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Abstracty Understanding the soil respiration characteristics in response to nitrogen and phosphorus addition in farming-withdrawn
grasslands within semi-arid loess hilly-gully regions is of great importance for providing a theoretical basis for evaluating the effects of
artificial regulation approaches on carbon cycling. We report on a field experiment that was undertaken from May to September 2018 in
a farming-withdrawn grassland ecosystem in China, which is dominated by Stipa bungeana and Lespedeza davurica. Three different
levels of nitrogen and phosphorus additions were used, including three main plots of N [0, 50, and 100 kg+(hm*+a) '] and three
subplots of P (P,0,) [0,40, and 80 kg (hm’-a) ~']. The soil respiration rate, heterotrophic respiration rate, soil temperature, and
soil moisture were measured monthly in each treatment. Results showed that N and P addition had no effect on soil temperature or
moisture content (P >0.05). The soil respiration rate showed an obvious monthly variation and peaked in July. In the treatment
without fertilizer addition, the monthly mean soil respiration rate, heterotrophic respiration rate, and autotrophic respiration rate were
0.69, 0.39, and 0.29 g-(m*+h) ™", respectively. P addition had no significant effect on the soil respiration rate and its components
without N addition (P >0.05). Under conditions of N addition, P addition significantly increased the soil respiration rate and its
component (P <0.05). The monthly mean soil respiration rate, heterotrophic respiration rate, and autotrophic respiration rate were
0.93, 0.50, and 0.47 g-(m’-h) ", respectively. The Q,, (i.e., temperature sensitivity) values for soil respiration, heterotrophic
respiration, and autotrophic respiration in unfertilized soil were 1. 86, 2. 36, and 2. 24, respectively. The addition of N and P reduced
the Q,, value of soil respiration and its components. Our findings suggest that the response of soil respiration and its two components to
N and P addition in studied farming-withdrawn grassland in the semiarid loess hilly-gully region were closely related to their addition
amounts.

Key words : soil respiration; autotrophic respiration; heterotrophic respiration; N and P addition; temperature sensitivity
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Fig. 3 Monthly changes of soil temperature and soil moisture content under different nitrogen and phosphorus addition treatments
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Table 1 Effects of month, nitrogen, and phosphorus on soil temperature (T,) and soil moisture content (W)
SR B/ C LA KA %
Hx d F P F P

A (M) 4 70. 18 <0.001 25.40 <0.001
RAIRIM(NT) 2 3.25 0.043 0.59 ns
i (PT) 2 0.43 ns 0.34 ns
A < BAI(M x NT) 8 0.72 ns 2.00 ns
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Fig. 4 Monthly changes in the soil respiration rate and its components under different nitrogen and phosphorus addition treatments
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Table 2 Effects of month, nitrogen and phosphorus on the soil respiration rate (R, ), heterotrophic respiration
rate (R, ), and autotrophic respiration rate (R, )
FIEPUGH R /g (m? -h) ~1 RFRIFIGERE /g (m®-h) ' AFFFIGEE /g (m? +h) 7!
CES df
F P F P F P

A# (M) 4 636. 03 <0.001 784.70 <0.001 101. 67 <0.001
RIRJM(NT) 2 20. 34 <0. 001 18.55 <0. 001 6. 00 0. 004
W (PT) 2 62. 55 <0.001 17.51 <0.001 13.90 <0.001
A4 x ZA (M x NT) 8 9.37 <0.001 10.23 <0.001 2.41 0.021
A6 < BEARIN(M x PT) 8 5.26 <0.001 5.30 <0.001 1.22 ns
RIRIN x BRI (NT x PT) 4 2.95 0. 024 27.39 <0.001 2.83 0.029
A0y < BRI = BT (M x NT x PT) 16 3.03 <0.001 2.86 0. 001 2.68 0. 002
FIH SR T 3522 556 ~8 J1 P8O AN HFE 2.3 AEBRGSIXT HHEE 2 CO, i85 1N

I 8 2 KT PO AbFH (P < 0. 05) | T - 39 5 % A

N50 #1 N100 4

ST AR TR e Bl R

SEIRIFRAN 7 A8 H I AFE R & 25,9 H &k
Sb BT A SR W K HC2H 43 25 S MR W 2. NSO R AF
T, 5 ~8 J1 P80 Kb [ - 8 SN0 R S5 ST Bk 2
KT PO ALFE (P <0.05). N100 %4 F, 5 HFi6 A
P40 Ab 3 Y 3 S B E KT PO, 7 ~9 H, P30
Kb PR KT PO ALFE(P <0.05) ; ag%ugtmq
o5 EHESF AL S HFn 9 J P4O Ab HR F F7
I i 2 3 KT Po gb3, 6 417 A p8o ﬁz%dcac
PO AbFH, 8 JF FJ?ﬁ BRI G W R
ﬂW@Eﬁfﬁ‘iﬁ% I K L2 %kﬂu‘ﬁ’]ﬁ
ﬁ@ﬂiﬁﬁ@k&ﬁ. B N100PO &IE%,&WHEE%«
i AL AP HC2L 5 B I I i .
TF]%L@%W&UE? 4 5 SR OF U R (R, )E,W
RIS (R, ) Pl 5 R[] NOPO AbFE R | R, T
Hi LER'S7. 7% . Kt & (NO) 2544 T, P40 1 P8O AbF
() R, oy B1H 52. 3% F1 53. 9% ; NSO KT, PO,
P40 F1 PRO AL 3 R, (7 L4 51K 51. 1%, 56. 8% FI
57. 4% ;N100 /KF- R ,P0., P40 i1 P8O ZbER[ R, 5 He
3R 56. 4% 52. 6% F148.8% (& 4).

21 4738 1 34 i 2 KT NO 544 (P < 0. 05) . A BRI
UEF IR SRR R A IR I
7 5 KA Y Ak LAY 53 R N100PSO- (3 433 32
g m-2> N50P40 (1850.29 g-m~2) 7FB‘N100P80
(1732.40 g-m™) ;i J\ﬁi{ﬁéﬁ&ﬁ%wﬂﬁ NOPO
(2540.36 g-nit 2)\ NSOPO (1398.75 gafn )
NOPO (1086.49, g*m " W IES ~9 A, L
ﬂ?%ﬁ%ﬂﬁ%’%ﬂ%ﬂ&ﬁ ﬁi‘%’lﬁiﬁ%uﬂ?wkiéﬁ
49.5% ~57. 2%%!142 89%<50.5%. 1E5,~9 H; %
Lfiﬂﬁi%ﬂa‘;ﬂﬁ&,v SYIE R IITE T H zﬁttﬂfj:
$927.0%~39.3% (K 5).
2.4 HERTIE KA SRR RE Y 6 R
FHEENT | S IRV R [ 3R 4 R
SR EIEAHCOCR  FEE R I 25 R R | 3R
JE T A R - P AR AR Y 44% ~ 68% (3) . NO 2%
£ ,P0. P40 i1 P8O AbHEFK O, fE5351 M 1. 86, 1. 58
F11.82;N50 444F , PO, P40 Fil PRO Zb3HAY O, 143
MR 1.73, 1.48 F1 1.63; N100 214 F, PO, P40 #
P8O AFRAY Qo B 5350 1. 46, 1. 67 Fl 1. 44 (5K 3).
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Table 3 Fitting relationship between soil respiration rate (R, ), heterotrophic respiration rate (R}, ), and autotrophic respiration

rate (R,) and soil temperature (T,) under different nitrogen and phosphorus additions

T AEAL 2

SR g (m? h)

SR g (m’ oh)

H SR /g (m? -h) 7!

)9 )5 R? P Qi 9 )5 R? p Qi mYE Py R? p Qi

PO R, =0.127¢%%%"s 0.68 <0.001 1.86 R, =0.062¢"%"s 0.46 0.022 2.36 R, =0.046e"%"s 0.43 0.023 2.24

NO P40 R, =0.234e"%"s 0.48 0.006 1.58 R, =0.065¢"""s 0.55 0.004 2.29 R,=0.075¢"°7"s 0.52 0.008 2.07
P8O0 R, =0.117¢%"s 0.56 0.002 1.82 R, =0.058¢"®'"s 0.53 0.005 2.48 R, =0.065¢""°"s 0.44 0.034 2.14

PO R, =0.167¢%%" 0.59 0.001 1.73 R, =0.065¢"""s 0.60 0.001 2.05 R,=0.062¢"""s 0.61 0.014 2.11

N50 P40 R, =0.245¢"%"s 0.45 0.013 1.48 R, =0.091e""""s 0.58 0.003 2.08 R,=0.048¢"%"s 0.66 0.010 2.59
P8O R, =0.246¢"%T 0.50 0.003 1.63 R, =0.084¢""Ts 0.56 0.003 2.20 R, =0.046¢""%"s 0.62 0.006 2.54

PO R, =0.182¢"%"s 0.51 0.006 1.46 R, =0.093¢"%"s 0.48 0.006 1.80 R, =0.072¢"°"s 0.48 0.014 1.86

NIOO P40 R, =0.242¢"%'"s 0.54 0.002 1.67 R, =0.088¢""""s 0.64 0.002 2.08 R, =0.091e"°%"s 0.53 0.023 1.87
P8O0 R, =0.212¢"%"s 0.52  0.008 1.44 R, =0.075¢"%%"s 0.54 0.007 2.18 R, =0.126"%" 0.45 0.014 1.83

- 3R R R 3 SR SRR Y 46% ~ 64%

(#3).N0 &1 ,P0 . P40 Fi1 PRO AbHH [ 1158 R 55

I O, (B4 514 2. 36, 2.29 1 2. 48 ;N50 4%

AET,

PO, P40 Fll P8O Ab B (K] + 38 F F2F W% Q,, [ 5351
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