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Abstract: As an important component of terrestrial ecosystems, grasslands are one of the most widespread vegetation types
worldwide, covering nearly a quarter of the world’s land surface. The soil carbon reserves amount to one fifth of the global
total ; thus, grasslands play a significant role in climate change and the global carbon cycle. The area of different kinds of
natural grasslands in China is approximately 400 million hm®, accounting for approximately 41.7% of the land area. The
total carbon reserves of grasslands account for approximately 16.7% of the total carbon reserves of the terrestrial ecosystems,
of which the soil accounts for 93.1% ; thus, soil carbon reserves occupy an important position in the global carbon reserves.

Soil respiration is the main link in the carbon cycle of terrestrial ecosystems, in which grassland soil respiration accounts for
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5.6% of terrestrial soil respiration. Therefore, scholars have paid attention to carbon storage of grassland ecosystems. The
Qilian Mountains have abundant grassland resources. Subalpine meadows are the dominant ecosystem in the Qilian
Mountains Nature Reserve. Snow, as a significant component of the cryosphere, is one of the most important factors that
affects soil respiration because of its regulation and control of soil temperature and soil water content. At present, research
on soil respiration in the subalpine meadows is lacking, and research regarding the effect of snow on soil respiration is also
limited. The Tianlaochi catchment was selected as our study area. We observed respiration rate (R,) under snow cover with
three different soil melting states ( soil non-frozen state, soil frozen state, soil melt and frozen state) in subalpine meadows
of the Qilian Mountains through five snow events using a soil carbon flux automatic measurement system LI-8100 ( LI-COR,
USA). The effect of snow at different soil melting states on R, was analyzed. The results showed that: (1) snow decreases
R, in the ecosystem and in bare soil, but it improves R_in the ecosystem on the following day if snow is melted in one day;
(2) The relation of R, with temperature exhibits an exponential function ( P<0.01), which with the relative surface
humidity expresses a linear function. During snow cover, the correlation between R_and temperature in the non-frozen soil
was the best. (3) The effect of temperature on respiration rate was strong when the temperature was high, whereas the effect

was a weak when the temperature was low.

Key Words: snow; soil water content; subalpine meadow; soil respiration rate; Qilian Mountains
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Fig.1 Variation of R, and environmental factors after snowfall under frozen soil
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Fig.2 Variation of R, and environmental factors after snowfall under frozen and thawed soil
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Table 1 Comparison of R, and environmental factors under frozen soil and frozen and thawed soil between snow-covered and snow-free

RURIEZS S T T Snow-free A EHE TG Snow-covered
Observation R/ R/
diti ’ T,/C T,/C RH/% ’ T./C T,/C RH/%
conditions -2 -1 s a -2 -1 s a
(pmol m™= s7") (pmol m™= s7")
HEB RS Ecosystem 1.79 3.30 1.53 57.08 1.36 -1.74 1.91 60.96
+- 3 Soil 1.76 3.55 1.74 66.23 1.19 -0.74 3.94 64.70

R W R respiration rate, T, ;S em Ab 3R B soil temperature at 5 cm, T, ; HBFR IR soil surface temperature , RH ; 132 25 S AHXHEJE surface
s p s p a p

air relative humidity
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Fig.3 Variation of R and environmental factors after snowfall under melting soil
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Fig.4  Variation of soil volumetric water content at 10 cm
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Table 2 Comparison of R and environmental factors under melting soil between snow-covered and snow-free

FURIIEZS A TE 7 35 Snow-free 5P T Snow-covered
Observation R/ R/
onditi ' T./C T,/C RH/ % : T./C T,/C RH/%
condition P s a S s a

(pmol m™ s7") (pmol m™ ™)
H A RS Ecosystem 5.24 7.62 15.14 66.66 5.42 7.11 15.66 61.68
+ 3 Soil 3.47 6.75 15.28 68.87 2.66 6.13 15.22 64.05

3 RBETFHAF R 73008 3.5,1.5,6.3 em , BT 4351 0 0.0868 ,0.0713 ,0.0904 g/ cm’ , AHXT I [ 4E
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Table 3 Regression models between R, and temperature under frozen soil

10 cm 4b - HER Mo ZE R

I ik Soil temperature at 10 cm/°C Surface temperature/°C
Respiration rate/ (jamol ™ s°1) B Model R Q10 B Model R 010
4 Snow-covered + HEnpg R, =1.16e*%T 0.83 11.02 R ,=0.58""" 0.82 3.00
B RGN R =1.71*2T 0.76 8.17  R,=0.60¢""8" 0.77 6.05
FE Snow-free A+ IR R, =1.57¢*3T 0.56 22.19  R,=0.65¢"1" 0.88 4.95
HEZS RGN, R, =1.56"%T 0.87 18.17 R, =0.78¢"1T 0.91 4.48

P<0.01 JH A, 0.01<P<0.05 H B AL

2.4.2 A HENVEIH R R M s ST A A Sk B 9 56

A4 3 YAl ST I P (A R SEA ARG RE A BT, B 6 R, I 5 B « MR 5
G P TR E 5 RO AR . A B N A S AR S R 1 5 R B A R T 5
A2 I e, 5 9 5, 4 285 20 0 0 -4 P 56 5 s 1T S 50 R4 85 5 4 SR EE 0 )
Ve TR Q, 0TI A IR s SR 2 G R (3 6) L I e 5 i
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R S 5
x4 SFTFHFRER SR = SERE BEBXES T
Table 4 Regression models between R, and soil surface relative humidity under frozen soil
IR 7S SAHXHRE Relative surface humidity/ %
Respiration rate/ ( wmol m™2 s7!) ] Model R?
A% Snow-covered - EEIE R;=0.05RH-2.04 0.82
ARG R,=-0.20RH+12.84 0.72
T&F Snow-free + HgEnpag R, =-0.04RH+3.25 0.66
LS RGNTIR R,=-0.06RH+4.59 0.79

P<0.01 Jg# B EAHE ,0.01<P<0.05 H9 B EH

B R G R - AR TR K B A DG 4B, DC R AT
R =229 + 10.31e [°("%*) 12 r2=0.65,P<0.01.
SRR K AT LA R A 25 R G R AR S Y 65% , 24 VWC <31.4% 5}, -1l 338 35 o 4 AR 5 7K

RN TR, 25 VWC>31.49% 0], IR 3o S i - SRR AR S5 74 g H i s e

x5 LB TIERIMTIRER SR EEEXES T
Table 5 Regression models between R, and temperature under melting soil

10 cm 4b 3R bR

I ik Soil temperature at 10 cm/°C Surface temperature/°C
Respiration rate/ (jamol ™ s°1) B Model R? Qo 7 Model R? Qo
4% Snow-covered 4 Enpg R =1.16e""T 0.91 5.47 R, =0.63¢""" 0.74 3.00
RGN R, =2.45¢8T 0.87 3.67 R, =0.75¢"14" 0.76 4.06
F Snow-free AV R,=3.00"] 066 201 R=198""] 0.67 182
S R GE R, =3.26e"0%T 0.73 2.23 R, =1.66¢"%T 0.75 0.73

P<0.01 AH% A ,0.01<P<0.05 79 i FAH K

R6 2R IERTIREE SR EEMNEXEST

Table 6 Regression models between R and soil surface relative humidity under melting soil

TR ok 3R HiZe 22 SANHIRIE Relative surface humidity/ %
Respiration rate/(pmol m™ s7") FEH Model R? p
HE Snow-covered s 1521/ R =-2.61RH+0.10 0.55 P=0.0009
RGN R,=-5.21RH+0.20 0.47 P=0.0032
T Snow-free + SENT R,=-1.20RH+0.08 0.17 P=0.1094
LRGN R =-1.53RH+0.11 0.15 P=0.1337

P<0.01 H% B EAH K ,0.01<P<0.05 N i EAH X

3.1 BRI A VRN VA it S %) e 2 R 3R 1Y) 5 )

TR RS ST R BN R Z — iR X AR i e = T i o5, 5 o A 4 14
PRIRAE T IR BOK 73  WTAERE T 3B M 0003 7, 35T 338 DR b R A 3 5 W RV FH 1) SR AR P R84
T CO, SR 2 MR, i+ NI 5 & A AR R A SRR R ER AU B gE e W . U R 0 - e I
SR IRARAS BT A ORIRAE P TS G ) — B A A TG 2y, DRI 5 B 4 33 B AT B ) - SR i T AR A
G 5 14 SR AR T I T A R Y SRR R A AT RE R R S I A B INE IR T CO, R
JiL, Monson 55 fF5t 22 M . B JEL o A 2 - HENPI (4 5 eIl 6 3, 25 7 2 1 0/ D B AR 17 9P I sk o
RBEAEIOIRE 2 RFNE L4354 5 em A1 15 em JEA7 LIS 2] . A= 25 R G E 43 715355 0.707 pmol m™ 7'
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F10.653 pmol m™ 57", + P AN 3EF] 0.516 pumol m™ s™' F1 0.567 pmol m™ s™", BJH i & P AH 25 R
KA HABTCE I H A A= S RGN T P R AR, 5 em JEEE R FE S FRAL T 20 SRl +
IR e HL R AT R S A S DR SR AR () e AR A S, NI BELAR T 4 O, i RA R I HERK ; 75—
AR ATRESE 5 om AR JEREHA X R B EVE A . Bertrand 45 75 5020 00 BE UMK (10 BF 93 & B,
TR R E] 30 em A REHEA LB LMY ZRZE FIBET , Decker 257 ZEALFRARAR P BUBF I3t 2% B T TR RE Y
G, B30 em LU AFR I BEAETE B AL PRI 2 , DR TS 2 B 5 S 3 in - S8 % DR I, 177 76 0 B PR L R
REAC S KA A AT, ASRESS I 396 A PP VE F . 20 20 e 0 17 Ll b X R 4T 0,30, 100 em (1455 J5 3 Ak
PRI 57 AT S - 43 0P 0 R ) 5, 45 2 1. 0,30, 100 em T 25 T 4 1 IR I 3R 4 5 (2,59 +
3.45),(2.66+3.40) ,(1.47+1.54) wmol m™ s~ | ANHFFEHE [ A LU0 = Ll B 1 4 FRS5 78 55 H 247 T IR i sk
R F0I, 7E 11 A F1 4—6 H RAGE MR ESE TERERTES, Mrsgis LibifiaE —
B, BV 2R X I A 38 4 P 52 i A 1A A

WFFE B 2 + A T 2 VRR S FVRBICR AR BT | A5 25 R Ge P 0 3 35 /N1 HEP I 0%  k ml g2 B ok +
T A BELH A T3 0 T PR A AR AT O T 3SR ) R ORIE I ol L S PR B R T ek
AR ARSI EURK ABAT W] RE SR A A RGP A B Y M - PR IS MBS T CO, M HER)Z 1 SRR
3.2 B Rl Ak A A IR S S ) 5

K A A W R ZR A B i B ] R 2R R I B8 X SR I e A S i S 7 5 sl
BT BN 7T K A IR AE B ST R  BL S AT e I B S R RN TR AR S AR L
WX NI R e A LR, 2015 AR 5.6 A Oy UIER RN 3 RS p B B R/, AR BT R
FrUTERE S Y Hgh Bl fese5e, 5 H 10 HE RIS RGH LT HE 5% FPFIEER 558 2.70.3.31 pumol
m”’s™ 6 H4 HUEBERRGA LT E S NP RES 54 8.01,8.33 wmol m™ s~ LIRS T (I 348
IR FAERE NS A 11 BBV LS RETFWRA LS E G FFRGEERE 55128 5.56 .4.09 pumol m™
s FUERT L S R A RS RGN R HXF R H B LU BRI R A R RN, K 3 RS
PSR BCE I, A5 30478 RGO R A A S B 5108 5.42 wmol m™ s7 T 5.24 wmol m™ 87", B AR
Ui, BT 2 X Sk FAg F 2 OB T 45 SR — B, 0T B 55 038 - R I R T
A EH TG IR R R R T AR S e BRI T IR — ok, B R R O, b T B -
IKATREZS | N - ST A AR R AR R, (ER RIS P 3.5 om FEEE T AY LR IF IR R R KT 1.5
em FHJEBEN A GENTIR AR A R A AR IR RS O SRR S R, 5 T 10 H YRR S RGN T 458K
43,5 A 11 H BRI FERT RS A FEAE T SOmK T 3K 4, Xt + HE0F g a9 80 & 3300 BB B, A o
NGRS RYE CO M HAR LR 22 IR K H RS )G CO, H BB R £ KRR E
IR — 3, B ES JE IF R

AW AL T2 VR Ral AR B AR R R G IR R AR T S AT 450 0.61 2,11
pmol m™ ™' Fl1 5.42 wmol m™ 7' A HH 6 A& T HHEAL T A RCRAR T Y A2 A8 RGP R 5 T AL TR
ARSI A28 RGP R | 5040 TR AR AS I (19 A 25 R o P IGH % i T A T 2 RS AR S R 40T
W 3 A g R Oy 1 494k T 4 BRI ZR RIS B 7K A A T 2 DTS K T PG 3R AR SCE5 i) hFE X AR
BRGRAT I IR SS HAER SR T BRSO T 42 (380 5Eml
3.3 RN A I R I S 2R AL A A 5

KRBT 45 B GBS I Mo AB 40 - BP0 ok R S B 22 [ e R U7 ARG op S O A
MR A 2R TR A AR RN I o AR ALY 56%—91% . AR I T AR S 2 w1 IR R b IR R A AR G
PE X AT RESE O A E A FE T KA BRI R TR, AR R, — R ) B R UE 1 T
WIS 30 T 7 P BE S ) A R R T IO 3 5 s 3 s AR T B ) A AR S, L U B K A SR T
- IEOFIR SRR 2R AT SR ST R W T L BRI T A F R LR AN T - IR U 3 AR
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TR, AR SO TR BRI I3, TS 1 0 58038 5 305 B2 ALK 70 A AR G

Qo TEZ T P25 245 2R G0 R - SN FIR  JLFE Rk 8 A 0  A BIFSE 6 2B 5 R e ol NP IR A1) 3R
V3 SR BB 2 R IR I 2 QS22 R S, AR /K 43 BRI A 5 T LA T st 5 0
B R, AWM, T B R T LR, R R, QRN Qppr oy = 2.01<
Quocresrs) = 2-23<Qu -tz = 3-67<Quo v = 547, FATABPILEIR 2, MAERELHD, 0, fH
RIN Qo e = 22195010 sz = 18-17>Q 10 (g = 11.02>Q 10 gy nszp) = 817, FHTAFFETR
FAR . AT R IREERIRGE Q0 TR T, 2R T QW B T4 fil + 380 QB 138K /3% iy
SN Qg0 T T2 R AR - SRR 1) U5k 3 AR, — 2 3 L PN B A AR K R 8, SR I )
TR A SRR st R R RS 1l e S e TR R SE I Q) , B3 P RE I A AR K 4y SR
AR A Y T SR ZOk QY

ABESE AT T AR LA RIRRUIR SR AR 25 R GE P I A< - S I AR i) H AR ARl 2 ZR BT P i R
SR EEFIAR G AR DG OC R A5 T FRV S 3 o 5 i 3 58 R 7K B 1T X WA 3 23 7 A — 3 [R5 ), A R R T,
0.30 cm 1100 em3 FhTJEEAIT 5 om MR Z W HARE Y T2 M4 5O FE030 em 1100 em
25 A TR Pl A A MR FEE AR X 5N 7R 3 P =5 Ak JRASE 2 v - SR 1) e RAHL L e/ IME AP (1 2 30
FEAR AR Y 52 23 R H 2 Ak B 38 3l 5 e A RE ROR, DRIt e 5 A Ak A P R R I R A
R WA BRI, 18 ) R A S KRR R Rl e R B T T X -1 CO, I HE O A
FE—E2R B 3K 215 BRI, JUH R M 3R 3, /K A B AT AR i 4 390 B
AIAEAL , A M AT o 26 I I R 3 25 3 1 o, I, 5 DR RO BT B — B0 L KRR TAR
32 LI g L ) BRSO P A S AR S M O I AT 15 T R AR IR TR BRI S I RO T RE

4 #ig

(1) FEAR I LG g ) LTRSS i P R o R =5 8T i R {1 A 25 28 8 1) TP Rk R - S 7 ke ¢
TERE S H AL A0 T BRI XK B P IE R A (e R

(2) AL Pl P E R B SR N AN [R)  JC  mi IF,  0 53R  t 3  E A SC MR e , A
ot I, I 4R 5 ML B8 P AR S P A e 5 A ) LA g 3k R 5 Ml B2 ] R S, e 5l A v I
MR a3 8 2 AR O R B8 A 2 () AR A S

(3) BT Fom - AR IR M)+ RGP IH R A SRR AR AF T RO R A 25 AR SRR I B R )
SR SRR R A, AR AR RGPS AR S K R O R B I pR A, Y SRR SR /N T 31.49% )
I K2 3k 3 it SRR 5 K i B SN TS A, 2 SR RR 5 /K BT 31,49 I, P 1R 3o 4 il 4 8 AR 5 7K 8 10
SETNIREN

(ORI T QP A—E R TR T Q, Q0 AR BRI, FES 2 2 m LR | 1
BRI AN FRIEE Q0
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