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Effects of nitrogen additions on soil microbial respiration and its temperature

sensitivity in a Tibetan alpine meadow
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Abstract: The soil C stock of the Tibetan Plateau is of global significance because of its large pool size and the potential
positive feedback to climate warming. Soil microbial respiration is an important carbon (C) flux of the global C cycle, and
is greatly affected by soil nitrogen (N) availability. Reactive N inputs often reduce soil microbial respiration, but how they
affect the temperature sensitivity of soil microbial respiration is still poorly understood. Here, we examined the effect of N
additions on soil microbial respiration and its temperature sensitivity ( expressed as (Q,, ), and assessed the relative
importance of substrate availability and the chemical composition of soil organic C in explaining the variation in soil
microbial respiration and Q,. A 4—year field experiment with four simulated N deposition levels, 0, 5, 10, and 15 g N m™
a”' was conducted. Soil samples were collected from three levels of nitrogen addition rate (0, 5, and 15 g Nm~a™") and
incubated at 5°C, 15°C and 25°C in the laboratory. The results showed that N additions significantly increased soil dissolved

organic C and available N (P<0.05), but did not significantly affect soil pH, soil organic C, total N, available P, and
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total P. Moreover, N additions did not affect microbial biomass C, but significantly decreased microbial biomass N ( P<0.
05). The solid—state "°C nuclear magnetic resonance showed that N additions decreased the relative content of O—alkyl C,
but increased the relative contents of alkyl C, aromatic C, and carboxylic C, which resulted in higher aromaticity and
aliphaticity of soil organic carbon under N addition treatments than that of the control treatment. We also found that N
additions significantly decreased soil microbial respiration rate and cumulative C efflux under three temperatures ( P<0.05) ,
but significantly increased (),, under the incubation temperature of 15°C and 25°C (P<0.05). Linear correlation analysis
showed that microbial respiration was negatively correlated with the complexity of soil organic C, whereas Q,, under the
incubation temperature of 15°C and 25°C was positively correlated with the complexity of soil organic C. These findings
support the prediction based on kinetic theory that soil organic C, with recalcitrant molecular structure, has a high
temperature sensitivity of respiration. Together, our results suggest that changes in chemical structure of soil organic C
induced by N inputs may play an important role in regulating the response of soil microbial respiration to elevated
temperature, and further increase the uncertainty in predicting net soil C losses in the scenario of warming on the Tibetan

Plateau.
Key Words:; alpine meadow; nitrogen addition; soil microbial respiration; temperature sensitivity
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Table 1 Effects of nitrogen additions on physicochemical properties of soils

e A LB o AR (GEER AL g
i pH Organic C/ Total N/ NH;-N / NO3;-N/ Available P/ Total P/
Treatment
(g/kg) (g'kg) (mg/kg) (mg/kg) (mg/kg) (g/kg)
NO 7.23 + 0.43a 39.73 + 0.31a 3.54 + 0.02a 1.83 + 0.26a 14.06 + 1.89b 12.23 + 1.36a 0.76 + 0.02a
N5 7.21 £ 0.38a 38.94 + 2.44a 3.57 + 0.18a 1.70 + 0.28a 19.66 + 2.87b 16.49 + 2.96a 0.79 + 0.01a
N 15 6.97 + 0.22a 40.47 + 0.41a 3.56 + 0.02a 1.70 + 0.23a 61.16 = 7.42a 11.51 + 1.07a 0.74 + 0.02a
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Table 2 Effects of nitrogen additions on the relative contents of organic carbon components

Ak 2 K Stk RV FE R BRI I JE R ISEiE 4
Treatment  Alkyl-C/% 0-alkyl-C/% Aromatic-C/%  Carboxylic-C/% Aromaticity Aliphaticity Combined index
NO 24.67£0.31a 45.67x1.67a 15.33£0.67a 14.33£0.67a 0.34x0.03a 0.54x0.03a 0.88+0.05a
N5 25.67+1.20a 41.67£1.48b 16.00+1.15a 16.67+1.33a 0.39+0.06a 0.63£0.08a 1.02£0.14a
N 15 25.71x1.88a 41.60£1.97b 15.85+2.08a 16.85+1.87a 0.39£0.07a 0.62£0.02a 1.00£0.05a

[FIFUAN TR NG S 30 b 3] 22 57 4 % (P<0.05)
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0.05,/% 3),
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e 3 AIAT, = NEE R IR AR T 1 49 SRR i 38 5 A AL 1 05 A B IR AR LR AR A
TS (P<0.05) ,25CHEFRFAF T 19 £ 3 RFUR B i85 DIN &35 fAHE (P<0.05) . £ 5°C Fl 15°C #5597
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Fig.3 Effects of nitrogen additions on the temperature sensitivity of soil respiration

ARING F B F R b A 25 5 B 3 (P<0.05)
A MUK )5 75 B G AL B AL 8 508 8 38 IE A OC (P<0.05)
3 itig

3.1 FESINR SRR Y Y R R

TEAMFFE T, BAS N B 1 55 580 e o e FE B ey LSRR W Pl S5 e A TR IR BRAR A 2
F G Rl R A R G AR B M SE R —ET SR, AT BT T R W RS I AT AR e AR bk A 2
RGN IR R, PR RS RS 30 A T R S I3 A 0 b S B Y
BEABRIRGL . TEEATOC T, SR IR A AT R LA R -3 1% LA 2 P TR R ) - S B A R )
IR i FERE AR — AR AR S R G, BN I B 1 BRI 1 R AR T BE R T LU R LA T
TSR . 15, U AT e 3R A PR P ) 3 A i Y e 1 RIS R b g v
SRR R S AR X U R R A AE SRR T ARG A S RS, #g b RS2 i

http ; //www.ecologica.cn



74 MR A SIS IO g SR ) SRR A 4 e A % T A 1 7

x3 TERNBRBHERTFREEHRES TEBAMRENFERZ BHEXE
Table 3  Pearson correlation between cumulative carbon efflux and temperature sensitivity of respiration with soil physicochemical and

microbial properties

. . . I R 315 2 W UL
PErT 2R BRWEE Lo o5y B (815
Iﬂi a ﬁi% (SOC ) ﬁi% ( 15 ) ﬁk% (250(: ) H'Ll:em erature M’i‘em erature
Items Cumulative C Cumulative C Cumulative C ’ p_l, o ’ p_l, o
sensitivity sensitivity
efflux efflux efflux L L
of respiration of respiration
AlYAEPEA MUK Dissolved organic C -0.32 -0.32 -0.54 0.31 0.50
A % TEHLA Dissolved inorganic N -0.53 -0.53 -0.81" 0.55 0.48
fugr e ) e ) Bl
B LD LR 0.01 0.01 0.12 ~0.11 -0.38
Microbial biomass C
WA E YA
Microbial biomass N 0.47 0.47 0.52 0.54 0.55
F5 A Aromaticity -0.82° -0.83* -0.98* 0.44 0.78*
WAk Aliphaticity -0.78* -0.76 -0.89° 0.34 0.63*
KB Combined index -0.81" -0.83* -0.95* 0.40 0.71*
# P<0.05
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