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Warming Enhances Soil Freezing and Thawing Circles in the Non-growing
Season in a Tibetan Alpine Grassland
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Abstract Seasonal freezing and thawing process occurs in the non-growing season in the alpine grassland on the
Tibetan Plateau. However, it is still unclear that how warming would affect this process in the alpine zone. From
October 2013 to April 2014, the research used minirhizotron directily and soil temperature indirectly to investigate
the effects of warming on the freezing and thawing process. The results showed that, warming significently
increased soil temperature at the depths of 5, 10 and 20 cm, and soil temperatue in the winter warming plots was
0.01-0.18°C higher than that in the annual warming plots. Wamrming significantly decreased the depth of soil
frozen layer in the frozen period and thawing period of winter spring, but had no effect on the the depth of soil
frozen layer in the thawing period of fall-winter. It is due to warming-induced redution on soil miosture. Warming
significantly reduced lasting days of frozen period and increased lasting days thawing period of winter-spring, and
did not affect the lasting days of freezing period of fall-winter. Effects of winter warming on frozen soil depths and
lasting days were much greater than annual warming. The reults suggest that the enhanced freezing and thawing
circles with a warming trend may subsequently affect soil carbon (C) and nitrogen (N) in this region.

Key words frozen layer; freezing and thawing process; soil temperature; warming

[ 5% 1 S L RL BT & R ) A KR BFSE IR (2014CB954003, 2014CB954004)F [ 5 [ SRR 542 (31300415) % 1)
Y H: 2015-08-09; &[] HH#H: 2015-10-06; M4 Hi ki H 3H: 2017-01-09

171



R RFHMARFIE) 538 18 20074E 1 ]

TIROURR ARG th TR AR, R
PR A i o B, R AR A R AR
ThER el e £ P DX K LR R U Y R
My DX TE TR R A A AR AR 2, T R A — R )
AR AR, BRSPS R

FUAT, B NN L5 E B P IE 2 AR L
DX 45 - 38 1 Ol e A o R, R M R A VR
AR i R TR D . REETITIESE, ZARR

VR il 38 R W 25 o) - A e, B U0 R AR

—J7 1T, R R A 2 AR R Rk A SR 3R 4y
R, A SR RS 10 0 )2 R R R
Ty — D7 T, VR AR PR 2 A AR R v, R
P 3R AT A 11T AT SR R s s R K e A T
F MR, (i 2F RO A A AN 7= 25 B 22 1 NLO 4§
TE AR R, R A R AR s
SR - R R AL R AN A S R SRR

T SRR TR E R s . S ER A I AR
5T b DX U810 R A RS A A A B RURR X RN
KX, IF T B (9 S AR AR P00, 1960 4 LUK,
T 980 SR DL 0.2~0.3°C/10a (4 8 JE 19 IR, T 4
2 1L 14 W B (0.3~0.5°C/10a) 328 37T 15 T~ 4> 4F - 1 44
5L R ST R U o e %) 4 BR A A 1R IE A AR
TR IR AR R A AR, AR B R IR K
R TREERAL . VRS 4G H IR | Ak 4s B
PRET . RAh S 4 S L R R S T R
FUI26728] o S ) 2 7 R DR 2 A e
—, A E KRR R P BT, 4
SR A 2 4 T TT R S e S B ) VR SR R B
R ARk, AHK FAE Ak B R BE AT SR AN 4

PRI, AT 35 T B o i e S B ) = R
VE R BFFE X 42, ) foRR A5 R - 398 3 B W T AR 45
MIFEAR T B, ) J8 Ff X - VR miciR e . R
FE 7S AL ARAE L B & Z IR A R R e &R, 5T
Bt X - 9 R S B AR AR, R i X A A
BRAGZENE A I S BE R 2= B0 AL SRR

1 HRAE
1.1 R EER

S5 58 BT v FE ) A AR R 4 K AR
2 LI BIF 5% 3 (FRT AR T AL 3t ) o WAL b7 T 75 6 =g
JL A5 b 3 A AR i 1L 45 i (101°19'E, 37°36'N, #E3k
3215 m). %X & T A RO R A, B
TR R, & Z 2 V640 R I 2 iR g PO

172

2009—2012 4F, {ALub4EF 4k -0.81~1.82°C,
AESE BRI 350.6~501.3 mm B, - 12k BOH FE R
4T + (B 5 £ ¥ 9] 1 )(China soil taxonomy), 0~10
cm Al 10~20 cm 1A HLJE 5 51 4 63 Fl 36 g/kg,
ZXHEAY K 0.82 F10.98 g/em, T3 pH 351k 7.84
f17.95,

ML Xy ML ) R FE R AR S R G, R A
F2 2R R e S A () M A —— DL S R A
TR 110 o S D\ ) R D L AR W ok A )
1o FE G B R Y E YR A Kobresia humilis,
Festuca ovina, Elymus nutans, Poa pratensis, Carex
scabrirostris, Scripus distigmaticus il Gentiana stra-
minea”'' . 2006—2010 4, 4=V AP =N
350 g/m* B2,
1.2 Kt

KR R BEAL X B 5080 . IR EHA 3
IR, SRR AIG TR . R AERG IR A ISR . A
HAEA 6 NEE, ZIRBENLER 4 NEE T,
BA/NLEH N 22m x 1.8m, &A1 mZEhX,
SEHG DX 2011 4F 7 H TR R 2151 16 i &R S8 4
Tk o HE R DR PP AN AN AR 1 E rh il 2D #ids
(220 V, K 1 m, 9 2.2 cm). ZLAMINEAGR B M i
JEN 1.5 mo SR HIAS 2 5, Brf /N X 2
RELLAMM IR I B (R /TCAT ) TEAE K W,
R 1 v B %) S B S R Y R, A AR TR RN
2R IR A [] 1Y) - SR R T
1.3 ®HARFE
1.3.1 TEEBEERNNE

SCEG X R EM-50 {Y#% (Decagon Devices, 3
] ) 2 9000 25 b T 30 em 1 25 <0 B ACHE DA S - 3 S,
10 A1 20 cm i EEECHE . A 2013 4F 10 A IR, B4
B e 1 HER S 1R, BN IE SR A
132 WMREZFEWNELTEEE

2012 4F 10 F 76 S0 00 K2R R A, BRR 7
cm, R 80 em. 2013 4F 10 A & 2014 4F 4 A,
K H CI-600 {X#$(CID, Camas, Wash., 3%[H)%EFE 4
E AR 1k, B3 £8EH mEE R . ] Photoshop
CS5 /4 (Adobe Systems, Inc. 2010)%]E %+ )2 I
SRR LA (R M N R )2 B, e T
RHELZETR, iHERLEEERE.
1.3.3 TEARM RS

W R B EE ST 7 RIS, B 4 R
1B A9 - S B AR 2R 1~7 KRR 1 B e



MAESE I AR T R e I e 2 ) o A A K R LG 2R

35 1Y

AN R 3 SR IR AE R, AT ST
Jo i 3 H R R L 5 RES/NT 0°C, I &
B Jm T R IR, PO SE VRS, s
Jo i A58 H Ol e/ MEESLE 5 RERKT 0C, ikt
R TR AR, FRVTHRSH, i T2k
S5 TCORAIN Z R A, IR T YRR S = Yy
BB RIS RS B T AR T, A KA AR AR I
ARk R 30
14 #Hit54%E

IR T R S AN [ g 3R 32 ) 52 e >R ] . 42
7 2 03 B i/ B 3 22 S vk (LSD) 2 L A4y
BT o H R RS VR Rl A [ Fsf 945 25 R 5 19 52 e >R FH S 1R
27 20 B Fl s /) 18 2 22 57k (LSD) 2 & L AL )
Bro Bl AL BEAE T SPSS 41 F(Version 20, SPSS Inc.
2010), {EFER ] Sigmaplot 10.0 §X{}:(Systata Soft-
ware, Inc. 2005),

2 H#RE55H
21 TEERETIFE

T re D e ) X AR AR K 22 (10 H B RAR
4 Az SR LI R 5, 10 F120 em 438 2
JE 43 91 —7.25, 0.00, 0.02 F1 0.13°C . Bl TR
R A H AR AI LA S . AR K S,
%2 B A R E A 10 A, A SARE A
HEAE 1 A . TERRA R URI], T HORE 2
fio. R, AR AT R R AR I

BRI E T 5, 10 120 em - 3R (E
1), EXF2 SEERA B EEm, fERANEERKE,
XXM, 24EHRIX 5, 10 120 cm +)2 1)
Ze - 35+ HER B 4y BB i 2.30, 2.03 Al 2.17°C, 4
ZEAIE X5, 10 F1 20 cm 42 B9 ZFH) +HER
FBEhn 2.48,2.24 F12.18°C.,
22 WEWNTELALTEEERZIE

T 2 PR A R I A B (L 2), 11 A 11 H & 12
H 8 H, 8 e IR e FE R+ i RZ IR R AR
i 1 ASHE2 A2 H, HHE 20 EE A
e KA G R R N 38.3 em), v T 385 i 1Y
0~383 cm. 3 H30 HE 4 A 15 H, % +)2H
RETFG KR

B G AR T R )2 B R KRGS SR AR
fff VR I JEE B, (X Bk A VR G T 1Y) - 2 R B I A
FRFE(E 2). SRR IXA L, AAE R W R

I 2 e KRS TR 7.5%, 11 4% 2 36 3 W 1K
B RS R 14.8%.,
2.3 HEEXT 8RB E A R0

T 3o 0 B DB ) 9 B A s (R 1), Fk
IR, HHmimPERm Lt S, 10 f120em +2
FFUR R ARG 4 AE 11 A 15 B 11 H 23 HAT 12
H 2 H. 5 10 fil 20 cm 240 F 52 545 APIRAS
FELEAFEILH25H, 11 H24 HM12 A3 H,
A3 FRLE 90, 109 A1 116 Ko A M VR IS 4 st i)
RH2H23H.3H13HM3H29H, Blfis:
24,5 M1 K. BEERBEMRN, WHURI . 5824
ORI R A A AR s e, )2 R S B TR R
T 91 i ) s 7 4 0

AR R T 20 g R ow, BT RKAC R R
MIFRREL RO W 5, (HJE X 58 4 VRS 01 B ¢
S R AU 5 i VR I B R 82 R AR W5 (K 2,
K 3). 7E 5, 10 A1 20 cm + )2, &4ERE B & K
TR ARG I R, (HIEHM T A BRI B R
SERA ., A FR S AEIGIRA MR, R
10 cm LEFHELREER. 7£ 10cm + )2, &4FH
TR N2 R 2 PR AR T 8 M I I R R
32.1%H1 47.7%, HEIN T & F ORI R 2 R 25
144 K,
3 iTig
31 EERMNETEEERNZIm

SEYRZE AR, B W R TR LR R,
ST AR as R —8. EALSEP R BEE T
1o BT R AR T SRR XN AR Z R . &
o ST I B g e DR P T e S R L2
BT URGE B M B R URSE IR . kA, TR A A
MR L AR ISR IR TR, S EOR LR R
UREE R FE R SE R TR, R WA ZR 3 R AT 8 230 g i
() A A FRBE AR TR I R

B T B0k )RR EE R REAR, AT REE B TG IR
2 MRS T AR AT S K LART RO ST 4
R, KM KRR 4 J2 A JE 93¢0
M REE, A KRR, H L ENEER
TREREE . AU, AR E A ZERG R
BEAR T A& UR S I mT (11 H ) i 38K 4 (K 4),
X5 IR A I e R R R A G
32 EIEXFMIZE(ZERFE) N

FRATT 5 B4 A 498 005 R A 2 1l [ B S S e 1

173



R MARBI ) M 53E B 200741 A

OXHE O4&FEHE BLFHE

air

Sem EHERE/C

SemIEREF/C

10 cm L3R EF/C

10 cm 3R E/C

- 15
< e o U
: FE
B L,
s =8 =
5 Lo~ 1 b5 §
= - - ]
- -10
_lo_l T T T T T T T T T T __15
10/1 11/1 12/1 1/1 2/1 3/1 41 5/1 Xt 44 &=
20134 20144 iR HR
A#/B#

B 1 EEMNIEERKFEQI3E 10 BEXRE 4 A)KIENME 5,10,20 cm HEREFHEEMTEHEENZI
Fig. 1 Effects of warming on seasonal dynamic and average values of air temperature and soil temperatures at 5, 10, 20 cm depths
over the non-growing season from October 2013 to April 2014
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Fig. 2 Effects of warming on seasonal dynamics of frozen soil layer depths using Minirhizoteon over the experimental period
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