[501]

(51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]
[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

Scurlock JMO, Hall DO. 1998. The global carbon sink: a grassland perspective. Global Change Biology 4:
229-233. DOI:10.1046/j.1365-2486.1998.00151.x.

Shao W, Cai XB. 2008. Grassland degradation and its formation causes analysis in Tibetan plateau. Science of
Soil and Water Conservation 1: 021.

Suter D, Frehner M, Fischer BU, Nésberger ], Lischer A. 2002. Elevated CO increases carbon allocation to the
roots of lolium perenne under free-air CO enrichment but not in a controlled environment. New Phytologist
154:65-75. Retrieved from: http://www.jstor.org/stable/1513933.

Tang XL, Zhou GY, Liu SG, Zhang DQ, Liu SZ, Li J, Zhou CY. 2006. Dependence of soil respiration on soil
temperature and soil moisture in successional forests in southern China. Journal of Integrative Plant Biology 48:
654-663. DOI:10.1111/j.1744-7909.2006.00263.x.

Thompson LG, Yao T, Davis ME, Henderson KA, Mosley-Thompson E, Lin PN, Beer J, Synal HA, Cole-Dai J, Bolzan
JF. 1997. Tropical climate instability: the last glacial cycle from a Qinghai-Tibetan ice core. Science 276:
1821-1825. DOI:10.1126/science.276.5320.1821.

Vance ED, Brookes PC, Jenkinson DS. 1987. An extraction method for measuring soil microbial biomass C. Soil
Biology & Biochemistry 19: 703-707. DOI:10.1016/0038-0717(87)90052-6.

Von Wirén N, Gazzarrini S, Frommer WB. 1997. Regulation of mineral nitrogen uptake in plants. Plant and Soil
196: 191-199. DOI:10.1023/A:1004241722172.

Wang GX, Qian ], Cheng GD, Lai YM. 2002. Soil organic carbon pool of grassland soils on the Qinghai-Tibetan
Plateau and its global implication. Science of the Total Environment 291: 207-217. DOI:10.1016/S0048-
9697(01)01100-7.

Wang GX, Cheng GD, Shen YP, Qian J. 2003. Influence of land cover changes on the physical and chemical
properties of alpine meadow soil. Chinese Science Bulletin 48: 118-124. DOI:10.1007/BF03037014.

Wang XX, Dong SK, Sherman R, Liu QR, Liu SL, Li YY, Wu Y. 2015. A comparison of biodiversity-ecosystem
function relationships in alpine grasslands across a degradation gradient on the Qinghai-Tibetan Plateau. The
Rangeland Journal 37: 45-55. DOI:10.1071/R)J14081.

Wei XH, Yang P, Li S, Chen HS. 2005. Effects of over-grazing on vegetation degradation of the Kobresia
pygmaea meadow and determination of degenerative index in the Naqu Prefecture of Tibet. Acta Prataculturae
Sinica 14: 41-49.

Wild B, Schnecker |, Alves RJE, Barsukov P, Barta J, Capek P, Gentsch N, Gittel A, Guggenberger G, Lashchinskiy
N, Mikutta R, Rusalimova O, Santr(i¢ckova H, Shibistova O, Urich T, Watzka M, Zrazhevskaya G, Richter A. 2014.
Input of easily available organic C and N stimulates microbial decomposition of soil organic matter in arctic
permafrost soil. Soil Biology & Biochemistry 75: 143-151. DOI:10.1016/j.s0ilbio.2014.04.014.

WRB. 2014. World Reference Base for Soil Resources. FAO, World Soil Resources Reports 106, Rome.

Xu XL, Ouyang H, Kuzyakov Y, Richter A, Wanek W. 2006. Significance of organic nitrogen acquisition for
dominant plant species in an alpine meadow on the Tibet plateau, China. Plant and Soil 285: 221-231.
DOI:10.1007/s11104-006-9007-5.

Xu ZX, Gong TL, Li JY. 2008. Decadal trend of climate in the Tibetan Plateau-regional temperature and
precipitation. Hydrological Processes 22: 3056-3065. DOI:10.1002/hyp.6892.

Xu XL, Ouyang H, Richter A, Wanek W, Cao GM, Kuzyakov Y. 2011. Spatio-temporal variations determine plant-
microbe competition for inorganic nitrogen in an alpine meadow. Journal of Ecology 99: 563-571.
DOI:10.1111/j.1365-2745.2010.01789.x.

Yang MX, Nelson FE, Shiklomanov NI, Guo DL, Wang GN. 2010. Permafrost degradation and its environmental
effects on the Tibetan Plateau: a review of recent research. Earth-Science Reviews 103(1-2): 31-44.
DOI:10.1016/j.earscirev.2010.07.002.

Yao ZY, Zhao CY, Yang KS, Liu WC, Li Y, You JD, Xiao JH. 2016. Alpine grassland degradation in the Qilian
Mountains, China-A case study in Damaying Grassland. Catena 137: 494-500.
DOI:10.1016/j.catena.2015.09.021.

Yayneshet T, Eik LO, Moe SR. 2009. The effects of exclosures in restoring degraded semi-arid vegetation in
communal grazing lands in northern Ethiopia. Journal of Arid Environments 73(4-5): 542-549.
DOI:10.1016/j.jaridenv.2008.12.002.

YuY, Jia ZQ. 2014. Changes in soil organic carbon and nitrogen capacities of Salix cheilophila Schneid along a
revegetation chronosequence in semi-arid degraded sandy land of the Gonghe Basin, Tibet Plateau. Solid Earth
5:1045-1054. DOI:10.5194/se-5-1045-2014.

Zhang XL, Wang SJ, Zhang JM, Wang G, Tang XY. 2015. Temporal and spatial variability in precipitation trends
in the Southeast Tibetan Plateau during 1961-2012. Climate of the Past Discussions 11: 447-487.
DOI:10.5194/cpd-11-447-2015.



