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Z JEDHE LRI R B e K, 7—9 H I BEK o 4
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Table 1 Texture and grain size composition of test soil

+E i ARLYR B H U %
WEfem  4FK ik Bk ok
(<0.002mm)  (0.002~0.02 mm)  (0.02~2 mm)
0~20 HEHEE L 3542 16.47 48.11
20~40  #it 51.55 12.03 36.42

T IREE 1RV E S e M S SR ST
1.2 R

RIS VT AN ] ) HH 1) P it S K b3 6 A,
Forp/NZz i 4 A, B AR BE 2 A, BRERIRE 2 4,

TR BB #E A3 2 A ISR IR 2.
RIEX, EF N, FTORMOAMER, BiARE
k2 Kkt &
Table 2 Treatment design of field test
. ] A T

b HE S 7 T A L BB L

H S Ai/(m?-hm?) H SEBV(m3hm?)
Txm-1 INZE KRR B 0813 FRHF. FLBE 0421 1200
Txm-2 AN AR ZR TR A 0813 FRHF. FLEE 1027 1500 0421 900
Txm-3 /NS HI B A e b 0410 ekt 0422 1200
Txm-4 INSEHO B A e b 0410 Jiekt 1027 1500 0422 900
Tym-1 KL A b 0410 Jiekt 1027 1500 0422 900
Tym-2 TR Hh B 2 G 0410 JieHt 0422 1200

1.3 M

NI AR 2019 45 7 H 21 H—2020 4F 4
H 30 H, FKHIEIN 2019 429 A 29 H—2020
4730 H, BfEREE — e, e
66

H NP AR 5 PE I AR UK RS I B SR A4, S /K R4
fby A BRI R AEARFE I B AR AT T I . BIR AR E
SEVRFE N 0~10. 10~20 cm 1 20~40 cm, HF[E]A 2019
10 H 27 HABERTA 11 H 9 H. 2020 4 3 H 21



HOBTIC & e SRR IRIYIAR BV B 2209 1R R Rox) 338 D SR A FA) B i)

HA 4 A 30 H, MECEARREER D K
56 A WU 5 H BIAE 12 5 1 R 3 ASSPATRE RN #EAT
W, FARH 3 A TAT RIS R AT et 70 Hr

2 BRSO

2.1 GHBEEFEHT RN BRI

5 A AR R AR R R AR AR A4
MR EAE<10 mm &5 H 4. B4%£=>0.25 mm
(1) 1 SRR 2548 AT AR K A1 B A4, EA%<0.25 mm [H[4]
FARGER AN FR B R AR . — BN, KRR R K
T 70%. FHEEHEZ (MWD) £ 2~3 mm Z[d],
LA T I AR S

MWD=Y1 w;x; (D

o x4 0,5 W J9ki4%£<0.25. 0.25~2. 2~5. 5~10 mm
BRI EAA (mm) FREE S (%) .
2.1.1 HupRAR = M KA KRR

HUb RS e M ] 344 2 48 Re W H L 4 J1 R 1) (4]
Bk, ARG & AF T 2019 £ 10 H 27 H. 11 H 9
H. 2020 4£ 3 A 21 H. 4 H 30 H455%E 0~10.
10~20. 20~40 cm L EHIMARE T BI R AR &, DL
Hi 5 E Txm-3 405 R B Tym-2 AL (0 5
SERRBI, K R AR B R R AR R AR, 2
REREL. K2,
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Fig.1 Content changes of macro-aggregate with mechanical
stability for treatment Txm-3 during freezing-thawing
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Fig.2 Content changes of macro-aggregate with mechanical

stability for treatment Tym-2 during freezing-thawing

B 1. B2 1A, LR oK A S A B R
JET7 AR AT — 2 UM, B Tym-2 Ab 2 2019 4
10 H 27 HA[A] 0~10 cm /T 10~20 cm L 24k, HoAth
I RIS 7 B T2 AR TR, K SR A & e s PR
FORREEME, BRI 0~10 em )2 A K R4 & =>10~20 cm
+ B A KA E =20~40 cm +ZEH KPR IEE.
BT R A S AR S B I R AR A FE, Txm-3 AR B M
2019 4 10 H 27 H—11 A 9 H, AR LTZEMHER
SEMER B RAE B A AR FEC, & 2020 45 3 H
21 HEHE, PR E MK B SRR E R AT
Fr3ghn, M3 H 21 H—4 A 30 H#likAa e K%
R T . Tym-2 4B &+ EH Ui e v KR
A& M 2019 4F 10 A 27 H—2020 £ 3 H 21 H—H
Fef%, 3 H 21 H—4 A 30 HESE Fm. —#H/=tE%
S ] RE SR KA B KB TR iR 2 A, IR Sk
WIEEAL, LRSS, BIRARRIE A
B2, IFEANE A% RN MWD, 2R ILE 3.
o3BT H R FE ST R AR 4k, AFE S K Rk m R A
— B

ME L. B2 &R 3FUETT LA, NEHALE
0~10 cm L2 2019 4 11 H 9 HiEZEaT MA@ 1K
A5 4AE 66.53%, 2020 4F 3 A 21 Hff AL
74.78%, ¥ /1Y 8.23%, MWD Hi 2.29 mm /1% 2.73
mm, 3017 0.44 mm; FKHLALEE 0~10 cm 12 )Z 2019
11 A 9 HiRS sibLIER e KB Rk & 78.41%,
2020 4 3 H 21 H i LUk 2 77.02%, FEIK 1 1.39%,
MWD H1 2.95 mm F&{%%] 2.74 mm, F#{% 7 0.21 mm,
oAb+ 252 i —5.

2.1.2 KA XA RAK

I AR F R A A2 R TR K R AS 5 BRI fR e L
BRI IRIRAR, . 8. APUR RSk
fERL, KPR R vRETOR S i, M
FHIETREIN R o 6 156 25 Ab 2T 2019 47 10 H 27 H.»
11 H 9 H. 2020 4£ 3 A 21 H. 4 H 30 H% 5l sE
0~10. 10~20. 20~40 cm L JZ2/KEatE KB RIAE, 4>
Frid fabich R K AR K I R R B 72, 45 SR A,
A B KRR SR AR VR IR B 7 T AR — 5, &
ALERTE 4 AN I [R5 Gx — RAdE 1, B 2 Bk
AR, KERPEKE R R s B, BP 0~10 em -2
KIATAE =10~20 cm 12 KR4k R =20~40 cm
ENAYNEIE 27N = 01V O S NP 20N =il R
i e, A 2019 410 H 27 H—11 A 9 H,
AN )2 B /K AR 1 R A SR Ak B S AN BT 1S m, {H %2 2020
3 H 21 HffEE, KEEMERBIREERGL AT
HREE, M3 H 21 H—4 H 30 H, ffibiitir
TR, SAERET TR, (HKER KA Rk E
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Fig.3 Content changes of macro-aggregate with water
stability for treatment Txm-3 during freezing-thawing
B 3. & 4 ISk 3w, 2 /MAb3E 35K AR 4 ]
ik MWD 5 H KB R A EAR A 76 48 HARE
FAAE—E ZE 0], /N2 AL B KRR It R BT SR AR BT oK

K RE M KR AE, H MWD AR T Tokih. N
LbFE 0~10 cm £ /2 2019 4 11 A 9 Hi%kmk i /KA tE K
F A4 B 58.03%, 2020 4F 3 A 21 H fift4 LUJ5 %8 52.92%,
BT 5.11%, MWD 1 1.66 mm [N 1.64 mm, [
7 0.02mm; LKHAEFE 0~10 cm )2 2019 4E 11 H 9
H % fl A K Btk KRR & 66.49%, 2020 4F 3 H 21
H i 1% LA %R 53.75%, FEIK 7 12.74%, MWD Hi 1.99
mm [ 1.72 mm, B&{K7T 0.27 mm, B&IEE AT/

AL .
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Fig.4 Content changes of macro-aggregate with water

stability for treatment Tym-2 during freezing-thawing

k3 Kakid AR AURAL R B R AR A K AR B AR MWD T AL

Table 3 Changes of mean weight diameter MWD of mechanically stable and water-stable macro-aggregates during freezing-thawing

e - BRI R ik MWD KEaTERI TR MWD
0~10cm 10~20 cm 20~40 cm 0~10cm 10~20 cm 20~40 cm
20191027 3.40+0.16a 3.10+0.04a 2.97+0.26a 1.67+0.08a 1.61+0.11a 1.35+0.08ab
20191109 2.70+0.04b 2.4440.19b 2.23+0.24b 1.84+0.13a 1.67+0.21a 1.51£0.09a
Txm-1 20200321 2.74+0.08b 2.60+0.05b 2.36+0.07b 1.72+£0.03a 1.33+£0.05a 1.23+0.04b
20200430 2.75+0.07b 2.46+0.06b 2.11£0.01b 1.85+0.01a 1.63+0.05a 1.50+0.05a
20191027 2.87+0.57a 2.68+0.07a 2.42+0.30a 1.56+0.20b 1.41+0.09bc 1.33+0.10bc
X2 20191109 2.52+0.32a 2.44+0.19a 2.02+0.12a 1.74+0.08ab 1.65+0.08ab 1.41+0.08ab
20200321 2.78+0.04a 2.60+0.05a 2.44+0.19a 1.77+0.04ab 1.35+0.00¢ 1.20+0.04¢
20200430 2.80+0.11a 2.4940.02a 2.17+£0.04a 1.91£0.04a 1.73£0.17a 1.55+0.00a
20191027 1.98+0.40b 2.69+0.08a 1.97+£0.39a 1.24+0.04b 1.40+0.01b 1.18+0.13b
Txm-3 20191109 2.29+0.13ab 2.30+0.04a 2.05+0.13a 1.66+0.01a 1.64+0.05a 1.47+0.08a
20200321 2.734+0.12a 2.64+0.28a 2.35+0.06a 1.64+0.13a 1.42+0.00b 1.284+0.01b
20200430 2.74+0.04a 2.40+0.05a 2.234+0.05a 1.82+0.11a 1.69+0.11a 1.51+0.02a
20191027 2.67+0.18a 2.50+0.09a 2.42+0.83a 1.43+0.08b 1.33+0.04b 1.33+0.21ab
20191109 2.53+£0.08a 2.40+0.05a 2.11+0.20a 1.77£0.01a 1.64+0.01a 1.5+0.09a
Txm-4 20200321 2.63+£0.16a 2.3240.20a 2.11+0.03a 1.83£0.11a 1.31£0.15b 1.18+0.06b
20200430 2.78+0.00a 2.39+0.04a 2.03+0.11a 1.85+0.11a 1.51+£0.01ab 1.38+0.04ab
20191027 3.17+0.38a 3.47+0.34a 2.93+0.61a 1.51+0.10b 1.51+0.08¢ 1.39+0.17b
Tym-1 20191109 2.62+0.02ab 2.69+0.17b 2.51+0.14ab 1.97+0.05a 1.85+0.06a 1.7540.14a
20200321 2.78+0.11a 2.63+0.06b 2.27+0.18ab 1.89+0.17a 1.43+0.03¢c 1.24+0.05b
20200430 2.47+0.09b 2.19+0.13b 1.91+0.18b 1.94+0.12a 1.69+0.05b 1.47+0.09b
20191027 2.424+0.17b 2.62+0.03a 2.51+0.84a 1.39+0.17¢c 1.37+0.06b 1.31+0.26b
20191109 2.954+0.02a 2.66+0.07a 2.44+0.13a 1.99+0.05a 1.76+0.04a 1.67+0.09a
fym2 20200321 2.74+0.05ab 2.40+0.15a 2.17+0.09a 1.72+0.05b 1.38+0.16b 1.14+0.04b
20200430 2.63+0.21ab 2.37+0.15a 1.99+0.04b 1.85+0.00ab 1.57+0.13ab 1.38+0.03ab

o RSURRNG 7R A — AR 2R B (P <0.05) .
2.2 BREHFM T RRRT I R RSN
2.2.1 MARAZ R M K B JRAK
P2 IR 358 1 A, %o 2 M RKHFAL BRI B LI
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Fig.5 Content changes of macro-aggregate with mechanical

stability for treatment Txm-1 during freezing-thawing
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Fig.6 Content changes of macro-aggregate with mechanical
stability for treatment Txm-2 during freezing-thawing

XTHLE 5. B 6 5K 1 nran, BB E LA 2
PE R A 53R A4 2 B IR 2 5 BE I [R] () 32 A 5 G B
Txm-3 A FAHIT . Bl )Z HRAR R, KREIRAEE RS
B, BP 0~10 cm &2 KHEI AR =10~20 cm )2
KBIFAAE=20~40 cm 2 KEARAKE. 28 KH
FARERER A AR LIS A, BB 2019 4 10 H
27 H—11 A 9 H, A2 PR 2 K R ik
T ENAE ANFEREERRG, £ 2020 423 H 21 H#H )G,
WU RS 2 MK B R AR Bk 45 ni s E pt hn, 3 A 21
H—4 H 30 H, #Ubkae KR Rk S5 IR %
FEAK. 2019 4 11 H 9 HRSHT Txm~1 4b2E 0~10 cm
+Z MR E K R k& 73.34%, 2020 4= 3 H 21
H i LA 1A 2] 74.13%, 307 0.79%, Txm-2 AbHE
M 70.52%3H N 73.69%, IINT 3.17%. 2 ANAbEE
UREL G HURAR E Y KR R 2 b T A — K7,
5N b Txm-3 4T [ —B&E K F .

T ]SS ER MWD, 28R ILE 3. 4
A L BE VR FE AN 8] R84k, A7 7R S K R R e 4 —
A . Txm-1 4bFF 0~10 cm £ )2 2019 4F 11 H
9 Hi%ZRENRTZE 2020 42 3 A 21 HR%LUE, MWD H
2.70 mm B H0F] 2.74 mm, BE A5 890 ; Txm-2 4L #E 0~10
cm £ /2 MWD i 2.52 mm #n%] 2.78 mm, #in7
0.26 mm, 3 hnmE K.
2.2.2 RAEME KRR

K AR [ SR AR 32 B 16 52 i 5 LR 1 A 3R

PRB AN AR 2 ASFCHRAE BT AN RN A] 2 ANIA]
TR R KR R FER RN e g5 51, /i sl 2
KRt R R B RE, WE 7. K 8. 4R
FW, KFatE A AR BAE 4 NERRI A2
HVRARR, AKARPE K AR & B s B i R, BY
0~10 cm +ZEKFIEAEE=10~20 cm + )2 KHAEK
§=>20~40 cm LR KPR E . BER AR R
N, 2019410 H27 H—11 H 9 H, ARLEM
IKER MR A S AR B3 A AN AR N, (HZ 2020 4F
3 H 21 Hi#% R, KEMERBIREERIKLS YA
Bk, M3 H 21 H—4 H30H, Rfittbsdtir T
TR AR HE, (H/KFRME K SR AR BRI BRI &
2019 4F 11 H 9 HIER 4581 Txm-1 4:#E 0~10 cm /27K
Fath K P18 63.77%, 2020 4F 3 A 21 Hfifti4 LA
J5i %N 54.87%, [&{K T 8.90%; 2019 £ 11 A 9 Hi%
SERT Txm-2 AbBE 0~10 cm 2 /KEaE K BRIk &N
62.84%, 2020 4 3 H 21 HfE¥R LU A 54.25%, %
i 7 8.59%, —&PRACHRAEEIT, MRk LG KHETER A
B8, 5% Txm-3 &8 (52.92%) ZHIA
Ko

80 r
70
60 F

X
550 F
R
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S
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i 30
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Fig.7 Content changes of macro-aggregate with water
stability for treatment Txm-1 during freezing-thawing
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Fig.8 Content changes of macro-aggregate with water
stability for treatment Txm-2 during freezing-thawing

2 M KRR E R A MWD B8] T3 3. W&
A% MWD 7£ 1.20~1.85 Z [A]7481k, ARAb i 5K Fa
PE B A B IE A —5. P 0~10 em )2 04 Hr i ik
A JE A8 40, 2019 4F 11 H 9 HURSSHT Txm-1 b2
MWD &y 1.84 mm % 2020 4 3 A 21 Hf#%E LGN

69



HEMEHE/K 3] http://www.ggpsxb.com

1.72 mm, F&fK T 0.12 mm; 2019 4 11 H 9 HikRZ5HI
Txm-2 43 MWD & 1.74 mm % 2020 4£ 3 H 21 Hfi#
URIEIEZE 177 mm, BEAEIGM, (22 Mb3EsE TR
Bt Txm-3 47 (1.64 mm) .
2.3 ZFEACGER M T HRRXT H B RS20
2.3.1 MARAR 2 M K B RAR

KN ER R, e K GE R, tHEgm

s g A o AT DA S B Ak B 48] S5 B R R Rt
T R 3R R AR RIS RIS R, FEAKIF AT 2
MU Ao e 1 K T R Ak B VR IR B 1R o A B A . SR
SPSS A HT 4 A G ER VR T R KR R AR S
MWD 7224k, P=0.05 /KT, H-AbBRR b ET a2
TR LR 4.

& 4 SRR RRAT B AURAL B K A AR R MWD Tk

Table 4 Changes of macro-aggregate content and average weight diameter MWD with

mechanical stability before and after freezing-thawing for no-tillage treatments

. o KA T A 7% MWD/mm

i WRARERSER 0~10cm 10~20 cm 20~40 cm 0~10cm 10~20 cm 20~40 cm

20191109 66.5340.40 67.2442.32 60.4443.09 2.2940.13 2.34.04 2.0540.13

Txm-3 20200321 74.7842.58 70.9443.25 64.8440.36 2.73#0.12 2.6440.28 2.3540.06

FEFREN * NS NS NS NS *

20191109 70.8140.25 66.81+1.53 62.5242.92 2.5340.08 2.440.05 2.1140.2

Txm-4 20200321 72174811 65.3840.08 58.3340.1 2.63#0.16 2.3240.2 2.1140.03
ZE W NS NS NS NS NS NS

20191109 78.6543.6 77.2740.16 73.1844.27 2.6240.02 2.6940.17 2.5140.14

Tym-1 20200321 73.5543.75 70.6845.33 62.9142.3 2.7840.11 2.6340.06 2.2740.18
ZERREE NS NS * NS NS NS

20191109 78.4143.37 71.18+.67 67.1444.07 2.9540.02 2.6640.07 2.44490.13

Tym-2 20200321 74.0244.6 68.02+2.82 61.3745.45 2.7440.05 2.4040.15 2.1740.09
ZERREE NS NS NS * NS NS

N P=0.05 /KPR EREE NS ALREZER.

FHER 4 A5, URElE SRS ATAREL, Txm-3 4b3E
0~10 cm KH M & kA T B354 10, i 66.53%3 i
% 74.78%, N 8.25%, 20~40 cm 2 MWD K4
TREAA, B 2.05 mm BEhNEE 2.35 mm, #1T 0.30
mm, HAhLZKHARGEEES MWD AR,
Txm-4 A FE % 2 KA S A& 5 MWD G ARE .

TR EPHEE Y, LS SRS AT, Tym-1
AbEE 20~40 em KHI A E KA TR ZEZ, H
73.18%%# £ 2 62.91%, [#1Ik 10.27%, Tym-2 4b# 0~10
cm 12 MWD &4 T RBEA, H 295 mm [FEE

2.74 mm, [EMK7 021 mm, Hitt+EBEKFIRKES
MWD ZZAb AR 2 o 1 B A 2= idh 7K IBER 156 0o 5 ik
T o IR AR 2 MK A SR AR A A R S 25 5
2.3.2 KARME K H AR

R A B IR K AR Ik A JR A, AT A 7K AR K (4] 2R
R, RS —. RIERV, HKAHK
TP DK T 5 Ak B VU B ) 0 A AR 5 oA E /K A B —
. KH SPSS B A HT 4 A b B VR Al AT JE K
Rk ES MWD A8 4L, P=0.05 /K°FF, &AbE b
T Ja 22 e W e 2 IR LR S

%5 SHA ARG KA KXARKES MWD T ik

Table 5 Changes of macro-aggregate content and MWD with water stability before and after freezing-thawing for no-tillage treatments

T S o ) KEEAEE% MWD/mm

. WRRER S S 0~10 cm 10~20 cm 20~40 cm 0~10cm 10~20 cm 20~40 ¢m

20191109 58.03+1.43 53.7+1.90 48.562.40 1.6640.01 1.640.05 1.4740.08

Txm-3 20200321 52.9248.71 45.6743.13 39.300.06 1.6440.13 1.4240.00 1.2840.01
EREENE NS NS *k NS * *

20191109 61.680.17 53.1542.08 51.04+1.95 1.7740.01 1.6420.01 1.5040.09

Txm-4 20200321 55.7342.96 38.6143.61 36.184.44 1.8340.11 1.3120.15 1.1840.06
ES R EE NS * ok NS NS *

20191109 65.96+4.58 62.7142.39 50.3241 33 1.9740.05 1.8540.06 1.7540.14

Tym-1 20200321 58.62-+4.64 45.3840.82 38.2840.99 1.8940.17 1.4320.03 1.2449.05
ES R E NS * ok NS * %

20191109 66.49+4.37 56.36+1.05 52.6143.26 1.9940.05 1.7620.04 1.6740.09

Tym-2 20200321 53.7542.53 40.842.86 37.5140.3 1.72490.05 1.380.16 1.1440.04
ES R E NS NS ok NS NS *

VE RN P=0.01 KRR R, © N P=0.05 K FZEFEZE, NS ALEEER.

3 5 &, REls SRS ATALEE, Txm-3 4L
20~40 cm JE KA ERKE THEERL, |
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£ 1.42mm, 1.47 mm (%% 1.28 mm, F#{K 0.22. 0.19
mm, HALLZERKARGES MWD LA EE.
Txm-4 ZF 10~20. 20~40 cm + 2 K Bl R4 51 K
ETEREBER. WEEFERMN, HIE 53.15%HF %
38.61%, 51.04%F% 2 36.18%, FA1IK 14.54%- 14.86%:;
20~40 cm )2 MWD KA T BEBAL, B 1.50 mm [%
% 1.18 mm, [F{% 0.32 mm.

FRGEHALEE T, RS 5L, Tym-1
AbFE 10~20 cm 2 KPR MWD KB T BER
th, A3 62.71%% % 45.38%, 1.85 mm [%% 1.43
mm; 20~40 cm LZKHIRMAE. MWD KA THRE

ZARME, Sl 59.32%8% % 38.28%, 1.75 mm [£%
1.24 mm. Tym-2 b3 20~40 cm + )2 KFRIA &K E
TR AR, B 52.61%F4% 2 37.51%, B#{% 15.10%,
MWD RAET RED, H1.67 mm FFZ 1.14 mm,
FAAK 0.53 mm ] ULIEE /K AL EE Eb R B /K A BRAR LRI 2,
AR, g L E V.
=Bt S KB SRR G R R AR &, MWD
R Z AR R, RHERKMCBEAFAELNME ARG, HEKAb
PRFAAPEANE S o 5 3 ANARE K AR BE % 2 1R T
BEO KR SURRAT G KRB RS . MWD iR 7] 5%
RMMAHR T, @RIE 6 & 9. K 10.

R 6 KBRS ALERSRES KA KARIKE LG, MWD X 7
Table 6 Relationship between water content and variation of water-stable macro-aggregate content and

variation of MWD before freezing without irrigation treatment

FrKE % R R S5 A%
i = o o ﬁ“ LIGE o % AR HXAHR LHEHAT Sig.
PNEIP-3uS 8.13~17.62 11.95 -28.70~-8.81 -20.59 y=-1.50x-2.66 0.765 0.016
MWD 8.13~17.62 11.95 -31.69~-0.96 1550 y=1.68x+4.62 0.681 0.044
EKEI% VBN 31%, [R5 3 /KR ZAHSMEAGR . B2
I S S A AR Z B ACT I 6 T A il
s | KRR B 5 MWD AL i E .
S . L
el 39 i
?ﬂ 20 t =
¥ s | 3.1 HEARI B HR
S AR A 0 R R A ) R R PR S IR
35 L FERURTREGR L . HFR, TH SRS RN
B9 Ak A2 Bk AT G K ALHE K B RIS TIEEK ERBTE . PSS SRR, JET, A
Lhah oK EMAK AR XS VR R P XS 328 [ SR ARG S8 I SR BRI T L%
Fig.9 Relationship between water content and variation of BB, I, Ve IR ok S

water-stable macro-aggregate content before
freezing without irrigation treatment
K%
0 5 10 15 20 25

WMDZE /%
&5

35 L
B 10 A KA 32 KRR AT G K AR H R AR
WMD % a5 4K FH XX &
Fig.10 Relationship between water content and variation of

MWD before freezing without irrigation treatment

M 6 FIIE 9. 10 FTLAE H, 7E 8.13%~17.62%
(1 DX 1) P B A 38 S KR8 I, KRR E KA R A B S
MWD T, FEIEFME 5518 20.59%F1 15.50%.
M 3 MEEK AL B K Fatt KA RIA R 5 MWD 1) %08 T
B 55 23.54% 5 15.16%, S f 358 & K E 7

IR T RORE 8] R SR R A IR, IORAR BT SRR R A
NRAR R, RIS, AURTRIA) RIS A o SRR
REMNBS . BEERMASERBAEm, #t. w5
dr>1 mm R B & LERGE AR, AH<0.5 mm
RIS 5 LB Ty o 11 SR ARG S8 1k Bl 1 R
N 2 T RS B ETHE T RERE B, 4
H U FEIN, FEPEARROINJR] 1 SR AR X A 45
T BRI 20 B8 (ELR 25 FEAR 1 /KA P BT SR AR 1R 5
A (P<0.05), RILH et KA RIEM . BEY
SENTON AL M AR R R R R W T, IR
EEANS ESONEIP ALY L0 RNEIR -3z S L A e
RAKAE o VREAIEI A FIR K AR A 1 SR A4 R A A
FIBEERIAa & 7K F R G s 8 T g . L%
P R AR R B VR RO A B 3 0 225 1 B 10
RURRIMIEIA J5 1ZHTE TR € » BHBTT S0 21 MR
R o SE 320 3 [X 3 SR AL el AR T A PR - SRR 5 1
HIZRAR 2B TR, 0~20 em tE & URflS K 4]
BB, AN R A B E335,
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A VRAIE e A% B A JHs A ) 300 P 255 1 v i i)
B, R FRR AT 2019 4E 10 H 27 H—11 H 9
H, k3612 0~40 cm Py HIEHLMRS P K R Ak
B E A AR A, 2 2020 45 3 H 21 HAR%E )G,
NG R A5 T TN, 5 SCHR (341 7 45 S AR
— 5, BRI TR, KRR R ARS8,
A fi 5 R ORI TR, b )k 2 S A v
HFEEME . FHZEH MWD BER A 2810 A
HRBRAEEBUME—S, YRR R A= SR
Yo T REAFR . K KRREREHE 2
B, M 2019 4E 10 H 27 H—11 A 9 H, &k
AbFE 0~40 cm 2 P KR K 158 f i 2 R 0 H 184
o, {H4 2020 4E 3 H 21 HARE 5, HEH K.
MWD 5 AR — B, fRVR LA B 45 R — 8
FREEREAG, EREWEREK. X Hairtitg R
MWD [JAR4E, 7T e R FE R R E R T 3 %
TER, PSS 18 5 SCRR[17-19) 36 A — 51
3.2 FAHTREL R R AR S0

MU AR b % B - X A it = 398 455 Ry 7772 1E 695 7
TGN, Bt 2B AR X 338 0 i a2 R 28CSR R it
TEE R LI R RSB, DBk BN IRERR %
Fh RS eI I L LR, ol st iy,
Pem LIRS GUKFRE R R R R, 0 IR KRR
PU A R 32 1 55 5 T B A B SR R0, LG 04
RSN, 20 Uk S B A (I a3 139 (1 5% Ak A SR P 1
F, AH RS A A7 T 22 0B B8 s S 4 PR -3 ) /K AR e
PERIBUARAS E 1

A URHE T ARG M35y 2Bt 55 R /N 2 M 1)
FTHHAL B TR 2 7E 8 H kAT T KRB HLMRK
B, BIHFARE 30 cm. ¥ 2 FhAbEE R EDET S WS 2
PRI R AR, MWD 1R E AT I, VRIREE
55 BE IS 1) (R A8 A U e 4 — 80 Bl B RKHR A P AR
BHEZ JG s T bbb B, VRESRT — & 085, Rl
JE AT [F]—F o BKBEXS KRR LR () s 5 A Uk R e
P R AR KB R X R — N85 18 5 Sk [14,33]
FRIRIF 78 RIS A R[], {5 T AHIE 72 BT e i e Bt 5
R b 3 b HAH BE AEize , A7 76 IR I6 Hh AR SIS 2 57 1R
W, BT A ASRETE 4 16
3.3 fEKGER TR H B RIS 0

TS KR PCE BB IR . A,
BET 5200 BVR RS 10 LK FtE . =N TR %
R IO AR I I3 5 K R R BB R RS, 45 R
R B RBRREIIEIN, 0.05~0.25 mm R gk [F1 5
A2 IS KRB I 2, (R Bk R
NI S T R KRR BN PR ALY, SCHk[17]
W5 TEoK R BTG 24 23 B AI>5 mm /K Ba vk A1 SR
72

et R R A OWREAE F A 7K R R ) 52 25 16
<0.5 mm /KFaME FIZR AR, IR RS BSR4 70 1
YERT, KA SR AR BB RS AT BTG 5 o R R IA
VR R K AR A SR A iR R A Y BE 2 4040 5 7K R 1)
HEINIZ BTG R E T AR E .

WA YRS 45 SR AT UL, UG E PR T SR A
S A A K REBL R R TR T 8, e MWD 38 Kk
INEJRAFAE, TERAEM S REKAT O (R R RRE TR
AR A O, Rk T 8RS KR
VRO ZKASPE BIERAR B3R 70 & KRR BT v A
I, CREASER KA PE BRI R E R K, 451k
SR SR 4518 — 20 U KA BEARR AR SE TR
A1 5 A AN/ MWD HITE .

4 &4

1) UM MR IR AR . KRR K A SR A
HIH A MEATTERZ S, REEE, MwD &£
BEEK, WE L EIRER IR /N, AR
Rl A2 SR LR 1 K SR AR 5 MWD IfE
R M TGIER R, EATEHEE LI KRR A R R &
K, MWD AB/N,

2) BB WL RS e e K TR AR & . KRR K
ARG MWD TE VR fl R (A A = 2R B 2
SO, KB IR B TE RS T O A 1B E

3) AZEf/KEMER HURRR 1K [ B Ak & Sk
Tt (A1 SR AR S VIR B o0 A RN P2 AR B2 5, AL
WAz e K FI R AR R K MWD (50 JC I T 11,
XK A MK B R AR B e AR BB, 0~40 cm 2
B T K [ 5 A 2 sl /DN 8 B SR K T T HE K b B
MWD B[Rt B K.

SR
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Change in Soi Aggregation During the Freezing-thawing Fallow Season was
Affected by Agronomical Management

ZHANG Xinmin', GAO Yayu?, LI Zexia®? ZHANG Liping?, QI Huaiping?
(1. Gansu Research Institute for Water Conservancy, Lanzhou 730000, China;
2. College of Energy and Power Engineering, Lanzhou University of Technology, Lanzhou 730050, China;
3. Gansu Institute of Soil &Water Conservation Sciences, Lanzhou 730000, China)

Abstract: [Objective] Soil aggregate is a functional unit used to describe the effect of management practices on
soil physical properties and soil functions. It is dynamic and varies with various factors. In this paper, we studied its
variation in response to different managements during the freezing-thawing fallow season.[ Method 1The experiment
was conducted in a wheat-corn field at an irrigation area at Hongyashan in Minqin County in Shiyang River Basin.
The treatments we compared were winter irrigation (for water storage) and pro-harvest tillage in autumn. In each
treatment, we measured the size distribution of mechanically stable aggregates and water stable aggregates at
different soil depths before and after the freezing-thawing season, respectively. [Result] The freezing-thawing did
not show noticeable influence on macro-aggregate content and mean weight-diameter of the mechanically stable
aggregates, but significantly reduced the content of water stable macro-aggregates and their mean weight diameter.
The autumn tillage temporally increased large mechanically stable aggregate content and water stable aggregate
content, as well as their average weight diameter, but the effect waned before the soil was frozen. The winter
irrigation did not show an identifiable impact on mechanically stable large aggregates, but increased the large
water-stable aggregate content and their average weight diameter. [ Conclusion] Freezing-thawing crushed large
soil large aggregates, significantly reducing the content of water-stable aggregates as a result. Winter irrigation
aggravated this effect. Autumn plough increased the content of large aggregates and aggregates diameter temporally,
and the effect waned and completely vanished before the soil was frozen.

Key words: fallow period of farmland; field management measures; mechanically stable aggregates; water stable

aggregates; seasonal freezing-thawing
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