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Abstract

Aims Increasing global nitrogen (N) deposition has exerted significant influences on productivity and carbon
cycle of terrestrial ecosystems. More than 90% of the carbon in grasslands is stored in the soil, therefore any
changes in soil total respiration (R;) might have a vital impact on the carbon balance and the stability of soil
carbon pool of grassland ecosystems. Most of our understanding about the responses of R to N deposition was
based on N deposition manipulative experiments with short-term (<5 years) and low frequency (1-2 times per
year) N addition treatments. It is still unclear how the long term N addition and different N addition frequency
will affect R and its components in semiarid grasslands.

Methods Our study is based on a long term N addition manipulative experiment platform conducted in a typical
temperate semiarid steppe, Nei Mongol. The experimental treatment consisted of six N addition amounts and two
N addition frequencies. N addition treatments began at 2008. Soil respiration and its components were measured
every two weeks during the growing season in 2018 and 2019.

Important findings 1) R significantly decreased with increasing N addition amount. The negative impact of N
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addition on R; was mainly resulted from the inhibition of heterotrophic respiration (Ry). 2) No significant
differences were observed in responses of R, and its components to low and high frequency N addition treatments.
3) Soil acidification caused by long term N addition inhibited soil microbial activity and changed soil microbial
community composition, consequently decreased R and Ry,. Our results suggested that the negative effect of N
addition on soil carbon release still lasted after a decade of N addition treatment. In particular, the decrease of Ry
would enhance the stability of soil carbon pool. No significant differences in the two N addition frequency
treatments indicated that the potential impacts caused by simulated N addition with different frequencies would be
diminished with prolonged treatment period. Therefore, the results of long-term (>10 years) simulated N addition
experiments can provide reliable references for evaluating the responses of natural ecosystems to atmospheric N
deposition.

Key words long-term nitrogen addition; nitrogen addition frequency; soil respiration; autotrophic respiration;
heterotrophic respiration
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— B, H X B & 5 ma B RE N ok, 7R
2gmZa RIS, Ry BRI H B 3 B AK
(p<0.001, E3B. 3E). SRuMfLL, RXFANEI AN
HIFLMWMN(E3C, 3F). A[FEIHEEIN RS R M 57
TR E IR 5 RE (@ > 0.05)(K ],
KI3). LR AN RIS 2 i ZR, BRI+
S W 75 4 4 A S PR AR B o A (RW/RG)(FR 1),
FI5ME 062,
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SWCZ MR BL B I IEM SRR (B4, BT TE
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Tablel Results of the effects of year (Y), nitrogen addition amount (N), nitrogen addition frequency (NF) and their interactions on soil temperature (S7), soil
water content (SWC), soil total respiration rate (R,) and its components (R, and R,) and Ry/R; ratio

A7 - R THOK AR et 9L SHTR IR E A EPRGLSuES IR LG
Treatment ST ('C) SWC (%) R (mol-m 57" Ry, (mol-m 257" R, (mol'm2s™) Ru/Rs

df F P F P F F P F P F P

1 4908 <0001 611  <0.05 21.81 <0.001 6729  <0.001 0.53 0.46 7157 <0.001
N 5 1665 <0001 556  <0.001 1615  <0.001 11373 <0.001 1.68 0.16 1.60 0.19
NF 1 0.87 036  1.08 0.30 2.52 0.12 0.02 0.90 3.03 0.09 1.84 0.18
N x NF 4 1.75 015 133 0.27 2.53 0.05 923 <0.001 2.30 0.07 2.14 0.09
Y xN 5 0.31 091  0.09 0.99 0.62 0.69 1.23 0.29 0.58 0.71 1.20 0.32
Y x NF 1 0.00 096  0.11 0.74 0.04 0.84 0.19 0.67 0.01 0.91 0.30 0.59
YXNxNF 4 0.06 099  0.01 1.00 0.33 0.86 0.03 1.00 1.12 0.34 2.13 0.09

R,, autotrophic respiration rate; Ry, heterotrophic respiration rate.

DOI: 10.17521/cjpe.2020.0171

©U 00000 Chinese Journal of Plant Ecology



1064 HEYEZR I Chinese Journal of Plant Ecology 2020, 44 (10): 1059-1072

25r A 2018 Ilzlli:*** rC 2019 II:IIi:***
:ns :ns
20 | N x NF: ns N x NF: ns
2 2ab2 apy ab aa a
515t i ab & ab Bab
& 10t s
5t L
0
rB N **x rD N: *
NF: ns NF: ns
15+ N x NF: ns = N x NF: ns
— 2ababy ab 2 Lba aababy ab 2 s
S 10f L
QO
2
a5 i
{45 LF 4 HF {55 LF 4% HF
AbF8 Treatment

() mm) ==5 )]0 ==)) ==50

El1 2018H12019LE &R IN B AN ZIHHE AT L2 (0-10 cm) LIEIR FE(STY(A . CYFI LK & B (SWC)(B- DI .. B EE
NP AER 2 . B POR R R AR 40RO 24 5. 104 204 50 gom *-a ' INAEE. B T A AR ITEN).
it ZEAHE(NF) S A2 AR (N > NF)O 33838 FE RS K 21 22 7 B RIS 25 5 (4, p < 0.001; *, p < 0.05; ns, p > 0.05). EIHH)
NG RHARGRANR RS I AL L A ) 22 7 B L, M R P BT R 3E 2E R (p > 0.05), ANF 7 RERIR A 3 % 7 (p < 0.05).
Fig. 1 Changes in soil temperature (ST)(A, C) and soil water content (SWC)(B, D) in 0—10 cm surface soil layer under different N
addition amount and frequency treatments in 2018 and 2019. Data are mean + SE. The different color icons in the figure represent N
addition treatments with 0, 2, 5, 10, 20, 50 g‘m’2~a’1, respectively. The ANOVA results were shown in the figure to address the
significance of effects of N addition amount (N), frequency (NF) and their interactions (N x NF) on the parameters (***, p <0.001; *,
p <0.05; ns, p > 0.05). The lowercase letters in the figure represent the significance among different nitrogen addition treatments. The
same letter means no significance (p > 0.05), while different letters mean significant differences (p < 0.05). HF, N addition with high
frequency; LF, N addition with low frequency.
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Fig. 2 Inter- and intra-annual variations in soil respiration rate (R,) and its heterotrophic (R},) and autotrophic (R,) components under
different N addition amount and frequency treatments in 2018 and 2019 (mean + SE). The different color icons in the figure represent
N addition treatments with 0, 2, 5, 10, 20, 50 g~m’2~a", respectively. The ANOVA results were shown in the figure to address the
significance of effects of N addition amount (N), frequency (NF) and their interactions (N x NF) on the parameters (***, p < 0.001;
ns, p > 0.05). HF, N addition with high frequency; LF, N addition with low frequency.
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Fig. 3 Seasonal mean values of soil respiration rate (R;) and its heterotrophic (R;,) and autotrophic (R,) components under different
N addition amount and frequency treatments in 2018 and 2019. Data are mean + SE. The different color icons in the figure represent
N addition treatments with 0, 2, 5, 10, 20, 50 g-m’z-a", respectively. The ANOVA results were shown in the figure to address the
significance of effects of N addition amount (N), frequency (NF) and their interactions (N x NF) on the parameters (***, p < 0.001;
** p<0.01; *, p<0.05; ns, p > 0.05). The lowercase letters in the figure represent the significance among different nitrogen addition
treatments. The same letter means no significance (p > 0.05), while different letters mean significant differences (p < 0.05). HF, N
addition with high frequency; LF, N addition with low frequency.
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Fig. 4 Relationships between soil respiration rate (R,) and its heterotrophic (Ry) and autotrophic (R,) component with soil
temperature (S7), soil water content (SWC) and soil pH value. Different color icons in the figure represent N addition treatments with
0,2, 5,10, 20,50 g'mfz'afl, respectively. The circle sign and black line represent the low frequency N addition (LF) treatment, and
the triangle sign and red line indicate the high frequency N addition (HF) treatment. The solid line represents marginally significant
relation (p < 0.1) and the dash line represents insignificant relation (p > 0.1).
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Fig.5 Changes in temperature (Q;9, A, B) and water (C, D) sensitivities of soil respiration (R;) and its heterotrophic component (Ry)
under different nitrogen addition amount and frequency treatments. Data are mean + SE. The different color icons in the figure
represent N addition treatments with 0, 2, 5, 10, 20, 50 g-m’2~a’l, respectively. The ANOVA results were shown in the figure to
address the significance of effects of N addition amount (N), frequency (NF) and their interactions (N x NF) on the parameters (***,
p <0.001; ** p <0.01; *, p <0.05; ns, p > 0.05). The lowercase letters in the figure represent the significance among different
nitrogen addition treatments. The same letter means no significance (p > 0.05), while different letters mean significant differences
(» <0.05). HF, N addition with high frequency; LF, N addition with low frequency.
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Fig. 6 Relationships between soil total respiration and its components with aboveground net primary productivity (ANPP), soil
microbial biomass (MB) and fungal biomass/bacterial biomass ratio (F/B). The different color icons in the figure represent N addition
treatments with 0, 2, 5, 10, 20, 50 g'-m2>-a”', respectively. The circle sign and black line represent the low frequency N addition (LF)
treatment, and the triangle sign and red line indicate the high frequency N addition (HF) treatment. The solid line represents

marginally significant relation (p < 0.1) and the dash line represents insignificant relation (p > 0.1).

RGN TIN B I W o7 4 S Uk 5, H- 4 Al 67 g o
(Zhou et al., 2014, 2016). X == 2 K N 7E 5L A3
1A, AN BRI S R A A K i AR
{ELRE S AL SIS ) (e, 0N N BT 3 30 - 4EpH
B o A 4 R0 b A 0 1 A T AR O T 1
(Janssens et al., 2010; Liang et al., 2019). AW TR,
BRI E A2 A B A I AR B B S L LRI 1249 E AT 1Y, R
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R FN A 0 B 5, 52 M &R & KT
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PEsa N P A IR W N I S o 1 i
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L, Ry V340 5 R 162%, X 5745 X 5 A 7t 445 1
(Zhang et al., 2016a, 2019)—%(. KEFB/rFliHb A2 R
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IR R A K, BN B TR
W2 (Chen et al., 2015b). {H =338 %0 R 1 2 ) ] B2
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AL BRI S 6 IR 74F, W INE1FANPPIG N T
45%-53%, {058 T #4190 7= 71 (BNPP)F- )
P& T 40%47% (Wang et al., 2019a). X 7] A
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BRI T8 meta 7r TR BH, BRI 2 235 PR ARAR
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AHIF G R S I i 7 = 2R T HLR 1)
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(Janssens et al., 2010; Zhou et al., 2017). 1X—J5 TH /&
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Chen et al., 2019). R IIA FEAR R EY)
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Bowden et al., 2019; Zhou et al., 2020). A5 H,
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