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Effects of simulated warming on soil respiration rate of Leymus chinensis

grassland ecosystem
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Abstract; Grasslands are one of the major types of terrestrial ecosystems and their soil respiration makes up one of the
largest flux of carbon between their ecosystems and the atmosphere. Therefore, revelation of the responses of their soil
respiration to global warming can be vital and will shed light on identifying and predicting the global carbon cycle. To
simulate climate change, we used two open-top chambers (OTCs) T1 (0.5 m) and T2 (1.85 m) to manipulate warming
Leymus chinensis systems and meanwhile observed the growth of Leymus chinensis. The soil respiration of these systems in
both OTCs was monitored and the soil respiration rate was measured at the time #,(9:00—11.:00), ¢,(13:30—15.30),
and ¢,(17:00—19:00). The change in the soil respiration of heated Leymus chinensis systems was investigated to identify
the main factors contributing to release of soil carbon to atmosphere and put insight into the relationship between the soil

respiration and these main factors. The observations showed that T1 and T2 increased annual surface soil temperature by
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2.14 and 4.03°C respectively compared to control, but decreased annual soil moisture by 2.27% and 4.57% in the soil
depth range between 0 ecm and 10 ¢cm. The results demonstrated that the manipulated heating significantly (p<0.05)
enhanced soil respiration through growth stages and soil respiration patterns changed over seasons. In grain filling, heading,
and blossom stage, peak values of soil respiration rate were observed at ¢,, t,and ¢, in the Leymus chinensis of the same
growth day. The soil respiration rate did not change significantly at non-growth stages. The study also found that the soil
respiration rate under different treatments had a positive exponential correlation to near-surface air temperature, surface soil
temperature, and below-ground biomass. It also had a negative quadratic correlation with surface soil moisture and a positive
quadratic correlation with above-ground biomass. This study reveals the change in release of soil carbon from Leymus
chinensts systems to atmosphere when they were treated with manipulated warming, which can provide useful information for

understanding how grassland ecosystems respond to climate change and sustainable development of animal husbandry.

Key Words: soil respiration rate; Leymus chinensis; simulated global warming; biomass
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(34°16' N,108°07'E, 4K 540 m) 47, ST XIA7 T 5GP 8 T B T 28 X 10 K Bl ok e, 24
SEXAR 12.9°C, TR 211d, KT 10°CFUR 4185°C . ~FX4 H BEAT A 2163.8h, 445 It i 4114.86 KJ/
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Fig.1 The change of mean temperature and precipitation on the experimental sites
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WSS/ N X AR 2 mx2 m, HHAB/NX A 0.5 m K PRBEESHF, LLB th/NX 2Z 18] AR B4, Atk
YRR LS (P ERFEBAEY MR E R T 2017 45 4 AR, BA/NX AR 20 b, 7%
P 2OR FH 264% ATHE M2 10 em, FIFHETR 2 em 2247, G R0T 35 80% , FHAEKH] 2018 4F 2 K5
LA TR HAE (OTCs ) 26 8, e B R 28 AR G A il i, SMEE R S EE O 6 mm 1932 A HLBEES (8D

http ; //www.ecologica.cn



17 3] Padindh A5 ASUIIG I X 5 R A 2 AR G e ST AR Y 5 6205

R 95% ) il L, HAHEI IR OTCs PN Y28 i Wi , WU RRAER , S VAN B Ok o Iz K BH e S st 21241
LSBT U SR B PERR Y HA B R AR

IR B A FOM AL (C) |, /ANRUHEIRLZ (T1) FOR BB R A1 (T2) B2 6 D EZIFREPL AL, 23T 18
AMAEE/NX TR ARG IAT = B8 0.5 m, IR 1.6 m, T K 1.4 m B97N 0B T OO il 4, 2 8 TR
T 1 1] AU, ARSI AR ISR 5 T2 4RSS IRAR IR RIS 2 m WYIETSTTE | 1.85 m YR TT I, H AL PR 3
HAXFALETT BT 20 cmx20 em I XU, PRUE SN RS S, [RII AN 2238 A ML RS B4 S AT, LA S 6 45
VR O 1 SR W 0T s 3 25 R AR E OTCs MR AR AU IERLACR , T 2018 4F 2 AJRAEZ=S HXTIR(C) , /MY
B T RO T2 A5 e 2 2 B A T R TE AL (BR T 1 0/0.5 h, LT IR AR R AL 1R
PABRAF) . OTCs MHEIRAICR i S 0 R P fEREA T Al

F1 AT ENEURFE

Table 1 Soil property in the experimental sites

bR Mz fE - 3HedE bR 5 15
Soil parameter Measured value || Soil parameter Measured value
44 pH Soil pH 8.45+0.045 + 3% Soil available phosphorus/ ( mg/kg) 32.83+2.2
+IEATHLF Soil organic matter/ ( g/kg) 9.5+0.05 - H B Soil available potassium/ ( mg/kg) 305.73+1.923
+3E42A Soil total nitrogen/ (g/kg) 0.6+0.012

1.3 W5k
1.3.1 A JE0T s 5 W

A ST R AR S SR FH T B X g ) B AR 48 (LI- 8100, LI-COR, Lincoln ,USA)

FENLI -+ SERF R HR A AT 1 H (2018 4F 2 AH)) TR RSN X IE A e 3 546 A — N4 20 em, 5
10 em A HLIHE FRAE Ay -+ RT3 6% s 1) 38 0] AR 4 A 0338 | OO TIE 5 A2 88 HH U TET 3 o, U0 22 00 1)
W PG JBE P O B DR AN B S R ICJBE N R 2 B, e BT AP A UL S RN AR B R (3R 2) , HAE R
A TR S - SRR AR RS A ARG TSR L 1 R /10d AT o BRI B JC XUTCRR Y —
RAE 3 A BE £,(9:00—11:00) .2,(13:30—15:30) Fl £,( 17 :00—19;00) ABHEFT Wil .

K2 FEIEREEH

Table 2 The entire growth stage of Leymus chinensis

H % Date HF W Growth stage H 1 Date HF W Growth stage
2018—03—22 BT | 2018—06—14 Piwiai]
2018—04—19 53 BES 2018—07—24 45523
2018—05—09 BT 2018—08—09 REERY
2018—05—30 B 2018—10—29 e

1.3.2 3R B AN A e

R T s B R  SE BE RNR s, FRATHE DN A - RN R A R, RS /N X Y 0—10 em 35
TREE 1 LI-8100 240 B4 1 (B IR 4TI 5E , 0—10 em 33 30 B8 5040 38 o 18 B A6 4% ( Moisture Meter, type
HH2, Verd.3) 345 .
1.3.3 FRAYRMINE

TERRA A B AR A T AR R AR Wi A, A=W >R P AR (AR 10 em) 7RIS AR b b R AR 0—
20 em A9 A0S, BRI AR R R G 7K e T4 8 T AOARAE BT 75°C BUAR b 2 E AR A 5 I A ) A B
[f] —AE AT 0.25 mx0.25 m FEJ7  FERRA A B P F R M B AR B T e A4 2 4R4R T, T 105°C AT
40 min,85CHET £ 10, REMSEH E AP &,
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C. 25 HXTHR, control ; T1; B 2.14°C , manipulate warming 2.14°C ; T2 . #4513 4.03°C , manipulate warming 4.03°C

2ok OTCs 25 BRI  FEHBLIN 0—10 em 34 3810 B AR & A B A (R 2) , g5 R . 3R
B B AR AT e B S A 2 AR Sk B ARG U ] R B A T 1.58—28.56°C , 5 C A HE, T1 Al T2 #f M
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T2 KEHL R 0—10 em 2 +HER RS>0 18.935,16.66% F11 14.35% ; #H LT €, T1 F1 T2 3 0—10 cm +
HENRIE AR T 2.27% F1 4.57% ( P<0.05) ,7 H " a) () 3808 8 4 HoAth H 03 5, 5 20 3 F R 2 ) 2
AR,
2.2 ST R X T g e

AR IET (C,TL,T2) SEFRERTE ¢, b, 1 o I [A]BE PN 4 S8 0 I 3okt 23 ol 2= 5 300 () 4 1 3R R o ol —
B e (18] 3) o 7 o B (B 3) , i 5 A5 0, =Bl AR B (C,T1,T2) B - ST )¢ o 42 2 485 1
I, 455 A B B AR, 43 M 3.625,4.485,4.91 wmol m™> s 5 455 ARG B, - BRIk S 2 R R [, B
B IR B R/ MEL; FEABNAEA I, 1 35 AL BT - SR W 3R s i AN R 2 (18] 3) o 7R o, IR BE, € T1 Al
T2 S IF W o AR AE 1 1 BRAE i AIY] 20591 3.48,3.765,4.51 wmol m™ s ; & T 7EAN B A8 (L i 51 | A 3
W H A E HA A I AR A A 48 BIE AR KRB BB IR AR L T C Xq‘ii‘%ﬂ?%ﬁ%%ﬁxi%o E ¢, 5 [1]
BE, A S0 o R A B KR M BAE T A, 23 518 2.95,3.10,3.40 pumol m ™2 s 5 FFAE I I - 598 I 187 1ok 4
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18, A 2 R N IR B /M ; Fa B E B AR A K Z | A SR I o R ek 18 R A e R I L DI ok
F, G2 ENBA(C) M, T1 A T2 AbFRAE B2 1 5 o, I 8] B P 4+ S5 0 % 58 %R 15.68% Hl 28.43% ( P<
0.05) ; MIEHEES ¢, I E]) BE P - 24 S0 3 %R 9.09% F1 23.07% (P<0.05) ;3 B4R 5 1 16 7] B P F- 1 - 3 g

A 14.86% 1 29.73% ( P<0.05) .
2.3 B - SR I B SRR Y R

D ) P IR AR 0—10 em LIERBE AT A OCHE 20T (3R 3) 452 € T1 A T2 =21 i L3Ny
i o 45350 5 S R S A S AR DG . A R B, O, R I C(1.81)>T1(1.45)>T2(1.30) ;T

TEAEAERKBYBE, € T1 MU T2 1Y Qo 5530 1.83 1.82 F1 1.82, LFEZE (K 4) .

2.4 IR SR A R R R OC R
2.4.1 - BERRIE A PREE K B A DG S
SR AR R R/ E (T,) .0—10 em 1
HEREE(T) F10—10 em H3EREE (V) BIAHIME BT 45
R 3, FEXTIR C /NREEE T1 ARG R T2 =
i, HIERI R TR T 38 3 B A S E A G
(P<0.01) , H - 3P iR 5 T, B9 A ¢ R B0 0 h
0.858.0.809 F1 0.636; 5 T 415& ZR %0735 Ky 0.942
0.77510.699 , X K5 T ML, T, %F 4 e i 5 2 (1)
TR, 7E C.T1 A1 T2 AbBE R LRI R 5 v R
PR A R G (P<0.01) , — 3% A 6 R 5000 5
}-0.872 ,-0.770 F1-0.545, - $EIFI 3 3R 5 1% = Fh R
BT (T, ,T,,V,) 1 A5G 2 8 BE 5% i R 2 9 T
IR (K 3)

5 [JC =Tl T2
20 F
%
1.5 ¢ *
S
1.0 +
0.5
0
HRKF B e KB
Growth stages Non-growth stages

E4 ARLETEKBEMIFERHE Q,E

Fig. 4 0, at growth stages and non-growth stages under

different treatments
# FORNIRAA I S X 2R W, P<0.05

®3  TIEFRERSIRE R FHHEXMES T

Table 3 Analysis of correlations between soil respiration rate and the environmental factors

WEg I F A3 A FREL FEA R P
Environmental factors Treatment Coefficient Sample size
PRSI (T,) C 0.858 ** 24 0.000
Near—surface air temperature/°C T1 0.809 ** 24 0.000
T2 0.636 ** 24 0.000
0—10 cm IR (T,) C 0.942** 24 0.000
0—10 cm Soil temperature/°C T1 0.775*" 24 0.000
T2 0.699 ** 24 0.000
0—10 cm TIEWEE(V,) C -0.872** 24 0.000
0—10 cm Soil moisture/% T1 -0.770** 24 0.000
T2 -0.545*" 24 0.000

* o FRRHGEAL B S X 22 R B, P<0.01

2.4.2 b HERTO AR RS N 1A 8] 3 A

- HEIP I R 5 AR (T,) .0—10 em 3R (7)) J2 0—10 em HHEREE (V) Z A5 2 WLE 5, %)
PAUE TR BRSEOLR 4, AR EET | e s A 5 3REE K 5 7, 1 T, 0 1] AR i 2 ek s,
HHEA B IS0RE ; H AR pusaeR 5 v iy AR Z R 2T, RS R R (£ 4) . HAMEE
EHOEIREE R T AR RPA F B AR A W] o R IR 32, P (B DA 1 R i e 34 | e I =X 1 40

A DI JEE R Ak 25 49 I A L 8 A 38 R el )
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2.5 RUEIRUGHER G A Y AR
2.5.1 SRR R A YR R

TR RTINS AR AR A Y i b AR Y AR A S R TR R A, AR T2
STI>C BURLEE, T1HE PR R AW R T C RIBP) W FEZ2E 5 (H T2 Fed P a9 P AR R AW 7e I 4
) SRR R B SRR B 25 55 (181 6,P<0.05)  HAt & AR H RS AOF A ., s AW d 2 B

S5 S B e R SRR A R A EE T €T A T2 X A KW A - AF ) 5

2R HL s H AR S I T A PR

R4 TRLET LEFREESHMEEFEEMSER

Table 4 Regression models between the soil respiration rate and the environmental factors under different treatments

+ 8B Soil moisture/%

Curve fitting between soil respiration rate and different environmental factors

50

M AR/ B A RO
TEFH AT AEL 25523 R 58 IR ARG 2 1 2 aR 21 1 5Pk 22 5 (181 6, P<0.05) , R W R S HE it 2 e 2R A= )

HEEH ¥ b3 AJELE. WAL e »
Environmental factors Treatment Regression model R?
IR (T, ) C y=0.8098¢%043% 0.676 45.920 0.000
Near-surface air temperature/C Tl y=0.9273¢0 03798 0.637 38.648 0.000
T2 y=1.21963¢" %311 0.436 17.020 0.000
0—10 em TIEREE(T,) C y=0.9109¢% 031 0.809 93.056 0.000
0—10 cm Soil temperature/°C T1 y=1.3237¢%036% 0.540 25.877 0.000
™ y=1.7004¢% 0304 0.460 18.707 0.000
0—10 em HHERE(V,) C y=-0.0004x>-0.0511x+4.1279 0.762 33.605 0.000
0—10 cm Soil moisture/% T1 y=0.001x>-0.1172x+4.243 0.598 15.634 0.000
T2 y=-0.0037x2-0.2197x+5.2148 0.312 4.769 0.020

y s T 3| Soil respiration ;v ; VT HIF R L LR ol B | Near-surface, 0—10 cm soil temperature or 0—10 c¢m soil moisture

http ; //www.ecologica.cn



&t
48
=

6210 H 40 4

AR
Below-ground biomass/(kg/m?)
N

._.
o
T

o
o0
T

<
~
T

M EAY R
Above-ground biomass/(kg/m?)
=) =)
(3] (=2}
T T

iﬁﬁﬁﬂﬂ

1 1 H{i |

a7l [T W M m ﬂ .

BEH SR BV B FHEM &I FUREFH MM
AR Growth stages

S

6 AREALETHTRAEMEMNM EENSHTU CFIHLbrifEE)

Fig.6 Effects of experimental warming on below-ground biomass and above-ground biomass ( mean+SE)
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(5) , AR FAYE (BGB) S &4 FAEY &R (AGB) | T IENTI R85 2> R 45 B A IEA 6 6 &
(P<0.05) ., 7EXTHEAL C SEIRAFEHE T1 A1 T2, - BERF IR 3 %2 5 BGB YAHOC R 0535124 0.842,0.739 F1 0.679;
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Table 5 Analysis of correlations between soil respiration rate and biomass under different treatments

AW it b E A REL FEA K P

Biomass Treatment Coefficient Sample size

T APy (BGB) C 0.842"* 8 0.009

Below-ground biomass/ ( kg/m?) Tl 0.739* 8 0.036
T2 0.679 8 0.064

Mo EAEY I (AGB) C 0.845"* 8 0.008

Above—ground biomass/ ( kg/m?) T1 0.740* 8 0.037
T2 0.703 8 0.052

2.5.3 LIPS A Yy i 0] 5 A

AT 2P R () ST AW () B FR (K 7) S y=ae" BIHEHOCHR (H 5 L
YR y=ax’ +bate(a b Fl ¢ ITRRAIIEIAZSEO) (B 7) o W5% 6 P, MR8 R A FE I REE 1
R 2 1) b TR, PR SRS AT LT R A e W2 I 1 L B A T g 0L DI R A
PN
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Fig.7 Curve fitting between soil respiration rate and biomass

®6 ARELETHEMNREERSEYBHMUSENX

Table 6 Regression models between the soil respiration rate and biomass under different treatments

A=y b3 EEF Sy AR p »
Biomass Treatment Regression model R?
R A= ¥y (BGB) C y=1.3345¢026% 0.5872 8.503 0.027
Below-ground biomass/ ( kg/m?) Tl y=1.6738¢% 153 0.4474 4.857 0.070
T2 y=1.9815¢"19%% 0.3732 3.572 0.108
M AW (AGB) C y=5.2452x2+0.6499x+1.5535 0.7315 6.808 0.037
Above-ground biomass/ (kg/m?) T1 y=4.3495x2-2.3661x+2.6056 0.5779 3.423 0.116
T2 y=1.1208x2+1.5215x+1.773 0.5518 3.078 0.134
3 g

3.1 HYIRGT A BT 5 e K R B AR A )

F A S R G R HE S AR 2 2 R R B 2y, (H SR PR 3R M 3R s SRR | R R RN 1 g
P RE 0 AR 4t TR T T A N R R S ROV AN [ A K ) ST R R R L TR R R e AR
RT3 T B AR R A AR 2R T 5 3R i 2 - R T R S L ORI B i 0 2 SR — 2 R
PR 1) 38830 230 ol 386 fin 2% e P22 s A I WOE T 9 R 345+ ST BE R AIG , AR P 95 v 55 C A ER, T R T2 43
IBEAR T R EE 2.27% M 4.57% (K 1) 76 H 32 B 7 4 SERF W B 5 S80S A5 3, 73X Rl <P
TP AOPREE T 130 T (A= W I DA SRR I 21220 52 ) H iR S S0 N AR AR R L A i T e, R IR i - S
TE AR 0 R (R - R A W B, B I A R P SR AR TR T e T B R A ML A R
I IR B A% I PR A P AR R O R R R FRATTAF AR AR R B T A T2 7E ¢, (13:30—15:30) B ] BeAHEL T ¢
(9:00—11:00) F1 £,(17:00—19:00) B} [ Bz , %o - SFEWF I 1) T ik ZR M it/ (¢, I B i 1 15.68% 11 28.43% 3¢,
B B8 9.09% F1 23.07% 51, 1] BEHE 5 14.86% F1 29.73% , 181 3) | 33X 54 0] (1, I 1] Bt ) %5 A Mk J3E Fg 88 7L A K
1] e 2 B ) = 200 e %) DA R s e e, AL RT3 8 % i 1 A5 553, foff R iR 5 18 A2 T R e, Hh B
+ BT SRR B
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EAE TN SRR, DT 4072 Y CO, 5 (ELFif 75 348 T o 18] 110 B4 | AR P X L 38 P A A 7= A — 2 1Y

http ; //www.ecologica.cn



6212 JAE = 40 %

TN TE AL ELG T e R SO0 IR A R IR 2H 1) - SRR I o R 2 R g

¢, Bk ) B PR - BRI R 3k 56 15 9L 138 () AR AR R 38— S0, S PR T4 S 2R B A KR T B S, 6 A SR B
VED I GA =4 LA 04 3 1 ) - S )RR W - NP IR R A S R T o, BB P - ST I R R i
{EH PRAEA AR | Sk S KA AR s T ¢ A 2y, X B2 S sy SR T AR B 32°C 5 i g 2 8 R M T 3k B 4.5°C il v
{14 L B 5 B T B A S R ORI Y DR R IR] ¢, P B ST I G SR A A 38 B B K, X AT B S
VL BE A SIREL ¢ R o, A1, L FNK 438 Ay BR ) 2 R NP B R

AHFFEEE R w2 B K B B, 0 S B 0T W AR Q) BR IR, X 5 HT N BB 5T 4 R —
P 0 Niinisto 25RF T & BUIF 22 A A0 EF I MAE RS IR AL B 1.8—3.1°C I, Qo B& IR T 2.7%—12.7%"*" , 4%
PR P AL ARG . (1) RS B9 T i i T 3R A b R I ) AR B RS T RIS 1A A B QA8
ANCTRL () R TR Xk S R BTk 0 SR B R B — R M, L QSRR R REAE
K G B, R FEXT Q, Josm X T Rg 5 HEA 11 Ay, T HERF ey kU T b - AE 1y R R V& 0 ) 43
figt, 380 A HLBR G S, B R SIS A (A 8, A AP 0 Q o ML /D 5 38430 S 25 AR - R I i AUk
12 LR R 80 Q  (HICH B AE 4
3.2 PR R R AR N R R B R

T 5 SRS A - SR — A ) — KA Atk S8 46 1) OG5 PR, 32 28 38 o o028 A 0 1 e B 3 P A R i 1 g v
CO, MHERGH R ABFFE R R AL H T + Tl R 5 i e SR 2 () R B I B A IE A E R (181 3)
Jir PR - SRR M TR B E B R A AR BT LA b SO Y R A B e 3 AR W R B s R i AR
PEA R AR L T R A AR 2 U OCHE SR T ARG A VR IR 3 SE R — 3506 B ) T I8 i
FIM AR, IR 2243004 7 XA (e 3] - e v | 33086 730 4 5+ 18 P B B A= W Br i 7 B L O, SRR TE
BN, AN R] A1 1 A0 PN TR T i 25 02 1 - S i o3| B0 i) KA BT 2 1k

T R G HPORE R CO, ARG T 398, 1 - eI B SIRAE R 5 i R A R A R A G 2L ARF SR
CO, 5 0—10 em HHERERF A IEHSCIEEOC R (F 4) DR M FERRHE I T 44 i 322 DL B AR
20 F HZHOMTE 0—10 em B2, BT E K5 i 3R n] DR R R ) r 3R el 232, i 42 =
B — R R E B BE 1, SRR TS A A 0 R R R A T AR W i A A S B Y B
L B 1 EFIAEH
3.3 REERREIR AR R HEE R OC R

R ST 8 R TR A 2 R SR [ AR O R D [ o X - S P 3R R A T O 43 AT, R B - A
f4 07 7K A8 (0—10 em) Xof WP 53 280 S5 (R A B %K 31 T 85.09%—89.0% , 25 g Vs 1400 A LR B [ [X R B, 3 B2
J 70% 11 CO, HI T 2 p 3 4 22 TR AN 90 P8 R [P 1, AR 3E XF - 39 I 1A 538 3 14 52 i 2R IR
ARWFFE € T1 RN T2 A8 380 A KA 34) - 3 43 51 R 18.93% ,16.66% Fll 14.35% (3 3) , 45 4b FH[A]
e 2R, TP RS 0—10 em +HEEE LB H AR, XIEH AR ES RS, 1) 11
IR 8 Ay AR T PR A 02 B A ORI 5 — = R, B I T 2% e R S B R R R A, HL R ek
I3 2 B SR RO RO RRAEG , L E M S BRI I 7 0 A A B B 0 B R sl R R D, 3wk D
T AR R R ) B B AL 25 T B A - D I G R R A 2) K B S S A T Bh
FIRE AR 22 00 25 2 BRI A2, 8 7L 5 A - 000 A AL i 30 2 R Ry K SRR X 7K 40 5 o, i i 2
F AL 0 I 2 i 0 0 55 R A AR A 25, DT R WA 2 AR 2R A A A R e (8 75 9 IR I 3 )
AR R IR QBB ST L O, RS TR R B AR,
3.4 HIEPFIE R S A OC R

FRREENE R A i =R, T 2 I A SR BE A RV 5 R T A S ) AR ()
A= i R 2R 53 A0 F18) G el R T 52 ) - 8 S 7 N IR T NP IR Al R T P2 T S el 8 17 SR BV
FR /NS IR, [RIEE — R R 10 2 T R X A A 75 3R, AT 18 305 308 ot DA i 9 A K % 7 AR s A

http ; //www.ecologica.cn



17 3] Padindh A5 ASUIIG I X 5 R A 2 AR G e ST AR Y 5 6213

A I I A B L3 JRVE Y RIE T AR AR S B M BRI PO SR 2 e S
AR, UG IR AT T AR AR —J7 I P06 57 70 BE MR 2R 0 0 70 o A B 22 1) AR Wy 0 P
Bt Rt O MR S BERE A B AR R B BT AR T SRR AR
3 — 77 Tl R A e T AR R A A R RISET S R B2 G e T R AR A 0 EC DA T
IR 4520 73 B S n 407 3ty b 35 43 Kl AR 3R B 43 AR EL AR PR ) 5 0 25 L e R PR o A, IR 4 S B
SN R S AP R BRI G R

4 it

S F A A T I A ST U R IR T1 AN T2 S5 A 2 e N, BRI R
ok R 88 A, S 4% - M W R R R e, B AR A R, R — R ¢, (9:00—11:00) ,2,(13:30—
15:30) Fil £,(17:00—19:00) =A™Ff A B + SEnF e sk A HARE IR T AN — B, ¢, ¢, B ¢, 45 0] Be i) + 80T
W3 SR WA 43 5ol 1 IR 45 S0 AR RN AR 0 AR R ZERT B T1 R T2 AR T - S F g 1 38 B2 UM Q)
A K2R B IR X Q, fH G 5

RIS Y SRR A S H SRR T,) L0—10 em IR (T) LI 0—10 em HHERE (V) A
A RLAFRARCE T 5 HF (BGB) At b 2E ¥4 (AGB) YA CHERRSS . Horp, 1 3E0EIE 5 T T F1 BGB 2 y=
ae" K F 5V B y=—ax’+by+c KR, M5 AGB & y=—ax’+bx+c KR (a b M c HHFEBFIHSED) . BEHEHE
VLR 82 1) 1 T, MR 35 3R PR PR A DG R B R mT A 05 R 40U 0 B 1 S B sl N e g AR
PR AR W 1 S5 T R M RO WH R A AR R, BR S TR CO, HEGH Y 32 B PR R A S A pR A
KR TEARRIMPE— LA 5E TR % 2 E 5 shY U E Y SR IR R DL 554y pH k2 & X +
BRI — KA Z ARG R AR ) R

£ 3L Hf ( References)

[ 1] JHEBE, skFE, X, 2R, D 7 AEFRIHEX SR 3 CO, B s2m. R4, 2018, 39(4) : 1962-1970.

[ 2] Allen S K, Plattner G K, Nauels A, Xia Y, Stocker T F. Climate Change 2013 The Physical Science Basis. An overview of the Working Group 1
contribution to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change ( IPCC). Cambridge: Cambridge University
Press, 2014.

[ 3] ikbERy, SCHEH, REE, F&&, wRUE. T3 2R L R LD () 38 2 e R i S . R B ol 242441, 2010,
38(11): 68-70, 104-104.

[ 4] HB/NGE, SREER, FL08E, EIER, #XE, IR, AR, EI. 5T GIS P E 2 KEHFZE R G MFREEMT. R4, 2019,
28(6): 1-18.

[ 5] Schimel S D. Terrestrial ecosystems and the carbon cycle. Global Change Biology, 1995, 1(1) . 77-91.

[6] 4%, Wk, Kok, JR0f8, JIaE88, Bl e, WRAENN, @l 0T, B 0 5 Pt 2 i J b S i e H: b M P SUs P 5 o). 2
A4k, 2015, 24(4) ; 21-29.

[ 7] Rustad L, Campbell J, Marion G, Norby R, Mitchell M, Hartley A, Cornelissen J, Gurevitch J, GCTE-NEWS. A meta-analysis of the response of
soil respiration, Net nitrogen mineralization, and aboveground plant growth to experimental ecosystem warming. Oecologia, 2001, 126 (4) .
543-562.

[8] ChenJ, Luo Y Q, Xia J Y, Shi Z, Jiang L. F, Niu S L, Zhou X H, Cao J J. Differential responses of ecosystem respiration components to
experimental warming in a meadow grassland on the Tibetan Plateau. Agricultural and Forest Meteorology, 2016, 220 21-29.

[9] XialJY, NiuSL, Wan S Q. Response of ecosystem carbon exchange to warming and nitrogen addition during two hydrologically contrasting growing
seasons in a temperate steppe. Global Change Biology, 2009, 15(6) : 1544-1556.

[10] Davidson E A, Janssens I A. Temperature sensitivity of soil carbon decomposition and feedbacks to climate change. Nature, 2006, 440(7081) .
165-173.

[11]  FEse, (LigaE, TO0ME, Shasslt, Brsmg, FlS)e, ShEMR. SR8 Bl 50 T ot o b S0 W R YT R A A S A i o 52 X BE I S5 36
5%, 2019, 33(5): 151-157.

[12]  WF, SREMR, BETF, T2, S, &80, 2 g IR R 00 5 15 50 5 IR Ay 52 R, T R X BT IR S BR AR, 2009, 23(9)
106-112.

[13] wfede, ShEMR, ARG, EB, 200, 2208, sORIBL BRSNS A B e RO A A FH X 48 R FOMGE 80 M R 1A 58 ol Al R 2 2 3
2010, 31(2): 104-108.

[14]  FRZ. BB Z R BN A 523 S i A J5 L S R IR RV VR (52 ma [ D], R RR . NS Al R, 2014,

http ; //www.ecologica.cn



6214 JAE = 40 %

[15]
[16]
[17]
[18]
[19]

[20]

[21]
[22]

[27]

[28]

[29]

[30]

[31]
[32]

[33]
[34]
[35]
[36]
[37]
[38]
[39]
[40]
[41]
[42]
[43]
[44]

[45]

[46]

Zhao L, Xu S X, Li Y N, Tang Y H, Zhao X Q, Gu S, Du M Y, Yu G R. Relations between carbon dioxide fluxes and environmental factors of
Kobresia humilis meadows and Potentilla fruticosa meadows. Frontiers of Biology in China, 2007, 2(3) . 324-332.

W07, RN, XM, IS H R, SRHmR, . AR Al X P R T TR R SRR A A D s . [ A, 2010, 32(5)
57-65.

FRIE, BIUHE. 2°CRBRAEET 5T h E AR BIE. KR, 2012, 36(2) : 234-246.

BT SR A ARCHRON 75 580 Jt i S R e AR B R TR = SUAE B A AFSE [ D] JEat . P ERFEBERT R ERE, 2010.

I, RIEE, FRT, BER, MRS, R, T MHE NURR A RFOR R 30K B R R F R RO R, 4355, 2009, 29
(10) : 5271-5279.

EB, X4, ZEFLE, kARG, TEM, S5, 20T AR 7Y AR ) RS R R R VE TR S A RO R R N AR A
e, 2014, 25(1) . 45-52.

AN, 2T, DM NPEAC 5 1L s A A R 5 B A My ke e i B TR A WA E. AR, 2008, 28(11) » 5286-5293.

Lamb E G, Han S, Lanoil B D, Henry G H R, Brummell M E, Banerjee S, Siciliano S D. A high arctic soil ecosystem resists long-term
environmental manipulations. Global Change Biology, 2011, 17(10) : 3187-3194.

T, THGHT, SRR, RMIHNTE I AR B RUK SRR AR TR, 2008, 17(2) @ 693-698.

Kim J, Verma S B. Carbon dioxide exchange in a temperate grassland ecosystem. Boundary-Layer Meteorology, 1990, 52(1/2) . 135-149.
KU, HHOUURT, SRS, ZEKT5, k. ALV I X 3 F SN RAE. R4, 2009, 28(11) ; 2286-2292.

Carey J C, Tang J, Templer P H, Kroeger K D, Crowther T W, Burton A J, Dukes J S, Emmett B, Frey S D, Heskel M A, Jiang L F,
Machmuller M B, Mohan J, Panetta A M, Reich P B, Reinsch S, Wang X, Allison S D, Bamminger C, Bridgham S, Collins S L, de Dato G,
Eddy W C, Enquist B J, Estiarte M, Harte J, Henderson A, Johnson B R, Larsen K S, Luo Y Q, Marhan S, Melillo J] M, Pefiuelas J, Pfeifer-
Meister L, Poll C, Rastetter E, Reinmann A B, Reynolds L L, Schmidt I K, Shaver G R, Strong A L, Suseela V, Tietema A. Temperature
response of soil respiration largely unaltered with experimental warming. Proceedings of the National Academy of Sciences of the United States of
America, 2016, 113(48) : 13797-13802.

LiY Y, Zhou G Y, Huang W J, Liu J X, Fang X. Potential effects of warming on soil respiration and carbon sequestration in a subtropical forest.
Plant and Soil, 2016, 409(1/2) ; 247-257.

Wan S Q, Norby R J, Ledford J, Weltzin ] F. Responses of soil respiration to elevated CO, , air warming, and changing soil water availability in a
model old-field grassland. Global Change Biology, 2007, 13(11) . 2411-2424.

Niinisté S M, Silvola J, Kellomiki S. Soil CO, efflux in a boreal pine forest under atmospheric CO, enrichment and air warming. Global Change
Biology, 2004, 10(8) : 1363-1376.

PRI, AW, XU, ES, UM, SR M, Az 39 0 0 it B8 SRR 1 2 ol PR 3RS 1 . 2R3, 2011, 31(8):
2301-2311.

Janssens 1 A, Pilegaard K. Large seasonal changes in Q) of soil respiration in a beech forest. Global Change Biology, 2003, 9(6) : 911-918.
Konnerup D, Betancourt-Portela ] M, Villamil C, Parra J P. Nitrous oxide and methane emissions from the restored mangrove ecosystem of the
Ciénaga Grande de Santa Marta, Colombia. Estuarine, Coastal and Shelf Science, 2014, 140. 43-51.

Melillo J M, Steudler P A, Aber J] D, Newkirk K, Lux H, Bowles F P, Catricala C, Magill A, Ahrens T, Morrisseau S. Soil warming and carbon-
cycle feedbacks to the climate system. Science, 2002, 298(5601) ; 2173-2176.

Yuste J] C, Ma S, Baldocchi D D. Plant-soil interactions and acclimation to temperature of microbial-mediated soil respiration may affect predictions
of soil CO,efflux. Biogeochemistry, 2010, 98(1/3) . 127-138.

Rinnan R, Michelsen A, B&th E, Jonasson S. Fifteen years of climate change manipulations alter soil microbial communities in a subarctic heath
ecosystem. Global Change Biology, 2007, 13(1): 28-39.

SRAE, YRR, THE, THR. R ETHSE R R YRR SR R . RS, 2004, 24(8) ¢ 1742-1747.

Kuzyakov Y. Sources of CO, efflux from soil and review of partitioning methods. Soil Biology and Biochemistry, 2006, 38(3) . 425-448.
Kuzyakov Y. Separating microbial respiration of exudates from root respiration in non-sterile soils: a comparison of four methods. Soil Biology and
Biochemistry, 2002, 34(11): 1621-1631.

XS, AL, SPER. WS RS IR IR, IRRE R, 2004, 23(4) : 35-42.

ZEUENE, TG, FUKTE. BRI RIS R R IR R L R N T RO ARSI, 2000, 24(6) : 680-686.

W%k, B, XNETE, XA, I I fr i BE SRR A 1o PERI YU . 1B SR BEIRAE A, 2011, 26(10) ; 1811-1820.

Setia R, Marschner P, Baldock J, Chittleborough D, Verma V. Relationships between carbon dioxide emission and soil properties in salt-affected
landscapes. Soil Biology and Biochemistry, 2011, 43(3) . 667-674.

Bonanomi G, Capodilupo M, Incerti G, Mazzoleni S. Nitrogen transfer in litter mixture enhances decomposition rate, temperature sensitivity, and C
quality changes. Plant and Soil, 2014, 381(1/2) ; 307-321.

Lohila A, Aurela M, Regina K, Laurila T. Soil and total ecosystem respiration in agricultural fields: effect of soil and crop type. Plant and Soil,
2003, 251(2): 303-317.

Carrillo Y, Pendall E, Dijkstra F A, Morgan J A, Newcomb ] M. Response of soil organic matter pools to elevated CO, and warming in a semi-arid
grassland. Plant and Soil, 2011, 347(1/2) ; 339-350.

FHEAE | ORHE, BT, e, XVPR. RN VU LT AR [ G E T LA RN T A2 0 A ORI A BRI AR A A
%, 2008, 32(5) . 1072-1083.

http ; //www.ecologica.cn



