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Effect of nitrogen addition and mowing on soil nitrogen mineralization in

abandoned grasslands in Inner Mongolia
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Abstract: Agricultural restructuring and conservation priorities have led to the abandonment of farmlands in China and
elsewhere. Restoration of croplands to grassland has become an important management practice during the past ten years in
the grassland of Inner Mongolia in northern China. In our experimental region, grassland (steppe) represents the typical
arid and semiarid regional vegetation type, which is also typical across a vast area of the Eurasian continent. Mowing of
grassland is an important management practice in this area. N availability and microbial N transformation processes are key
parameters for evaluation of this management practice, because these parameters greatly affect steppe productivity. However,
few studies have evaluated their relative importance and interaction in old-fields in China. We investigated effects of N
addition and mowing on soil N mineralization in abandoned croplands, and examined the relationships between soil N
mineralization and vegetation recovery in combination with dynamic variation in soil physical-chemical properties and

aboveground productivity, to provide a scientific foundation for restoration and reconstruction practices. In this study, we
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examined how two management practices, namely mowing and N addition, affect gross microbial N mineralization
(‘ammonification and nitrification) , microbial biomass carbon (MBC) , microbial biomass nitrogen ( MBN) and microbial
respiration (MR) in a grass-dominated grassland in an old-field community in northern China. We began the long-term N
addition and mowing experiment in 2006 in grassland that had been abandoned for ten years, near the Duolun Restoration
Ecology Experimentation and Demonstration Station in Inner Mongolia, China. Four treatments were conducted, each with
six replicates: control (no N addition or mowing) , N addition, mowing, and N addition + mowing. N addition increased
gross nitrification rate, while it had no effect on gross ammonification rate, soil MBC, MBN, microbial biomass carbon/
nitrogen ratio (MBC/MBN) , MR, or microbial metabolic quotient (gCO,). However, N addition significantly enhanced
aboveground net primary productivity ( ANPP ) and soil inorganic nitrogen, which increased by 115% and 196%
respectively compared to controls. Mowing had no significant effect on gross nitrification and ammonification rates, while it
significantly reduced soil MR. After five to seven years, N addition + mowing had no significant effect on soil gross
ammonification and nitrification rates. However, this treatment had significant positive effects on ANPP, NH;-N + NO;-N,
and ¢CO,, while it had significant negative effects on MBC and MBC/MBN. Therefore, N addition is an effective means of
increasing productivity in abandoned grasslands, but we need think carefully whether long-term N addition promotes soil
microbial N transformation in abandoned grasslands. Our results highlight the need for further study of the importance of
belowground C supply as a control of microbial N cycling processes. Furthermore, during the restoration of degenerated
croplands, N cycling rates are stimulated, but the magnitude of this stimulation is modulated by plant community
composition. Considering the significant effect of inter-annual rainfall variability on the key microbial parameters we
investigated in our semi-arid study region, we emphasize that further long-term studies are needed to examine the responses

of N transformation, microbial biomass, and MR to anthropogenic perturbations such as mowing and N addition.

Key Words: Nitrogen addition; Mowing; Grassland; Microbe; Nitrogen transformation; Interaction effect; Restoration
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Table 1 The basic information of plant-soil-microorganisms under different treatments in 2013

sib i1 A i SRR AT
Indicators Control (CK) N addition (N) Mowing (M) Mowing (N + M)
A HLEK Soil organic carbon / (g/kg) 26.92 + 0.99 b 30.02 = 0.98 a 27.47 +0.75 b 27.75 + 0.25 ab
+ 1425 Soil total nitrogen /( g/kg) 1.56 + 0.06 b 1.75 + 0.03 a 1.57 £ 0.06 b 1.61 + 0.04 b
+3ERR A L Soil carbon/nitrogen ratio 17.30 + 0.32 a 17.17 + 0.54 a 17.56 + 0.27 a 17.33 £ 0.51 a
+ 398 4% Soil total phosphorus / (g/kg) 0.14 £ 0.01 a 0.15 + 0.01 a 0.13 + 0.01 a 0.14 + 0.00 a
Siujf%ﬁ?ﬁfi phosphorus /(&/ke) 0.0015 + 0.0001 a 0.0018 + 0.0002 a 0.0014 + 0.0002 a 0.0015 + 0.0002 a
pH 7.51 + 0.08 a 6.83 + 0.12 b 7.41 + 0.07 a 6.61 + 0.10 b
FE 4 S Plant total carbon /(g/kg) 423.15 £ 9.01 a 441.02 + 4.69 a 435.41 + 16.73 a 458.43 + 20.46 a
M2 A Plant total nitrogen /( g/kg) 9.69 + 0.33 ¢ 13.32 + 1.62 ab 11.06 + 0.47 be 15.97 = 0.75 a
B/ A1) Fungi/Bacteria ratio 0.21 + 0.00 a 0.20  0.00 ab 0.20 + 0.00 ab 0.19 + 0.00 b

F PR I AR DR R [RNG SRR [ Ak JH ] 22 52 .35 (P < 0.05)

2.2 FEIIRNA)EN X A 38 5 K A 52

3G K B AR R AEBRIE] Y 22 S B3 (F = 341.58,P < 0.01) ,2012 4F 4 5 /K S8k .35 5 T 2011 Al
2013 4E,2013 4EH W25 T 2011 4EAY 35 /KR (P < 0.01) (K1) . ARERIRH S KA BE 20,
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2.3 REIHRDAEGT L b e 9 A8 7= 1 5 i
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