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The early effects of nitrogen addition on CH, uptake in an alpine meadow soil on

the Eastern Qinghai-Tibetan Plateau
ZHANG Peilei' , FANG Huajun®, CHENG Shulan"* , XU Minjie' ,LI Linsen', DANG Xusheng’
1 University of Chinese Academy of Sciences, Beijing 100049, China

2 Institute of Geographical Sciences and Natural Resources Research, Chinese Academy of Sciences, Beijing 100101, China

Abstract: The increase in atmospheric nitrogen (N) deposition caused by human activities significantly changes carbon
cycling and the carbon budget in terrestrial ecosystems. Unsaturated soil is a unique biological methane ( CH,) sink,
accounting for about 5% of all atmospheric CH, absorption. Alpine meadow is a typical N-limited ecosystem in which the
soil microorganisms and plants have adapted to the N poor environment so that long-term slow N input will change the carbon
cycle process, structure and function of this fragile ecosystem. Therefore, it is crucial and helpful to explore the
mechanisms responsible for the responses of soil CH, uptake to exogenous N input. In 2007, a multi-form, low-level N
addition experiment was conducted at the Haibei Alpine Meadow Ecosystem Research Station on the Qinghai-Tibetan
Plateau. Three N fertilizers; NH,Cl, (NH,),S0,, and KNO, were added at four rates; control (0 kgN-hm™a™), low N
(10 kgN-hm™a™) , medium N (20 kgN-hm™a™"), and high N (40 kgN-hm™a™"). Each N treatment contained three
replicates, making a total of 36 plots. During the growing season ( May to October) , soil CH, fluxes were monitored weekly

by the static chamber-gas chromatograph technique. Simultaneously to the soil CH, flux measurements, soil temperature and
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soil moisture were also recorded at 10 ecm depth. In addition, the soil ammonium, nitrate and dissolved organic carbon
contents as well as the pH were measured monthly to examine the key driving factors of soil CH, uptake. The results showed
that; (1) N addition significantly changed the soil moisture content. Both low and high levels of N addition tended to
consume soil moisture, whereas a medium level of N input was favorable to maintaining soil moisture, which mainly
depended on the soil moisture balance of precipitation, soil evaporation and plant transpiration. (2) N addition significantly
changed soil NH;-N, but did not affect the soil NO;-N pool. As the most vulnerable part of the ecosystem to a change in N
forms, plants preferentially absorbed NO;-N rather than NH;-N and added NO;-N was absorbed more strongly by plants
than NH;-N. Therefore, accumulation of soil NH;-N caused by N addition was more significant than that of soil NO;-N.
Nitrogen addition did not significantly decrease the soil pH values. (3) Soil-dissolved organic carbon strongly fluctuated
within the growing season. After accumulating over the non-growing season, dissolved organic carbon content was at a
maximum in May, and then continued to decrease until October because of microbial consumption. (4) Soil CH, uptake
was mainly driven by soil moisture, followed by soil NH;-N and NO;-N contents. Ammonium fertilizer addition inhibited
soil CH, uptake, where as nitrate fertilizer promoted it. This research suggests that alpine meadow soils are an atmospheric
CH, sink and that N addition can significantly affect CH, uptake in the short term. Low N addition can promote CH, uptake
from alpine meadow soil, while medium and high N deposition inhibits CH, uptake and decreases the atmospheric CH, sink.

The critical level of atmospheric N deposition is about 20 kgN/hm” - a if the ambient N deposition rate is considered.

Key Words: atmospheric nitrogen deposition; Methane flux; Soil nitrogen; Controlling factors; Alpine meadow
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Fig.1 The monthly variation of soil temperature, soil moisture at the 0—10cm depth and soil CH, uptake and their responses to

N addition
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Fig.2 The monthly variation of soil NO3-N, NH;-N, DOC and pH and their responses to N addition
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Table 1 The mean (standard error) of soil CH, uptake and soil properties at different N addition levels

N ke A B AT LI CH, Bkt
N Level Soil moisture NO3-N NHj-N DOC pH CH, uptake
/(m*/m?) /(mg/kg) /(mg/kg) /(me/kg) /(pgrm+h)
Xt H8 Control 45.86(1.96) 8.58(0.63) 18.64(1.09) 176.78(2.93) 7.50(0.04) 35.40(1.92)
XA Low N 44.99(1.82) 8.88(0.72) 19.32(0.98) 177.98(2.70) 7.47(0.05) 36.39(2.03)
P& Medium N 48.19(2.00) 9.49(0.76) 19.90(1.18) 176.28(2.55) 7.57(0.03) 33.75(1.68)
% High N 43.73(1.90) 9.12(0.35) 18.78(0.96) 176.06(2.37) 7.45(0.05) 36.19(1.74)

R L5 DOC FRRFH N (179.2423.31 ) me/kg (R 1) Iem AL 5 H,10 A OM AR (&1 2) . %

AR 4 DOC I BB HEARE (P=0.001, 3 2) , il E /KAl R 28 R A B35 20 3 DOC &
H(P=0.390 Fll P=0.349,%62) . EZERf +3 pH H576 7.0 LA L (K2 T3 1), AEH 4y 13 pH 2243 A
B, 73h AR E UL T 3 pH(P=0.043 3 2) AR A = AU AL 3 ) T REAK L3 pH, 177 Hh U4 1S
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Table 2 Repeated measure ANOVA of soil CH, uptake and soil environmental variables ( Response ratio)

RANOVA To Ry RCH4 RNO; RNHZ Ryoc R

H 1 Month <0.001 0.187 0.020 0.701 0.027 0.001 <0. 001
A6y x B KF MonthxN Level 0.008 0.006 0.069 0.131 0.001 0.390 0.043
H 5 x A8 MonthxN Form 1 0.662 0.755 0.085 0.402 0.349 0.852

A EUK T xRS

MonthxN TevelxN Form 1 0.887 0.713 0.670 0.667 0.999 0.838

2.3 3 CH, WOR 3R A R 2 R ) 56 £

Hi1&l 3 A% 3 nf UL, +3 CH, Welici 5 H 3R RS K i 2R 2 I A DG DG R (R =0..43, P<0.0001) ,
FEXLI B B P g - S K A ] T 4 CH, Wl 5 1 NOS-N Fr i AR E I IEASE LR (R =0. 12, P<
0.0001) , 7E LI B B ) 4 NOS-N HEFUE A F158 14 CH, JLTIRE ; 7] 38 NH;-N & i 240 25 1 fA 56
KRA(R=0.11, P<0.0001) ,7&W] +3 NH;-N (34 I ae a4 il + 4 CH, Wk ; -4 CH, Wlicit 5 +3E Doc
R RN RADCOCR (R =0.08, P<0.0001), BEH] DOC & &t iy in L 23 BRI 4 CH, WIGREE, &)
Ah, HHE CH, Wil 13 pH (R AA XX R (R =0.02, P=0.03) 15 IR EHLEARE, £
AT R W] 3 CH, Wl 252 + 3K 433K 8l O HIETCHLAUR DOC &% it , —H RefS il B
CH, W78 S5 1 56% o XiF T AN [ (4t 60300 2 1 7, AR UL AR i CHL, W, i e 200 o R0 A 340 o) - 43¢
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Table 3 Regression models between the soil CH, fluxes and the soil variables

ek R mEpy PO REL »
Soil properties Equation R?

FIHEE KR Soil moisture (Ms)  Fon, =69.96-0.69 Ms 0.43 <0.0001
L4 DOC & &t Soil DOC Fey, = 193.37 -0.44 DOC 0.08 <0.0001
13 NO3-N & & Soil NO3-N Fep, = 4.33 +0.14 NO;-N 0.12 <0.0001
3 NH;-N &8 Soil NHj-N Fey, = 26.00-0. 19NH}-N 0.11 <0.0001
433 pH & Soil pH values Fep, = 7.62-0.003pH 0.02 0.03
b8 Combined Fey,=73.21-0.49 Ms + 0. 76 NO3-N-0. 48NH;-N - 0 56 0. 0001
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Fig.3 The relationships between soil CH, uptake and soil temperature, moisture, inorganic N, DOC contents and pH values
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