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SOIL NITROGEN REGIME AND THE RELATIONSHIP BETWEEN ABOVEGROUND
GREEN PHYTOBIOMASS AND SOIL NITROGEN FRACTIONS AT DIFFERENT
STOCKING RATES IN THE XILIN RIVER BASIN INNER MONGOLIA
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Abstract Limited information exists on synchronized nutrient release especially of nitrogen to meet the nu-
trient demand of plants in the Xilin River Basin Inner Mongolia. We conducted a field experiment to examine
soil nitrogen fractions during the first two years of grassland restoration following 11 years of consecutive grazing
under four different stocking rates. The seasonal variation of different soil nitrogen fractions in different soil
layers was investigated. Soil and plant samples were randomly taken from each block on May 12 June 23

August 3 and September 13 2002 at depths of 0 — 10 em 10 — 20 em and 20 — 40 em. The concentrations of
NO; -N NHf -N inorganic-N the sum of NO; -N and NH{ -N and total Kjeldahl-N in the different soil

layers were determined. At the same time we determined the microbial biomass N of the top 10 em soil using
the chloroform fumigation-extraction method. Our results showed that the total nitrogen in different soil layers
had no significant seasonal change under all treatments. This indicated that grazing rates had no significant ef-
fects on the pool size of total soil N. However there were significant seasonal change patterns of the soil NO; -
N NH{ -N inorganic-N and microbial biomass N. During the growing season the NO;3 -N decreased and was

negatively correlated with aboveground green phytobiomass —suggesting that soil NO3 -N concentrations were
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controlled primarily by synchronized N uptake by plants although other N transformation processes such as mi-
crobial immobilization denitrification and leaching also can exert some control over the NO3 -N pools. Micro-
bial biomass N could explain 22.3% of the variation in inorganic nitrogen concentrations whereas NH; -N was
negatively correlated with microbial biomass N p <0.01 indicating that soil microbial organisms can have an
important impact on soil N transformation processes. Total soil inorganic nitrogen showed an inconsistent pat-
tern during the growing season but was significantly negatively correlated with aboveground green phyto-
biomass. We also found that NH, -N pools were relatively constant in the top 10 ¢cm of soil from June to
September but NO;3 -N fluctuated throughout the year and was almost undetectable by the end of plant growing
season. After plant senescence in September inorganic nitrogen concentrations increased again. In general
the amounts of different soil nitrogen fractions decreased with soil depths.

Following a two-year exclosure period after 11 consecutive years of grazing at four different stocking rates
the different soil N fractions showed a differential response. Total nitrogen concentrations were not affected by
previous stocking rates while the soil microbial biomass nitrogen differed significantly among treatments during
the growing season. Soil microbial biomass N was the highest in the previously overgrazed and moderately
grazed treatments followed by ungrazed and lightly grazed treatments. The responses of soil inorganic nitrogen
NH; -N and NO;s -N to two years of no grazing were complicated. In general soil inorganic N NH, -N and
NO;3 -N concentrations were higher in the moderately grazed and overgrazed treatments. After two years of
restoration there were no significant differences in total aboveground green phytobiomass maximum biomass in
August  between the previously ungrazed and overgrazed treatments.

Key words Stocking rates Grassland restoration Microbial biomass N Nitrogen cycling Inner Mongolia
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Table 1 ~ The influence of soil depths and collection time on soil nitrogen fractions at different stocking rates
D TN NO; -N NH; -N IN Micro-N SM
Variation F P F p F p F P F )4 F p
Main effects
R 3 0.35 NS 3.05 * 13.74 X% 7.58 *x% 28.71 *#xx 0.77 NS
T 3 2.29 NS 242.3 KK 29.74 ¥ 106.2 KKK 3.58 KK 145.1 KK
L 2 392.3 KK 167.1 HXK 9.19 X% 112 XK — — 152 HXK
Two-factor interaction effects
RxT 9 0.72 NS 4.57 b 16.63 KKK 15.81 KK 0.19 NS 2.02 NS
RxL 6 0.87 NS 0.56 NS 6.73 ¥ 4.82 KRK — — 0.33 NS
Tx L 6 0.84 NS 27.7 KK 8.67 *H 7.12 *xx — — 56.48 E
Three-factor interaction effects
RxLxT 18 0.80 NS 1.10 NS 5.30 X 2.72 KKK — — 1.31 NS
NS Not significant difference p >0.05 Df* Degrees of freedom % #%x 0.05 0.001 —
Not determined TN Total nitrogen IN Inorganic nitrogen  Micro-N Microbial biomass nitrogen SM
Soil moisture R Stocking rates T Time L Soil layers
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Table 2 Coefficients of correlation R and determination R?  of nitrogen fractions with aboveground green phytobiomass
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Fig.1 Seasonal dynamics of different nitrogen fractions and aboveground green phytobiomass at different stocking rates
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