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Variation characteristics of CO, flux during the freeze-thaw cycle period in an

alpine meadow in the three-river source region
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Abstract; Qinghai-Tibet Plateau is the most typically seasonal frozen soil area in China, and the climate change has exerted
a profound influence on its soil freeze-thaw cycles and carbon fluxes. To reveal the influence of soil freeze-thaw cycles on the
respiration (R,) in alpine meadow ecosystem, the CO, flux and environmental factors were observed using the eddy
covariance and micrometeorological measurements on an alpine meadow in the three-river source region (TRSR) from 2016

to 2017. The influences of seasonal freeze-thaw cycles (SFTC) on R, were discussed. We also analyzed the absolute and
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relative increments of R, (AR, and Ry, /R, ) induced by diurnal freeze-thaw cycles (DFTC) and the standardized

effect size of DFTC on R,(InRR,) during the spring freeze-thaw cycle period (SFTP). The results showed that the R,

min

maintained a low-level during the frozen period. However, the rise in soil temperature (T') and soil water content (SWC)
promoted the conversion of soil organic carbon to CO, during the SFTP and thawed period, and the average R, in the SFTP
increased significantly by 65.2% in comparison with the frozen period for two years. The sensitivity of respiration to
temperature (Q,,) during the SFTP reached 5.53, which was evidently higher than that in other periods. The AR, was
0.023 and 0.017 mg CO, m™*s™", the Ry () /R, was 3.90 and 3.39, and the InRR, was 0.207 and 0.119 in the SFTP for
2016 and 2017, respectively, which means the DFTC had a significant influence on R,. The SWC was the most important

min

factor affecting the daily average AR, , InRR, and R, for the SFTP, and daily soil temperature difference (AT ) and

daily soil minimum temperature (T, ) had measurable effects on these parameters. The results suggested that the higher

s5min
R,, Q, ARy, and InRR, during the SFTP might be related to the higher SWC and AT ; on this meadow in TRSR, and
the R, during the SFTP was particularly sensitive to temperature rise, and was affected by DFTC obviously. Therefore, more
CO, may be released into the atmosphere during the SFTP on the meadow in TRSR, under the climate warming and more

frequent DFTC.

Key Words: freeze-thaw cycles; ecosystem respiration; Qinghai-Tibet Plateau; eddy covariance; alpine meadow
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2016 4E 1 H & 2017 4E 12 H
1.3 s
1.3.1 Fdaabr

F T 369 2 AH OC 2R GE WL () 500 o A2 AN B D PR (R R 45 TR AR T 8 S i 8 X L0 544 24 4 T
VEFIAME : B Se A bR Rk & AR 04 S 8508, DA AR AR K Z2 e RNA K 22 (5—9 F ) 7[RI 22 A filk W AL )
Bl HR YRR (U + ) < 0.2 m/s B, i 0 3 AN 2, (AR AN BE IE A i 5% CO, 3 &, 8 0 R JE A 5K

http ; //www.ecologica.cn



21 4 PRS2 =TT JE R A RRRG RN CO, 8 A2 LR ik 9013

P XTSI PR A P R K Sk e A , R B B PR TR T AR R M DG R A AR
A KBRS AERK B A EE, FH S om HHERE(T,) S5AEBRETR(R,) XRZNX .
R, = ae"'s (1)
Hp AR (D)W a, b MG R TR U >0.2 m/s B S em WREE HHEEE
H(2) AR 25 R GE AR BUBME S Q) IRFRIR LA TH 5 10 °C AR 25 R G0 PP IR A AR e e it

Qi = e (2)
A K2 P R Bk Ak R B R ) T 7 26 IS i 3% NEE 5066 A RCE ST (PAR) LA 19 6 22205 46 4
NEE = — 9PAR +R, (3)
PAR +

el NEE 4 PR REGE CO,HEEHE (mg €O, m™ s™) o A BIHEIEAE R (pmol m™ s7') , PAR
B AT RIS (umol m™ ™) B 7 5 S RGA KRR, 1 RIEEIR,

FERTTIRHEIR T S 9 R R I T Bin—average Jr MAMFBCE ™ LUy vk Ayt — i B0 s 55
S8R T U BT 0 A5 57 VKO (T L 0.1° Ry 87 ), 4393 4 KO o B Bk T2 (8, B
e SR IS E LSS

®1 BEEUNEIRELE

Table 1 Micrometeorological factors and observation instruments

WA ¥ e 5%/ cm
Environmental factors Instruments Height of instruments
A GH AT XA The wind speed and direction 034A-L and 014A, CSI, USA 110, 220

Yo f T FE %5 ¥ Photosynthetic photon flux density LI-190SB, LI-COR, USA 150

25 IR EFYESE The air temperature and humidity HMP45C, CSI, USA 110, 220

FHEEJE The soil temperature 105T, CSI, USA -5

+ 3 & K & The soil moisture TDR CS615, CSI, USA -5

[%7K The PPT volume TE525MM, CSI, USA 50

i1 TR The soil surface temperature 107, CSI, USA 0
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R AR ARRAE S ( H F/ME/NT 0°C, HiERRMER T 0°C) BYRT— RN 1k (2) Bl . %255 d T H iR/
KT 0°CHEH— KAl , B & A B I VR PR AT — KR 1k 5 (3) UREE 45 o 1M ml A0 30 L i ) B 30 R 2
TURRAE IR 5 (4) RIS MR S5 30 TF L6 A K R VR RE 2140
1.3.3 DFTC 55 R, L X FIAHXT 1

TEVR AP YT , 02 1] - R VREE A R, Al & AR ELAR X SR, At 1] gl fL et D) st e 1=+ 72 DFTC 28 fkrp,
X FOFIR H AEAI AR (R 0 ) P3G R AT LAE R IEAE DFTC X R, S0 B Z 4R

24
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WEAL RO A, T 5 37 (2 ik S E 2R M, InRR, +hR#E2E (SD) MBUEIE A a5 0 RT3 b D 2 p
SIS
1.3.5 ARy, InRR, R R, SRR 1 AH

URRIIEIIA ) SWC I Tg, AR -SRI H 2% | 438 H B IIRLBE S A2 50 AR,y B InRR, (1 T 2]
FHO 200 AR A LI | K AR B R R AR IR H ARy ) InRR R R, 53015 SWC T R T, 1Y
H YA DL A4 Sem R H 22 (AT.)  HERARIRIE (T, ) VE R R AR DA 56 R A5 (|1 H 43 #r , -4k 5%
Wi B RRE A ARy (o)« InRR , FI R, (SR R, Bk Rl0E P15 00 500 kot /0 AR WF 9 %0 FEAPE H
BHE

DA W A PR 3 R Excel F1 SPSS #K A4
2 #R

2.1 UREhe B

M LSRR G PR RS BRI 437 1, 2017 4F B T R 45 3] R 2 R m G B30T | R Ak 0 RN Ak 2 R A A 30
VYA, 1T 2016 AR H BURK ZRRRE SR ] (3R 2) . Hrh Rl fb Il iy Bl B S, IR ES IR 2, R ik 2=
VRIS AR R . R AT UL, 2017 AEZREE L 2016 4F%5 5 d T H. 2017 4F B8 Bl G 350 ARl A6 B 24040 1
2016 EHEHT,

F2 2016 02017 £ HIENFEH ESMBSARMERE  BEHNR S

Table 2 Division of the periods for soil frozen, spring freeze-thaw, thawed and autumn freeze-thaw for 2016 and 2017

, N U5 ) RS0 1 e Tl AL IIIE 11 U5 ) RS0 1 e
P ERAFIENT AL B RS L
. . Duration of the spring freeze-  Duration of the thawed Duration of the autumn freeze-
Years Duration of the frozen period/d . . .
thaw cycles period/d period/d thaw cycles period/d
2016 1.1—4.1;11.14—12.31( 140) 4.2—4.24(23) 4.25—11.13(203) (0)
2017 1.1—3.28;11.14—12.31(135) 3.29—4.12(15) 4.13—11.6(208) 11.7—11.13(7)

22 HEENTRE TR
JeEA RS (PAR) 2 REE(T,) J 5 em HHEREE (T,) HWEI BT 1), HAR{E B
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1 AR, emE7E 7 ARZES . PAR H BRUE AR FIZE 9.1—67.3 mol m™ d™' Z[A], i T,F1 T HY
(B AR Ak 3 B 20 S 7E - 22.8—14.7°C , Fl - 13.6—16.4°C Z [], Hith 2016 5 2017 Pi4E T, 19 F B (E K
~0.4°C T 2016 4E T WY F-HIE Hy 2.5°C , AR T 2017 4E1Y 3.6°C , I Al 40, Sk F T B & T 7T,

2016 F12017 IAEREK 43510 430 mm 1426 mm , H W 4E B9 K28 (LB RFRRL( & 1) Bk 84 e
AR, 24 A R 1 95% , I HAEXT T URas AR 5 AR MK i, B 2R URmLG S & i 3 £ o 2016 4R
ZEURRE A IR K B 18.6 mm, /& T 2017 19 8.6 mm, Sem T3S /K& (SWC) 284k FEZ MK 2R E 1Y
S B ARAE 1 IR FE RS 1, 2 5 BE A TR E 1 T e, VK Rl Ak S Bk i 3 22 | 36 2= R I PR I Y SWC iR T
Tk, A b s e ALY 6 5 8 1,10 H LIJE SWC S F R (K 1), Hrd 2016 4F 5 Z= 0k Bl g
] SWC EIIME A 22.0% , W= T 2017 4E R 19.1%,

JAHRERS PAR
Photosynthetically active radiation
/(mol m2d™")

i

Temperature/°C

I
[3e)
W

Precipitation/(mm/d)

THEEKE SWC

Soil water content/(m3/m?)

2016-04-01
2016-07-01
2016-09-30
2016-12-30
2017-03-31
2017-06-30
2017-09-29
2017-12-29

—
<
-
N
&
=
o
Q

I5fE] Time

B 1 20162017 EFEEEAMESEREXLEENEI (PAR) (L1 Sem BE(T5) MESRE(T,) . BEK(PPT) L1 5em Kk E
(SWC)HEEZK

Fig.1 Annual variations in daily photosynthetically active radiation (PAR), air temperature (7,) and soil temperature at 5 cm depth

(Ts) , soil water content at 5 cm depth (SWC) and precipitation ( PPT) in the alpine meadow for 2016 and 2017

2.3 BB RSk E AR
231 fRiEERZETT AR

HEBRGM(R,) 2W R 2)  SAE R IAEARS ], 3 AARTF G218 EF, ol B A
KHIEZAY 7—8 H , PHAEIE(E /30 12.28 1 13.86 ¢ CO, m™> d™' . Hrb HRERAGIHA M R, HEL T 1H BT+
RIS, 2016 4EA 2017 AEZ A BRI R, 439000 2.83 F12.25 ¢ CO, m™> d™', 2017 4F 11 A 9] H IR F %
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Fig.2 Annual variations in daily ecosystem respiration (R,) and net ecosystem CO, exchange ( NEE) in the alpine meadow for 2016

and 2017

T LLR K 380 76 6 A 00425 22 48 s ek il
¥ ol (FA M) T e 8 H ik Bk, 4FE NEE Y

W 5510 —16.34 F1 =17.04 ¢ CO, m™>d™", 1800

2016 F1 2017 BY4E R, B2 51 J 1620.09 FiI R L‘;gg SSSSS
1709.06 & COL/m? (P 3) JETEERFCERE R S— 5 oo NN
9 F) HAERARN(29.1 £ 0.3) %, TEAREK T HE gé 1000 33333
REIEIR I S R, R, BB T4 85 o, NN
WIF AR (BT E A T (10.3 + 2.4) % , Bk S NN
A RER I 7 LS 2ﬁ

232 R, MHAE

4y Year

2017

VRELE PR U A0 B AR R, 24 B i H AR A
4, SR A B A H i, e e A R
JEBE B E (L 4) | TRZEI R, (1 H AR LA P54
Ak R, H ZEfE7E 0.060—0.11 mg CO, m™> s™' &
[, B 4k 5 T VR Rl BR300 69 0.011—0.065 mg CO, m™
s” VRS 119 0.007—0.018 mg CO, m™ s™', HEIATH1,2016 4E /=R AE A M R, H i {8 (0.065 mg
CO, m™2 s™") BT 2017 4422 (0.039 mg CO, m™ s™") FIFkZE(0.036 mg CO, m™ s™") FREIHERY]

24 R, X T HBURMERE(Q,)

AR (D) ATDSE] R -T R FR ET IR AAR(2) AT LIRS R, X T M BUSMERE(Qy) o HFE3
AJRD,2016 F11 2017 4F R, -T s R RN IESRECLFR (P < 0.01) , HMAERIEBOCR K Q FEA—2, oy —4F
BAAIRALET BE R, -T s R R T REA W35 HWARIAERE R - T 5 X R AR, ASBIFFE FH — 1> R il Bl B3 10 4 1) 500
WA T B R, -T. 255 N3R 3 iR, PRSI Q00 2.29, AN Q0o 2.75, T 45 2= VR OG5 3 19
Q10(5.53) VI BA 5t 5 T DA BB B

B3 2016 #2017 £ &M R, RINE
Fig.3 The cumulative R, in each period for 2016 and 2017
AR ZEH 5—9 A, BT EA 7 Bl A U T AR R
i B
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Table 3 Statistical analyses of R,—T; for 2016 and 2017 and each period across the year
i i R, -TsHBE AR
11 s RMSE R? P Qi
Time R,-T s relationship
2016 4 Year in 2016 y=0.020e%135* 0.407 0.882 < 0.01 3.87
2017 4 Year in 2017 y=0.021e%131% 0.390 0.888 < 0.01 3.72
7451 Frozen period y=0.015¢%083+ 0.382 0.430 < 0.01 2.29
HF BRG] Spring Freeze-thaw cycles period y=0.023¢171* 0.210 0.821 < 0.01 5.53
AlfEY) Thawed period y=0.030e" 10" 0.447 0.845 < 0.01 2.75

PRy —AE A RRRETBEY R, —T s KR FIBEA B3, HFIAE AR L R, - Ts S R AR, ABF 58 FH — A v Bk B 41 1 SO0 00 LB B 1Y R, —
T s REEVRRME I AR 5> B R, -T s REARNRE AR AR HTIA

3 g

3.1 BRHRIGAN R,

Z T MR AIE EA (SFTC) X A0 ot DA R AE s M 2R FEE I8 W /R, v RE & B s A 2
RG> AR R, S R A F AR, R B 1A R B A K EE R 7—8 H
(F2), XFERHT R EE R R T o D v DL SR et B AR T R 25 300 ) - S np g, i
AL T SWC T, TR YRR R IF IR R 0 B A K ZE AR PP, 53 R, B B T LA
I, 3 SR A ST A SR AR T (EARE R A S, A S i A SRR - X VT IR R JE L) R, TE R
AEERI B T B A B e R R AR I B T A ) B (R 2) R R A S R
GoaRAHRIE Y SURGSIM L, AR AR R R IR I P AR B R, R T 65.2% , % MEE T
Wang %) H2 38 A s FE w5 4] (2 45% ) , Treat 25 R IE MM #1755 (29 20% ) B Lin S5 2 HRGE AL T RIXE
JR (29 31%) 3% F2 Bl T VLU i FE R ) 1 K PR AR S s 20, 1 KA A e s, IR H 8 25 S R (R Y
IREEIA ) | FL i (2 2 1 498 PR SR AR A S A 26 P A ML i 24, el vl i P A AL , DA T 4 v ke A 400 B0 R 40 T )
P EDE T A IERpI S A SR e FE A A K TR A2 A R Y SWC, 2Rk IR A
TSI I K 20 BT 1) L TR R P 56 A0 (At B R, ARG T 4 e Ah, FE R S5 U E R Co,
PR B PRI 7E R v T 2R A BR300 1 K - el Ak 20K 5 43 CO, B HE o™ AR TF 5 bR 24 U0 30
AR FRLEnt K, It A RURRIEER ] SWC 48 , X AR BT CO, Ay “ iR — Rl 280 5 0 10 ) ik
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A 5 T R R AR S R G0 Q FIIMERY 1.5t v 1 7 s JE R 3 B G 2,477 7 g v TR Bk 1 e
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RS RGEIE 53 AN R IR 9 VR 25 01 R ZE R U (4 A (RS A T R P R R P ) A5 Ak
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SRIMT , AR ARG AR R ZA Z A R, -T KRR W REFER K2R, HTF 2016 52017 4EHY R, -
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TRBIE Y QB2 75 8 s 5 rh B 2 FE R A 119 5,675 {H i T Stackhouse 452 438 FY M 25 )5 (2—4)
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e, PR R H 25K AR T R VR IR R TR IR T A R AR S5 R A HE R P An i
S, T IR 1 R A R0 v v kAT AR A R0 > | a0 i S S 90 v D v P ) 7 2 U T B3] EL AT ¢
QM. ﬁtﬁb,q}:{ﬁEEEEEWKA?@%%& SWC i, 3k A 45 76 75 2= R 0 B 100 - el Ak i S K
R ] P bR I i | v R R, U Y B A SWC IR A I ik - SR 2 VK2 T R, AR S I CO, B
iz BB HFAEFIR T5>0°C HTLL?M& B QTR TR R E A B e B
R -T WRFRIFA W (3R 3)  AEHASEAA S

023 . 20164F ¥ =0.0203¢0135% BRI RIEENY
Rz =0.8815 0.07 [ y= 0_02360.17]x
0.20 Q10=3.87
= 7 . 20174F 3 =0.0214e01314x 0.06 |
o R2=0.8778 7.
5 § 0.15 Q10=3.72 w /e 0.05
) O . INLY o E1N
E'§ S 0.04
5 £
gt =
3 010 0.03
g
< 0.02
0.05
0.01
0 0
-15 20 -2 0 2 4 6 8

+:3%5 cmii ¥ Tis Soil temperature at 5 cm/°C

B 5 2016 712017 ERAEESTEMBERANESREER(R,) 51E Sem BE(T) WX R
Fig.5 Relationship between ecosystem respiration (R, ) and soil temperature ( 7 ) at Scm depth for 2016 and 2017, and spring freeze-
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PR TERTEURRERN R S IHTR A H AL (K 4) |, R DFTC XF R, B2  ASBF 8 R T A2 (4)
(5)I5 T H DFTC if5 % R, ML HE 5t (AR g ) FIAHXT I BE (Ryge i) /R vy ) o PRI (6) FI(T7) 1
BT HRERRMIEF V-0 DFTC 55 R, A5 (AR () KAHR I (R () /R ) o HIER 4 TTAL,
PR REEIN A R AR, SR R, B (R, ) BILEBI55004 65.3% 1 70.8% Ry (/R i 5390
A 3.39 1 3.90, B = T Wang 250 Fl Wei 250 1238 19 ZE M BRARE B RS 26—34.4% 1 1.5—2.5,
Zhang %50 K PR TR 2R G IR IY) | v 0 ) 1 K AR AL R, ARG e o T IR AR AR B RS
G, nREIRNSEAE = VLR FE B 1) DETC AR e, - 3em Ak +39aR 20 (C/N) BB 8 A9 R %, 1 PH
DA S, 33 R A IR R T ) TG AL T AR O IR, i DFTC 55 R, A3 s k>0 %07
T3AN, L R FE R Y DFTC AR B rp , RIERILINT R, AT e  , vT B S H b e R 9 3% B D R AR
AR TR OB 25 SR, DL R R A R S 554 G, T 3R FE R AR ) R R H A T 2 4T
VA LR RAERL, {23 DFTC i3 R, M4ax e Ttm ",

HIAR(8) T T A RURALGIYIZE H 19 DFTC Xt R, MR HEALELN ( (InRR ), FFE AR (9) R T
RIS 24 A AR AL O E (InRR ) 1T InRR + AR 2E (SD) MBI 6 B2 7536 25 40 0, T LA Bt DFTC 275
BERWE T R, M 41 RR G EAE T, DFTC X R, B SR, SR 3, A8 4 SRR
ARMREE HARIREE T InRR JRAS 3507 (A SEHG 28 (I 45 SR A2 AR X 5 VRIS S 50 2o IR Y VR 25
TRRE | Beaeh K B VR 45 Bt 18] 46 ) [ o6, L nT 2 il FL AR L DFTC X8 R, 50> 0 55 4b Zhang % Al
Gao %57 353 e BRIE TR AT AR AR E S R SE InRR, K FUE, BI DFTC XF R, P4 T G a0, A5 InRR,
SHIEAR, AT RE R A = VTR JE A AR WX DFTC A8 (b 3R 25 A i sz pe e 7> IR R S B R R
FET- PRG3R AL I A TS A 19 R AL (C/N) T PH AR T 38080 A W s i S 0 M s 2

x4 2016 52017 £EF ZREIE DFTC #E R, K45
Table 4 The indicators of DFTC effecting R, during the spring freeze-thaw cycle period for 2016 and 2017
Ay AR,y /

Years (mg €O, m™ 1) FBUAR () 1 R, () B EEBI (Reveep) /R i) InRR,
2016 0.023+0.002 70.8% 3.90+0.44 0.207+0.287
2017 0.0170.001 65.3% 3.39x0.35 0.119x0.174

SFIE AR ;AR ey » I Ry /R wins SR BTG IAE T-1 DETC 555 R, B4 XT38 5 R AHXTHE 5, the absolute and relative
increments of R, induced by diurnal freeze-thaw cycles (DFTC) during the spring freeze-thaw cycle period (SFTP) ; R, (), HFEHGMIGANERR,,
the communitive R, during the SFTP; InRR,, HZIRAMAGH I DFTC X R, MARHEILRN M, the standardized effect size of DFTC on R, during the
SFTP.

AHFFO R VRRIEIRI B AR o)« InRR ,FI R, 535315 SWC T H T, 1) H M LA K -3 Sem (RLEE
H# 22 (AT )  HEARIREE (Ts,,) YET Pearson AHSCHER IR FIZ AL [MIH 34T o PR R —4F 25 2 VR MG 239 14 £
P RD T RE S R BOHDCHEA 35 T PIAE R, BEIRLE A2 AL LA R AR — S (18 5) |, BRI R P 79 4 4 2 i
TEI B EA T Pearson AHOCHERE 5 FNZ AL 19 4347

PAR L5 BB T R W], 5 B R AE FR I SWC T AR JInRR, J% R, P52 W E R (£ 5) , %
LTI SWC SEFEM AR ) JnRR,, F R, B FZH T (R 6) o 15T #m JEUH 2 7 R fa) AL Y
Mot & B, AR T T, SWC X EF RGN £ CO, R B o @ 3510 ) BUARAE aE 4R s
JE R R K TR TR R R, W BB N ARG, th T SWC iE i 15
DFTC [HVREE TR , i 39 P SRR R AP BILRR IS 2210 | BT LA 0 e ) mT R PR SRGH B 58 DFTC 5
TR, ML XIHE R DFTC X R, MFRMEMRON A 28 R, WM BETHE Y DI AME BURRG A R £
HERIAL , PT DAL H] B R 25 390 5t TR AR R - i 9 CO, BRI, 1T HL SWC 234l R ix — HERR , (ff H3E B Co,

19, 44
E Z
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x5 BFHEMEREY ARprc (s, INRR,, 1 R, SIMZEFH Pearson 18X R

Table 5 Pearson correlation coefficients between ARgyc(4) , INRR,;, R,, and environmental factors in the spring freeze-thaw cycle period

-3 H R I H AR iR H A A3 F R AR 2 H B
17D Daily mean soil Daily mean soil Daily soil Daily minimum Daily mean
Indicators temperature water content temperature difference soil temperature air temperature

Ts/C SWC/(m*/m?*) AT s/C T smin” C T./C
ARprc(a 0.197 0.393"* 0.370 " -0.239 0.136
InRR, -0.081 0.454"" 0.127 -0.385" -0.106
R 0.269 0.464 " 0.406 " -0.175 0.126

e

TE " FRRAHICHESE a=0.05 K LB+« " FRHHELE a= 0.01 KV LBE ARy (o) , B RRAMEAHIZ H Y DFTC 55 R, 1Y
ZiXt 18 5| the daily absolute and relative increments of R, induced by diurnal freeze-thaw cycles ( DFTC) during the spring freeze-thaw cycle period
(SFTP) ; InRR,, FERHAMEINYIE H () DFTC 3 R, ARIEILZUN(E, the daily standardized effect size of DFTC on R, during the SFTP. (Ryqc (s /R
win (0 ) TIREE R F B SCE AR B35 AR ACK A, AF5E A& Z2 R BE TR0 A OB 1T T Pearson HHSGHER S

%6 BFEHBIETE ARprc, , INRR,, M R, XIEETE 5% 1 E)

Table 6 Stepwise linear regressions of ARy, , INRR,;and R, on environmental factors in the spring freeze-thaw cycle period

EL7Y

B 1A 5

Indicators Stepwise linear regression R? P

ARy ARyye(gy= 0.115 SWC—0.003 0.481 < 0.05

InRR InRR,, = 3.758 SWC-0. 250 T5,;,— 0.752 0.409 < 0.01 (Pgyc<0.01; P, <0.05)
R, R,= 0.155 SWC-0.003 0.394 < 0.01

ARprc (ay » FREHRAIGAWIZ H B DFTC 755 R, Z4XIH5 &, the daily absolute increments of R, induced by diurnal freeze-thaw cycles ( DFTC)
during the spring freeze-thaw cycle period (SFTP) ; InRR,,, FZUREMEFMYIZE H ) DFTC X R, BIFRMEMBUNAE, the daily standardized effect size of
DFTC on R, during the SFTP. (Rpyc(gy /R win (ay) 3 FEE R FRIE B2 ISP 101 H 20, AR AKEICHI A  ASHIE 5T A 2 VR R P30 P AF 119 K00
137 B LA WA 53 #r

T HERE HEE (AT ) FIAE X B 2= ORI R B9 ARy ) 2 R, 7P HE T BFH W (R 5) . AHI5EHE
DFTC %A AT 3R 2 R CO8 2> ) BN R AT o2 F808 2 8] b A bk /55
MR NP IR IR AR R R 1 H R AR (T, ) 5F RVRAGE I InRR , 5 W35 UMD, 5 R,
WEFAAMIE (K 5) , X R IR RS TR AR, H RN CO, M REZ . Bt g A Y Y T,
Z/PIRFNERL DFTC BARSSIREE (-0.7°C ) LUR B, DFTC A4 i 2 BR3P R AR A R e 1, DR otk 38R % K
R 2s TR . AERRURAEIA Y, +56RE H B{EICIE ) B DFTC 24k, X DFTC #5% R, (93
MR/ I R, MRS B

R7 2016 52017 FEFFRBERPEIERERAFHESR

Table 7 Differences in major environmental factors during the spring freeze-thaw cycle period between 2016 and 2017

T H Y E KR T o N " MR HE e H s
N NN L HEH VR 1 SR N S
A Daily mean soil ’ ] : Daily mean soil Daily soil
Daily soil frozen Duration of .
Years water content Time/h h iod/d temperature temperature difference
SWC/(m/m?) ime the period T AT /C
2016 0.22+0.01 a 8.40+0.98 a 23 1.25+0.08 a 4.15+0.36 a
2017 0.19+0.04 b 6.48+1.36 a 15 1.39+0.05 a 3.75+0.43 a

SEEIE AR R 7E a= 0.01 /KF 1,0 BEFT b

2017 FHEFHMAGIIYIY AR o) Rere (/R M InRR KT 2016 I (F 4) , 1T HE S 2017 47 [ 1
BARAY SWC MK AT SARGE I R R 5C (R 7) o 5350, BT A BRAE VR 25 9]+ S IR BE B AT (e 247
FE-5CLAF)  RESIEER) CO,LMZ B B UR R ] SRl IE CO, Bt il R > L ARFSE 2017 4RIR %
W T BIE(-3.8°C) T 2016 4 (-5.2°C) , AT REF 3 2017 FHEFHRMAEIA M AR ) Rire (/R o 1 InRR
D e
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ARWFGE ST T VLIRS FE R A B R G A BRI RG R, FRAE RS IR B A BURPE Q) , I AT
T DFTC (2 URRMEIR) 75T R, I (AR () ) KX R, IOFRECANVAE (InRR,) o AHXT T HRE5 , & 2= 05
AR S R EE I R, R LU W i T BRI b A 78 RGO KF BB AE A 0 b W& T
HoA A S R G0, R VAR RO 2400 A 25 2R 0 I R ) T 5 72 A 4y e 1y B S 0%, DXL A A BRI AR R T S T
o A T 1 ) THIR 3 B R 5 T RO 34KOF T BB 2 T BUE BRI A I A, 40 0 VR E5 1 e FE )
T RESS I C B 2 A HLEK . BZARIEH Y DFTC 155 R, M B U5, DFTC XF R, bR HEAL RN Sk
R IE ) R R R IR H AR AR DFTC Xt R, A5 n] BETE B ., ARXS T HERE H ¥R,
HY &k AT A T, % DETC 55 R, B4 E DFTC XF # 2 R Al AG TR I R, A0 b v A 3050 17 {55 i
KR, WISEIAEE B3 FASHEGY S PR LINEH |, 7R Rk I 30 5 fin s A< 15 ) SO0 A 4540 £ B
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