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ABSTRACT

A widespread pattern of the Tibetan plateau is mosaics of grasslands of Cyperaceae and grasses with forbs, interspersed with patches covered
by lichen crusts induced by overgrazing. However, the fate of inorganic and organic N in non-crusted and crusted patches in Kobresia grass-
lands remains unknown. We reported on a field '*N-labeling experiment in two contrasting patches to compare retention of organic and in-
organic N over a period of 29 days. '°N as KNOs, (NH,),SO, or glycine was sprayed onto soil surface. Crusted patches decreased plant and
soil N stocks. More '°N from three N forms was recovered in soil than plants in both patches 29 days after the labeling. In non-crusted
patches, N recovery by the living roots was about two times higher than in crusted ones, mainly because of higher root biomass. Microor-
ganisms in non-crusted patches were N-limited because of more living roots and competed strongly for N with roots. Inorganic N input to
non-crusted patches could alleviate N limitation to plants and microorganisms, and leads to higher total '>N recovery (plant + soil) for inor-
ganic N forms. Compared to non-crusted patches, microorganisms in crusted patches were more C-limited because of depletion of available C
caused by less root exudation. Added glycine could activate microorganisms, together with the hydrophobicity of glycine and crusts, leading
to higher '°N-glycine than inorganic N. We conclude that overgrazing-induced crusts in Kobresia grasslands changed the fate of inorganic
and organic N, and lead to lower total recovery from inorganic N but higher from organic N. Copyright © 2016 John Wiley & Sons, Ltd.
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INTRODUCTION reclaimation of mine spoil (Mukhopadhyay et al., 2016)
and plant residues can effectively reduce soil erosion and in-
crease carbon sequestration (Garcia-Diaz et al., 2016;
Prosdocimi et al., 2016). Removal of vegetation caused by
human activities can affect the soil N cycling (Wang et al.,
2005; Rutherford et al., 2014) through reducing N input to
soil and increasing erosion. As a result, plant growth will
be further affected by such changes. This indicates that the
vegetation and the soil system are very important to control
the material and energy cycles and offer services to the hu-
mankind. The knowledge about the fate of added N in the
vegetation and the soil system will conduce to the sustain-
ability (Keesstra et al., 2016), especially for those grasslands
which serve as the pasture, where grazing caused by herbi-
vores is an important land use type. Grazing often exerts
strong effects on the vegetation and the soil system, respec-
tively (Chapin ef al., 2000), for example increasing available
N through urine and feces (Frank & Evans, 1997; Gao et al.,
2008), soil compaction by trampling (Cao ef al., 2004) and
removal of aboveground parts (Wang et al., 2008) and spe-
cies replacement (Anderson & Briske, 1995).

About 48% of the Tibetan Plateau, the highest plateau on

In most terrestrial ecosystems, N is often the most important
nutrient limiting plant growth (LeBauer & Treseder, 2008).
In the past 100 years, anthropogenic activities have greatly
altered the terrestrial N cycling through a number of ap-
proaches. First, a large amount of N input has been occurred
through biological N fixation of legumes (Herridge et al.,
2008), N fertilization (Vitousek et al., 1997; Fernandez-
Sanjurjo et al., 2014) and additions of plant residues and
manure (Abbasi et al., 2015) as well as rock weathering
(Houlton & Morford, 2015). Second, soil redistribution
and land cover caused by human activities also contribute
to changes in the N stocks (Li et al., 2014; Yu et al.,
2014; Hu et al., 2015). Meanwhile, land use change also al-
ters the N stocks through affecting N mineralization, soil
erosion and structure (Campos ef al., 2014; Lozano-Garcia
& Parras-Alcantara, 2014; Yu & Jia, 2014; Gelaw et al.,
2015; Giimiis & Seker, 2015). Additionally, vegetation play
an important role in the maintenance of soil functions, for
example carbon input in the rhizosphere can conduce to
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Earth with average altitude above 4000 ma.s.l. and an area
of 2.5 million km? (Lu et al., 2004), is occupied by alpine
grasslands (Sun & Zheng, 1998). These alpine grasslands
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store very large amounts of soil C and N and provide impor-
tant ecosystem services such as livestock production and C
sinks (Wang et al., 2002; Yang et al., 2008). However, these
grasslands are mainly N limited because of slow mineraliza-
tion of soil organic matter at the prevailing low temperatures
(Song et al., 2007; Gao et al., 2014). Additionally, grazing is
the most use in these grasslands. In the last 30years,
livestock numbers on the Tibetan Plateau have increased
dramatically because of the government rangeland policy.
As a result, overgrazing is probably the most important fac-
tor causing degradation of alpine grasslands through altering
vegetation and the soil system (Zhou et al., 2005; Lin ef al.,
2015). Because of grazing, approximately 450,000km? of
the Tibetan grasslands is occupied by Kobresia pygmaea
grasslands which are characterized by poor recovery ability
after being destroyed (Miehe et al., 2008, 2009;
Unteregelsbacher ef al., 2012). The sedge K. pygmaea is
well adapted to a moderate grazing intensity because of its
specific plant traits, and thus it becomes the dominant spe-
cies in this pastoral ecosystem (Miehe et al. 2008; He &
Richards, 2015). For instance, K. pygmaea (i) forms thick
root mats protecting against trampling by sheep and yaks
(Cao et al., 2004; Kaiser et al., 2008; Miehe et al., 2008;
Unteregelsbacher et al., 2012) and (ii) is very efficient for
nutrient uptake because of its dense root network (Schleuss
et al., 2015).

Such large area of K. pygmaea grasslands is mainly as-
cribed to overgrazing, which has changed the vegetation
and the soil system of alpine grasslands, for example
causing species replacement (Rutherford et al., 2014; Peng
et al., 2015) and affecting the C and N cycling (Wang
et al., 2005; Qiao et al., 2015). The reason is that
increasing grazing intensity reduces seedling emergence
(Wang et al., 2014), and disturbs reproduction of numer-
ous grasses as well as changing soil physicochemical
properties. Consequently, this stimulates the occupation

Non-crusted patches

of patches by blue—green algae and crustose-lichen crusts
(Eldridge, 2000; Unteregelsbacher et al., 2012; He &
Richards, 2015). Such crusts induced by overgrazing have
been clearly observed in Kobresia grasslands on the Ti-
betan Plateau (Unteregelsbacher et al., 2012; He &
Richards, 2015). Clarifying how overgrazing-induced
crusts affects the fate of added N can improve our under-
standing effects of overgrazing on the N cycling in alpine
grasslands and thus conduce to management of alpine
grasslands.

Additionally, a large number of studies have demon-
strated that biological soil crusts can increase N input into
soil and restore soil fertility as they can fix atmospheric
N, in various terrestrial ecosystems globally (West,
1990; Belnap et al., 2003; Zhao et al., 2010). In arid
and semi-arid grasslands, the existence of biological soil
crusts can resist to erosion because filamentous
cyanobacteria exuding polysaccharides that contribute to
formation of soil aggregates (Aguilar et al., 2009) and in-
crease cohesion (Zhao et al., 2006). On the Tibetan Pla-
teau, biological soil crusts have also been confirmed to
have benefits in non-degraded and lightly degraded grass-
lands, but its composition shifted with degradation pro-
cesses, with some crusts being degraded and becoming
black patches appeared in overgrazed alpine grasslands
(Figure 1, Li ef al., 2015). Such crusts have modified var-
ious soil processes, for example they decrease infiltration
rates into soil, and thus slow down decomposition of soil
organic matter. Nutrient and water limitations further lead
to more dead roots and lower microbial abundance and ac-
tivity (Cao et al., 2004; Babel et al., 2014), thus modify-
ing N mineralization and mobilization (Wang et al., 2008;
Cao & Long, 2009). This indicates that such crusts in-
duced by overgrazing have detrimental effects on the ma-
terial and energy cycles in alpine grasslands. Clarifying its
effect on the fate of inorganic and organic N in alpine

Crusted patches

Figure 1. Picture showed our study sites with two contrasting patches of vegetation in 07-2009. Left: Vegetation cover approximately 100% with predominant

Kobresia and Stipa species (referred to as non-crusted patches). Right: With the same species, cover less than 30%, more than 70% of the surface is covered by

blue—green algae and crustose-lichens (referred to as crusted patches). The bars on the scale are 10cm. This figure is available in colour online at
wileyonlinelibrary.com/journal/ldr

Copyright © 2016 John Wiley & Sons, Ltd.
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grasslands could provide more insights into the role of bi-
ological soil crusts.

In Xinghai County on Tibetan Plateau, nearly 20% of the
surface has been occupied by such crust patches (Figure 1),
but few studies have been conducted to evaluate how
overgrazing-induced crusts affect the fate of N in alpine
grasslands. To clarify this effect, we sprayed '°N-labeled
glycine, NH,* and NO;~ to Kobresia grasslands with
100% vegetation cover (referred to as non-crusted patches)
and the other with the same species covering less than 30%
of the soil (referred to as crusted patches) to trace >N in plant
and soil components. We hypothesized that overgrazing-
induced crusted patches held lower C and N stocks in the
plant—soil system following decomposition and leaching
processes (H1). Further, partitioning of glycine, NH;* and
NO; ™ in the plant-soil system should be different because
of their distinct properties in soil solution, and overgrazing-
induced crusted patches have lower N partitioning into plants
(H2). Thus, total >N recovery from organic N is expected to
be higher than from inorganic N in overgrazing-induced
crusted patches because its microorganisms are more C lim-
ited than in non-crusted patches (H3).

MATERIALS AND METHODS

Site Description

This study was conducted in Xinghai County of Qinghai
province (35°32'N, 99°51'E), on a loess-covered gravel
terrace of the Huang He catchment at 3417ma.s.l. in the
northeastern part of the Tibetan Plateau. K. humilis/K.
pygmaea-Stipa grasslands are dominant grassland types at
the experimental site and are used as a winter pasture for
yaks and sheep. The soils are classified as Haplic
Kastanozems with a felty turf termed “Kobresia turf” in
the upper horizon (Table I, Kaiser et al., 2008; Miehe
et al., 2008; Unteregelsbacher ef al., 2012).

Annual precipitation (Xinghai climate station) averaged
353 mm, ranging from 214 to 483 mm in the 40 years from
1961 to 2001. Because of the East Asian monsoon, rains
are mainly concentrated in summer. The rain gauge nearest
to the study site recorded 448mm a~', while the annual
temperature ranged from 1°C to 5°C (2002-2007).
Monthly temperatures between May and September exceed
5°C, and the average temperature from June to August was
above 10°C (Miehe et al., 2008). However, from
December to January, the monthly temperature was lower
than —10°C, and the minimal temperature was —33:5°C
(Miehe et al., 2008).
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Figure 2. N stocks in shoots and living roots (g N mfz) in crusted and non-
crusted patches. The values were mean + 1 SE of four replicates. This figure
is available in colour online at wileyonlinelibrary.com/journal/ldr

SN Labeling and Sampling

In this typical Kobresia grassland, a plot with an area of
30mx30m was selected for this study in July 2009.
Twenty-four quadrats (0-3mx0-3m) were randomly se-
lected in two contrasting patches: (i) vegetation cover ap-
proximately 100% with predominant Kobresia and Stipa
species (referred to as non-crusted patches), and (ii) the
same species covering less than 30% of the soil, and more
than 70% of the surface is covered by blue—green algae
and crustose-lichens (referred to as crusted patches,
Figure 1). The distance was at least 3 m between these quad-
rats. The quadrats were labeled with KNO5 (60 atom% SN
enrichment), (NH,),SO, (60 atom% '°N enrichment) or
SN-glycine (99 atom% '°N enrichment), respectively. Gly-
cine, NH,* and NO;~ were used because they are present as
dominant N forms for Kobresia grasslands (Xu et al., 2011).
Each treatment had four replicate quadrats.

>N labeled substances were dissolved in 150-ml water and
uniformly sprayed onto the plots with a small watering can.
Additional distilled water (300 ml) was then slowly sprayed

Table I. Properties of Haplic Kastanozem on the Tibetan Plateau near Xinghai (from Unteregelsbacher ef al., 2012). The values were mean

+1 SE of four replicates

Depth (cm) Horizon symbol Soil structure Bulk density (g cm73) pH Corg (%) Total N (%) C/N ratio
0-6 Afe Felty 0-60+0-01 6:64+0-15 8:80+0-20 0-68£0-01 12-:9+£0-60
6-25 Ahk Granular 0-81+£0-01 6:96+0-19 4-38+0-15 0-46+0-01 9-52+0-54
25-90 Bke Angular 0-84+0-01 7-62+0-04 228 +0-19 0-25+0-02 9-12+1-62

Copyright © 2016 John Wiley & Sons, Ltd.
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Table II. Soil characteristics under crusted patches covered by lichen crusts and non-crusted patches with Kobresia. The values are mean + 1

SE of four replicates

Non-crusted patches

Crusted patches

C stock* (g m 2 N stock (g m 2 C stock™ (g m 2 N stock (g m 2 C/N
0-5cm 2780 +94b 232+8-9b 12:2+0-3a 2380+97a 175+ 6-6a 13-7+0-3b
5-15cm 3405+172 35370 9:6+0-3 3444 +215 36051 9:6+0-2
15-30cm 2532+195 286+ 18 87+0-1 2896 +386 304 +81 9:1+£0-2

*Unteregelsbacher et al. (2012).

onto each plot to ensure that no '°N remained on the plant
leaves. The total N addition rate was 54 mgNm 2 for each
treatment. Shoots (only for non-crusted patches), living roots
and soils were sampled at 1, 9, 18 and 29 days after '°N label-
ing from the same plot. Every time, shoots were clipped close
to the soil surface with scissors within a quadrat (5cm x5 cm)
randomly in the same plot. Soils and roots were collected at
different soil depths (05, 5-15 and 15-30cm) using a soil
corer (2-1-cm diameter) in each plot. Soil was sieved (2 mm)
and roots were classified as dead and living based on their
color and consistence. Additional five replicates were collected
from unlabeled samples to measure isotope natural abundance.
All shoots, roots and soil samples were oven-dried at 60 °
C and subsequently milled. Soil samples were treated with
5% HCI to remove carbonates and frozen dry. Total OC, N
content and '"N/'*N were measured using an isotope ratio
mass spectrometer (Delta plus, Conflo III, Thermo Electron
Cooperation, Bremen, Germany) coupled to an elemental
analyzer (NA1500, Fisons instruments, Milano, Italy).

Calculation and Statistics

The plant N and C stocks (g m~?) were calculated by multi-
plying N or C contents by plant dry mass (gm~2). Soil N
and C stocks (gm~?) in layers at 0-5cm, 5-15cm and 15—
30 cm depth were calculated using the following equation:

C or N stock = c* z* p/10* €))

12

10 -

15N in shoots (% of 19N added)
o

0 5 10 15 20 25 30
Time (days after labeling)

Figure 3. N uptake by Kobresia pygmaea shoots after >N addition. The

values were mean + 1 SE of four replicates. Different small letters at each

sampling time point indicate significant difference between the three nitro-

gen forms (NHj;, NO3 and glycine). This figure is available in colour online
at wileyonlinelibrary.com/journal/ldr

Copyright © 2016 John Wiley & Sons, Ltd.

Where ¢ is the C or N content (g~ soil), z (cm) is the
thickness of the considered soil layer and p(gcm™3) is the
bulk density.
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Figure 4. BN recovery (1 SE) in living roots after >N addition depending

on N form (glycine, NH; and NO3) and the presence of crusts. The values

were mean + 1 SE of four replicates. Asterisk at each sampling time point

indicates significant difference between crusted patches and non-crusted

patches. This figure is available in colour online at wileyonlinelibrary.
com/journal/ldr
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PNupt (2 "N m?) is the amount of "N recovered in dif-
ferent N pools (i.e. soil, shoots and roots), and was calcu-
lated as follows:

PNy = N% * APE* d 2)

15 15
APE = Nsampleamm% - “Nhawralatom% 3)

Where N% is the sample N content, APE is the 15N atom%
excess (the difference of in >N atom% between labeled and
unlabeled treatments) and d (g m~?) is the dry matter pool
sizes of soil, shoots or roots.

SN recovery (% of added I5N) was calculated according
to the following equation:

15NreCZISI\Iupl/lsNinpu[*100% 4)

Where PN, is >N recovery (%), the percentage of >N re-
covered in soil or plants. lsNinput (g >N m~?) is the amount
of N added into the soil. 15Nupt (g >N m~?) is the amount
of "N recovered in different N pools (i.e. soil, shoots and
roots)

An independent-sample #-test was used to compare N
stocks and C/N ratios under crusted and non-crusted
patches. A three-way repeated ANOVA was used to com-
pare the effects of degradation and the effects of the three
N forms (glycine, NH,™ and NO5 ™) on '°N recovery in soil
and living roots at each sampling time (Table S1). All statis-
tical analyses were performed after checking for normality
and homogeneity of variances and were carried out with
SPSS 16-0 (SPSS Inc., 200 Chicago, IL, USA). They were
deemed significant at P < 0-05.

RESULTS

Above- and Belowground Biomass and N Stocks

In non-crusted patches, the aboveground biomass was 226
+184gm 2 The living roots biomass was 267
+36-5gm~2 at 0-5cm layer, with a deeper soil layers
(5-15 and 15-30cm). Crusted patches living roots biomass
was about two times lower than in non-crusted patches. Cor-
respondingly, the N stocks in shoots, living roots and the up-
per (0-5 cm) soil were higher in non-crusted patches than in
crusted patches (Figure 2; Table II). However, there was no
difference in the soil N stocks of 5-15cm and 15-30cm

layers between non-crusted and crusted patches. In the upper
Scm, crusted patches showed significant higher soil C/N
than the non-crusted patches (Table II).

>N Uptake by Plants

5N recovered in shoots was the highest for NH,* but the
lowest for glycine in non-crusted patches (Figure 3). '°N
uptake in shoots increased with time as more N was
taken up and transferred from roots to shoots for all N
forms.

>N-Glycine recovery in living roots was higher in
crusted than in non-crusted patches until the 18" day. It
steeply decreased in crusted patches, whereas it still in-
creased with time in non-crusted patches (Figure 4a).
ISN-NH,* recovery in living roots increased with time in
both patches (Figure 4b). The recovery of N from
NO;~ was different between both patches at 9th, 18th
and 29th days after the labeling (Figure 4c). on the 29th
day, "N recovery in living roots was two times higher
for all three N forms under non-crusted than under crusted
patches (Table III, Figure 4).

>N Remaining in Soil

>N remaining in soil of crusted and non-crusted patches
showed a similar trend for NH4* and NOs ™, but significantly
differ on day 1 and day 9. '°N recovery in soil decreased
with time (except for 'NO;~ on day 9, Figure 5b, c).
ISN-NH," soil recovery was similar with '>N-NO~ in both
patches. In contrast, '’N-glycine recovery showed an oppo-
site pattern than both inorganic N forms: more >N was re-
covered in crusted patches (Figure 5a).

SN Recovery on the 29th Day After Labeling

Total '>N recovery from glycine in non-crusted patches
were significantly higher than crusted patches, while
>N recovery of NH,* and NO;~ in non-crusted patches
were significantly lower (Table IIT). Most of '°N was re-
covered in soil in all treatments. "N recovery from
shoots was not significantly different among three N
forms in non-crusted patches (Table III). Total '*N-
NH,* soil recovery was similar with 'N-NO;~ in both
patches. Among three N forms, glycine showed highest
total >N recovery in crusted patches, but lowest in
non-crusted patches (Table III).

Table III. >N recovery from three N forms (glycine, NH} and NO3) for various N pools in Tibetan grassland 29 days after labeling (% of

[T

total added). The values were mean=+1 SE of four replicates. “a

presents the '°N recovery difference between crusted patches and non-

crusted patches, “A” presents the difference among NH}, glycine and NO3

>N recovery (%) Glycine NH; NO3
Non-crusted Crusted Non-crusted Crusted Non-crusted Crusted
patches patches patches patches patches patches
Soil (0-5cm) 20-6 £4-8% 62-4+7-13 37-3+2-6 36:0+1-54 43.4+1-8g 39-0£2-04
Above ground (shoots) 52+0-1 9:9+2-1 72+04
Living roots 1-6+0-1% 0-6+0-03% 1.7+0-04%5 070135 25035 12023
Total recovery 274 £4-8% 63-0+7-1% 48-8 £33 36:7+1-5% 531+ 193 40-2 £2-0%

Copyright © 2016 John Wiley & Sons, Ltd.
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Figure 5. Dynamics of N (1 SE) remaining in soil after >N addition, de-
pending on N form (glycine, NH, NO3) and the presence of crust. The
values were mean + 1 SE of four replicates. Asterisk at each sampling time
point indicates significant difference between crusted patches and
non-crusted patches. This figure is available in colour online at
wileyonlinelibrary.com/journal/ldr

DISCUSSION

Mosaics of felty root mats, with crusts covered by blue—
green algae and crustose-lichens, and Kobresia grasslands
are a widespread and specific pattern of the pastoral ecosys-
tem in the northeastern quarter of the Tibetan Plateau. The C
and N stocks in crusted patches were lower than in non-
crusted patches only in the 0-5 cm soil layer (Table II). This
could be ascribed to that strong trampling of the upper soil
imposed by sheep and yaks increases decomposition (Cao
et al., 2004) and removal of aboveground parts reduced litter
return (Peng et al., 2015). Besides, more N loss through
nitrate leaching, ammonia (NH;3) volatilization or nitrous

Copyright © 2016 John Wiley & Sons, Ltd.

oxide emissions could decrease soil N content in the surface
soil layer of crusted patches during degradation (Butterbach-
Bahl et al., 2011).

Shoots accumulated more '°N with time (Figure 3). This
may be explained by a continuous >N uptake and transfer
from roots to shoots during long-term periods (Kuzyakov
& Xu, 2013). At 29days after the labeling, living roots in
non-crusted patches recovered two times more '°N than in
crusted patches, which is consistent with living roots bio-
mass difference.

Previous studies showed that '°N recovery from NH,*
and NO;3;~ was different because of their distinct proper-
ties (Xu et al., 2003, 2004). We confirmed this within
18days after the labeling, for example '°N recovery by
plants was higher from NH,* than from NOz™ in the first
9 days. This could be ascribed to the preferential uptake of
NH,* by plants. Total '"N recovery was significantly
lower from NH,* than from NO;~ during the period from
9days to 18days perhaps because NH; volatilization
caused by high pH (Cameron et al., 2013). Total '°N re-
covery from both N forms remained similarly in crusted
or non-crusted patches at 29 days after labeling (Figure 5
b, c). Possible explanation is rapid transformation from
NH,* to NO;~ could lead to no difference in '°N for
NH,* and NO5;™ in soil solution, and resulted in similar
N recovery over a long-term period. Higher '°N recov-
ery in soil from NH4* and NO3~ in non-crusted patches
than in crusted patches in the first day after labeling could
be ascribed to more N limitation to soil microorganisms in
non-crusted patches. In non-crusted patches, more living
roots could produce more root exudates and result in
higher C availability and enhance microbial growth
(Blagodatskaya & Kuzyakov, 2008). Therefore, soil mi-
crobes require more N, but need further investigations. Af-
ter 9days after labeling, '"NO;~ recovery in crusted
patches was two times higher than in non-crusted patches.
This could be the result of crusts which released NO;~
they recovered in the initial period.

In contrast to inorganic N, higher '°N recovery from gly-
cine in crusted patches reflected that more C limited because
of less living roots. Most microorganisms are inactive be-
cause of limitation of C and energy if there is no available
C input (Song et al., 2010; Blagodatskaya & Kuzyakov,
2013). Addition of traced C to soil can induce a small but
significant increase on microbial biomass through triggering
effect (De Nobili et al., 2001). Here we added a small
amount of glycine in C-limited crusted patches, which could
stimulate microbial activity. This conduces to higher glycine
5N retention than inorganic N in crusted patches. Another
reason was that less glycine-N is leached to deeper soil be-
cause of glycine may be well fixed in soil because of glycine
hydrophobicity. Additionally, crusts are water repellent and
contribute to delayed infiltration (Eldridge, 2000; Kropfl
et al., 2013; He & Richards, 2015). Overgrazing-induced
crusted patches covered with crusts without vegetation are
exposed to solar irradiation. Solar irradiation will heat up
the crust upper soil, leading to much higher evaporation,

LAND DEGRADATION & DEVELOPMENT, 28: 166-174 (2017)
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Non-crusted patches

Crusted patches

Figure 6. A summary for the fate of inorganic and organic nitrogen in both non-crusted and crusted patches in a Kobresia grassland. This figure is available in
colour online at wileyonlinelibrary.com/journal/ldr

while Kobresia root mats were extremely well insulated
(Cerda, 1997; Unteregelsbacher et al., 2012). As a result,
the water penetration under crusts is much slower than in
non-crusted patches. Additionally, higher temperatures
boost decomposition in topsoil (Kuzyakov et al., 2007,
Heitkamp et al., 2012). This supports our third hypothesis
that crusted patches recovered more '"N-glycine. Total >N
recovery from NH,* and NO;™ in non-crusted pasture was
about 50%, higher than glycine, suggesting that crusted
patches covered by crusts changed the fate of inorganic
and organic N (Figure 6).

CONCLUSIONS

Patches covered by blue—green algae and crustose-lichen
crusts which are induced by overgrazing, are often observed
in Kobresia grasslands. Such crusts have changed the N cy-
cling in alpine grasslands. In the crusted patches, crusts de-
creased plant and soil N stocks. At 29 days after labeling,
5N recovery by living roots in non-crusted patches was
about two times higher than in crusted patches because of
higher root biomass. Higher total inorganic "N in
non-crusted patches than crusted patches could be because

Copyright © 2016 John Wiley & Sons, Ltd.

of more N limitation. Microorganisms could be more com-
petitive, when they were exposed to high living root biomass
and more root exudates. By comparison, higher '*N-glycine
recovery than inorganic N in crusted patches can be ex-
plained by the fact that microorganisms were more C limited
because of a lack of root exudates, and glycine addition in-
creased microbial activity. Additional explanations are the
hydrophobicity of glycine and crusts. Finally, we conclude
that degradation of Kobresia grasslands on the Tibetan Pla-
teau changed the fate of inorganic and organic N, and lead to
lower total recovery from inorganic N but higher from or-
ganic N.
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