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Abstract: The response of soil respiration to the increasing nitrogen deposition plays an important role in predicting carbon
cycle of terrestrial ecosystems. To date, however, few studies have been addressed to soil respiration changes in shrub
ecosystem compared with forest and grassland ecological system. In this study, we subjected Sibiraea angustata shrub
ecosystem, the main type in the eastern margin of Qinghai-Tibetan Plateau, to four nitrogen addition levels practiced within
5mx5mplot: Ny(2gNm?a'), N(5gNm>a'), Ny(10 g Nm™a"') and N,(control, add the same volume of
water without nitrogen in other treatments) , respectively. Ditching method was used to separate the different components of
soil respiration. Plant root respiration was defined as autotrophic respiration, while soil microbial and animal respirations
were defined as heterotrophic respiration. Changes of soil respiration to the short—time N addition were measured during the

growing season, with the soil moisture at 5 cm and 10 cm depth measured at the same time. The results showed: (1) Soil
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respiration (total, heterotrophic and autotrophic respiration) showed apparent seasonal variation during the experimental
period (2012.5—2012.10). During the growth season, nitrogen addition had no significant effects on total and heterotrophic
respiration ( P>0.05) , while it remarkably inhibited the autotrophic respiration ( P<0.05). It turned out that the soil
respiration rates under N, and N, treatment was lower than N, treatment by 0.31 and 0.23 pmol m™ s, respectively.
Meanwhile, the soil respiration rates under Ny and N, treatment exhibited no obvious difference. (2) Soil respiration ( the
total, heterotrophic and autotrophic respiration) showed apparent diurnal variation. Nitrogen addition had significant effects
on the total, heterotrophic and autotrophic respiration ( P<0.001) in the whole day. Nitrogen addition remarkably promoted
the heterotrophic respiration, with soil respiration rates under N,, N, and N, treatment were higher than N treatment by
0.81, 0.84 and 1.50 pwmol m™ s™', while it remarkably inhibited the autotrophic respiration, indicating that the soil
respiration rates under N,, N and N, treatment was lower than N, by 0.46, 0.99 and 0.48 pmol m™s™", respectively. (3)
On the whole, nitrogen addition significantly inhibited soil carbon dioxide emissions of autotrophic respiration over the
experimental period (P<0.05), showing that the carbon dioxide emissions under N, and N, treatment was lower than N,
treatment by 11.75, 8.50 kg hm™ d™'. Nitrogen addition had a significant effect on the soil carbon dioxide emissions of
autotrophic respiration in May and July, but the influence of different nitrogen concentration was not regular, while it
promoted the soil carbon dioxide emissions of heterotrophic respiration only in May. (4) The total and heterotrophic
respiration showed significant exponential correlation with the soil temperature at 5 cm depth (P<0.001) , and the nitrogen
addition strongly affected the sensitivity of soil respiration to temperature change. Besides, the soil respiration showed a
weaker correlation with the soil moisture compared with temperature, which demonstrated that the soil moisture might not be
the limiting factor to the soil respiration in the experimental region. The soil respiration is the main link in carbon cycle of
terrestrial ecosystems, and the increasing nitrogen deposition would affect soil respiration deeply through a series of
biochemical processes. Therefore, the underlying mechanism of how the components of soil respiration response to N

deposition still needs further stduy.
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Table 1 The effects of nitrogen addition and month on soil respiration rate (mean+SE, wmol m™2 s™!)
R )Y oy
NI 2 7 fbg A4 Month Ean
Components of Treatments Mean P>Fy P>Fy PPy
re: 2N1S 2
soil respiration o 5 6 7 8 9 10
- 332 PRI Ny 2.57£0.11 3.11£0.16  3.78+0.19  3.50+0.23  2.43+0.15 1.94+0.20  2.89+0.29a  0.665  0.000 0.900
Total soil N, 2.83+0.24  3.04£0.16  3.53+0.14  3.3320.27  2.26+0.27  2.08+0.20  2.84+0.24a
respiration N 2.84+0.18 3.31£0.07  3.67£0.09  3.41+0.08  2.54+0.09  2.03+0.16  2.97+0.25a
N 2.81+0.10  2.91+0.17  3.38+0.18 3.45+0.21 2.42+0.17  2.18+0.26  2.86+0.21a
SEFEII No 1.78+0.10  2.08+0.15 2.54+0.14  2.47:0.24 1.45+0.17 1.51+0.19  1.97£0.19a  0.090  0.000 0.191
Heterotrophic N, 2.07+0.13  2.21£0.16  3.11+0.17 2.74+0.21 1.58+0.13 1.71£0.16  2.24+0.24a
respiration Ny 2.39+0.21 2.49+0.17  2.37+0.34  2.41+0.26 1.61+0.18 1.63+0.23  2.15+0.17a
Nyp 1.82+0.07  2.10+0.16  2.78+0.18  2.67+0.17  1.89+0.09  1.7620.26  2.17+0.18a
[EEi 3523 Ny 0.79+0.08 1.03+0.12 1.24+0.14 1.03+0.17  0.98+0.10  0.43+0.10  0.92+0.11a  0.015  0.006 0.057
Autotrophic N, 0.76+0.17  0.83+0.14  0.42+£0.15  0.60+0.12  0.68+0.22  0.37+0.11  0.61+0.08b
respiration Ny 0.45+0.09  0.82+0.19 1.31+0.38 1.00£0.25  0.94+0.23 0.40+0.11  0.82+0.14ab
Nyp 1.03+0.10  0.81+0.17  0.59£0.17  0.78+£0.25  0.53+0.14  0.42+0.14  0.69+0.09b
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W11 A—IRAE 4 70 ) L S8 0F 0 R — N 25
AR 10 Ay - HERT I HOR AR 10 53 Y BT
BB 11 R —IKAE 4 7 3 WP 3R 1 F M,
P2 ) 2012 4 5—10 H 7y 300 H S 2 {E ok
A, A N TRt A BT A 1 B0 | S % 07l
I E FEEHERL COL B R 227 L TR ke

JRTEML AR T8V HiB K 219 vk 1 AR 5 25 s i
[, L, AU 10 7 6 2580 #OR4E R 11 A
T —URAE 4 1453 W15 32 9 F- X 1 T e 125

MR 3 LR TEAN R 22700 il 0T 1 3 ST
W SR DL K 17 35 I I HE B CO, 38 i Y 5% i) 2
AN o AR T it 6T 3 B | S R RO 2
B H HER CO, 38 5 T8 B 35 W (P>0.05) , 14 H 3%
NI SF- 3448 H HER CO, 38 A 3% /e H (P<
0.05) , BAREF N N, N, AbBRK) CO, HERE & 4351
X HRAR 11.75 .8.50 kg hm > d™' o SEASIE A 9T 5,
A5 H A it 26 5 55 WM HE L CO, i 5 i 2 e
HEVEFH (P<0.05) , 2Bl N, AL A IR ) 23.05 kg
hm ™ ™' EE 5 H A7 A5 H F#=PEHER Co,
M A I 2R A (AN ) it 2 v R o) HE R ) 1) R
AR, Hd 5 A0y, N ARFRAY CO,HE oM & 48
X BEAK 12.94 kg hm™> d™'(P<0.01) ,1fi N, N Ab B 5
XA TC B 22 5,7 A0y, NLARBRAY CO, HEBHE 248
X HRAE 31.06 kg hm™ d™'(P<0.05) , 1fij 55 A Wi ik 34
EX 2 5O

F3 HIEHR CO,MBE (THIEIRER)

Table 3  Soil carbon dioxide emission ( mean+SE, kg hm™ d™!)

LHIAT

A 15 Month

Components Tmﬁi%m; ?;i
of soil respiration 5 6 7 8 9 10 ’
48 BT Ny 97.87+4.18a  118.19+5.97a  143.68+7.04a  133.09+8.71a  92.33+5.74a  73.68+7.50a 109.80£10.82a
Total soil N, 107.55+8.95a  115.60+£6.20a  134.02+5.22a 126.65+10.07a 85.86+10.14a  78.93+7.74a 108.10+£8.98a
respiration Ny 107.97+6.81a  125.64+2.70a  139.66+3.23a  129.80£3.02a  96.58+3.29a  77.08+6.24a 112.78+9.55a
Nyo 108.37+3.74a  110.56+6.42a  128.41+6.67a  131.02+7.87a  92.05+6.30a 82.69+9.96a 108.85+7.84a
IR Ny 67.71£3.95h  78.89+£5.57a  96.69+5.37a  93.79+9.20a  55.17+6.39a  57.35+7.35a 74.93+7.30a
Heterotrophic N, 78.65+4.85ab  84.05+6.02a  118.08+6.50a  104.00+7.81a  60.18+4.92a  64.93+5.88a 84.98+9.16a
respiration Ns 90.76+8.0la  94.67+£6.39a  89.96+12.84a  91.67£9.79a  61.04x6.69a  62.05+8.58a 81.69+6.41a
Nyp 69.28+2.48b  79.73£6.03a  105.81£6.65a  101.36+6.49a  71.83+3.28a  66.91+9.80a 82.49+6.93a
EERER Ny 30.16£2.87a  39.30+4.42a  47.00+£5.45ab  39.30£6.49a  37.16+3.67a 16.33£3.90a 34.87+4.31a
Autotrophic N, 28.90+6.46ab  31.55+5.27a 15.94+5.53¢ 22.65+4.39a  25.68+8.30a 13.99+3.98a 23.12+2.87c
respiration Ns 17.22+3.40b  30.97+7.33a  49.70+14.38a  38.14+9.47a  35.54+8.89%a 15.03+4.24a 31.10+5.37ab
Nyp 39.09£3.65a  30.83+6.58a  22.60+6.54bc  29.66+£9.33a  20.23+5.38a 15.78+5.15a 26.37+3.45bc

No N, N5l Ny Ay 4 Fiit ZK S , AN [5) 7 BE 7 [ — W 2 3 76 A [l it 20K ¥ =2 1] 28 53 . 3% (P<0.05)

2.5 HENER S R SK R A G
QoA 27 - HE T W 0T I B A4 Ak s I )
WURFLRE | F8AE 5—20 °C Z [a], IR FHE N 10°C PRIK
AR, R 4 TR W IR 0 1A) 4 S
W | 5 35 WP 5 A R R A B R RO R
(P<0.001) . Jiti 0 5k 35 52 M) 1 - 198 S0 WG 1) 3 B

M (P<0.05) S48 3 Bt 220 Ak 255 X R 2 [) G ik
F2a 5 AEARAN R At Ak B T, N, AL BR Y Q) (8
K(2.293) , B F & T N ALHELE) Q fH, U, i
R T 5 % N R U (P<0.05) L3
ol it 20 Ak B 5 o R =2 () G . 3 25 S (ELAR [ it 4 Ak
AL, NALPER Q, fHiR K (1.916) , BEF T N
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19 ZRE A it RO T R AR Gk A I AT A SRR 4 5565
IR Qo fH. SA L AT LSRR RBURE S TR IR,
Q1 fELFI R T 57 3R WP W, 156 FH - 98 S 0 0 0 38 722 Ak
x4 TEPRERS5TIESom BEEEAXXR
Table 4 The exponential relationship between soil respiration rate and soil temperature at Scm depth
SNV
e b FRROSAR .
. L Exponential R P o
Components of soil respiration Treatments . .
relationship
Rt 95V 211 Ny y=1.363¢"07 0.490 0.000 2.138ab
Total soil respiration N, y=1.182¢%08% 0.585 0.000 2.293a
N; y=1.569¢"%6 0.570 0.000 1.935ab
Nig y=1.613e"5% 0.349 0.000 1.804b
S FRIT IR Ny y=1.004¢%0% 0.412 0.000 1.822ab
Heterotrophic respiration N, y=1.063¢%065 0.517 0.000 1.916a
Ns y=1.083e%0% 0.353 0.000 1.804ab
Ny y=1.312e001 0.262 0.000 1.507b

No Ny (N5l N o Ay PO it BB IE | AN ) 7= RE3R 7R [ — WP 2 43 76 A [l i 20K ¥ =2 1] 28 53 (2. 35 (P<0.05)

M5 FTRLE Ny NG N oAb PR A 4 38 Sz
55 em TG /K Z ] 5 B E U (P<0.05) ,
JFH Ny N ALBRE) - HEEPFI 5 10 em £HES K
Z A 5 B E R OE (P<0.05) . 4, N, N, N,
AEFRR S IRIE 5 5 em HHES KR 2 A 2 W& Y
FMIFE(P<0.05) , I H Ny Ny N, Ak G 55 75 07 1
5510 em 88 5K 5 22 (A1 5 A U G (P<

0.05), GMA b, HHELOFN SFFRIFIRHL TR 5,10
em FIEEK BB UAERFBEAME T EZRADE
F(P>0.05), 5 5IRERCRMLL, 11
WP 55 S K G A AR SR 55, HOC R TR R?
{HIE A 0.001—0.276, P I AR X 45 + 4 % /K 4 +
SR AR F/NT - SR VE R

x5 ITEPRERSHESKENEXRR(LELR y=ax+p)

Table 5 The relationship between soil respiration rate and soil moisture ( Linear relationship: y=ax+83)

S5em H3EF K Soil moisture

10cm 35 7K soil moisture

S b Bt SR G R
The type of soil respiration Treatments  Linear relationship R? P Linear relationship R? P
a B o B

- ST Ny -0.047a 3.829 0.114 P<0.05 -0.045 4.410 0.060 P>0.05

Total soil respiration N, -0.040 3.691 0.065 P>0.05 -0.001 2.919 0.001 P>0.05
Ns -0.064a 4.226 0.276 P<0.05 -0.050a 4.692 0.078 P<0.05
Nyp -0.056a 4.035 0.163 P<0.05 -0.036a 4.138 0.072 P<0.05

IR Ny -0.039a 2.668 0.115 P<0.05 -0.060a 3.875 0.180 P<0.05

Heterotrophic respiration N, -0.043a 2.976 0.100 P<0.05 -0.019 2.813 0.013 P>0.05
Ny -0.029 2.727 0.046 P>0.05 -0.080a 4.684 0.203 P<0.05
Nyp -0.054a 3.171 0.173 P<0.05 -0.085a 4.822 0.184 P<0.05

No N, N Hl N o o 4 Flifi GUBR BE 3 JHerp | S A 39807 8 530 5 - 398 3 /K o 22 [ 5t 3 A DG B9 B P [ 3 R 480 (o) A7 3 IR 36 22 401 ( One-way
ANOVA) , RIRIFH:F IR [l — W0 41 43 76 AN [ it 20K 7 22 1) 25 57 48 3% ( P<0.05)

3 Wit

3.1 iU LR K L2 4y B A AR A A R
TRV AR T ol 1 A 285 R 56 - SR I ) A
, EEBIONAICEM NG R F

ABIFFERW] I ER ] 0], b e SR S R R
FEWPIH R R R B ah A, SR L,
77,8 A0y LIENPCHER B, F 2 5.6 A4y ek
FkZ2 9,10 H OB, 54 P45 X1l v RS 1
SR RTS8 45 2R — 2, 2R PO I BOK A
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FA At FLC B AT R R E K vl U £
RN G i 2 B X 5 Allison' ™ Jacinthe! ! £
W FT el Fe— 0, 0 A4 S5 R AT BE e K A e N T
BRI T 2038 A A R 5 it KT S % PP I T Wk 3 5
Wi, 1 X 3% P W A 3 A I AE T, 55 Bowden
I A — 2, TR A IR TR A
S50 o R A N T A A E M A
A, FEIR T 40 pH i R IER IR U] B AR 1k
BRG] T AR R,

el it , 49 AP S 3R R R R I R
WRIHI R H A, S L, SR A
E L BLAE 14, 00—18: 00, 5 77 P W H5¢ /o A HH LA
12:00—20:00, Ifj [ 3= 0% H sl 2848 bk sh K, X
5 Xu S AT 45 R R ALY, 7T BE S 4 T R 1
FHI A LR BE AR A IS 5 — K o, it BN 1 S
WG SEFERFHLRN H IR A W, BT
Tt AR HE T BRI {E R [ v B ) RS ot
SR R[], 3355 9 R 4 2 ) o A2 9 5 A bk R T
IR IE 451 — 3, T RE el AU RB HE kA 2B 7= g, 2
PR b AR 28 A 4 B HL 40 I B i A, 8 1 4R
HE A A B FR R 1 25 SR 5 it BT S % 0 I A 5 )
AR T, I LI i 2 e B 1 3 in 412 1 1
TR, IR A X R A SRR Y A Y 4 SRR —
e, A S5 RT B it R v, FEIR T C/N HUAE,
P T A ML o gk, AT i A A 0 3% e i > i
A HEEIDE] T B IR, AT RE S Y R A, Al
Jit 28X AR A 4 18 i ) S R S 2 IS
3.2 iU T K A A HER CO, 3 R Y R

AT, B L it O R TR
Il -2 A HERC CO, 3 2 TG i 38 5, 3 5 7k PR
REEDT R A 0T R RIS 45 SR — B, T S
A AT BRI A 25 2R 0 - S P i 7 2R R ) 4
JEARARLAY S S A S5 AL AT 2 it G A 25 N8 &2
TR U [ SRR T3 A H HEL CO, il A
BRI, 552 4 AR 4 G 28 AT bk 1 4
WP P AT 98 2538 2500, 7T RE 5 0 A 4 8 R 2R
AR R A BT LS A it R 5 550
W HE CO, i A 3 AR AR T, 7T RE S L <
TR T, A OGRS e U S i R
M B 8k 2, DT 6 A ML S5 0 g S bR A 5%, Zak 250
WFFE B BH B A A ok 3 3L 3 T o i OB it

RAE S HHT AOrxd A F#FRHEL CO, a8 & 7™ A=
F R AEA [ it 2 v 6T JH 5 i) P R AN B ik, AT
RS I SRR SZ AR A 245 1 1l T sk 7 P ol 2 1 2 2
e
3.3 RS AKX LI R R

-SRI R il A 2 2R GBI B Y 2
53, ZZ RPN R W2, AR AL AT i 2 B A
R W | R R TR R A g B A R
SENHh ) R TR X S E Y 5 e i R
Z), HHEREADCGE WA K B IR
e B AR R IP =R Y AR Y R
B, L RIS SRR 5 - s I R 2 [ A A A
FFRECCR SR AR5
TR AL, SRR W Bl R TR I 3 R FE A A
THEATHY, — BRSO B A sh
ARIINEER O b R T R R IR
W ) ek SRR, 3 L 3 it 2R Ak B 5 % R 2 ) G
BEXES X GUWANEEDT W PRI 3SR AT 5T
SR — B, ] B8 5 AU AT R AR S I ) A OG5 i
A, SOl A A Y U B R T S AR IR
5 Boone" ™ FLYIHFIMNAI 2516 — 3K,

TSR E AR L EE R R R R
— o AAWFFERI, BRI SRR RN 5,10
em THES KB R BEATEAR R GRS E T 27 A R
&, UL E T K X A A I ) 5 e A B e R VAR
JERIAN R T AE AL 5 55 LSRRI S5 B A SC R AR L,
SN 55 HE S K R A MRS, D] B A DX+
B X - SR ) F /N T R IR B A A
3K 5 87 PR PR A X R E A R R B A R - A
P I AF 5 448 SR — 3, 4RI 1% J5L A AT e e - K i
i, KA EUR T R CO, A IR 0 1 1
BEEAS % CO,7E HHE P i sz BIBHAR . BL4h,
O, A YIAR Z A0 IR Wy AT A S I ) A2 55
1 3k v 0 9 K 2 BRI - 4 vp o, iy B
T ] - SR Wy R AR AR R

25 BPIA it BN - SR AE e+
A, - SFEFIA2H G o it 280 o 7 A A — B 5
W] -+ SN 4 PR 2R Bk 1 At AL LA ik 5 A
BT R AR AR R AR R A
WNTEDLEEA 7 ik — 2D 0F5E . A, A 2R FH 5 1
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M2 RAF RN A BB 3 X 53 L e 55 R 0
ML SR LR 58 7 VR I 1 ) A AR AR
AR AT BE G =, DA R ) 00 A RE BRI SRR W
HEAT T L T B C R, SEATAR PRARAE 4 B R 1 B
S TARMR B 5, B DR TI50 vk vl BE 22 (A 5+
Fr WP AT A 3 AR 28 P18 A8 4 P, 5 724
Ja BIIETE HOm LS

4 Lt

(1)7E 2012 4F 5—10 H i s i fa], 418 Song
WS W A 3 I ) S 287 AR 34 B B I 1Y) 2
WA, TERAER S it A T SRR RS
W2 TG Sk 2 52 ) 6 ) SR A I 3 i A AR
Jiti ZERT - W 1 Ko 2 43 1) 5 M) AS il 2 5 A5 Ak T
ENGIE

(2) el , 39 B | S SR T R 5 T

HRW R B H A, —Kd, il & 1
SNV K FL 2R A 34 7 A 2 e, AR b it AR
T RN SRR WS T A SRR, O
it 200 4 8 W 18 K JFC 2 4 (%) 5 i i B i) A5 £k T
NG

(3) BMA I it R0 138 R | S 35 IR SF- 1
B HHERL CO, 3 2 J6 8 35 52 W, T4 3 % IR 0 -1
A HERC CO, A WE N PIHIVE- . SEASF A 6y
MF AL S A it Z % 5 55 0 HE i CO, 38 7 A
FRBEER, I 5 AR 7 A X B 3520 HE ik
CO, 38 77 A= 1 25 52 M, (ELAS [i) it 200 B % HE 2 i) 7y
AR,

(4) TIFERREIR S FRIFI S R A A
BEOCER I H. A 358 00 08 X ek B2 1) RURR BE o=y T 5%
SR, 3N SRR 5,10 em 43
KRS ACAEA [t A S T 2 A B O L
RO 5 4 K A AR DRSS
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