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and Hydropower Research Institute, Wuhan 430070, China)

Abstract: [ Objective ] Soil aggregates are the basic units of soil structure, and soil organic carbon (SOC) is the core of soil
fertility. However, the effect of freeze-thaw on soil aggregate stability and SOC characteristics in black soils and the influencing
factors remain timidly understood. Thus, this study utilized the rare earth element tracer technology to investigate the turnover
path of soil aggregates and the quantitative characterization of SOC under freeze-thaw action through indoor experiments.
[ Method ] Black soils of cultivated and forest lands of Heshan Farm, Nenjiang City, Heilongjiang Province were used for this
study. The experiments were set up considering several freeze-thaw cycles of 0, 3, 6, 10, 15, and 25 through indoor cultivation.
Also, the dry and wet cycle method was used to label the soil aggregates with different grain sizes (5-2 mm, 2-0.25 mm,
0.25-0.053 mm, and < 0.053 mm) while the rare earth element concentration was determined by Na,O, alkali fusion method. In
addition, the aggregate turnover processes, the changes in soil aggregate stability (Mean weight diameter, MWD), particle size
distribution, aggregate turnover paths, and SOC under freeze-thaw cycling were evaluated at the different cycles. [ Result ] The
results showed that the freeze-thaw cycle accelerated the transition between neighboring aggregates, which led to a more drastic
transition from aggregates of various particle sizes to those of 2-0.053 mm. With the increase in the number of freeze-thaw cycles,
the MWD and 5-2 mm aggregate content decreased gradually while the 2-0.053 mm aggregate content increased gradually. The
turnover time of soil aggregates increased with the increase in the number of freeze-thaw cycles, and the increase of 0.25-0.053
mm aggregates was the most significant. There was no significant change in the SOC content of the whole soil after freeze-thaw
treatment. However, as the number of freeze-thaw cycles increased, the SOC content of 5-2 mm aggregates increased, and the
SOC content of aggregates of other particle sizes decreased. [ Conclusion ] Therefore, the freezing and thawing effect affects the
intrinsic process of soil structure dynamics by intensifying the destruction and formation of soil aggregates in the turnover process,
reducing the stability of soil structure and changing the SOC content. The results of the study further revealed the microstructural
evolution characteristics of the black soil under freeze-thaw action and its quantitative characterization of SOC, thus, providing a
theoretical basis for the in-depth study of the turnover of black soil aggregates of various grain sizes and soil structure changes
under freeze-thaw erosion.

Key words: Rare earth element(REE); Black soil; Aggregate stability; Soil organic carbon(SOC); Freeze-thaw cycles; Turnover
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Table 1 Basic physical and chemical properties of experimental soil

N ‘ BUBRALR
‘ HE Wk
AR S EEEA Soil particle composition/ ( g-kg™ ) FHLEx SOC /
Bulk density/  Field moisture pH
Land use patterns ~ MWD/mm kL LA RkL (gkg!)
(gem?) capacity/%
Sand Silt Clay
Bra® 2.52+0.16 1.310.05 28.53+1.68 55.4+1.20  593.4+1.00 351.240.80  29.72+0.89  5.56:0.10
M 2.95+0.03 1.17+0.10 31.31+3.74 101.4£1.00 617.8+1.50  280.8+1.00 35.27+1.21 5.49+0.04

e R EORE N ELFRMER 2 . Note: Values are mean + Standard deviation. (DCultivated land, @Forest land.

B 0L 3L 6 I, 10 I, 15 YR 25 Ik (i
& FCO. FC3., FC6. FC10, FC15 il FC25). 434
TERE SHAE PR UCBO B KB BORE , BURE i B v A4
A 3 REEFE, REHITR R 2R T
A 45 CHEFEHET, e ikt
1.3 REE H#rie5WEFH &

KA TRIGAbRIC X TRl SRR
P R R - A AR A S vk FE 24 500 mgkg ' 4
¥ ERE T M USRS (5~2 mm, 2~0.25 mm,
0.25~0.053 mm. <0.053mm) HEIK, it h A. B,
C. D, 4l AR oo R SRR TRRIC,
A. B. C. Dp5lx e s (Nd), %2 (Sm). i
(La). 4L (Gd)o 53K 25 RiA% A R AK 4 5] 3 A #E
R b, FZRIKmEE B KE N 150 gkg ', R

Jei ¥ 2 BRI s 0 2 AR R A HRZE S Y £
B L, R T) S BRI R RIR S SR REE FRic i)
R =00 T AT 24 h, FFEEZIZB-TRF 5K,
PR E LREE T 60 CHUARHET 24 h, J3 0l X g
PR, REPRCIEIR R, RAFY 15 g FHE
A, BATFHARMEAEEFE, @ iE A8 s
1645 85 TR B3 {Y ( ICP-MS, Flexar LC-NexION
350X, M) BME, LIE S ARiCR#R A SR
S IPIIG REE e B o #2 BEUR IR 3R 2 0 A Iid He
FEVEAT S8 . ATk DU R RS 0% Sm. La.

Nd #l Gd WS EETTIRIC, S aifEH T
99.99% . i + A ALYy 1) OB 9 6.5~7.6 mg-m >,
P ER (D50 ) K 3.2~52 um. # LITERIC
R Sk B AN SR 2.

%2 BtinE (REE) WS ERERFIDKE

Table 2 Background concentration and labeling concentration of rare earth element (REE)

A A I REE H 5k REE FRic i B
Land use Background concentration / ( mg-kg ') Labeling concentration / ( mgkg ™)
patterns A B C D A B C D
" 5.7740.48  26.25+0.03 6.33+0.67 28.94+0.41 335.50+1.22 424.43£2.01 422.89+0.99 336.59+0.83
st 21.55+0.22 8.38+1.00 5.67+0.88 29.93+0.77 317.43+1.03 367.15+1.77 243.60+1.45 408.64+1.25

{E: £ AL B, CHI D RHIFRAREARE (5~2mm), /PAARE (2~0.25 mm), BATRAE (0.25~0.053 mm) MEF#HL (<
0.053mm ). i 03 19 2 R F Nap O, BBA L, BEARE AT SR 2 W EREIEATINRERC T, VR T . R8O b 2 (b v 2%
Note: In the table, A, B, C and D denote large aggregates ( 5~2 mm ), small aggregates ( 2~0.25 mm ), microaggregates ( 0.25~0.053

mm ) and sticky powder particles (< 0.053 mm ), respectively. Rare earth elements were determined by the Na,O, alkali fusion method®”!,

and each sample was prepared by taking 2 soil samples for measurement as replicates, respectively. Data in the table are mean + standard

deviation. (DCultivated land, @Forest land.

14 E®iSHItE MWD =, T (1)
VA 3R Ak R 5 M AP 14 4 v 3 RO ) R e AR 2

(MWD ), MWD {E#EK, 18313 A R IR E .

AP, MWD Jg-FEE R EAE, mm; w; E @ A
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. X
g kg n (3)

Kb, ¢f0FE 0.8 mol'L' (1/6K,Cr,0;) FRiEIRTK
MM EE , mol-L™'s ¥, #8484 1R i i a2 i T A 1Y
FeSO, &R, mL; &k R 3BT + 1 R4
VR S 8 BETEAERY FeSOL AL, mL; m AT
TR, g
1.5 TEARGEAHBRESHITE

Xof T AT SR AR Ji A A% L FA e i TR T, A
WFFER Y T 100 M U 4 B, £ 25 M) Peng
SEUOSET REE 7R B3 P SR R J A i SR 10 ik
T2 4 Fos A2 A R A5 31 o0 K R
T NIRRT R BB, I2/E A (5~
2mm), B (2~0.25mm), C (0.25~0.053 mm ) Al
D (<0.053 mm) %%, & 1 ¥i7~, A, B, C. D
DURH R ARAFAE a~f 19 6 FIBERREEFE A g~1 19 6
FRE B 42 o 5~2 mm F RIEBERETE % 2~0.25 mm
R Aidh A—B.

Breakdown

-
o

Formation

IE: AL B, CHIDMIFRKARK (5~2 mm), /hA
Fik (2~0.25 mm), HIAIERE (0.25~0.053 mm) FFKIRL (<
0.053mm ), T} a~1 1) 73 327 AT SR AR 14 J) 5% %42 . F [ . Note :
A, B, C and D denote large aggregates( 5-2 mm ), small aggregates
(2-0.25 mm ), microaggregates( 0.25-0.053 mm )and sticky powder
particles ( < 0.053 mm ), respectively, and the letters a-1 denote the

turnover paths of the aggregates, respectively. The same below.

K1 PRI He s =

Fig. 1 Schematic diagram of aggregate turnover
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NS00 A1 SR AR 1 o) 7 R T B @~ 1,37 o AN T 4
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PR E T Z5 AP E ( Duncan ) i A7 50E i 2
FZHER TS . IR Origin 2025, 43 Mt
SPSS 27.0. EIFREH J 1 P {45 M 22 o

2 4 R

2.1 REE #ri2AT1THE

8 ) SR A T (1 R 45 i BB 5y A AT SR AR 11 B
AR, SEONE ) 52 56 i AR v BT AR S A5 2
(%E . REE 7 SRR 3 ik S 5 P {8 =[] 1)
SRR SRR ST e, T A AT R B YA AR
5 e E A RT AT . R 2 B, UE R
B R*=0.994>0.9, W] NS0 BOHE AL BE =, WU
55 SR ] A 2P A DG OC R ARGF, Ui id i REE 7R
7 % e R T - 398 PR R AR Y & A8 fk, REE R
ER AR FEA S T AT AR

140 |

1201 70.974 2x+0.084 4
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Fig. 2 Fitting curves of predicted and measured soil aggregates
after freeze-thaw action

2.2 AEFBERT LEFRREHN MWD fIRiE

Vil

HER 3 AT, B VRARECYIE I, B FRR
i) MWD 1580800 5 a3, 7Rk LR
Wi > (P<0.05 ). #FHiAE FC3, FC6, FC10 Fl1 FC15
I MWD 28 BIFEAE T 2.4%. 1.0%. 8.2%F1 5.2%,
HRHEFE FC3 .FC6 1 FC10 B MWD 43 SIFAK T 3.2% .
2.0%F1 1.8%, #HFHLTE FC15 5 MWD JFEA5 0, #k
HiU & FC10 J&o #FHbAY MWD & Tk, HI
IINEIER L 2 (P<0.05 ).

WL 3 ARiAR oA AR A T L & B0 Bl 4 1 il
AR YB3 N, AS [RPRE AR T 3R A %) I it 40 L 52
P B E AR, BATS, 5~2 mm F/NT
0.053 mm 1R M5 15 43 b2 B e/ 5 1S
By, 1 2~0.25 mm F1 0.25~0.053 mm [ Rk
I S A 0 JE e e (P<0.05 ). o, N
0.053 mm FIRAER IR EE (P<0.05), Hk
J& 5~2 mm Fl 0.25~0.053 mm HIEME, i 2~
0.25 mm KRR AZA BN, BIEmNE, /N
0.053 mm FREMARLBEETE R % (P<0.05),
It RV b i R R P U SR 3mSR AR B i
e B RAL, FRTE FC1S RRERIRAR (F%
X7 34.0%), MMAE FC10 BFFEIE R K (KT
47.9% ), WFh 1A s KR MRS A SR 4 be
B4 Frs s 5~2 mm PR IRTE ZR g 20l fiE v 35
PR B ARG B 34 ( P<0.05 ), R Ak 7E FC10
R IR e K, 43 T 17.1%H1 30.0%, #f
HiAE FC15 Bk 2 e/ ME (17.8% ), #RHi7E FC10 B
K E R /MA (50.%); XFF 2~0.25 mm HRAE, #
HbFHRR b 7E VR RIE P00 0 X5 JF 46 38 n , B HLAE FC10

x3 TREMEBEATLRMOTHERER

Table 3 Mean weight diameter of soil under different freeze-thaw cycles/mm

+ MR =
FCO FC3 FC6 FC10 FCl15 FC25
Land use patterns
i ® 1.63+0.00Aa 1.59+0.01Ab 1.58+0.01Ac 1.45+0.00Ad 1.3740.01Af 1.39+0.02Ae
Men® 1.21+0.02Ba 1.17+0.00Bb 1.15+0.09Bc 1.13+0.00Be 1.14+0.01Bd 1.124+0.00Be

. FCO, FC3., FC6, FC10, FCI15 Fl FC25 7 MR /R ARG REL 0, 3. 6. 10, 15 F1 25 K, RIFIA KRG Fh:F R M — 0k

FRE PR BT AR L3 A O i) 22 5 B3 (P<0.05), [T ARG 7 88 38R [l — e st 1T D7 27T A [ 2R Rl 0 20 o i) 22 e 1 3

(P<0.05); T, Note: FCO, FC3, FC6, FC10, FC15, and FC25 denote the number of freeze-thaw cycles 0, 3, 6, 10, 15, and 25,
respectively. Different capital letters in the same column indicate significant ( P<0.05 ) differences between different land uses for the same
number of freeze-thaw cycles, and different lowercase letters in the same line indicate significant ( P<0.05) differences between different

numbers of freeze-thaw cycles for the same land use. The same below. (DCultivated land, @Forest land.
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Fig. 3 Particle size distribution of soil aggregates under different freeze-thaw cycles ( a. Cultivated land b. Forest land )
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0.053 mm PR T Eor e, RIS, FERaLIE 2R
OB I MWD 3 8 B A o X6 T[] — VR ARG R
Hb A2 A2 23 A I MWD F4 728 AL B R 21
23 ARFEMBEATLEARGCHEREEZESAE
SYHTIEL 4 AT, RmLEFE R IR T 2 4k
R B R AR 2 B A e e . VRRLIE AR E T 2~
0.053 mm HRIRAGIA R, £ F] T/ NARAK A TE 5 LA
LT 5~2 mm PATERR AR . Bl & VR BlAE A K
BBEIn, 5~2 mm HRIRA BRI IE N, T
TE R B WAL (P<0.05); 2~0.25 mm HRIKMH)

AR R R B 3438 0, B LT B A 4 R T8 K
W (P<0.05), HIEBFRIZRKFBER; 025~
0.053 mm P B AT il R A i 2 s, (B
I I 1 RO E(E 2 R F i3 (P<0.05); /N
0.053 mm  F IR 4% Ak S P AR (9 R A BUE
T8 KT 1% A BRI R A BUE , Ti/hTF 0.053 mm
BIRMIE BRI B3 . FERRIEAR S, 45
BLARTE S 3 NG R R 1 K /N3 51 . B>C>A>D
D>C>A>B, H 2~0.25 mm Fl1 0.25~0.05 3mm 1%
PR BYIE BRI KT, Rtk , 78 VR s 24 5 2
& REAR A B A ] 2~0.053 mm H R IRRIAR AL
ke, oM 2~0.25 mm B RIERHEL, X T
AN[E] - RSSO , BEHE 5~2 mm PSR 1
RS Tkl T LR M AR T Mkl ; Ml 0.25~
0.053 mm PR IE BRI s 35 = Tk b . 9,
MH/NT0.053 mm ARG ARIE AL 0.25~0.053 mm
Bk (D—C) ek 77.6%, &N 54.3%, ik
i D—C el 52.8%, AT A HARIE
SRR BRI % (£ 4), B TR
EERUEL B IE TN, 457 420 P SR AR 1) JR) s 2R % T s/ N
JEV I I ) S 4 K ( P<0.01 ), [RIES, XoF b AR BT A5 0,
/NT0.053 mm PR R am/)N, SRR,
2~0.25 mm HRIRJR 3R R K, R R . It
Ah, TR T LU A ), X T 0.25~0.053 mm
PR, b %) Jo) 7 236 v Mk ki 1) JR 5 3R
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HiHh
Cultivated land

el

Forest land

e Wik Rom BRI 1, BUER R B RIEAS{LA, B8 %. Note: The arrows indicate the direction of aggregate migration
and the values represent the rate of aggregate change in %.

Kl 4 ORTR ZRERE PR T A b e A SRR S e s = ]

Fig. 4 Schematic diagram of soil aggregate turnover under different freeze-thaw cycles

R4 BREHRKEEREEE

Table 4 Turnover rate and turnover time of aggregates by particle size

A 7 Rtz JE% 3R Turnover rate / % JEHE 1 A] Turnover times / d
Land use patterns Particle size FC3 FCo FC10 FC15 FC25 FC3 FC6 FCl10 FCl5 FC25
#FHb Cultivated land 5~2 mm 1.279Ca 1.695Bd 2.718Ae 3.076Ab 1.552Ac 78Be 59Cb 37Da 33Dd 64Cc

2~0.25 mm 1.991Ba 0.408Dd 0.335De 0.915Cb 0.524Cc 50Ce 245Ab 299Aa 109Bd 191Bc
0.25~0.053 mm  4.321Aa 3.185Ab 1.550Cd 2.433Bc 1.099Be 23Db 31Bb 65Ba 41Ca 91Ca
<0.053 mm 1.028Db  0.570Cc 1.884Ba 0.202Dd 0.090De 97Ad 175Dc 53Ce 495Ab 1116Aa
HiHlL Forest land 5~2 mm 2.628Ac 1.041Cb 0.787Da 0.556Ad 0.068De 38Dc 96Bd 127Ab 180Cb 1468Aa
2~0.25 mm 1.032Dc  1.155Ab 1.209Ca 0.376Cd 0.151Ce 97Ac 87Dd 83Bd 266Ba 662Bb
0.25~0.053 mm  1.952Bb 0.812Dc 4.677Aa 0.147De 0.335Bd 51Cd 123Ac 21De 683Aa 299Cb
<0.053 mm 1.441Ca 1.056Bc 1.375Bb 0.535Bd 0.378Ae 69Be 95Cc 73Cd 187Cb 265Ca

PR R E F Rk FRIR [ — SRR P R AN [RDRL AR ] 22 57 8.3 ( P<0.05), [T AR/ING SRR IR Al — R AN [R] k fil
PEIR R A 8] 22 53 . 3 ( P<0.05 ). Note: Different capital letters in the same column indicate significant( P<0.05 )differences between different

particle size for the same number of freeze-thaw cycles, and different lowercase letters in the same line indicate significant ( P<0.05 )
differences between different numbers of freeze-thaw cycles for the same particle size.

24 ARFMEATELEARGCHEMNERES  WIREMEXN S E SR IEEE RN, Rk

RS FC25(0.02% ) FPHARIRT 0.05%, BIERREEER

B 5 ok T H BRI BT 1 AR 27~0.25 mm R ARAYHIXHE AL FCO T 4R 7E IE
AL, SRR Sa) s, Ef#on S CRNZRI, FEVRRUS )& B AR, Ao
BRRASHILG, PRk s, mim g E0E (FC1S -0.02%), B{EBAYIEE, P
BRI IR I ([ sb) s, g JUAE FC15 HiBLEARME (0.07% ). 0.25~0.053 mm
TRAGYIIRZSAR L, ARG e, i 6 8 SRR TR A 0 B e A R R R R A O
W e T R A R R . RS D7 (8 sa) b, (P<0.01), FEVRRRE U A /IR EERE I, FC3 £ FC1S
B 5 G PR OB 38 AN, 5~0.25 mm PR AR SeHE s ¥rontE, HEKREALIHENT 0.05%, BEERE
W, KRR R, i 0.25~0.053 mm FIBME RV IR (E Sb) b, BERE R RS N
SN I, A SN ( P<0.01 ), S~2 mm A RLAE AT R AN i e N E A, SR R

http://pedologica.issas.ac.cn



1774 + %

% 62%

/NEF (P<0.01), 5~2 mm P RASEI/ NG,
AR 2 (P<0.01), HFAREIXIE R FCO
SEE R, FRWZ AT SRR DU 5 2~0.25 mm
P SR (R A 7l 0 P ot 2 b SR s/ N I 3 I P s/, R
Al I REIE R, AR AR B 2 o0 IR E

Ak 2% (P<0.05); 0.25~0.053 mm F1 B X
B/, B A VR R B 1 E5 T 64 2 il

a

) o020
N
s
Z o1st
E
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lmg 0.101
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& gg 0.05F
ﬁ§ z
= £ ooof
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2 005}
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0 3 6 10 15 25
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£ 025
o
Z
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=20 015f
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=
£3 olop
£
WS 00t
=
K3
g 0.00
g
u_g -0.05F
[
m _010 1 1 1

0 3 6 10 15 25
MR HL-A FAIEFR UL Forest land-Freeze-thaw cycles

INo T SRREIE T 10 ST B 1), Bk b ) G T st
TE FC15, Ml FC10. LA 40T, VRBLAGH s
T RARKGBERE, {20 T 2~0.053 mm AR
Zil: =S NS 7 N i [ e 2 S U TSI N R TR T
SRR P AF T TR i e R T B e e 114 S AR A A i B 45
KFBEH, 22 UMb AE VR Al A v PR SR8 4% i) 2 2ot
HRIZL (P<0.05 ),

b)
o %120 a5 mm—e— 2025 mm —4— 0250053 mm
£ o010t
g o008t
< 0.06]
=22
B ed 0,041
25
=P 002F
=3
Wo 000f
=
g —002f
<
2 -0.04f
£ 006t
[
_0.08 1 1 1 1 1 1 1
0 3 6 10 15 25
HEHL-ZE R XEL Cultivated land - Freeze-thaw cycles
0.08
© —a— 5~2 mm —e— 2~0.25 mm —A— 0.25~0.053 mm
= Ba
£ 0.06f
<
£
1 & 0.04 -
=X 2 Ba
B2 o0
T =
= ob Ba
z¥
Z< 000f
g -002f
<
[
Z —0.04f
kS
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-0.06 ' : ' ;

0 3 6 10 15 25
PRI -4 ERIEFR UL Forest land-Freeze-thaw cycles

I RFMEF AR P RS 5 8RR [ — VR R E PR BT A RRLAR 9 R0 T (P<0.05), /NG FRERR X i) —kide A
VR FAIE I R ) J 2 PE 439 BF ( P<0.05 ). Note: Upper case letters in the significance letter markers indicate significance analyses for different

particle sizes at the same number of freeze-thaw cycles ( P<0.05 ), and lower case letters indicate significance analyses for different numbers

of freeze-thaw cycles at the same particle size ( P<0.05) .

K5 HEP RAAR XL i A et (a BT 1), b ARERE T 1] )

Fig. 5 Relative formation and fragmentation of soil aggregates ( a. Direction of formation, b. Breaking direction )

2.5 AEFMERTAIRNEERIE

HIZE 5 n g, A LAY & i BEE IR Rl CRL
AN A B35 o DR AR Y 4 1A DA 75 4
YR sh e, HAERZELRER/N, BRfes
4 WIRR AR RIS AE L R, /N 0.96 gkg !

MHLTE FC3 il FC10, ZARfL ¥R 1.42 gkg'o AR
G AR & B TR, HL AR R A B K
A ARARA WL T o B R Rl B AR A AN TR
XFEL 6 43 BT AT & BAE — 5 3 PRl P o 4 il it 2 1Y) 34
i, 5~2 mm FIRARAGA LI & SR S ka3,
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x5 TRGEMEFRTE2LANK (SOC) FEMTL
Table 5 Changes in soil organic carbon (SOC) content before and after freeze-thaw/ (g-kg ™)
AR I =

FCO FC3

Land use patterns

FC6

FC10 FCI15 FC25

Brb® 26.24+1.30Af

27.03+0.04Ad

33.55+1.79Bb 32.13£2.36Bd

27.20+1.88Ac

32.72+0.69Bc

27.42+£2.28Ab 26.96+0.96Ae 27.54+1.70Aa

34.14+0.84Ba 34.12+1.39Ba 33.68+2.03Ba

W WEEMFRAR D T R 5 RS S RE R R R — R RGP B AN R) 4 R O =R AT (P<0.05 ), [FAIAT/NE FhEFR
7 [] — = 3 R 5 20 AS 8] U B A7 2R vk B0a) 19 & 38 4 43 BT ( P<0.05 ). Note : Upper case letters in the same column in the significance letter

marker indicate significance analysis between different land use patterns under the same number of freeze-thaw cycles ( P<0.05 ) . Lowercase

letters in the same line indicate significance analysis between different freeze-thaw cycles in the same land use psttern ( P<0.05) . D

Cultivated land, @Forest land.

a) 34r b) 40 —a—5~2mm —e—2~0.25 mm
| 38 —4—(0.25~0.053 mm <0.053 mm
32+ 36L
= | = 34r
2 0f » nf
0 r 0 30
o 281 o
3 3 xf
0 5| I 261
&0 26 &1
x| 21
= =
= L =
‘}\: 24 '}\: 23 B Ce Bc Bc Bd
I C Bb
22+ 181 Ba
| 16
20 1 1 1 1 1 1 1 1 1 1 1 1 ]
0 3 6 10 15 25 0 3 6 10 15 25

R R FR B Freeze-thaw cycles

DR RAEFR AL Freeze-thaw cycles

B 6 ARGEIGEH T &Rt SOC S &=iA8k (adti, bbkHL)

Fig. 6 Changes in SOC content of different particle sizes under freeze-thaw treatment ( a. Cultivated land, b. Forest land )

FLA R R 52 1 25 /N B, 2 VR il i B 34 o 38—
SERR R SR A AL S e Ak Bl i, SRR H ARk B
KAEMAE . 5~2 mm H RGN, b re
FC15 ik 3l 29.91 g'kg™', #RHLTE FC10 1A% i
Bl 32.57 gkg ' 2~0.25mm. 0.25~0.053 mm #
/NF0.053 mm FI AR SEI80/ NG G, Bk b dw/ME
1E FC15, #K¥KH 26.08 | 30.81, 22.40 gkg', #k
Mot/ METE FC10, 4K YK R 25.13.33.90.17.98 g'kg '
UEAh, #EH A 22 BOR A2 FT R IR AR 7RSS 3 IR
VR G PRS2 50 A A AR KB B o X T[] — = A
K, 0.25~0.053 mm FREA LIRS EiE, HK
Jg 5~2 mm FHEMAK, /N 0.053 mm B RIEG P
S WTAR A TR, RN T
0.053 mm P ZRIRSN LA AT HLA & 3 = Tk

M, HARLAR A B B A A A A b o
2.6 ARGEMERTIEARCAESENKRY

EE A

wmEl 7 Bs, TEGRREA L5 h A B & i S
P 3 I JB) s i R S 60 M G (P<0.05), 55 AT SR A A
Asf ] S IE A 56 ( P<0.05 ). 5~2 mm A BB A HLER
Sy 5~2 mm W RAEMBEU L 025~
0.053 mm P EAAK ] 2~0.25 mm B RAK I 8 S E
A, LHIEBIRIKMIE K, HXRECH 0.890, 5
AR AR P 3R A %) JEL A i ) 2 A 96 ( P<0.05 )5 2~
0.053 mm H1 R AAA MLk & = A2 AL 5~2 mm
PR R 2~0.053 mm PR BERE S 5% T
X, #5 0.25~0.053 mm F R 2~0.25 mm 4
BRI B R 56 (P<0.05), 55k Bk i) ok A1 58

http://pedologica.issas.ac.cn



1776 T

Eibd 62 %:

TR TE BRI A28 i ) A B 1] S TE AR O ( P<0.05),
2~-0.25 mm SRR 9 £ AH OC R 5053501 —-0.966
—0.847 F1-0.949, 0.25~0.053 mm [ S AR 1 1Y 11 4H
K BB N-0.966 . —0.925 F1-0.996, W (1 IFAH
5 ZHE 0.848~0.932; /NTF 0.053 mm HSIKA
ML S S 5~2 mm RN 2~0.25 mm HE &
AR FE /N T 0.053 mm F1 B 1 5 7 AH 56

(P<0.05), He&RiA2nyJaEEmaFl 0.25~0.053 mm
/T 0.053 mm AR AR A2 TEAHSC ( P<0.05); 421
A BB 5 5 /N AT SR A o A P SR AR A e e | Bl A R A
Tia] S AT SR A2 118 D ol AR ol ) 58 s 2 B i) 22 74 G
( P<0.05), HHXEREAE-0.905~-0.703, 5Bk
1] /0N [ 3R R 114) T2 i AR ke AT 508 A 1 ) B %6 528 E A G
(P<0.05), AHXXHE5r5120 0.972 F10.829,
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¥ : Bas. Bec. Ben. Bac. Bep Fl Bap 2278 JOR A% B AR5 Ak /N A2 AT SRR B TE 5 Faay Fep. Foc. Feas Fos Al Fpa /R
7NV A% DE B AR e A i R A% A BR AR B JE A 5 SOC A SOCs. SOCc. SOCp il SOCq 43 AL 3 & ki AR A B AR A1 42 L B A WLBR & 5 Tias
Tn Trc Ml T AR B RAZ B RARMY A 835 Tia, Ty Tic M1 Tip ACRERLAR I IR A Y JE G Bt ) 5 A1+ 23 51110 3 P< 0.01 FI P<0.05,

AHSe Pk i % . Note: Bag, Bsc, Beps Bac, Bep and Bap represent the amount of breakage of large-size aggregates into small-size aggregates;

Fga, Fcp, Foc, Fca, Fppand Fpy represent the amount of formation of small-sized aggregates into large-sized aggregates; SOC,, SOCp,

SOC¢, SOCp and SOCq represent the organic carbon content of each size aggregate and whole soil, respectively; Tia, Tis, Tic, and Trp

represent the turnover rate of each size aggregate; Tin, Tig, Tic, and Tip represent the turnover time of each size aggregate; and ** and *

represent P< 0.01 and P< 0.05, respectively, and the correlation is significant.

& 7

AN R RRAR PR T e R TR 5 A LB A S 56 R

Fig. 7 Correlation between soil aggregates and SOC under different freeze-thaw cycles

R I 2
3.0 RERME X 1 5 N B A R R O B I

R R P30 2o R 45 5 b {3 K o B AR
AT B AR R, X R R R 6 3
SER AR (A BT o BIF A 45 e A VR LG R A 2~
0.053 mm KRR £, il T 2~0.053 mm [l
RIKPARE 5~2 mm FHRAEFA/NTF 0.053 mm #

W, [AEHf MWD B (£ 3), X 5EEY
U5 5l 38 5 1 Rt - 9 K PR SR A AS I 43+ Ay
/NETRAR . MWD J/NEZS AL, 5~2 mm F1R
NS RAK, FERSGEERTESBRR 2~
0.053 mm F Rk, JoHE 2~0.25 mm FRMKE, i
/NF0.053 mm A ERAAR b 2 0 AR 5 T 2 5
Gy RS T ONU]ZIE 20N SIS TR Uik 2T
Jo R 43 B A A BT VR ROE SR R B0 K & —
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FREEJG AR (&1 3), 33X AT RE A IE IS R w4 FH X
PH B (e MR s i ik B — 2 R e (A b ik
15 %K, MR 10 %), -3 SRR A B RE FUE iU T
FagE, MLEF, R4S AR T o SR ek T
FE o Z )5 VR AR G - 498 PR 3R AR 1) 5 i A3 BT 08553
Vi 0GR 0 AR v, A g A SR %) S B sk ) K BT
20~500 d Z[El( & 4), 55T Wang PO 41~
168 d, AT g F ARSI 5~2 mm HRIKRE SO
KA, 1 Wang ECOR) S8 op K H R R KT
1 mm 9 A1 R4k
32 ERMERX L ERAREEVEN I

St UREE IR IS, AL & R T
2.43%~14.12%, {H ST F A HLAR & A8t A X
BN (3£5), X5 DeLuca 2578 19 R G AR
FAXE A HEAT MR SR T B R . AT MR Y R A
T R RS A 2538 — 3K . Martine 2E P8R 5% & BX
HE RO A28 AT SR AR A W il kR v AT ML 5 i I S
Mo FEARWEFE T, URALAE S S A R R AT
B A LR, 13X AT HLAR i K AT RS S AR K
WA BRI S el 25, TS5 5~2 mm FI R K
AU E I (6 ). AW/ 1R o kA ]
RAA RS ETE FC3 VR E A (1 6),
A RS2 VR Rl VR A0 300 39K 43 45 A Ak o AR X
LS B AN, A BT TR RS AR 42
HERT R R E ., VISP RMIER TH
BLB 253 A A6 K AR AR R A SR Ak v, SEE0 2
([ 6) F£B 5~2 mm il 0.25~0.053 mm FERA K
AHR SRR L, LR 0.25~0.053mm FER4,
PR AR S 565 WL 2 LA G SR Ak o AT A7 TE
33 ARERATIEARGCHEARSENHRETWL

HIBX &

TEREE (B 7) RIS R AR fb e
5 R JR o B OIA G, JUHUE 5 KRR
Tk R 1 /N AT SRR B4 T i LA % ) 2 B ) 5 IR R
Wiesmeier 2550 % 3 {3 A AR FA HLBR B R 45 &5 T2
IR AR, T R AT R A i e o 65 /N AL SR AR A A AL
Mo Park SFPURFIY & BLLE R AR FH R 4 SR 141 3R 4k
R RO AL Z ALY T . 58 HLARE A1 3R
PRI i o v E L A RS 5 W I, A LR o
ZEAEHT, ARk ORI R, T AN AR AR Y 1A
IR, XS0 PH SRR G W PR R, R A LR

T2 R o, IS LA i e B2
o B A0 T - M AT SR A ) B A 2 R LA WL 14 4
A RIRRAE P o vl PR e vl 72 AT SR AR A 4 ) A 41
B, A A SRR T (R A ALK 2 5 R B A0 L . AL
VR A FF A 38 1o A A KRS, S e
A= R PR HLER B Ak o, UE T e
LRI IER AL o X S PR 3L R He e T A LA 9 &
R

Gaji¢ EPYIFSE K B+ A Rk R e % +
AT HURR A B BRSO o b 45 22 B R B
ISR (S, B 6 FIEE 4) Rl AIAKHBAE 2R
IE R P R BRI B, R AR A A . A X
TV i 2 AR X 1 e i %) 2 A A o $A 2 B B b (.
. XA BRI AR A LR LR e T A,
DMIR ot G RR R A DL, X A7 LT Y i
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FI M + 0 R BRI R = VR AR PR, %
VR RAE T 498 P R R 1 J0 2l R A LG 7 AR
a3t (1) VRAMZ IR T I3 A R AR i R e M
Wit %5 o 1 T A o, AT SR A 2 B o BRI
[Fi) B R A ) AofF 4 08 A R A JR) e it AR T 20, 4
H T 5~2 mm HRIKFBEFEF/NT 0.053 mm F]R
R BRE, FEEXEH N 5~2 mm F/NT 0.053 mm
A B AR B Wi 17 2~0.053 mm R AEEEAL . A+ 15
P 3R A &) 7 23R 5 5 s () i B 02 0 3 R R 56 . (2)
RSP R e SRR SRl IR N E S (RT3 ]
ANTRVRE AR P SR B WL 7 £ o Bl 25 VR V17 1
58, B 5~2 mm PR HLIRZ BTG n s H Ak
P SR MILAR sk b o TR AT SR A BB 75 1 1)
AR A, 5 P 5 A JE) A I 420 R A sk ) i ARG . (3)
SRR LY, RRLAE R SRR )5 e B, AR AL
R0 bR - S R AR A e e R IR, 4R
BB & AR B e T v . URAZ D IS
() AT 5 X6F 2 — 2 it AT = 48 25 ¥ 3h 25 A8 16 1 P 7E
e, R RIS R R R e i A B AR L,
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