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Abstract The population of burrowing plateau zokors
(Myospalax baileyi) was markedly increased in the Qing-
hai-Tibetan Plateau. The objective of this study was to
investigate the effects of zokor foraging and mound-making
disturbance on topsoil properties and organic C pools at an
alpine site of the Qinghai—Tibetan Plateau. Surface
(0—15 cm) soil samples were collected from mounds with
different ages (3 months and 3, 6, and 15 years) and from
undisturbed grassland. Above- and below-ground plant
biomasses were depleted by zokors in newly created mounds
(3 months). Plant cover and root biomass gradually
recovered thereafter, but were still lower in the 15-year-old
mounds than in the undisturbed soils. Organic C contents of
coarse (>2 mm), soil (<2 mm), particulate (2-0.05 mm)
fractions, and microbial biomass, organic C mineralization,
[3-glucosidase activity, urease activity, alkaline phosphatase
activity, acid phosphatase activity, and soil aggregation were
significantly lower in the 3, 6, and 15-year-old mound soils
than in the undisturbed soils or newly created mound soils.
Fifteen years after mound creation, the soil had only 12% of
root biomass, 35% of coarse organic C, 83% of particulate
organic C, 58% of microbial biomass C, 57% of 30-day
respired C, and 45% of water-stable aggregate mean weight
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diameter, compared to values of the undisturbed soils. Our
results suggested that foraging and mound-making by zokors
have negative impacts on properties and organic matter
content of the topsoil.
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Introduction

Over the past decades, alpine grasslands in the Qinghai—
Tibetan Plateau have experienced severe soil degradation
due to the activities of the increased rodent population,
intensive farming activities, and climate change (Li 1997;
Zhang 2001; Zhang et al. 2002; Zhou et al. 2005; Akiyama
and Kawamura 2007; Li et al. 2008). Plateau zokors
(Myospalax baileyi) are small (approximately 260-490 g)
blind subterranean rodents inhabiting in the Qinghai—
Tibetan plateau at an average density of 15 animals per
hectare (Zhang et. al. 2003). Plateau zokors spend their
lives solely in underground burrows system, and excavate
tunnels from deep nests (2-2.5 m for females and 0.8—
1.5 m for males) to the subsurface for foraging (Zhang et al.
2003), by using limbs and heads to dig and push the
loosened soil to the surface (Su and Wang 1992); they also
use strong incisors to hold roots and drag whole plants into
the deep tunnel system (Zhang et al. 2003), and make
mounds by digging, wriggling, pushing up, and mixing soil
while foraging and eradicating the plants. After a mound is
made and the plants are consumed, the zokors usually move
to a new patch of grassland and make a new mound. As a
result, the new zokor mounds are bare. Zokor mounds may
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cover as much as 15-20% of the soil surface (Zhang et al.
2003), significantly changing plant community structure,
and decreasing farmland productivity (Zhang 2002). In
addition, burrowing mammals can modify the environment,
by generating habitats for other species, regulating com-
munity structure and dynamics, and altering ecosystem
processes (Davidson and Lightfoot 2008). Generally,
zokors’ biology and ecology and their effects on plant
diversity have been studied (Zhang et al. 2003), whereas
the effects of zokor mound on soil properties have been
neglected. We hypothesize that both reduced plant-derived
organic inputs by zokor foraging and mechanical distur-
bance and vertical translocation of soil in the mound-
making process will significantly affect the properties of the
topsoil where mounds are created. Soil organic matter
maintains the stability of soil structure, serves as a reservoir
of metabolic energy and nutrients, and determines the
resilience of the system after it has been subjected to
disturbance (Baldock and Nelson 2000). Soil microflora is
essential for the functionality of soil, and its activity
controls the cycling of energy and nutrients in soil (Hackl
et al. 2005). Soil enzyme activities have been measured to
monitor soil recovery processes (Carreira et al. 2008).
Therefore, the measurement of changes in the soil organic
matter pools, microbial biomass and activity, and soil
aggregation, induced by zokor activity, can help in
understanding the spatial heterogeneity of soil properties
in the fields where zokors are inhabited.

Materials and methods
Site description

The study was conducted at Gansu Agricultural Univer-
sity Alpine Grassland Experimental Station, located in a
valley in Tianzhu Zang Autonomous County of Gansu
Province. The study site (37°40’ N, 102°32" E) has an
altitude of 2,960 m, with a mean annual temperature
of —0.1°C, mean annual precipitation of 416 mm, mean
annual pan evaporation of 1,596 mm, and a plant growth
period of 120-140 days during May—September. The soil
at the site is a typic Cryrendoll according to USDA
classification (Wu and Tiessen 2002).

Soil and root biomass sampling

Within a piece of enclosed grassland of about 120x
150 m, we monitored the mound-making activity on a
plot of 40x40 m since 1993. Mounds were labeled with
the year they were created. The grassland had flat
topography, grazed by sheep (Ovis aries) from November
to March at about four sheep per hectare. In May 2008,
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recent (3 months old) and older mounds (3, 6, or 15-year-old)
were randomly selected, with each type of mounds
replicated three times. All selected mounds were intact
since their origin and had a size of about 1 m?. On each
replicate, four soil slices (100x50 mm in area and 150 mm
in depth) were randomly collected using a spade and
mixed to produce a composite sample. Litter was removed
from the mound surface before soil sampling. Three
composite samples of undisturbed soils were also collected
as controls. Three subplots (about 6x6 m) were
randomly selected within the monitored plot, and each
subplot included mounds and undisturbed grasslands. On
each subplot, four soil slices between mounds (with a
distance of 1 m apart from mounds) were randomly
taken to produce a composite sample in a similar way for
mounds. At the time of soil sampling, the number and
area of zokor mounds were measured in the plot.

After removal of roots, each soil sample was divided
into three subsamples. One subsample was sieved
(<5 mm) and stored at 4°C for a week before measuring
microbial biomass C and enzyme activities, and organic
C mineralization. Another subsample was air-dried at
room temperature and pressed to pass a 2-mm sieve. The
components retained on the 2-mm sieve were plant
debris and some coarse minerals. They were oven-dried
at 60°C, weighed, and then ground for measuring coarse
(>2 mm) organic C concentration in soil. The portion
passing the 2-mm sieve was used for measurements of
soil mineral particle composition, pH value, soil organic
C (<2 mm), and particulate organic C (2—0.05 mm). The
remaining subsample was gently sieved to pass a 10-mm
sieve, and aggregates retained on the 10-mm sieve were
broken into sizes less than 10 mm by hands. This
sample, less than 10 mm, was then air-dried for
determination of soil aggregate stability (see below).

At the time of soil sampling, plant species and
vegetation cover were determined for mounds and undis-
turbed grasslands. A soil column (200%x200 mm at depth
of 150 mm) was randomly excavated on each selected
mound or subplot (for controls, about 6x6 m). After the
soil was washed away, roots were collected by washing
of soil and then weighed before being dried in oven at
60°C. Soil bulk density was determined for each selected
mound or subplot (for controls) using a cutting ring (inner
diameter 5.03 cm, volume 100 cm’; Institute of Soil
Science, Academia Sinica 1978).

Organic C determination

The particulate soil fraction (2—0.05 mm) was extracted by
shaking 20 g of air-dried (<2 mm) soil with 60 mL 0.5%
(w/v) hexametaphosphate solution for 24 h. The dispersed
soil was sieved (<0.05 mm) and sands and sand-sized
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organic materials (particulate fraction) retained on the sieve
were oven-dried at 60°C and weighed.

The contents of soil organic C (<2 mm), particulate soil
organic C (2-0.05 mm), and coarse organic C (>2 mm)
were analyzed by the Walkley and Black dichromate
oxidation method (Nelson and Sommers 1982). All samples
were ground to pass a 0.25-mm sieve before organic C
measurement.

Microbial biomass C determination

Fresh soil (<5 mm) equivalent to 20 g oven-dried weight
was fumigated with ethanol-free chloroform at 25°C for
24 h (Joergensen and Brookes 1990). After removal of
the fumigant, the soil was extracted with 0.5 M K,SO,4
(1:4 soil-to-solution ratio) by shaking the soil slurry for

1 h on a horizontal shaker. The extracted solution was then
filtered. Non-fumigated soil extracts were obtained in a
similar way at the time fumigation commenced. The
content of organic C of extracts was analyzed with a
Multi C/N 3100 (Analytik jena, Germany). Microbial
biomass C was estimated by the difference between
organic C concentration in the fumigated and non-
fumigated extracts and multiplying the difference by
2.22 (Joergensen and Brookes 1990).

Organic C mineralization

The moisture of fresh soil (<5 mm), equivalent to 20 g
oven-dried weight, was adjusted to 60% of the soil water-
holding capacity; then, the soil was incubated in a sealed
500 mL jar for 30 days at 25°C in the dark. The evolved

Table 1 Plant species, plant cover and root biomass (in 15 cm depth), particle size distribution and bulk density in undisturbed soil and soils of

zokor-made mounds with different ages

Treatment Dominate species

Plant
cover

(%)

Root
biomass
(gm?)

Bulk
density
(Mg m™)

Soil particle distribution (%)

Sand Silt Clay

Undisturbed
Stipa capillata Linn. (P)

Thalictrum aquilegifolium L. var. sibiricum (P)
Oxytropis coerulea, (P)
Potentilla chinensis Ser. (P)
Artemisia smithii Mattf. (P)
Polygonum viviparum L. (P)
3 months

3 years
Lancea tibetica Hook. f. et Thoms. (A)

Aconitum gymnandrum, Maxim. (A)

Artemisia smithii Mattf. (P) 30
Aster tataricus L. F. (A)

Lancea tibetica Hook. f. et Thoms. (A)

Hypecoum leptocarpum Hook. f. et Thoms (A)

6 years

Elymus nutans (P)
Stipa capillata Linn. (P)
Leontopodium leontopodioides. (P)

Elymus nutans (P) 65
Stipa capillata Linn. (P)

Potentilla anserine L. (P)
Aster tataricus L. F. (A)
Polygonum viviparum L. (P)

15 years

Leontopodium leontopodioides (P)
Artemisia smithii Mattf. (P)

Kobresia myosuroides (Villrs) Fiori (P) >95

None ND
Hypecoum leptocarpum Hook. f. et Thoms (A) <10

1,192215)  4.50.4)  74.9(0.2)  20.6(0.3)  0.83(0.00)a

ND 4.4(0.2)
14(0) 4.7(0.3)

74.1(0.0)
74.2(0.4)

21.5(0.2)
21.1(0.1)

0.59(0.00)d
0.77(0.01)b

51(4) 6.100.0)  72.2(03)  21.8(0.3)  0.77(0.03)b

147(20) 59(1.5)  70.9(2.5)  233(1.0)  0.72(0.00)c

Names followed by P in brackets mean perennial species and those by A in brackets mean annual species. Numbers are means with standard
errors in brackets (n=3). Means followed by different letters in a row are different from each other at P<0.05. ANOVA analysis showed sand, silt,
and clay contents did not vary between treatments. ANOVA was not conducted for plant cover and root biomass

ND not determined (no plant was found in 3 month mounds)
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CO; was absorbed by 0.6 M NaOH solution in vials, which _;i § .o 6 o o
were replaced at days 2, 5, 10, 20, and 30. The quantity of o —§ DD
absorbed CO, from decomposition was determined by ;2 k- o SEICIR
back-titration with 0.25 M HCI in the presence of excess _E % ED
BacCl, using phenolphthalein as an indicator. Incubation of E §
each sample was duplicated. Three 500-mL jars with vials s 5
containing 0.6 M NaOH but no soil was incubated as E E S o o0l
blaks. s 3l lz8sst

S 2 21ERATSFR
Enzyme assay u; g | g

g
The activities of (3-glucosidase, acid phosphatase, and = £ o003 o -
alkaline phosphatase were assayed by colorimetric 5 o Tg % é’ % % % =
determination of p-nitrophenol (PNP) released when soil ﬁ é o= - |
was incubated with p-nitrophonyl-3-D-glucosidase in pH & 2 = §
6.5 buffer, p-nitrophenyl phosphate in pH 6.5 buffer, and E E - = a é g} § £
p-nitrophenyl phosphate in pH 11 buffer for 1 h (37°C), = g 2555857 5
respectively (Tabatabai 1982; Hopkins et al. 2008). Fresh © S|l 2v ;
soil (<2 mm) equivalent to 0.5 g oven-dried weight was g £
weighed into 30-ml glass vials containing 4 ml of buffer g &) g
and 1 ml of substrate solution, and incubated. After E) é 22222 2
incubation, 1 ml of 0.5 M CaCl, and 4 ml of Tris buffer z 2| % g, % % % ﬁ
pH 12 were added in the 3-glucosidase assay, and 1 ml of —é = 2] @ & & AN ‘:?
0.5 M CaCl, and 4 ml of 0.5 M NaOH were added in the o »;\ 2 £
acid and alkaline phosphatase assays. Immediately after 2 & E
filtration, the absorbance of enzyme extracts was mea- g S =
sured at 400 nm. Urease activity was determined as ;Z d 28232 %
described by Klose and Tabatabai (2000). Fresh soil kS ﬁ SSS$S8| 58
(<2 mm), equivalent to 5 g oven-dried, was incubated g g | S SIS G| 8
with 9 ml 0.05 M tris buffer (pH 9.0) and 1 ml 0.2 M urea, ) £ o &?
as the substrate, at 37°C for 2 h, and then 35 ml of KCI- 2 2
Ag,SO, were added to stop the reaction. The NH," 5 222223
liberated was determined by steam distillation of 20 ml % L:) N‘E = % = % = %
of the soil suspension with MgO for 4 min. All enzyme @ §D @S> ae |3
assays for each sample were duplicated and controls were = E z
included. é E 2 s 239 oS

S lY- 122384
Soil aggregate stability and particle size distribution 3 = ‘ﬂ) f i i E f \”S

ED wn o0 0 N 0 >~ © @
A 0.25-mm sieve was used to separate 10-0.25 mm soil E o o 6 o o "qé
aggregates of the air-dried soil sample (<10 mm). Aggre- 2 9 T2z 9 <
gates retained on the sieve were weighed and their 2 §0 Tlegsssee]:
percentage of the soil sample was calculated. About 30 g g 2 E,) 22 <SS %
of 0.25—10 mm aggregates were placed on the top sieve of E 2 i T
a stack of four sieves, with the sieve of 2 mm pore size Bl E - E
followed by those with pore size of 1, 0.5, and 0.25 mm. % 5|7 &3 5 S - @
Water level was adjusted so that aggregates on the top sieve E % 27, § g S § g
were submerged just at the highest point of oscillation. ;ﬁ ;)3 ol IS a5~ g
After incubating aggregates in the water for 5 min, the 5 i g
apparatus oscillated for 15 min at a speed of 30 cycles per é g = 2 . g
minute with an amplitude of 6 ¢cm in the sieving action. ~ g g 'g = e B % 4
Each fraction of stable aggregates was then oven-dried at =3 El 2 g 88 ™|t
105°C for 24 h. After being soaked in water in a bowl and EE| & Seemo 2|z
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Table 3 The activities of urease, acid phosphatase, alkaline phosphatase, and (3-glucosidase in undisturbed soils and zokor mound soils with
different ages

Treatment Urease Acid phosphatase Alkaline phosphatase Glucosidase
(mg NH, kg' h™") (mg PNP kg ' h™") (mg PNP kg ' h'™h) (mg PNP kg ' h'™h)
Undisturbed 133(15)a 513(9)a 1,410(116)a 43(2)a
3 months 70(8)c 442(1)b 1,256(3)b 43(3)a
3 years 60(1)c 284(2)c 1,020(36)c 28(3)b
6 years 63(3)c 267(10)c 990(2)c 29(0)b
15 years 99(3)b 291(23)c 1,226(3)b 30(4)b

Numbers are means with standard errors in brackets (n=3). Means followed by different letters in a column are different from each other at P<0.05

PNP p-nitrophenol

broken up using fingers, the coarse/sand particles were
separated by sieving (2, 1, 0.5, and 0.25 mm), and were
then oven-dried to correct the weight of true water-stable
aggregates. The percentage of each water-stable aggregate
fraction was calculated on whole soil oven-dry mass base.
Mean weight diameter (MWD) was expressed as:

MWD = Fi x Di

n
i=1

where Fi is the mass proportion of stable aggregate fraction
i in whole soil sample and Di is the mean diameter of stable
aggregate fraction i. The maximum mean diameter was
6 mm and the minimum 0.125 mm.

Soil particle size distribution was determined using the
pipette method (Institute of Soil Science, Academia Sinica
1978).

Data analysis

One-way analysis of variance (ANOVA) was conducted to
detect the differences in measured parameters between
mounds of different ages using SPSS 10.0. Treatment
means were separated using the least significant difference
(LSD) at P<0.05.

Results
Plant species and soil properties

The selected plot of 1,600 m* included 123 zokor mounds
with a total area of 134 m?. Zokor disturbance significantly
affected the composition of plant species (Table 1). The
dominant perennial species of the undisturbed grasslands
completely disappeared in the 3-month-old mounds and
changed to annual species in the 3-year-old mounds,
compared with a mixture of annual and perennial species
in the 6-year-old mounds and mainly perennial species in
the 15-year-old mounds (Table 1). Although plant cover
and root biomass increased since mounds had been formed,
the 15-year-old mounds still had lower plant cover than the
undisturbed grasslands and their root biomasses were only
12% of the undisturbed grasslands (Table 1).

Soil particle size distribution was not affected by zokor
disturbance (Table 1). Mound-making activity loosened the
topsoil such that the newly formed mounds (3 months old)
were about 10—15 cm higher than the undisturbed soil. The
changed micro-topography gradually flattened with time.
Soil bulk density was significantly lower in the zokor
mounds than that in the undisturbed grasslands (Table 1).
Soil pH (1: 2.5 soil-to-water ratio) varied from 7.7 to 8.0

Table 4 Contents of aggregates and water stable aggregates and mean weight diameter (MWD) of water-stable aggregates in the top 0-15 cm
layers of undisturbed soil and soils of zokor-made mounds with different ages

Treatment Percentage of aggregates Percentage of water-stable aggregates MWD of water-stable aggregates
(>0.25mm) in soil (>0.25mm) in soil (mm)

Undisturbed 56.0(3.4)a 33.5(1.4)a 1.08(0.04)a

3 months 48.0(2.2)a 34.5(1.6)a 0.98(0.05)b

3 years 39.3(1.1)b 22.3(0.7)b 0.44(0.01)d

6 years 40.8(0.5)b 21.2(1.3)b 0.41(0.00)d

15 years 37.6(3.8)b 25.3(2.8)b 0.49(0.04)c

Numbers are means with standard errors in brackets (n=3). Means followed by different letters in a row are different from each other.
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across mounds and the undisturbed grasslands and was not
affected by zokor disturbance (data was not shown).

Organic C pools

Coarse soil organic C (>2 mm) concentration was
significantly lower in the mound soils than in the
undisturbed soils (Table 2). There was a recovery of coarse
soil organic C concentration from the 3 years to the 15-year-
old mounds, however, even 15 years after mound formation,
coarse soil organic C concentration was only 35% of that of
the undisturbed soils (Table 2). Concentrations of soil
organic C (<2 mm) and particulate soil organic C
(2-0.05 mm) were generally lower in the 3 to 15-year-old
mound soils than in the undisturbed soils or 3-month-old
mound soils (Table 2). The 3-month-old mounds had a
higher soil organic C concentration than the undisturbed
grasslands (Table 2). There was a recovery of soil organic C
and particulate soil organic C concentrations in the 15-year-
old mounds compared to the 6-year-old mounds, however,
15 years after mound creation, the soils had only 96% and
83% of soil and particulate soil organic C concentrations
compared to the undisturbed soils (Table 2). Stocks (in the
top 15-cm layer) of coarse soil organic C, soil organic C, and
particulate soil organic C were significantly lower in the
mound soils than in the undisturbed soils (Table 2).

Microbial biomass and activity

The level of microbial biomass C significantly decreased in
soils from the 3-, 6-, and 15-year-old mounds compared
with soils of the undisturbed grasslands or 3-month-old
mounds (Table 2). Fifteen-year-old mounds showed a
recovery in soil microbial biomass C compared with the
6-year-old mounds; however, microbial biomass C concen-
tration of the 15-year-old mounds was only 58% of that of
the undisturbed grasslands (Table 2). Soil respiration, the
amount of CO,-C evolved in the 30-day incubation period
was the highest in the undisturbed soils, followed by soil
respiration evolved from the 3-month-old mounds, with the
lowest values in soils of 3-, 6-, and 15-year-old mounds
(Table 2). There was no recovery in soil respiration
since mounds had been created; 15-year-old mounds
only had 57% of the amount (882 g kg ') of CO,-C
evolved from the undisturbed soils. The 3 months and
3—15-year-old mound soils had lower urease activity, acid
phosphatase activity and alkaline phosphatase activity
than the undisturbed soils; the 3—15 years old mound soils
had lower (3-glucosidase activity than the undisturbed or 3
months old mound soils (Table 3). The 15-year-old
mounds showed a recovery in soil urease activity and
alkaline phosphatase activity compared to the 6-year-old
mounds (Table 3).
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Aggregation

Contents of dry-sieved aggregates and water-stable aggre-
gates in soils of 3-, 6-, and 15-year-old mounds were
reduced compared to the undisturbed and 3-month-old
mound soils (Table 4). After wet-sieving, the percentages of
water-stable aggregates greater than 1 mm were higher and
those of water-stable aggregates lesser than 0.5 mm were
generally lower, in the undisturbed and 3-month-old mound
soils than those in the 3—15 years old mound soils, showing
that the disturbance of mound-making transformed soil
aggregates greater than 1 mm largely into aggregates lesser
than 0.25 mm (Fig. 1). Mean weight diameter of water-
stable aggregates was lower in all mound soils than in the
undisturbed soils, and a recovery in the mean weight
diameter occurred in the 15-year-old mound soils compared
to the 6-year-old mound soils (Table 4).

Discussion

Foraging and mound-creating by zokors changed plant
species and significantly reduced the below-ground plant
biomass, soil organic matter pools, microbiological activity,
and soil aggregation. After the original vegetation had been
devastated in the mounds, new species gradually appeared
and their numbers increased. Soil organic C pools,
microbial biomass and activity (urease and alkaline phos-
phatase activities), and soil aggregation (water-stable
aggregate mean weight diameter) recovered with the age
of mounds but the recoveries in soil organic C pools lagged
behind those of vegetation and root biomass, and the
recoveries of microbial biomass, microbial activity, and soil
aggregation lagged behind those of soil organic C pools.

80 4 B Undisturbed

b
70 1 [ 3 months
60 A 3 years

w
[=]
!

6 years

O 15 years

w2
(=]
!

(5o
(=1
!

% of water-stable aggregates in soil
¢ &~
S
.

—_
(=}
!

(=}
s

0.5-0.25mm

1-0.5mm <0.25mm

Fig. 1 Size distributions of water-stable aggregates of undisturbed
soil and zokor mound soils with different years since mounds were
formed. Bars indicate 1 standard error; columns with different letters
within a size class represent significant differences at P<0.05
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The flattening of mounds after formation with time was
due to the soil compactness after mound formation,
possibly in response to grazing animal trampling and
precipitation. This was consistent with the higher values
of soil bulk density of the undisturbed grasslands and 3- to
15-year-old mounds than that of 3-month mounds. The
complete depletion of root biomass in the top 15 cm of soil
by plateau zokor foraging or transferring to deeper burrows
of food storage in the soil of 3-month-old mounds probably
occurred because plateau zokors have broad diets with
feeding roots and shoots of annual and perennial grasses,
forbs, and shrubs (Wang et al. 2000). The recovery in root
biomass depended on the presence of plant species.

The organic matter level in a soil is the result of a
balance between plant-derived C inputs and soil organic
matter outputs mainly through mineralization. The reduc-
tions of contents of coarse organic C (>2 mm), soil organic
C (<2 mm), and particulate organic C (2—0.05 mm) in 3-, 6-
, and 15-year-old mound soils compared to the undisturbed
or the 3-month-old mound soils may be due to the
significant decrease in plant C input under degraded
vegetation and to the stimulated decomposition favored by
soil loosening and decreased soil aggregation. Non-
compacted soil is known to have a higher organic C
mineralization rate than compacted soil due to a favorable
soil aeration (De Neve and Hofman 2000; Tan and Chang
2007). Disaggregation induced by mechanical disturbances
such as tillage generally increases mineralization due to
exposure of protected organic matter to microbial degrada-
tion (Kristensen et al. 2003). Coarse soil organic C
concentration increased in the 15-year-old mounds com-
pared to the 3-year-old mounds, and soil organic C and
particulate organic C levels increased in the 15-year-old
mounds compared to values of 6 years old mounds, likely
due to the input of organic C into the soils from improved
vegetation, with the input exceeding the output by organic
C mineralization. Higher soil organic C concentration in the
3-month-old mounds than in the undisturbed grasslands
was likely as a result of significantly decreased soil bulk
density (0.59 Mg m ®) of the 3-month-old mounds
compared to the undisturbed grasslands (bulk density
0.83 Mg m ), i.e., a sampling depth of 15 cm in the
3-month-old mounds was equivalent to an 11-cm sampling
depth in the undisturbed grasslands.

Soil microbial biomass and activity were related to
changes in vegetation cover (Baldrian et al. 2008)
because they are stimulated by inputs from plants litter
and rhizodeposition (Kuzyakov and Domanski 2000;
Blagodatskaya and Kuzyakov 2008); both plant inputs
contain labile organic C pools, coarse and particulate
organic C fractions (Christensen 1992). In this study,
decreased microbial biomass C and soil respiration in the
3- to 15-year-old mounds than in the undisturbed soils and

the recovery in microbial biomass in the 15-year-old mounds
compared to the 6-year-old mounds could be related to the
degraded vegetation by mound-making and to the recovery in
vegetation after mound formation. Soil enzymes are secreted
by roots or released by soil organisms fed with organic
substrates derived from roots and residues in the soil (Vinotha
et al. 2000). Decreased urease-, acid-phosphatase-, alkaline-
phosphatase-, and glucosidase activities of mound soils
compared to the undisturbed soils, and recoveries of urease-
and alkaline-phosphatase activities in the 15-year-old mounds
compared to the 6-year-old mounds could be explained by the
response of microbial biomass and microbial activity to
changes in vegetation (Nannipieri et al. 2003; Acosta-
Martinez et al. 2008).

In addition to mechanical disruption by mound-making,
decreases in root biomass, organic C fractions and
microbial activity can be responsible for the reduction of
soil aggregation and stability in the zokor mounds
compared to the undisturbed grasslands. It is well estab-
lished that organic fractions, root biomass, and related
microbial activity mediate soil aggregation (Tisdall and
Oades 1982; Caravaca et al. 2005).

Conclusions

Mound-making by plateau zokors decreased vegetation and
root biomass, and reduced soil organic matter pools,
microbial mass and activity, and soil aggregation in the
top layer where zokor foraging and mound-making took
place in the field. It may take more than 15 years for a
complete recovery of degraded soil organic matter pools,
microbial activity, and aggregation to the original state.
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