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The great rainfall effect on soil respiration of Pinus tabulaeformis plantation in

Taiyue Mountain

JIN Guanyi, ZHAO Xiuhai* , KANG Fengfeng, WANG Jinsong
The Key Laboratory for Forestry Resources and Ecosystem Processes of Beijing , Beijing Forestry University, Betjing 100083, China

Abstract; In the context of global climate change, the research on soil respiration of the forest ecosystem has attracted more
and more attention. However, there is not enough further discussion on forestry soil respiration which is affected by the
heavy rainfall in domestic research reports. It is limited by the measurement technology at present. This study selected
Pinus tabulaeformis plantation as the object in the Taiyue Mountain area, using the Li-8150 automated soil CO, flux system
to monitor the soil CO, flux. The soil respiration rate was monitored continuously for about 14 days ( before, during and
after) each of the three rainfalls respectively in situ, and the environmental factors were also measured simultaneously. The
changes of soil respiration rate before, during and after each rainfall were analyzed then. The results showed that, (1) In
May, the rainfall during the dry season improved the soil humidity and promoted the soil respiration. The soil respiration
rate increased almost two times relative to the values before and after the rain;In July, the rainfall during the wet season
beginning promoted the soil respiration first and inhibited it after. There was an inflection point in the quadratic curve
between the soil volume water content and the soil respiration rate, but as a whole, that rainfall promoted the soil

respiration ;In August, the rainfall during the wet season inhibited the soil respiration. There was a mirrorimage relationship
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between the soil respiration rate curve and the soil volume water content curve. During and after the rain, the soil
respiration rate decreased about 45% and 28% respectively. (2) The soil temperature dropped to some extent after each
rainfall. The lower temperature could both promote and inhibit the recovery process of soil respiration rate after rainfall.
(3) The key factors that influenced the soil respiration were different during the different periods of rainfall in the semi-
humid P. tabulaeformis plantation. If the soil volume water content was changing constantly before the rainfall, the soil
humidity would be the most influential factor; if it was in a stable state, the soil temperature would be. The soil humidity
and temperature influenced the soil respiration together during the process of all the three rainfalls, and the soil humidity

was always the most influential factor after all the three rainfalls.

Key Words: Pinus tabulaeformis plantation; soil respiration; great rainfall
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W8 40 a,

2010 4E 5 F 7E [ EREHL N Rl —3 07 26 4 S 1 mx 1 m B/NRETT  TEREAS/INEETT N AR & 1 DN IAR K 20
em, 5 10 em fY PVC H8E3R | R HER A — o H] 48, FEA £ 2—3em, A FH LI-COR8150-104 K% 4= KA ik £ H
Sl W ST AR TSI R o AR 104 REMARIFALE A, 2011 4F 5 ] SEI T R T, 7E/MEE
Jr i CE [ BT,

http ; //www. ecologica. cn



B
i

1834 2 SO Eire 334

2.2 RN R R U B )

H 2010 45 F &, 1L1-8150 14 CO, il & 4> H shifE L2 & 2 50 0 W I 3P s R A 1A I
BB 52 R 2 min, B/ 4 A4S R HERR I — 3k, 42K 24 h AW 4 LR AN SR =
2 3 min, FCABET R ARAL TR ORI A e e 246 B 1) L5, 8 T 2 b e HE R 76 3RS R /K o0 e 2
A LA Z00 H L AR 22, I R SR e SR ) R ERE F R 104 U LAY 1 RV L A e 4 S
em AL FITRE R | 2 2010 4F 10 RS IR, B 2010 4F 5—10 H A FEREEGE , Lk 4 4552 R
22 Sl AR A P B Se B A ARBFSTIY 3 B SR IE T 2011 4F 5—10 A By | ia) 435 2 5
A13H—5H2H,6 H26 H—7 A 10 H,8 A 13 H—8 A 25 H, AR, 3 KFEMAK KGR N 1
U5 2 B 3 IR BT
2.3 EBUSEPEWHECME

ASZIAS P SR S SR R A () R T 12 (PR PN 2 T A ), T BV S [ o 7K R P H A 3 DN =
K pHAE, Zrnilil 5.7 8 H & — R ALRFERT (R 1) ,3 YCORFERIMFOLAT 28 1 WM & E7ES A 18 H
1600, FERIIF )24 12h, 4R 19.25 mm, 9584 1.6 mm/h, X J2i%H X TR AR 1 588 ;55 2 1k
RaFR & AEAE 7 H 2—3 H BRI BF R 29°8 35 h, F#FRH 50. 00 mm, B389 1. 43 mm/h, JH VR Ak T2 40 X 1Y F
Zii ], IEAT 6 H 24 HEFEW 16,24 mm, 15 7 H 10 H FEFER 24. 18 mm , J& T A E a7 IR S04 26 3 I
FEm R AAE 8 H 17—19 H  FEMIIFEIZI0 60 h, BLRE T &4 132. 08 mm, 5% K 2.2 mm/h, LUK R IE %
H DX RN 2%, JE T3 B R R A S A R R

F1 3 REEWMHERERL
Table 1 The basic information of three great rainfalls in 2011
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Fig.1 Soil respiration, soil volume water content at 5 cm depth and soil temperature at 5 cm depth changed with time around the first

great rainfall in 2011
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Fig.2 Soil respiration, soil volume water content at 5 cm depth and soil temperature at 5 cm depth changed with time around the second

great rainfall in 2011
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Fig.3 Soil respiration, soil volume water content at 5 cm depth and soil temperature at 5 cm depth changed with time around the third

great rainfall in 2011

Hadsg iy, LR B OCIC R o 28 3 WRIR IR, S0 5 ) R I A R A I, IR AT RE 526 1 U
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Table 2 The exponential relationship between soil respiration rate ( Rs) and soil temperature (7)) at 5 cm depth before, in and after each of the

three rainfalls (Rs = a e ')

[SaRE = EE i T o Z5Y Parameters

Rain event Process a b R P
FHT 0.40 0.06 0.53 <0.001

%51 IR First time i 0.02 0.47 0.91 <0.001
il — — — —
A 4.29 -0.05 — —

%52 IR Second time i 0.02 0.32 0.78 <0.001
MWE 0.22 0.15 0.47 <0.001
FHT 0.37 0.12 0.50 <0.001

%5 3 ¥K Third time HiH 0.03 0.27 0.71 <0.001
il — — — —

3.3 3 WRFERT AR KA A PR 5 om A RS KR Z ] 1 5C R

F3RWET 3 WEEMBIRT B S 3 A, 2 IEIFUGH SRR 5 om B A RE KR AN RIS AE , — 2 Z ]
(56 2 AT LU Z R 2 Zokatiig . M EE— IR EERTRE , A AR 7K o - e 5 3 1) g g v
>HJF>TRAT, 3 URENT AT, A RS KR X - e s SR AR 1 2 2 S5 1 IS5 3 U, ’ P AT =
BOMER 1 USE 2 RSER 3 IR, AL IR R H R A3X 3 IR A, A AR K 0] SR I A ) fi R )
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— U, B 1 REERTRTAL T 525, K 732 e i) SR SR K, 26 2 IR TR, e A A Kk
PIRT—RAYIERT (6 A 24 H) Mif3 28  H25d 8 d BIZE M T, LK H U T 5 SR 3, B D
TEFZEHK AN 7 SRS, IR 2R REAS AR 4 1) S5 7 1 S Il 3 5 R RS K Z G R, (=
TE K FE RS | SR A 50K 73 22 1) ) U0 i 2 5 FAH 8558, LU NSRS 3 WA TR & AR BT
W5 3 AN SR AR A AR K e [A] AAR DGR B S LS 1 ORISR 2 IR

R3 3 XREMMEIPJEI AR, TEFRER(Rs) 55 om TEBFRGKE(W) MTREMR L RER(Rs = aW? +bW+c)

Table 3 The quadratic polynomial relationship between soil respiration rate ( Rs) and soil volume water content ( W) at 5 cm depth before, in

and after each of the three rainfalls (Rs = aW?+bW+c)

[SaRE = EE i v 2o S Parameters

Rain event Process a b ¢ R? P
FHT 334.4 -74.9 4.9 0.32 <0.001

%51 IR First time HiH -495.2 308.6 -43.5 0.93 <0.001
ME 120.7 -29.0 2.9 0.85 <0.001
F AT 18.9 -3.8 1.89 0.45 <0.001

%52 IR Second time i -46.7 19.3 1.62 0.81 <0.001
505 168.9 -88.7 13.5 0.69 <0.001
FHT -74.2 39.2 -1.95 0.07 <0.001

%5 3 ¥K Third time LK 1231.0 -904.6 167.4 0.73 <0.001
ME -628. 1 396.0 -60.1 0.54 <0.001

4 itig

4.1 GRFEFRT LSRRI A5

ARG AR I 3t DX AR R LM N TR 368 A A AR AN [ I3 I W i = K o 25 PR AN TR B 3 it 7Y
WEf R D 1 S P GRS AT T 2 R g o S5 2R R 50 1 ORFINER 2 YRR (A ARbR S I R 3 4 ] I 4%
5, X SR EAMOBFST A R 8, WE 1958 45, Birch 50852 31 IV /D f i R Rt 23 f12 F -1 0T 0 114
WG PIFRZ S Biveh &G0 1) KT, Birch R0 " AR BT T A L350 0 TR ¢ 1398, BT 5
T A LR 2 L AN AS SR S 3 YRR R AL TR (T 2, 1IN Y A2 B T, ARSI
TERMAES RGN FEER, 5K RS NTEAR FAE S R G FE 45 R — 2, RV T AN — s 4 1k s o]
TR [ TR 0T - ST R P R 3 1 B K R L DR OG 388 I T AT A R AR A R 41
i b= U L 88

(1) MR AL H AT BE R IR 1—2 h, PTG R R IR X5 Lee YRFSTA5 R
FEABL, T A P DAy i o3 R ol Ok ) 48N, PR TRGEELSE 1 3 LBR, i CO, afUf A 3 b HE i (BB 13X
Fibv B T SRR CO, MMER ™ b BRI S A P R 5 RS A I IS AL A G e — | Bt s i
AR T M FRVAVE VI K AR DL, JE A PRI G A DRSS R, S5 BEARH L, MR U v 40 20 ik ARG
TORAFIHELRTT 2 | SRR WL A0 T b 3 8 06 £ P T X A i o 7 12 DR AR 5 AR R I
A TR A A P AR R ] ] P WROR AR T R HCOS , 5 Ca® 855 T8 IRk R #h T S A A il , >4 B Ay
FRFE (35 1) 2 e by CO, , TITRLIN ] N IR CO, AR BRI, AR, KR 1 C #4232 (IS )
AR AR HL T P 3 MLt A T — 28 3E i | Stephan F FH R R 2 AR E &I, Bl 3K s n
TR Wi i B VR T A R R B AL ) A AR P sk S R ) BRE AR SR T CO, BT
ARG N

(2) FFZEMFE] T 5 a5 i Y S | [ RN RE A% TV 9 e ST 388 X IR RO AT LA
FREE 2—6 d' 2 ARSI U I 2 R 5 2 AT A, PR T 3—4 d IR BRI TR, — 7
T, AT BB i U 7 ) 20 ik 1R AR A AT 5%, MRS 2R 7 W07 T IO BCR N, TR 3 o0 s 536 3R
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WA U8 5 0 2 KRG T B, HC o - SRR 1 SR R AR 5 53— D I, T AR5 A BLT A A
AR LA O, BB RN IS T iR, SR o PR 7 i, SR BT R 0 70 - SR PR R AL 3R M 45 5 A 3%
B (S XER R Y S0 i, SO Mor SN0 1 SRR TR AR (B T S R T A A S
TER R A AR R R A 15 T4 el i X5 IR 21 0y, b — P BRI e AL

{EUR: YR 2 K O R e AR I, 55 3 IR FTE 6 d J5 SN IR R ATI IR A MR A2 B B R AT K-, A
THEERUE KSR 3 IR T RO, LR 978 % i e, R RS KR S AN K 0 il 1 48
R i L SEFLIT, LA Ak AL 22, BT L - SN I8 mT B4 By Ao ] Ak T ] PR A DA - R 38 Py A
JEGP AT, A — UK T 45 SR SR AR AT — e AR T, STl 32 SR - P I e ol g [ (IR I A, B
LTI U W Ji P - SR IR AR AT AR, ELES 3 ORI, 52 20 A ) - SR I sk 3 G 1) e KA, HL
TN A 60 h, MM o - R H I EC 2 R T 2.8 °C, f9e s - HeiR A W R 8O0 T R
P, X AE—RE RS _F 2 BHLAG - PR (PR S TR , i LA R 2 1 5 e SR IAE ) B2 M R 2 6 ) B I

(3) KOV FE A 55 2 WIEFNIY 35 h ad e, L HERFIAERT 15 h AR BRI, TSR IE 20 h AR S AR
A2 EN TG EEEA LA 2 IR AR S T eI R, 7 i e AU K S L el
AR B R BT 3 A3 A0 R 0 A B K A T LA A R R s o A P A I SR 5 2
U A o, 2 HE BB KN Tl A RS K N AR 199 e A 48 D - S 8 5 X e e S a5 i,
SR 2 TE AR PR SR AR B AP o SRR R A i A BB K A T A A B
IR LA I 4 o W e R e — LA SRR, TE NS 3 U R A AR e AR P B - ol T TR N, 1
FRVE K AW, AT - P IR AN A 32 ZMA 3 d A3 B 50 B T, i — O ) - SRR IR R AR 45 IR (AR
FEFEAG, IR 3 YR RN 3 B 5 L P IR i — AP AE D
4.2 [N IR R0 T I A O B I T

WS LIRS 5 om HHERIE S om SRS KE AU EARRIER (R 4) , DUY BB A B AR
NI A ST FF A R T S S SCRE N . AR AR B, BRI Y IX 3 IRFE T 0, IR
2 J3E P DR 73X - SR IRk >4 A o i R ) — U B — 535, K -5 1A A DAL R R SRV ek 3 A Y L
=
R4 3RBWOH . BUR3 AR, THFREE ()5S om THRE(T) 5 om TEEREKE (W) HREBFEMED (R = o 7 W)

Table 4 The Non-linear relationship between soil respiration rate (Rs) and soil temperature (7') at 5 cm depth as well soil volume water

content (W) at 5 cm depth before, in and after each of the three rainfalls(Rs = a ¢'” W*)

W 12 W T 3 SH Parameters

Rain event Process a b c R? P
A 0.28 0.04 -0.24 0.40 <0.001

%5 1 ¥R First time W 0.37 0.32 1.14 0.98 <0.001
mWE 7.63 0.05 1.19 0.74 <0.001
FHT 4.38 0.01 0.64 0.43 <0.001

%52 ¥K Second time LR 0.02 0.28 -0.87 0.87 <0.001
G515 1.71 0.10 0.98 0.68 <0.001
AT 1.34 1.873x107° -0.71 0.14 <0.001

%5 3 YK Third time HiH 5.86x107* 0.19 -4.80 0.81 <0.001
WE 0.11 0.01 -2.57 0.49 <0.001

R 3 YR TR A AN T3] B M - ST R 54 O e DR, X K A TR A AN [ B B, AR 0 A B 1 ROLEA
T ILRI R ST AT LU X 00T . S5 SRANT 5F 1 ORI AR AT N A NS 3 AN B B, R - SO I Y S A
TFor e R | RN EE AR RIS K A R T R R AR A 53% (98% | 85%
55 2 YRR R ET R RN 3 AR B, 5 SRR 11 S R T Al e AR RS K & BRI LR A AE
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AL 50% 81% . 54% .
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FEANWTREARAY , T LA A AR S AK a J R 55 2 WR A RN TS T NP 9 DG B PR 7, 2% L Jr s « BRI, 2R
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