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Abstract: Both soil temperature and soil water condition are important factors that influencing soil respiration at different
temporal scales. There is still intra and inter—seasonal variations in soil temperature and soil water content although they are
seasonally correlated. In this study, a field experiment was carried out to explore effects of diurnal variations in soil
temperature and soil water on soil respirations (R,) in the alpine meadows in Balang Mountain in West Sichuan of China.
The objectives of our study are to: 1) understand the seasonal pattern of day- and night-time Ry, in particular, nocturnal
variations of R, 2) elucidate the partitioning pattern of day- and night-time R, and 3) compare Q,, values of day- and
night-time R;. We examined both day- and night-time R by using LI-8100 Automated Soil CO, Flux System on monthly
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basis from April to November, 2011. The effects of soil temperature and soil water on R; of alpine meadow were analyzed
based on field measurements of diurnal soil respiration. The results indicated that Ry showed large seasonal variations in
day- and night-time during the measurements period, with a two-peak curve in the day-time and parabola curve at the night-
time. During the measurements period ( April to November) , the means of R, in the day- and night-time are 1.83 pmol-
m~-s" and 1.61umol-m™s™", respectively. The means of daytime and nighttime R, were significantly higher in growing
seasons (Jun to September) than that in green up period ( April to May) and withering period ( October to November )
which accounted largest contribution to annual soil respiration. The nocturnal soil respiration appeared to have similar
tendency of variations among measurements, and it was relatively low at night-time, with the lowest between 06 :30 and 07 :
00am. During the measurement period, Van't Hoff equation and Lloyd & Taylor function were the same to be used for
describing the relationships between soil respiration and soil temperature. The two-factor equations ( soil temperature and
moisture content) were much better to describe responses of nocturnal soil respiration compared to the single-factor
equations. Soil respiration rates in the day-time and night-time exhibited a significantly exponential correlation with soil
temperature during green up period, growing season and weathering periods, while the linear positive relationships between
soil respiration and soil water content were found for nocturnal respiration in green up period and for both day-time and
nocturnal respirations in weathering period. (Q,, values were estimated to be 3.90 and 3. 74 for the day-time and night-time
respirations respectively, during the whole measurement period. Soil Q,, values varied with season, but daytime soil
respiration during the green up period was most sensitive to temperature, and the nocturnal soil respiration during the peak
months of growing seasons was least sensitive to temperature. Our results demonstrated that soil temperature, soil water,
and their interactive effects had distinct effects on soil respiration of either the day-time or night-time during the
measurements period in the subalpine meadow. Therefore, more measurements of the soil nocturnal CO, efflux are essential
to accurately estimate the seasonal and annual carbon fluxes based on instantaneous measurements of soil respiration. At the

same time, soil temperature, soil water and other biotic factors affecting soil respiration should be taken into account.

Key Words: nocturnal soil respiration; soil temperature; soil water; alpine meadow; Q,, value
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Fig.1 Nocturnal variations in soil respiration rates in the alpine meadow

ME 2 A1 AR E] 5 em YR BE AR IR (4. 021, 16 ) C—(11. 620. 93 ) °C, Wi I it B
AR 2.71—13.52 C, B BEA 22 (e LR B 5 e AR IR B A 2508 ) 18 3 C LA B4 ilE 4. 97 <C
(4 H).3.27°C(10 ) .3.98 C(11 A),5 H—9 AMIREWNZETE3 CLLT, 0 H L5 em AR
IRBEETE 4—5 H A 10—11 H#5H 3 08.00 A5 ;6—9 H NI BLAE 0700 ZoAy ; B ASWLMHA , % 16] 5 em +3E
IKEARTZZ (K 2B) , HIAH R (46.06+2.65) % ,ZElE 4 (40. 84+0.07) % —(49.23+0.10) % |,

16 A — 4 8H 56 r B
o SH -o- 9]
L 54 L
1 o -v- 6 —+—10H
o 12 '\'-:H*H4 = TH ——11 © 52 F
~
E g 50
M% 10 5% IR S AR ah ah B B B AL £ 4o o oo au au aul anl ok ool i A4
21 s B § 48 gt oo tt S et e St b it
%g‘ _H% !—Q\E—i “H+HHHHH+I+I
g £ 46|
Z 6f 2P v
3 N DS a4 ae-s-a o ES = E
4 L
A a2t
2 I R am o 2B Sk o o o R e daaban an 2B o2 o 2 oK o o
L L L 40 L L L
19:00 23:00 03:00 07:00 19:00 23:00 03:00 07:00
It ] Time

2 rTEREMTESKENTEAETRL

Fig.2 Nocturnal variations in soil temperature and water content in the alpine meadow
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Fig.4 Seasonal variations in soil temperature and soil water content at the Scm depth in day-time and night-time (rn=7)

2.3 W L e e ) AR T SRR 1) R

BN (4—11 H ) P, B fa) s (] - S0P 2 %) SF- 208 LA ) - S8 W A - 20 R 13, 70% , — 35 Z Jil
(R TR PR BT R Ry guyimey = 1. 052RS0) ey (R7=0.471, P=0.000) Hiik . LA IR] -+ HE0TFIK Hy [ A5 4
) PRESO R T i R e ) SN 47 10% , 7 2550 AT I A5 R 3R, BRI s AR Ta) - RN 2 R I 2
(P=0.000) , & [A] - HE0F I LA 18] 49 17 20. 199% |, T AR 5 J RIS 35 A 9 )5 R ] R HnF i 22 S AN B 38 (P =
0.639) , /&[] T IFERFI AL LA R 5 1. 77%
2.4 HERPIE S A MR R SRR KR

W52 Lloyd F1 Taylor AL T Van't Hoff B> KK Lloyd Fl Taylor 7 R27E Van't Hoff #5575
FISERE L3I T AW 2# Rt (ELBE) M ZE . Ik, AW X A B R R R0 4 HEE I 5 + 8 B 1

http ; //www. ecologica. cn



20 4] WAZRIR A VPG g Ly SR 8 s A Al 1 Bl A 6381

BEAS VLI, F ) e ] R 5 R 8 R B B R AU DG (P=0.000) . Lloyd %5 Taylor J5 #2431
e T e P IE) B SR I R Y 69. 2% 86.9% (36 1) ; Van't Hoff 25U i B 1 s [v] - HE PP I 75 S5 1)
69. 2% 8] TSP 51 84.2% (&1 5) 58 A [H] -3 RPI 4 5 - e S oK BRI . S5 T RIRIA T
A ] HIERPI 5 R | 50K E R E G IEAEFE T Lloyd and Taylor LT Van't Hoff FE7
(R¢=0.196T+0.008SWC-0.039, R*=0.577, P=0.000) , 1 7% ] - 5 0P W f1%) 42 4[] I A5 760 i g HL AR 5 ] 58
92.4% (Ry=0.184T+0.053SWC-2.468, R*=0.924, P=0.000) ,

o B B
=50 50r
o Rsd = 0.550¢0136T a Rsd =0.0107SWC + 1.3969 b
's R2=0.692 ® R?=0.0055 g
5 40T p-o 6o o 401 p=0306 .
5 Rsn = 0.478¢"132T °© Rsn=-0.0039SWC + 1.793
s 3.0 b R?=0.0005
g £ P=0.766
® 5 20t g o@oenf
H i s-"""
£ 10 |
%
73]

(<) =2}
1 1 1 1 1 ] 0 I I I I I I I I I I |
01 2 3 4 5 6 7 8 9 1011 12 13 14 0 5 10 15 20 25 30 35 40 45 50 55
0—5cm 1338 B 0—5cm IS K&

Soil temperature at 0—5cm/°C Soil temperature at 0—5cm/%

B5 B RELEFRSHT Sem LEREMASSENXER

Fig.5 Relationships between soil respiration (Ry) and soil temperature ( 7') and soil water content (% ) at the Scm depth in the daytimes

and nighttimes

Fl6 FIZR 1 IR, BOR T I BT RIAL 85100 %) - HERF I 5 8 ) - H I B2 ) AH DG (Van 't Hoff S
Lloyd and Taylor J5 % ) #4358 ZF5EH K- (P=0.000) , HH Van't Hoff AR FERS R 4 8] Y - S
R BE AR (53K 23. 7% F117.5% ) Al v W e ey (43531 74.3% F198.4% ) 5 Lloyd and Taylor J7 #%f
BRI BT Y L RO A B FREE 5 Van't Hoff BEEUAR L, {EAEBIAE B, Lloyd and Taylor J7 FE X}
BB R TE) 1 ST AR AR R R E (74 1% 1 74.2% ) AN I Van't Hoff #18(74.3% F198.4% ) ; Z= 15 ML) 145
WP 5 - 5 K e AP EAR G R B0 7 3 A e ] | R B S 1 S ¢ ) 8 L AL R A OGS (P>0..05)  Hm ¥ o 1
FHHRIK(P<0.05) AHCHERAF RINAERT BB (R* =0.906 ) . 5 R FHAUAR LY, - FE0F g 5 135 IR 2
LK O35 i A A HAROS AR SCPE 138 7K AF- (P =0.000) , RN BRak 7 10 () 138 e 0 DL 358 0
JERN 5K 53 B A S S 1T ARG - SN 0 70 S 7% fip R R IR T AR S 20 8 B Il ) A

~ 28 50 25 o
‘@ Rsd = 0.544¢01427 Rsd = 0.544¢%14T Rsd = 0.550¢%11°7 o O
D ; y — — KA
g 23l R2=0552 P=0 o 40 R2=0237 P=0 @ 20} R?=0743 P=0 6,
ke Rsn =0.497¢%1377 o 8 Rsn=1374¢%0347 g O @ 0 Rsn =0.404¢%1277 %
@- g_ L8 R2=0876 P=0 OC88 - izl R2=0984 P=0
Xz 2 '
8 e
§ £ 13} 20t o8
H _§ ‘Ogg
2 08+ 10 F 0.5 | 6§
E A
E 03 L 1 L L | 0 1 L 1 0 1 L |
0 2 4 6 8 10 7 9 11 13 0 5 10 15

0—>5cm -3 B

Soil temperature at 0—5cm

E6 AREETE . HRETEFRSHT Sem TEREHXR
Fig.6 Relationships between soil respiration (R;) and soil temperature (7') at the Scm depth in the daytimes and nighttimes in different

seasons
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Table 1 Regression equations of soil respiration ( R;) against soil temperature ( 7') , and soil water content (SWC) in the daytime and nighttime
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