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Abstract: Soil respiration is an important ecological process in which CO, from different depths of the soil is transported to
the soil surface and released to the atmosphere. The CO, production and diffusion rates at different depths in the soil
significantly affect the CO, flux from the soil surface. Rainfall is a frequent weather event that causes an increase in the soil
water content (SWC) , and temperature changes induce dramatic variations in soil CO, production and transport. To clarify

diurnal variations in soil CO, concentrations and the response to short-term rainfall, we selected Sejila Mountain in
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Southeastern Tibet as a model area. Under natural rainfall conditions, the characteristics of abies georgei var smithii forest
soil CO, concentrations at different depths were analyzed. The results showed that the soil CO, concentration increased with
soil depth in the following order 60 cm > 40 cm > 20 cm > 10 em > 5 ¢cm. Mean values were 5365, 5304, 4990, 4335 and
4179 pmol/mol, respectively. There was a significant logarithmic relationship between the CO, concentration and the soil
depth, given by y=531.1InD + 3274 (R=0.9764,P=0.004). The soil CO, concentrations at 5 cm and 10 ¢cm showed
obvious diurnal variations, and could be expressed as a single-peak curve, while diurnal variations at 20 ¢cm, 40 ¢m and 60
c¢m were very small. Short-term rainfall significantly affected the CO, concentrations in the 5 cm and 10 c¢m soil layers; the
CO,concentration in the 5 cm soil layer decreased from 4196 pmol/mol to 4176 wmol/mol at the rainfall stage, and the CO,
concentration in the 10 cm soil layer increased significantly from 4252 pmol/mol to 4354 pmol/mol. But there was a
significant increase in CO, in the 5 c¢cm soil layer and a decreased in CO, in the 10 cm soil layer during soil water
redistribution. Closure of the CO, transport channel by water may be an important mechanism governing the increase in the
CO, concentration in soil layers below 5 ¢cm. At the rainfall and water redistribution stage, there was a significantly negative
correlation between the CO, concentrations at 5 em and 10 em (P<0.001) , but a significantly positive correlation at 10 cm,
20 cm, 40 cm and 60 cm (P<0.01). The SWC of the 5 cm layer had a significant effect on the CO, concentration in the
0—60 cm soil profile. There was a significant linear positive correlation ( P<0.001) between the SWC at 5 ¢cm and the CO,
concentration profile at the rainfall stage, while at the water redistribution stage it followed a power function model, and had
a significantly negative correlation (P<0.001). In other words, rainfall caused a rapid increase in the SWC of the 5 cm
layer, which induced a significant increase in CO, in the 0—60 cm profile. The decrease in the SWC of the 5 e¢m layer at
the water redistribution stage promoted a release of CO, from the soil into the atmosphere from the soil profile and caused the
CO, content to decrease. The effects of soil temperature and SWC on the CO, concentration were not consistent among the
different layers in the 0—60 cm soil profile, which showed that the other layers had the opposite effect, except at a depth of
40 cm. Overall, the results of this study indicate that the CO, emission flux induced in the soil by short-term rainfall
decreased ; however, the CO, concentration increased in the layer below 5 em. This study suggests that diurnal variations in

the CO,concentrations in the soil are affected by short-term rainfall.
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Fig.2 Variation of soil CO, concentration in rainfall and water
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Table 1 Correlation analysis of CO, concentration in different soil layer
+ 382K Soil layer/cm 10 20 40 60

5 -0.693 " 0.029 0.094 0.158

10 0.584"" 0.447 " 0.404 "

20 0.918** 0.906 **

40 0.980 "

ok TR AHOCHEEH] o= 0.01 B K-

S I A TR X 43 CO, MR B S A S8
FERNBYEL, S em JZ2IR 58 CO, M 2 B H 10T 10 em A1 20 em JZUCH — U1 A (& 2) .
+JZ CO, M 4196 wmol/mol T3 1900 B AY 4176 wmol/mol, 1M 10 em JZ KM M 4252 wmol/mol 3115
18:30 B AY 4354 wmol/mol , £ 20:30 A 4343 pmol/mol ,
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H, £Z5 cm M 10 em 3 CO, M E EHAH R WA sh , 76 0Kt (8 BE N, 20 3048 P4 08 (R 1 IR
20 cm JZIR 15 COREA — D UE(E , BT R LY FEE 1L FE RN S 5 /N, 17 40 em #1160 em I JZ IR £
1 CO, M 2 a5 100 2 R 1] P9 A SR Sl 2 e M3 ik 2% 388 i B2 43 314 3.45 umol mol ™' h™' i1 4.66 pumol
mol ™' h™'(P<0.0001) , FHIL TN, B & + 182 IR BN , BRI + 358 CO, 152 M0 32 i A8
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TERERN B, 14 COMREE B, 5 5 em J2 R 1 HEE /K& 2 (8] 2 28 Ak 35 IEAH ¢ (R = 0.9821, P<
0.001) , BV J b 3 T AT 4o 2R+ AR R COL MR BE RN, B R 457 1B AR 7K 43 T3 A B B, IR RN CO,
WREZWT TP, 5 5 em TS /K G Z AR 0 3 R R ACTAAR OC (R =-0.7624,P<0.001 ) , BRFERI 45 11 J5 | Bl B 3R
25 em BHESIKER TR, £HERIT CO, MR B L,
2.5 BHESKEFNE XA F)Z IR 1458 CO, R EE W 5 RN,
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2.5.1 HIESIKEFEEXS S em 13 CO, BRI

WER K 43 P53 A B B LS om J2 0 BE CO, e -
SR K R 6 R B S (AR B o0 om0l R
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Pra RF W], HHE CO VRS 13RI Z [ B b 35 1EAH

4820 o
y=4260.46 + 1315.67x
R=0.9821 P<0.001

4800

4780

COk )%
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K (P<0.001), 5+ &K m 2 A B & A (P= 4760 -
0.002) , [l 5 R=0.8579 ( P<0.001) , B30 &, 037 038 039 040 041 042 043
RSB 0.1 A5, TR U COL M T AAREPICR Sollwater conent (BH0

W% 40.42 pmol/mol , M7 43 BEHE N 1°C 1Y, 1 COMKIE  m3 0—60 cem B L1 CO, FHRES 5 em &k B
$EN 78.61 pmol/mol, FEFEMIET B, 11 COME ST %
ACRERIELIE 2 6] [81 7 #5224 = 3745.01-621.69SWC+  Fig3  Correlation analysis of SWC of 5 cm layer and mean CO,
60.03ST( P<0.001,n=34) , BI7EFE R B BE,5 em JZ2yk +  concentration in 0—60 cm layer
5 CO,VRFE TR AN Y 32 T I EoK 2 | B G &K i
FIBEIN, CO, MR EE 28 NI, ZERE RS 1S 07K o Fo3 A B B, T 5 F2 y = 2903.68+526.41SWC+92.76ST, Ji
TR IR i 257K - (P<0.001,n=55) , (HAE BLBY B, 3855 /K X0 38 CO, e B2 110 5% i 20007 A 36 1 3% /K 7
(P=0.186) , RITEIK Ay PR3 A B B ,5 em J2 IR 13 CO, VR FE W RE R 2 10 32 S8R BE A g i, (HL7E Bk =5 18 £
5 CO, 5 T35 K e A 38R B (AR DGR , CO, Mk BE 5 1458 5 /K i 22 [ feb 2 22 8] 67 AH G (R = -0.480, P<O.
001) , 5 TR B 2 [Al B (i & IEAHOC (R =0.875,P<0.001)
252 BIESI/KEFEEEXT 10 em 13 CO, 12BN

10 em JZR T COMKERAR 5 em EASUEH (K 4) | E{E X 32 2AR rh 7R & 27K 2 Y DX I
B DX HE B EAIG 5 /K v TR DX, B AIR /K i RN s T B ), A R 388 CO, ) B2 P 8Ue 5, NI 2 1k
CO,MBE R, 58 CO, VS 88 M & /K E i mIE 7 4 y = 6023.01+ 2221.57SWC-230.15ST (R =
0.938) , 4% 11 9 Z2 50k 46 44 1k B8 2 /K SF (P<0.0001 ) , BIiZ o1 U3 )7 B2 B 28 7 G, e oy R [ 09 2R el
10 em 2R 58 CO, M5 TR 2 (A 2 2 T ARG (R =-0.826, P<0.0001 ) , 1M1 5 148 % /K & 22 [A] S 4
FIEME(R=0.704,P<0.0001) , 10 em JZWR 15857k AR AN AR 57K 518 G0 AT 3 R 7K 23 38 i A AR
PSP B, 76 Bk S 3 I AN AR B B, 48 CO, Wk BE 5 13 5 /K i L EE =2 [] ¥y [0 3 7 R 530 R y = 5624.50+
2329.80SWC-198.065T( P<0.001 ,n=73) Fl y=6253.34+3859.56SWC~-307.63ST(R=0.948, P<0.001,n=16) ,
HAR AR KRN B, 3 /K B L 6 1 CO, ¥R 22 8] 14 [ ) 22 B8 3k . 25 it S 2 K 7 i A
KT REB B, TSRS CO,MREEZ )1 [0 5 R BRI B K- (P=0.727) .
253 HES/KEMBEEN 20 em K LLF )2 5 CO, B R0

20,40 .60 cm 185 7K H 32 b 3 I R RN A 52 AR /N, CO, R B %o - 398 35 7K o R B B MR 0 56 R AR Z S
em 110 em fRi 5, AHENREES50F T ,20 em 23K 14 CO, MR BE Rl % /K 2 (0.290—0.293) (3G Inini g i (&l 4)
4 CO, W E 5 IR A S K S R 7 FE v =—12979.53+63326.63SWC— 46.95ST, [l 57 R=0.919,
Ml R R 30 R B, 8 CO, MR 5 4 58 5 K 8 22 ] [] 5 56 R ik At 7K F- (P<0.001 ) |, 1 5 i B 22 1] 5 &=
AWE(P=0.839) . RITEZIRE 5540 ,20 em JZIK HHE CO, MR B 2232 LIS /K S 1952 0, 7£0.290—0.293
TKETEN, &K, R CO MR BB,

40 cm JZUR -5 Y EEAH RS K SR , B K AR [ e, + 58 CO, MY B I (K 4)
3 CO, W 5 K i SR 2 (8] [l )5 5 # R y = —22157.29+29980.94SWC+1767.99ST( R=0.908 , P<0.001) ,
TR X, XA R B 50, 45 SR 3B, - HE S K AR EE XS 48 CO, 1Y 52 M RN, 3 K i e 3K P
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Fig.4 Effects of soil temperature and water content on CO, concentration in soil profile

(P<0.001) , AHC R E53 9020 0.807 F10.812, BIZ)Z UK 145 CO, Fifi - 558 55 7K o A B2 iy 3 b Sk =& 34

ABFFE 60 cm 2R - HEE K HA BN R S (B 4) ,7F 0.292—0.293 Z (4], 7E & /K & AH [ A
Bl 25 VL A3, L8 CO, Ve B 3G a3 iR A [R], 38 CO, Ve J3 B 55 7K St A9 185 it e UK, 4an 4 D00 B
[ B, ST 11.44°C , EK 2R 0.292 F1 0.293 i}, 3 CO, ¥ BE 43514 5414 wmol/mol il 5276 pmol/
mol, [FIAHFEN y=-9954.87-37640.36SWC+2736.97ST, [H1 5 #2E R=0.933 ( P<0.001) , 4% [0] 5 Z2 K0k 56 24
IR R 2 7KF- (P<0.001)

H AN A2 IR 8 CO, MR B 5 - IR A S /K S AR DG R BT 1 (3R 2) L BR 40 em 2K 1 S50 B A5 K B
Xf CO, Y BAT IR A, HoAth 2% 2 B AR S50 o 7E 5 em #1160 em JZIR L, +3E CO, 5 HIEEIKEHZ
i) 8% 4 5 67 R O T 55 e B R AUl e 2 TE AR DG . TR TP ()2 (10—40 em) , T3 CO, MR BE 5 oK it =2 )il
FAEAHIE, M 10 em H120 em JZR 5 TR Z A1 B35 TOAHOC

3 e
3.1 ANFFEREHEE CO, M AL RRE
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AWFEEY, CFRIN 2R KA AZHK 0—60 cm JZRU I CO, kB BE + SR B RN 0, iX 5 Tang
SEUOTTERR AR ERBAEN TR N T AZ AR Jassal "™ S5 70052 AU AF AR 1 2 AL BEAA AR IO S 45 2R — B, (HAE
0—60 cm JZUKFIH I, 13 CO, W SR AR A= i R A: W B> (4 3 B A3 A S AR B a3, i R W
AFRZ IR 25 CO, W SERRZ R AR U Y A sh By B AR HTRE R 41, i n] BETE 22 1 32 - i UMk A 2
JEHIER)Z L, AR R, MRS RGERZE 0—15 em 2R T CO, S0 & 1Y H ] 7T 35 509% LA
BT RS, 1 CO, R RS 75% 3% T R)Z 20 em LA EISRZ LT A CO, T
T A LB A - FRER, I CO, MM Bk, T JZ 14 CO, BAPRAR XD (H 32 K e 5 7K
i RS AR S R R AR, A F T CO, 0 R)Z 088, I L BA 5 i vk

£2 TRABRLIECO,REELEEERSKENEXESF

Table 2 Correlation analysis of CO, concentration and SWC, ST in different soil layer

L HEM: T Soil properties 5 cm 10 em 20 cm 40 ¢cm 60 c¢m
7K 4k Soil water content -0.307*" 0.727* 0.919 0.807 " -0.755"*"
HJE Soil temperature 0.842*" -0.826 " -0.237" 0.812** 0.904 **

# FORAHICHETR a=0.05 BEKF, o FORM ML E] a=0.01 HBE K-

ARWFFEH,S em JZ2REHE CO, M B T E#7 % 3 A e A2 AR N bR 5 (97 24 45 4 (892.6
pwmol/mol ) , UL % 5 T Bekele ™' Z57E NG A AR _E 5 22 A0 % 45 5 (3000 wmol/mol ) , 3% 7] A S ti T A Bf
FEMAE B (A4 T XS W 28, 3R )2 IS K i , AR T CO, MR, [FIRTASHIFSY X 3% 2 - A MLk B AT
R A RO O E P SR T SR AR TR SR, IR EE CO, B
3.2 PEMIIASE 2R L5 CO, MR BE A5 IR

KGN LB CO, YRR X COL P A BELTAR | B XA AR 2 R A 00005 1 5 5 %) 35 i o K X
3 CO LM EEHLRI Y . AR R, FERE 5 cm EXR T CO, M E BE K, T 10 em 2K BE T+
o 1% AT RESE TR RR A 3 — RS L 2 AR R ko BRI S em Z LA HIEASAAY BRI ERJE S em
HHEARBACELER H CO, 3543 CO, PR HE 38 FnAe K FEAE R 3843 CO, ) R 25488 i 2 + 3 CO, M %
A TR RIBHESE T 5 em JZRAT 138 CO, M BT, iX 5 Jassal 250 (IR FR 45 S — 3, AR5, %
BB 5 em 2R S KRS 0—60 em 2R 15 CO, -k B ML 2 IE ARG (P<0.001 ) | T 7E R T 452 1F 14
IR AT B, 38 2 [ 25 6 R 56 (P<0.001) , BV e [ M 34 B A2 F 1 3% CO, MR T, X S5 i
Bt O ST A5 R — B, X B TR A BER | & A W 0T W i ) i o) R R AR R s
Y HER T A CO, MR, —/INARERT (10 mm ) F05 51 458 8 A 9 | B R g 5
s PN R R M A O, BRI, [RIA, K i R R 2 R CO, T RE R, —
& 2 A SO OE ) MO R B B, )2 R COL R BERE N, TR 7K 20 T4 A B B, 322 4 39 5 /K R
TR 3R COL PR R RN, fEE 3 CO, M RS HERL, AT 14 CO, W T RE .,

3.3 HIHES/KEAIREX 1 CO,MLEA RN

I E KRR 1 CO, P AE B R E S R 7 SR e T 4 39 P SRR B A G A9 A= B N
Y R, TEAEBRRE b, S8 A ARk T L 50% Hb Al B 35 CO, S B A28 S i K BT DL R
18% ", HHEFKMH CO, M ENK A T2 CO, M+ RATR , M5 2R L CO, XL R85 7K i (14 i Ry 4 1
FEredE 4 CO, MM MR A DFFR R W 3R CO,@HE 5 50 em IR 11 CO, MR b B2 PE IE AR G

ARG, R TRZ K 18 CO, e BE X A 39 5 K et R B A i o R AE R, 5 em A 60 em 2 VK 13 CO, ¥
FE5 T3S K R 3 OG5 R R 2 TE AR OG 1T 10,20 .40 em W5 4 458 5 K R 0 EAE G (B XT £
SR B A M 7 43 ) Sy 2 AR O AN B 2 A DGR 2 TE ARG . 10 em AT 20 em JZIR -4 CO, M E STREZ
] 67 FH G, T RE R X A 2 U B8+ 3R R IR B R S A T, A R IR R G 0, s P HOR
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B AR HE CO, 10 3R IR AYIE RSN ; 175 b3 5 /K B 22 (] IE AR O, T BB phy T35 K B i e 2 H 30 =i e
TR 1 A= SEFLBR R i, AT B R 9 CO, MR . ASBIFFE IR 3R BT Jod i e Ry £ 3 )22 - M vk stk
ERBE I, AT 39 5 7K B AR 0—60 em JZIK 4 CO, MR BE Y CHERE I K

4 it

(1)0—60 em FHITAI L, £ CO, ¥k B Bl 182 R IR g hn, B .60 em>40 ¢cm>20 cm>10 em>5 cm;

(2) JEAFFERN EZEXFRIZ 5 em A1 10 em 48 CO, R EZ M (5 cm JZIR 48 CO, W W35 FRAIK, 1M
10 em JZ2K I T kA% BRI 15,5 em J2UR CO, MBI INFAHY 11 10 cm 2 U AL ;

(3) JRFREM T ERIZ 5 em HIEEIKEAHEIN, W EH S T 0—60 em JZIK 13 CO, MR | iFEK 5735
AT B ,0—60 em JZIK -4 COME 53R)Z 5 em IS /K Z 0] 03 57UAHOG

(4) ANIRZR 38 CO, e B % = H ek B % 7K a2 (%) M o A AR ], 40 em J2 IR CO, MR 5 4 80 B Al
AR 2 (R H S AR 1, T A A 2 R 3 CO, MR B 5 T B RN B 7K e 22 1) S B S 1) S MR RN
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