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Effects of water table and nitrogen addition on the rate of non-symbiotic nitrogen

fixation in an alpine wetland of Zoige

ZHANG Xiaodong'*, WANG Jinzhi'*, YAN Liang"?, LI Yong"*, WU Haidong"*, KANG Xiaoming"**
1 Beijing Key Laboratory of Wetland Services and Restoration, Institute of Wetland Research, Chinese Academy of Forestry, Beijing 100091, China
2 Sichuan Zoige Wetland Ecosystem Research Station, Tibetan Autonomous Prefecture of Aba, 624500, China

Abstract: Non-symbiotic N, fixation represents one of the main avenues of nitrogen (N) input into ecosystems, and thus
plays a critical role in the N cycling in alpine wetlands. However, it remains unclear how environmental changes may
influence N fixers and their N-fixing ability. We conducted a mesocosm experiment in the Zoige wetland to examine the
responses of soil non-symbiotic N, fixation in alpine wetlands to rising water table and N addition. The mesocosm consisted
of 27 plots filled with in situ peat cores sampled from the Zoige wetland. We established nine treatment combinations, i.e.,
three levels of water table crossed by three levels of N addition, with three replicates for each combination. We measured the
rate of non-symbiotic N, fixation, soil carbon and N contents of the top soil, aboveground biomass and plant N contents for
each plot. The rate of non-symbiotic N, fixation ranged from 0.003 to 7.35 pg N ¢”' d™', being higher in flooded than well-
drained soils. High soil water content promoted N, fixation, especially under nitrogen addition. The possible explanation for
stronger water effects under N addition may be that soil organic carbon, which is required by non-symbiotic N fixers, can be

rapidly released by phytoplankton after N addition in flooded plots. This is evidenced by higher soil organic carbon under
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nitrogen addition. We concluded that water table is the main factor affecting non-symbiotic N, fixation of the top soil in Zoige

Wetland, and that N addition enhances the extent to which high soil water content can promote non-symbiotic N, fixation.

Key Words: biological nitrogen fixation; soil water content; inorganic nitrogen; soil organic carbon; marsh
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Fig.1 Rate of non-symbiotic N, fixation under different water table and nitrogen addition treatments and its relationship with soil

water content
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Table 1 Two-way ANOVAs for testing the effects of water table and nitrogen addition on plant and soil properties

KAE MR KA it 2
At Water table (WT) Nitrogen addition (N) WT x N
Variable
df F p df F P daf F P

JESLA: F AR

*“‘K. . . 2,18 3.844 0.041 * 2,18 0.587 0.567 4,18 0.994 0.436
Rate of non-symbiotic N, fixation
35 pH {H Soil pH 2,18 2.602 0.102 2,18 0.556 0.758 4,18 0.617 0.656
S K Soil water content 2,18 5.029 0.018 ** 2,18 0.025 0.975 4,18 1.940 0.147
- HE AR S Soil NHE-N content 2,18 3.615 0.048 * 2,18 0.046 0.955 4,18 1.221 0.336
A A A& Soil NO3-N content 2,18 5.886 0.011** 2,18 0.143 0.868 4,18 0.433 0.783
3B & 5 Soil TN content 2,18 1.115 0.350 2,18 3.587 0.049* 4,18 1.148 0.366
T HEE B & & SOC content 2,18 0.051 0.951 2,18 4.697 0.023 * 4,18 1.238 0.330
Mo R4 R Aboveground plant biomass 2,18 9.705 0.001 **~ 2,18 1.191 0.326 4,18 1.041 0.416
FEH) A & it Plant nitrogen content 2,18 4.639 0.023* 2,18 5.922 0.011* 4,18 1.083 0.394
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Table 2 ANCOVA for testing the effects of nitrogen addition on the rate of non-symbiotic N, fixation

A+ Factors df Mean Sq F P
35 k48 (H37E R ) Soil water content (WC, covariate) 1 9.555 4.454 0.046*
i AL B ([ 22 R F) Nitrogen addition (N, fixed factor) 2 2.395 1.116 0.345
A3 K it A WCXN 2 11.492 5.357 0.013 =
5% 2% Residual error 21 2.145
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Fig.2 Variations in soil properties, plant biomass, and plant nitrogen content among water table and nitrogen addition treatments
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