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Seasonal dynamics of soil physicochemical properties, enzyme activity and
microbial community of rodents-damaged alpine wetlands by plateau zoker

( Myospalax baileyi) in Zogie, southwest China
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Abstract: Plateau zoker ( Myospalax baileyi) is a special subterranean rodent in the Qinghai-Tibet plateau, which built
very complex burrow system to live and breed and made a lot of aboveground mounds on the alpine rangeland ecosystem. The
mounds not only have a negative impact on edible pasture yield and rangeland landscape but also affect soil physicochemical
properties and biological characteristics seriously. At present, there have been many studies of the vertical soil properties on
plateau zoker mounds at different soil depths, but little knowledge on surrounding areas that not covered by the heaped

mounds. Selecting rodents-damaged alpine rangeland as the study object, the seasonal dynamics of the density of plateau
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zokor mounds, the physical and chemical properties of three soil layers (at 0—10 cm, 10—20 e¢m, and 20—30 c¢m deep) ,
the enzyme activities, and the thmicrobial population were closely monitored. While the seasonal correlation between the soil
biological characteristics and the soil environmental conditions were analyzed from 2015 to 2017, in particular during the
plant greenup period (GP) which normally takes place between April and May, the vigorous growth period ( VGP) which
occurs between July and August, and the withered period ( WP) which occurs between October and November. The results
indicated that: (1) The vegetation phenological phase, soil pH, and soil bulk density indices have shown a statistically
significant increase with soil depth at the 0.05 level, whereas the decrease in soil water content, soil organic matter, total
nitrogen, soil alkaline nitrogen, available phosphorus, available potassium, enzyme activity, and microbial quantity were
statistically significant with the deepening of the soil layer at the 0.05 level of significance. (2) The vegetation phenological
phase had a significant effect on the vertical distribution of soil nutrients at different soil layers, whereas the surrounding
area that was not covered with the mounds by rodents activities. The impact of soil biological characteristics on the 10—20
cm soil layer was significantly greater than those of the 20—30 cm soil layer. (3) Redundancy analysis (RDA) showed that
correlations between soil biological characteristics and soil environmental conditions, within three vegetation phenological
phases, were statistically significant at the 0.05 level. Principal component analysis (PCA) showed that all indicators
showed an obvious seasonal distribution trend. Moreover, the quantitative characteristics at different soil layers were as
follows: WP > GP > VGP. This study reveals the effects of the seasonal activities of plateau zokor on the soil
physicochemical properties, enzyme activities, and microbial population of the rodents-damaged alpine rangeland, and hope

to provide a theoretical basis for the classification and restoration of the wetland degradation on the Qinghai-Tibet Plateau.

Key Words: plateau zokor; soil physicochemical properties; soil microbial community; seasonal dynamics; soil

enzyme activity
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Fig.1 Average of monthly mean temperature and monthly precipitation in Zoige from 2015—2017
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Table 1 Changes of the mound density by plateau zokor at different vegetation phenological phase in rodent-damaged alpine rangeland

TEBEYI 5] Vegetation phenological phase

L . .

Mound density/ ( />/hm?) BT HOREI el
Greenup period Vigorous growth period Withered period

B 1 Fr. New mound 143 + 39ab 116 + 28b 187 + 39a

IH 4 F Old mound 1929 + 209b 1892 + 208b 2947 + 538a

4 = Total mound 2073 + 238b 2008 + 209b 3134 £ 572a

ANRING FRE R R 5] 8 22 57 8.3 (P<0.05)
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Table 2 Soil physicochemical properties within three soil depths at different vegetation phenological phase in rodent-damaged alpine rangeland
+ B A =y FHBE I Vegetation phenological phase
. z/ cm
Soil Soil depth B = it 2

physicochemical properties

Greenup period Vigorous growth period Withered period

pH 0—10 8.49 £ 0.19Ba 8.21 + 0.10Bb 8.63 +0.10Ba
10—20 8.65 + 0.25Bb 8.27+0.11Bc 9.03 + 0.40ABa
20—30 8.94 + 0.17Ab 8.42+0.13Ac 9.36 £ 0.53Aa
HIE/(g/em®) 0—10 0.93 + 0.06Bb 1.02 + 0.07Aa 0.99 + 0.06Bab
Soil bulk density 10—20 0.96 + 0.09Bb 1.03 + 0.06Ab 1.16 £ 0.09Aa
20—30 1.06 + 0.05Ab 1.09 + 0.07Ab 1.21 £ 0.14Aa
KR/ % 0—10 33.67% + 2.88%Aa 27.83% + 12.02% Aa 26.50% + 10.71% Aa
Soil water content 10—20 25.00% + 6.26%Ba 29.00% + 12.95% Aa 27.50% + 15.96% Aa

20—30 19.00% =+ 3.22%Ca 19.17% + 3.66%Ba 20.00% + 9.23%Ba

HHUF/ (g/kg) 0—10 73.29 + 5.38Aa 56.98 + 2.02Ab 78.96 + 7.11Aa
Soil organic matter 10—20 44.55 + 4.04Ba 50.82 + 1.93Ba 44.29 + 8.53Ba
20—30 42.65 + 2.72Ba 39.26 + 4.06Ca 31.83 = 3.58Ch
4%/ (mg/kg) 0—10 2767.64 + 37.47Aa 2687.34 + 91.84Ab 2805.95 + 36.25Aa
Total nitrogen 10—20 2088.13 + 30.35Ba 2097.20 + 90.47Ba 1950.45 + 48.65Bb
20—30 1397.15 + 49.47Ca 1447.53 + 40.53Ca 1382.84 + 83.61Ca
A L 0—10 15.36 + 1.07Ba 12.31 + 0.62Ch 16.34 + 1.65Aa
Carbon :Nitrogen ratio 10—20 12.38 £ 1.13Ca 14.07 £ 0.62Ba 13.14 + 2.30Ba
20—30 17.70 + 0.68Aa 15.72 = 1.41Ab 13.34 + 1.10Bc
AR A/ (mg/kg) 0—10 258.84 + 5.56Ab 252.41 + 5.79Ab 285.02 + 5.65Aa
Available nitrogen 10—20 167.85 + 5.64Ba 172.15 + 9.34Ba 155.52 + 6.91Bb
20—30 120.01 + 4.80Ca 122.32 + 12.03Ca 104.02 = 9.04Ch
F 3/ (mg/kg) 0—10 7.64 £ 0.50Ab 7.36 + 0.78Ab 8.50 + 0.17Aa
Available phosphorus 10—20 4.90 = 0.41Ba 5.08 + 0.65Ba 5.29 + 1.07Ba
20—30 3.23+0.47Ca 2.97 + 0.45Ca 2.92 + 0.43Ca
AR/ (mg/kg) 0—10 32.69 + 1.93Aa 31.45 + 1.59Aa 33.05+2.21Aa
Available potassium 10—20 20.45 + 1.21Bb 21.98 + 0.67Ba 20.29 + 0.23Bb
20—30 15.54 + 0.81Ca 15.33 + 0.68Ca 15.96 + 0.52Ca

AEIRE FREFRIR AR 302 [0 22 5 B35, AR R)/NE FRERoR A 8] 225+ .35 (P<0.05)

Fig.2 Distribution ratio of soil organic maters within three soil depths at different vegetation phenological phase in rodent-damaged

alpine rangeland
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*3 BERRMAREMYRERAMLELE LEEMFBHENTEDH
Table 3 Variance analysis of soil biological characteristics factors within three soil depths at different vegetation phenological phase in rodent-

damaged alpine rangeland

T2 HE 165 1 L ZBEEXH 4y

Lz Soil depth(D) Vegetation phenological phase( V) DxV

Items F P F P F P
WA Urease 153.716 <0.001 115.692 <0.001 10.556 <0.001
WAEBEIRE Alkaline phosphatase 236.060 <0.001 17.662 <0.001 2.992 0.028
HEAH Invertase 151.691 <0.001 21.028 <0.001 0.871 0.489
Y0 Bacteria 139.207 <0.001 10.526 <0.001 2315 0.072
H i Fungi 189.764 <0.001 1.455 0.244 0.182 0.947
WRE Actinomycetes 394.369 <0.001 15.982 <0.001 5.177 0.002
140 49 348 Total microorganism 294.650 <0.001 22.240 <0.001 3.901 0.008
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Fig.3 Seasonal dynamics of soil enzyme activities within three soil depths at different vegetation phenological phase in rodent-damaged

alpine rangeland
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Fig.4 Seasonal dynamics of the content of soil microbial communities within three soil depths at different vegetation phenological phase in

rodent-damaged alpine rangeland
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Fig.5 Redundancy analysis on the plateau zoker, soil physicochemical properties and biological characteristics at different vegetation

phenological phase in rodent-damaged alpine rangeland
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