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Effect of Seasonal Freeze-Thaw on the Stability of Soil Aggregates in the

Forest of Sergyemla Mountain

DING Huihui****, CHEN Wensheng'***, LI Jiangrong'*?"*

(1.Research Institute of Tibet Plateau Ecology, Tibet Agriculture & Animal Husbandry University s
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Nyingchi, Tibet 860000, China; 3.National Key Station of Field Scientific Observation & Experiment, Nyingchi ,
Tiber 860000, China; 4.Key Laboratory of Alpine Vegetation Ecological Security in Tibet s Nyingchi s Tibet 860000, China)

Abstract: The forest soil of Sergyemla Mountain in southern Tibet was used as the study object to examine
the influence of seasonal freezing and thawing on the stability of soil aggregates, and the composition of
aggregates was measured by using the wet sieving method in field controlled trials. The structure of each par-
ticle-sized aggregate changes, soil water content (SWC), 0.25 mm water stability aggregate content (WSA),
mean weight diameter (MWD), geometric mean diameter (GMD), the fractal dimension D, the erodibility
index K value, and the relationship between these parameters in 0—10 cm, 10—20 cm and 20—30 cm of the
soil layers were analyzed. The results show that: (1) seasonal {reezing and thawing resulted in the decrease
in the content of big aggregates, the increase in the content of tiny aggregates, and an imbalance in soil

structure; (2) water content is a crucial component influencing aggregate stability; (3) the seasonal freeze-
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thaw effect affected the stability of soil aggregates by decreasing MWD and GMD and increasing D and K

values; (4) when the number of soil freezing and thawing events in STF-One fell within a particular range,

WSA rose and soil stability improved; (5) correlation analysis of the indicators revealed that the valuses of

WSA, MWD, and GMD were negatively linked with the D and K values;(6) the 0.5 mm particle size is an

essential key point in the soil structure modification in SFT-Ys type soil. These research results can provide

evidence to support the impacts of seasonal freezing and thawing on soil stability as well as a theoretical basis

for permafrost erosion.

Keywords: seasonal freezing and thawing; soil aggregate; wet screening method; soil stability; Sergyemla
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1.1 HREHRL

2Rl (93°12'—95°35"E, 29°10"—30°15' N)
AT L e J5L AR P B P L A X T R X BRI

AT R Bl Bk S A Lk BE AL R e

T AL 3885 e S A VT A A K L B R b P e E 1
B E IR Y 5 200 m, % Hb X M6 T E A2 B R VR Y
[N EE A RN 3 -3~ /N Rl T e N P o 2 T A 2
WEEERLE 69 H, i &EREW R 75% ~82% . 4F
PIAAXT 1 B 78.83 %6, AR ¥Rk —0.73°C L me A H (7
A ¥R 9.23°CL /¥ A (1 A) ¥ —13.98°C .4 H
PRS2 1 151 h, Horp B MR $che & 09 30 12 1
(151.7 M, B IX +HE AR, + 2 %8, pH A
B 725 Ak T8 FBLAE A~ 6, fim R M0,
1.2 HFmXE

TE R A [R] B9 3 AR S5 AF T L 64T 3 R TR 26
B S B, AR 4 300 m AL HRAEAE WA S AEET
PR R+ (SFT-Ys) , ZE 4K 3 500 m ZbHUFEAE
RAZENPE G R 3 (STF-Un) 268, F| ] PVC %
(EAE 20 cm, R 35 ecn) ¥ 3 500 m 4k + 3R =
4 300 mAbHEATEF AR P I R ZE T A R 1 a, IF Bl
PLIEEHR 4 A S AE Dy — 4E =9 PR Rl (STF-One) ,
FE A5 FH S TR0 Sy MRCHE , ORE R (R Ry 2021 4 6 H 22 H
L ANVRAASS o, AR 5 3 A RE b, A b X
4 ARE AL 84 AR BURERT , BEAT A1 T B b 2 1 A
YR 2 B, BURER B 43 5 0—10 c¢m, 10—20 cm,
20—30 cm, U JE AR Al [l 52 56 % I H A 0 R
&R R AR T R AEBIR . KT STF-One 2031
H R+ HEHURE TR 4 300 m VAR AL 4 4N RE 45—
A~ PVC EHATXT I,
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mm KR/NI B, 78 IR TR TR S X P Y
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P G Ay LB 50 g TR R HERRE L A 5
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mm,l mm,0.5 mm,0.25 mm 0 ik + B4R K @
g RIS L L 30 YK/ min FAE LR IRBH 10 min,
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1.4 HEBSH

BER A Microsoft Excel 2019 #E475 A3 ; 5%
IBM SPSS Statistics 25 X 38 & 7K it Al AT R AR M Btk A 7
AHSEMES T FE48FH Origin 2021 BEATHIE

2 RS0

21 TESWNEFEANTHER
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0 mmVhy 72 DR & 5 BT o L A9 5 K Y TR AE 1096 ~37 00,
3~2 mm Fl 0.5~0.25 mm F 42 AR 5 5 07 H ] 5%
. 7E 1~0.5 mm,0.5~0.25 mm }L42 8 Fl 7 A [A]
TR 3, 22 S8 I B (p<<0.05) i HAT kiR T
Rl 225 A8 (p=>0.05),

FE STF-One 288! + B v, 25 KL & & 7 lL7E A
W )2 AT g, Hh 2~1 mm, 1~0.5 mm I
0.25~0 mm K42 UKL & BT &7 Lo 145 K, 43 A1 ¥ [
FE 13~34% ,3~2 mm Hifs FR & & A g2
AR TEHEE,10~5 mm,3~2 mm Bl 22 %A
BFE(H>0.05),5~3 mm PP 10—20 cm HERY
TRAEKZ,2~1 mm KiEH 0—10 cm>10—20
em>20—30 em Jf H 25 57 & & (»p<<0.05),1~0.5
mm Ml 0.5~0.25 mm B FEH 010 em ¥R & & i
K, 0.25~0 mm B 0—10 em RE S BEHE .

TE STF-Ys 8 3 rh & BURL & & 7 HAE A [H]
BB A Ht 0.25~0 mm RS FRL A TS
FeA AR A3 A Y R E 26 %6 ~5126,10~5 mm K42
AR b /N, EATF )2 WA F,0.25~0
mm R fEH 0—10 em>10—20 ecm>20—30 cm I H.
225 3 (p<<0.05)  FEH AR RLAR I & + 2 A 5
R 2 5 (p<<0.05),

[ — )= A Ak 38 22 S M43 B #E 010 em ¥
EFE+Z10~5 mm,5~3 mm,3~2 mm,0.25~0 mm
AR AR i 2 (8 6 3 25 R (p=>0.05),2~1
mm B R H kS ET STF-Ys $ B8 &H,1~0.5
mm,0.5~0.25 mm R 1Bk & & 5 H, STF-Un
D, E10—20 cm WE P L FE 1~0.5 mm
AR O STF-Un>>STF-Ys>STF-One, fE 0.5~
0.25 mm R AETEE B STF-Ys>STF-One>>STF-Un
I H 25 W% (p<<0.05) , fE H A i 48 op th A7 7R 5 R
BEREST (p<0.05), fE 20—30 cm ¥ HY + HE
HL7E 2~1 mm R A2EF B STF-One™>STF-Un>>
STF-Ys.#E 0.25~0 mm R AL H STF-Ys>STF-
Un>STF-One H 25 I # (»p<<0.05),
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1:(1) STF-Un AR L T4 P fl 3 ; STF-One & — £ F W #
VR L3 STE-Ys HA LA EdRE L3, (2 [R5 8RS A
F/NGFERRE — AR AFE LR ZHERBE (p<
0.05) 5 [Al 51 B4l 5 #5 A 6] R 5 5 B R 7R W] — 12 J2 AN [a] 1 38 b 78 2 7
Z I 5 3 (p<<0.05) . F I,
E1 AELBEBLEARLIELIEANESETH

22 AEEBITEAFNLEZIEHRETLSH

i 1 Al 45, A Ja] — &b PR 28 + 3R 8] + )2 5%
Mr s K Rl ek, SWC, WSA, MWD, GMD, 4>
Y%L D it K fH 6 N 8hntE =2 L2 RE$

YR EZES (p>0.05), FEL—FEFHHEH L
L, SWC 7E 20—30 em B JE 448 % & fie K I HAS )
H)EGEEZ A 255 8% (p<<0.05), WSA £ =2+
P 0—10 em WS /N HAR L )E 25 5%
(p=<<0.05) , HRHEWEAFLET LB EER (p>
0.05), TELZHFEFETEHRB A%, 6 M HEIRTE A [F]
T ZE A W 25 ek (p<<0.05) .

A TR]— = 2 A [ A 8 Ak 328 70 E 45 2 B L FE 00—
10 em BRJE + )2, SWC 78 3 AN [R]85 4 48 2 i) 5 2%
S (p<<0.05) , HATEARAEA [ 26 20 + 4 2 [1) T b 2%
ZH(p>0.05), fE10—20 cm,20—30 cm +2H,6 4
FEPRAEAN[R] Ab BESE A 4 3 v A7 A 1 35 22 57 (p<<0.05)
23 TEANARSESEEEXED T

A LS R 7E SFT-Un A FE b (£ 2),10~5
mm,5~3 mm, 3~ 2 mm # & F &5 5 F IR
WSA,MWD,GMD & & #EMX, 5 D H.K {H2
UM G, Bl AR AR A 3 i, WSA,
MWD, GMD i K, D il K {EHgh#k/N, 2~1 mm kit
AR i 5 WSA BIEME, 1~0.5 mm KRG R Y
SWC 2 EA X, 1~0.5 mm,0.5~0.25 mm,0.25~
0 mm Fif2 &5 MWD,GMD 2B E MM, 5 D
PIRIEM X, 0.25~0 mm B &5 WSA 2 Mt
K. 5 K HEIEMX,

F1 FAELEIERARTEZEREELIR

g3 12 SWC WSA MWD GMD YR D K fE
0—10 cm 15.22+5.52Aa 63.17116.61Aa 1.9£0.61Aa 1.06£0.4Aa 2.7710.1Aa 0.04£0.02Aa

STF-Un 10—20 cm 16.03£5.88Aa 69.0946.77Aa 1.9740.46Ba 1.1£0.29Ba 2.7610.07Aa 0.0440.01Aa
20—30 cm 14.69+5.66Aa 70.05£6.27Ba 1.7740.48Ba 1.0240.34Ba 2.7810.08Aa 0.04%0.01Aa

0—10 cm 31.4940.22Ba 66.43+£11.66Aa 1.55£0.37Aa 0.8940.24Aa 2.8240.06Aa 0.0440.01Aa

STF-One  10—20 cm  48.81+0.17Bb 80.02£7.55Bb 1.7340.33Ba 1.0940.25Ba 2.7740.06Aa 0.0340.01Aa
20—30 cm  51.18£0.13Bc 82.05+6.58Ch 1.640.34Ba 1.04+0.26Ba 2.7840.07Aa 0.0440.01Aa

0—10 cm 51.84+9.34Cab  73.7746.89Ac 1.69+0.27Ac 1.01£0.18Ac 2.7910.05Aa 0.04+0.01Aa

STF-Ys 10—20 cm  57.8448.22Ch 63.54+13.68Ab 1.31£0.39Ab 0.7740.24Ab 2.8540.06Bb 0.0540.02Bb
20—30 cm  47.47+11.53Ba 49.65+13.44Aa 0.954+0.34Aa 0.561+0.17Aa 2.9120.05Bc¢ 0.0740.02Bc

1E SFT-One b (3 3),10~5 mm,5~3 mm i
RER 54 MWD,GMD 2 ZF1EM X, 5 D {H.K
HERFENIEE, BiFE 10~5 mm,5~3 mm bFESHE
M, MWD, GMD E #fm#a#, 1 D . K (6%
Wk, 5~3 mm KA SIS WSA BEIFMK, 3~
2 mm BB S S WSA RIFM X, 5 K H5E 7
K., 2~1 mm ki & ES SWC,WSA.GMD £ &
FHIEAHX, 5 DK HERFERAMAX, 1~0.5 mm ki
TR 5 SWC, WSA # 2 IEAMHSE, 0.5~0.25 mm
AR AR & i 5 SWC 2IEM G, 5 MWD 27476,
0.25~0 mm A AEH K & &5 6 A48 hn A H 5%
Z,H 5 SWC,WSA,MWD,GMD ¥ 2f X, 5

D i .K {HZEIFEME, Ut 0.25~0 mm k.12 A
S BB SWC, WSA, MWD, GMD % i /b #4
#.D {H K HEH S,

T SFT-Ys ¥ (£ 4),10~5 mm,5~3 mm,
3~2 mm,2~1 mm,1~0.5 mm k& & & 54 br
WSA.MWD,GMD £ FFEMX,. 5 D H.K 2
WERME, M 0.5~0.25 mm,0.25~0 mm Rt A
Kt 5355 WSA,MWD,GMD & B #E R 0%, 5
DE.K HERFLEMX, HIEAMEHELL 0.5 mm
Cik R e SR

TE 3 AN AN A Ab B 2SR - 3 B, SWC, WSA,
MWD,GMD, D, K iX 6 4~45br [0 i A C O R B —
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B, B SWC 5 H 4 5 AN hr =z 8l U6 B F A L.
WSA 5 MWD #il GMD ¥ &2 & ZF EM . MWD 5
GMD R B EFMEXAER,.D HS5 K HEIEMEXRE

K.D 5 K fEHAHD.

R2 SFT-Un B TARRXBETEEHEZAN S ES EHREIRNBXESRT

%, Hk WSA.MWD MIGMD ¥ 5 D 5 K 1A%
AR, P I 1 3 T R AR ) WSA, MWD F1 GMD i#

2K 10~mm  5~3mm 3~2 mm ~lmm  1~05mm 0.5~0.25mm 0.25~0mm SWC WSA MWD GMD K D
10~5 mm 1 0.579" 0.040 —0.630" " =075 06687 7 —0.496" =0.071 0.359" 0.896" " 0.838" " —0.671" " —0.868" "
3~3 mm 1 0391 —0.321 =051 04677 7 —0464 T T =0.175 0.428" % 078" 0.686° " —0.6437 " —0.690" "
3~2 mm | 04737 " 0.140 0.010 —0.556" " 0.108 0.601" " 0.340" 0.438" " —0.508" " —0.399"
2~1 mm | 0.868 " 0.668" " —0.29% 0.318 0.366"  —0.395" —0.256 0,023 0,308
1~0.5 mm 1 0867 —0.167 04110225 —0570" " 0448 " 0,206 0488

0,9~0.25 mm 1 —0.,103 0,254 0.223 —=0.506" " —0.430" " 0.159 0.453" "
0,25~0 mm 1 =029 —0932" " —06717 " —0149" " 08517 0m1 T

SWC 1 0.245 =0.034 0.020 =0.094 =0,006

WSA 1 0.637" " 0.729 % —0.864" " =004 "

MWD | 0.965" " —0.888" " —0.984" "

GMD 1 —0.867" 7 —0.99%6"

K 1 0.879 "
D 1
%3 SFI-One I TR FAM + &K Z MK & 8 5% 876 K8 XM 547

5 10~mm - ™3mm 3~2mm 2~lmm M0 mm 05~025 mm 0.25~0mm SWC WSA MWD GMD K D
10~5 mm 1 0.576" " =009 =002 —0461" " 06287 " —0.318 0,041 0.318 0.896" 0.793" " —0.600" " —0.805"
3~3 mm 1 0.152 04727 " 0,039 —0.28) —0.683" " 0,332 0.683" " 08317 " 08257 =085 " —0.794"
3~2 mm 1 —0.021 04507 0.418" —04727 " 0.292 04727 0,160 0.250 —0.368 " —0.233
2~1 mm 1 0.460 " 0.275 =020 0T 0.720" 0,300 04507 % —0.504" " —0.430"
1~0.5 mm 1 0724 " 05717 0.607" 0571 " =0.161 0,036 —0.249 =0.037

0,9~0.25 mm 1 =0.300 0,561 0300 —0.410" —0.242 0,049 0,232
0.25~0 mm 1 —0.608" —1.000" " —0.670" " —0.805" " 0917~ 0.794"

SWC 1 0.608" 0265 0.374 —0.496 —0.366

WSA 1 0670 08057 —0.9177 " —0.794"

MWD 1 0.968" " —0.881" " —0.963"

GMD 1 —-0.926" " —0.997"

K 1 0.908
D 1
R4 SFI-Ys B TAREXB T EEHNEANSES SIEMEMNMEXES T

5 10~mm ™3mm 3~2mm 2~lmm I~05mm 0.5~0.25 mm 0.25~0mm SWC WSA MWD GMD K D
10~5 mm 1 0593 " 0.319 0.460 " 0.078 —0.665" " —0.646" " 0,032 0.646" " 0868 0788 07217 " —0.809"
9~3 mm 1 07187 " 020" " 0.3417  —0.611" " —0.848" " 0.120 0.848" 0.880 "~ 0.891" " —0.866" " —0.885"
3~2 mm 1 0.737" " 04927 " —0490" " —0.786" " 0.157 0.786" 0.679" " 0.706" " —0.785" " —0.690"
2~1 mm 1 0.688° " —0.616° " —0925" " —0.009 09257 07807 0.8517 % —0.866" 7 —0.837"
1~0.5 mm 1 —0.116 =0.675" " —=0127 0.675" " 0.313" 0.436" " —0.576" " —0.4427

0.5~0.25 mm 1 0.582° " =0153  —05827 " =076 " —0752" " 0634 " 07437
0.25~0 mm 1 =0.011  —=L000" ™ —0917" " —0.938" " 0978 0.937"

SWC 1 0.011 0.069 0.084 —0,022 —0.074

WSA 1 001777 0938 —0.978" " —0.937"

MWD 1 0.9777 % =097 7 —0.982"

GMD 1 09357 " —0.998" "

K 1 0,939
D 1

W TR B EM L (p<<0. 05), 7

RN EA L (p<<0. 01 ),
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