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Response of Soil Respiration to Snowfall in a Kubuqi Salix
Plantation Forest of During Freeze-thaw Period
WANG Jixuan, LAN Xiaozhen, PEI Zhiyong, ZHANG Junyao, WANG Xinping,
LI Ying, WANG Haichao, SUN Xiaotian, SUN Kai

(College of Energy and Transportation Engineering » Inner Mongolia Agricultural University » Hohhot 010018, China)
Abstract: [Objective] To investigate the changes of soil respiration in desert ecosystems and its relationship
with environmental factors during the spring freeze-thaw period in arid and semi-arid regions, and to provide
data support for the carbon budget of sandy land ecosystems in arid and semi-arid regions. [ Methods] Soil
respiration rates of salix plantations that were untouched and unlevelled stubble (ww), untouched and
levelled stubble (wp), untouched and unlevelled stubble (zw), and levelled and levelled stubble (zp) were
measured in the snow-free treatment by using the Li-6800 soil-carbon-water flux measurement chamber in the
Salix Forest Germplasm Resource Bank of the Dalate Banner, Ordos., Inner Mongolia, and the atmospheric
temperature, soil temperature and humidity were measured simultaneously. [ Results ] The results showed
that the daily change of soil respiration during the freeze-thaw alternation period showed a unimodal trend,
with the peak occurring between 10:00 am and 12:00 pm. Snowfall accelerated soil respiration rate and

enhanced the temperature sensitivity of soil respiration (Q,,) during the spring freeze-thaw period, but it did
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not change the daily change pattern of soil respiration. After stubble levelling of the salix plantation, soil
respiration rate slowed down but Q,, increased; land preparation measure reduced the daily flux of soil
respiration in general, and it also reduced the Q,, value. Soil respiration was significantly correlated with soil
temperature under each treatment, and the single factor model could explain 51% ~68% of the variation in
soil respiration (p<C0.001), but the correlation between soil respiration and soil moisture was not significant.
The two-factor composite model of soil temperature and moisture explained soil respiration better than the
single factor model, and it explained 81% of the variation in soil respiration. The simulation results of the
structural equation modelling (SEM) showed that all factors could jointly explain 70 % of the variation in soil
respiration rate, snowfall and stubble levelling directly affected soil respiration, and land preparation affected
soil respiration indirectly by affecting soil temperature and moisture. [ Conclusion | Snowfall in winter can
provide water for vegetation growth in early spring, and it regulates the carbon budget in arid and semi-arid
regions; stubble levelling and land preparation can impede the release of carbon during the freeze-thaw period
in arid and semi-arid areas and indirectly slow down the loss of carbon from the soil, thus contributing to the
regulation of the carbon budget of the ecosystem.

Keywords: Salix psammophila; plantations; freeze-thaw; soil respiration; temperature sensitivity; structural

equation modelling
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Fig.1 Characteristics of daily changes in temperature during the freeze-thaw period
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20
£ 10
i
3
[
X0
_10 L L 1 1 1 L 1 L L 1 J
O o w) o~ o o o o 0 o~ w
T G S a9 5 g5 oy B
— — - o~ o o o o o o o
(=] (= (= <o (=] L] (= (=] < [== [ =
B#(A-H)
12
(¢)
9 L
=
S 6r
£ 3
H 3}
0 -
1 1 1 1 1 1 1 1 1 1 1
o o w ©~ o < o =] o] o wy
T R g g9 7 B o4 3 oa g
— — — o o o o o o o o
< (= (=) [=1 L] (=] o (=3 > (== [ =
B#(A-B)
® WwWwW A ZIW
— R’=0.66, p<0.01 —-- R*=0.55, p<0.01
= wp zp
0.6 — K=051p<0.01 R*=0.67, p<0.01
Tm
« 0.5
&
204}
g
2
<03
¥
§ 0.2
0.1,
H .I 1 1 1 1
5 0 5 10 15
TBEE/C

® WwW A ZW
— R=0.65, p<0.01 —-- R’=0.55, p<0.01

m Wwp zp
--- R*=0.51, p<0.01

R*=0.67, p<0.01

8 TEMNREXRSTEEENXR

Fig.8 The telationship between soil respiration rate and soil temperature

2.4.3 BEAKSGESER SRHZITLE
FNARZAE 8] 3 3E 47 - 498 0 Wi 3 % 5+ 39 0 1 32 ) 4
B UA SR ILE 4, T R RUK S RE 55 3 W ff R 1
BRI 49 % ~81% .2 MRS 45 R B F
RT3 A AN T) A A 4 v L343k 3 3 KOF (p <<
0.01) , 136 W] - S ik 2 T 7K 43 1) B[] 4 268 0 IR 5 g
AN e R NG SE (= G TR A € S A ]
LRITCE 25 S 3K B 7 55 1 L g W) + 30
P 1% e o R B R TE S SRR LR B iR ik 0,81,
et i - 98 W 25 o 9 T TR ) g 7 3
AR, RIS AR U TR i 2 A

RHUALL 5 45 S 34 22 0y - I W 33 24 XoF - S8 0 V B 1
Wi )37 5 I (R? =0.469 ,R? =0.492) , i B V- FE 1% 7t T 4+ 4%
TR B R P [R) 2 AL A p i — 20 5T

SEM A0 A 45 S (&1 10) FEBH , 5% 1 38 5 5
- SR R K 43 18] 2 52 ) 9 0 g R H X
- HEK 43 1 5 A SRy B 2L T R S A% 1 RO R it
A4 R ) - 0 g, I Al S S 4 R R OK 4 1
[E1E 2 AN e i N e op 0 | B/ N Y R R T S S
KFR R B RIK 5r Z M AEAE 2 IEAH DG OC & L M
LA T R X A B P i s R A AR HE A L AR K 4y
Xof A I TG G R e A 5 AR B R R R T

http: // stbexb.alljournal.com.cn



138

P nt S N

% 38 %

SRR AE 1Y 70%
R I o
3.0 KRBT IEFE X LR IRA I

S 3 4 T A 5 TS I B W % B
I8 25 241 Fg 3 O Rk S % ek TR 4L T i
2 DM R0 I TR T T R kT R A 1
41+ K TG AL RS AR R AR R
W BT SRR R B R, o B R
R 25 4% R 1 48 1 - 0K 40 R 3 4 0 | A T 46
D P g %, AT RS R L R B R
B 2 KA B 75 b B U0 L R S Rk B
6L BE 75 A R i 4 B B8 A JEE L L %
R0 34 T 47 7 T 25 L B 0T I ol RN T 5 4

® WW A
— R=0.57, p<0.32 —
m wp

-—- R=0.42, p<0.19

(@) XF

o
R’=0.31, p<0.92
~097T 2p N

o8t
d0.7 1
2 0.6 [

R*=0.45, p<0.64

3 4 5
LK%

x2 TETREEENIEHXRER

Table 2 The modelof the exponential relationship between soil
respiration and temperature
- L/ R\-=ae"Tl) %
xE a b R? P
T 0.22 0.07 0.54 0.01 2.11
o TE 0.17  0.06  0.66 <<0.01 1.86
[3e5 0.11 0.13 0.56 0.01 3.53
P %m0 018 007 055 0.0l 2.06
G 0.26  0.04  0.64  0.02 1.55
w x5 0.23 0.04 0.51 0.01 1.49
35 0.19  0.07  0.68 <0.01 2.06
» xE 0.18 0.05 0.67 <0.01 1.73

R, L IEAFIR A0 mol/(m? »
hHHERIECC), TR,

s)]sa 0 AEUSEGT

® WwW A ZW
~ 09 — R=0.65 p<0.67 —-- R’=0.66, p<0.99
T m wp zp
- 08 -=- R’=0.47, p<0.97 R’=0.61, p<0.61
‘g 07}

(b) #F

4 6
L IB/AK /%

9 TEMFREXRSTEKSINXE

Fig.9 The relationship between soil respiration rate and soil moisture

®3 TEFR5TBEASHEMAXRIEER
Table 3 The model of the polynomial relationship between soil

respiration and soil moisture

ML/

Rs=aW?*+boW+¢

i TE a b c R? b
e —0.02  0.17  0.13  0.66 0.67
wWw
£E  —0.03 021  0.06  0.57 0.32
% —0.03 020 011 047 0.99
" xE —0.01  0.09 0.14 0.42 0.92
B%E  —0.03 017 023  0.66 0.97
" xE —0.02  0.11 0.18 0.31 0.19
% —0.03  0.20 019  0.61 0.61
» £ —0.02 011 018 0.5 0.64

VELW Ol R HOK AR

VR B 0T 6 5 2% P 0 e I % A A 4 5 T
A R ATREE T AL TR IR
TR W 05 A I R AR B O I A TR AR A7)
i JEE A o S o B 0 e i i B R T g S B XA
TR SR AFAR OGRS 40 R G A I
R AT HE 2 DN g 8 1) 9 R 4 b A 0 R Y
CO, BLERESTE L3, B R JBE T iy I BT R Y =25

LIS . TR, 2 CO, HE i A K i i 2
AU W (R AR b i AR R S L R S AE
X 3 L) 9 M ATF 5 R S e P I A Y Y 28—
B BT s P R W R T R R L A
S f R T
3.2 FREELREEERE M L IEFRNZE
SR E L B AR YDA TR B
SPEOR R BRI K AL T AR R P, A
B 2 BT, N ) S AR b R O R R, N
JEAEAFTEAR R b ik bR 15 T T AE W I 1R R AR
E U VAT TR & € i L ) S (R <
i e T AL A ek B R R ) 3 A A R
T BEGICAE W) B B W) O W, A B ST e B T HE R I
ARG T I R U T R Y Bl RE A X AR
A Wy 2l O W AN L 0 2 A AR AR I I
D3 R R L R R ARG,
TEAE 3 RN 0 0 Ty ) - R G ) 2 T I
B R0 I R T A S P R 7 2 T A R i nT TR D i
W S A A 2 e M Y b SR SRS B 37 0 R Y R
LTRSS RTE

http: // stbexb.alljournal.com.cn



% 6 3

2R B0 4 R L S0 PR A S U AN B e S I X R ) ) 139

F4 TEFRERMTFEREENSTEA

Table 4 Multiple regression of soil respiration rate and soil temperature and humidity
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