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—UMEGHE (30~40 cm ) B HIRYES, HIXHITBATHZE (0~20 cm ) AT | SR KSR, JE0r 5
P R IAAS A% BRI o 3 AR FOR BRI MR ZE R R . (1) FEFFSEXTWREE HHER & . B L+
B KB SRR = TR (0~20 em ), SRIUCHRERSFEFH S A3E ImmiEe e, Bl 5 A B E R RIS, — R MRS A e
VAR GG IR R W4 RF 2 4E ., (2) 5FF 3 4%, 5 Al M 4 m T HFZ +38> 0.25 mm 5> 2 mm /KERMER
VR i, IR T RATR IR S i REFFA IS 1. 2 450> 0.25 mm F1> 2 mm /KA ME SR AR A EEE A, S B
M CK 4 5 %A 1.5 4% (P<0.05 ), (3) WWHFHZ 14 0.25~0.053 mm A BRI K>0.25 mm KE&PE KPR IA S B2 55 435
R B D RCRARER LI S KR BEEAESE, i 0.25~0.053 mm, >2 mm 1 >0.25 mm BARF BN 2016 5 2017 4F
IR+ EMOR AR OCHE 7, 1~0.5 mm RARHIRMACH 2018 40K H YRR AL OGN T 25 b, DIRRASFT
75 000 kg-hm ™ i HURABASUESCHERE I I A ORI A . B8 A2 T S IR 1 BT, e EBCE R S REAF 5
TEALA AR5, 7 A4 7 SR XA 3l 1RSI S H AR 5.
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Abstract: [ Objective ] In order to improve soil structure of the subsoil layer of black soil and solve the problem of how to return
maize straw in Northeast China, a three-year (2015—2018) field experiment was carried out. [ Method ] The field experiment
was designed to have three treatments in returning pattern, i.e. CK (no straw return), QS (returning of chopped straw) and KL
(returning of pelletized straw), and three treatments in straw returning dosage, i.e. low dosage (15 000 kg-hm2), medium dosage
(45 000 kg-hm™, 3 times as much as the low dosage) and high dosage (75000 kg-hm ™, 5 times as much as the low dosage), and all
had the straw buried in the soil 30-40 cm depth. Effects of the treatments on soil bulk density, soil compactness and soil water
content were explored, and effects of soil aggregate distribution regulating soil physical properties was analyzed. [ Result ]
The tests of the soil samples collected at the maize maturity stage of the three year experiment show: 1) The practice of deep
straw returning reduced soil bulk density and soil compactness and increased soil water content, and the effects were more
significant in the 20-40 cm layer than in the 0-20cm soil layer. Moreover, the effects become more significant with increasing of
straw dosage, and less with the time going on, and the effects of straw returning once at a high rate might last for a few years. In
the third year of the experiment, only QS5 reduced soil bulk density significantly or by 10.9% (P < 0.05), and QS5 and KL5
lowered soil compactness by 24.1% and 22.0% (P < 0.05), but raised soil water content by 8.9% and 7.4% (P < 0.05),
respectively; 2) The treatments of medium and high in dosage significantly increased the content of macroaggregates and reduced
the content of microaggregates in the subsoil, and the fractions of > 0.25 mm water stable aggregates and of the > 2 mm large
aggregates increased significantly with rising straw dosage. What’s more, the return of pelletized straw tended to promote the
formation of macroaggregates than the return of chopped straw. The first and second years of straw returning were the main
period for formation of macroaggregates, of which the highest content reached up to about 5 times and 1.5 times than that in CK,
respectively; 3) Significant relationships were observed of 0.25-0.053 mm micro aggregate and > 0.25 mm water stable aggregate
with soil bulk density, soil compactness and soil water content in the subsoil layer (P < 0.05), and the 0.25-0.053 mm, > 2 mm, and
> 0.25 mm fractions of aggregates were the key factor driving changes in soil physical properties in 2016 and 2017, but the 1-0.5 mm
fraction of aggregates was found to be the key factor driving the changes in soil physical properties in 2018. [ Conclusion ] Therefore,
from the perspective of recycling maize straw in Northeast China, the return of chopped straw with a rate of 75 000 kg-hm ™ is a good
management to regulate the distribution of soil aggregates and improve the physical properties of subsoil. The finding may provide a
theoretical basis and technical guidance for improvement of soil structure of the black soil in China.

Key words: Pelletized straw; High dosage; Subsoil; Physical properties; Soil aggregates

LG A b B B EL ) L ATAEFE 70 /2T T8 35cm R L ZEd, i HIEAE R 6.2%~9.9%,

B BT SRR AR = S b, SR DU AR 1 7 =X
W RS BFRAR . AR K B
A RN AR R AR, IR L N HEN 3
B, B 7~11 em, FEEEN LAk B, R
iz 2, WX AN RS A T 20~40 em +
AR, WHERENEREELESKEEN
FEMEZ, SHEDAR R 1mE)Z B KPR+
et e A EAE Y. BT Ah CMRgs” MR
AN A g 2B 4 AR 30%LL BB, T E R
M) S = b () AT 42 K

FIRT, R AR FH Bk ok B 3 45 40 i A 3
M. WFSERBT, FEFF IR AT b3 25 K AR 35
PR KA AR I K By 1k 7K - 3 2 256 )5 i #4945
R AR o e 30 A5 PO RS AF S A MLAR A 20~

TS KRR 7.8%~22.9%, EKTFRIEE 20%
PLE, HCl R G VR 2 SR T RS AT S5 A
FEAFAE S et T L3t , AR T 5 Rk
] R A RSk, 2 RI A MR e T
Jit A AL ) 23 410 1) - 48 K PR SR AR A T BT . G A A
REAS AT U m A E>0.25 mm KAV BRI &
w=O, JF HBERS AR H R A B, R LR E
P I 2R A R K R P SR Ak ) 5 s 359 e s U1,
SR, 410 1 A 58 G0 MBIk 52 i AS [RIAS FE A4 By X0t
TLHF)Z T HEEEA  ek RAEH]

il FF AR H 2 5 R FF IR 25 % - HE 45 M 25
M. Liv 25" ROBFoT 20, FEFAA By, 145
KSR, RRK R R AR A
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FE AP0 H 5 85 A2 A0 38 W LR AE (1452 ) 1 A8
W . ASIRAZE A ST & 0 RS 0T A B B AR
RIVRE RS FF 0 B R 5 BF ok, TB BURS FH UL S B
FER W, FLHERUR BE 20w A iR RS A S £, B
ARBUN, DR 5kt JEHEES
P T A HLAR S RO, O R RORR
AR, AR RIEAR— B, dHFE2E,
ST —Z B AR DA S A S R R T ikt . FK
AR A X — 2 FORFSFF 200 15 000 kg-hm 2,
FEFFRHEZTE 6 000~15 000 kg-hm ™17 {H 41
I 7E R )RS AR IO R B 0 B = I A Y
BRIk, RS FTURHE A R B A A B A B2
VLR, SRS R BEREAR B AR He 4 T 0 B2 1
M, B RERAEEA S EY AR
B, XL REAT — U m e R HE TR RE, — Ik
PR R T “ARAERET XF SRR, W T
N1 8 A o 5 H T i AS B 42 e
B8P X ol FF — U g B R B i B, LB AR
FFURL AL 1 2 75 6 B8+ 42 L 3 B 2 4 EL AT
BRIt AHFgE ik B BHZ +

IR &, SRR RR A UL M A 5
W 1A% (15000 kg'hm ), 3 4% (45 000 kg'hm *)
5 54575 000 kg-hm ) = Fb 5 &, —REHE 30~
40 cm )2 (WHZ), @e It I 3 48k
WO B2 A 8 = MR K P R ARRLAR 50 AR |, 4
IR FEAR RIS A [R) S PRI A FEG B2 R 2
FEMR A5 0R , DU Ry B e AR 30 T it e R 3R
A XA H A SR O AR L S B AR S

LB

1.1 HAREXHER

8] 52 AR T 2015—2018 4EFE T MR A
WA T FH3 BB ( 124°43'E. 43°36'N) #E47, ZHbf
TR ERICE S KA, Hikb AR e g,
AL A . ML RO A =, FEIEY)
FEONEK ., KE. BiRE KRR, 41
IR 5.6°C, FHFEKE 594.8 mm, TR 144 d.
T M - eSS Ry MO PR A SIS PR R A
F1, R RIE L (ERRE ).

Fz1 I T IRE AR MR

Table 1 Basic soil properties of the experiment field

WURLLAL/% T N ik it
B + AL B
T Soil mechanical composition Soil bulk Field water
Soil depth  Organic matter Soil compactness
Soil type 1 density holding capacity
/em / (gkg") BIHL Sand Bk Silt FhkL Clay /kPa
/(gem?) 1%
Ht 0~20 19.7 42.6 342 232 1.40 879 313
Black soil 20~40 12.6 42.1 36.0 21.9 1.53 1005 29.1

1.2 RIEEit

i RS A DI 5 S R A, R D
4 b AT A FHE A o R o (RRAR ORISR b
FEBFE AT BB 15 000 kghm?), ¥ 1 5
(15000 kg-hm ™), 3 fifi (45000 kg-hm™), 5 fif i
(75 000 kg-hm™>) 3 /K, DIFEFFARAEHE (CK)
R, it 7 AN (£ 2); AR 3 IRER
i 21 /DX, BANXK 4m, %4m (62 ),

BEIRS AR A 2 FORBOGRE A B . YIRE 5 8
HFEFF (QS Abs ) LT VIFEZ) 10 ecm £ H 5 il
RS HFSFF (KL ZREE ) i HC-2000 YRy ALK
IR 2 mm 0, 3R 30%~35% % /K U I 2819

K, IR%), H FTHBCX350 FUIAASFFHOR HLET 5
FI EAR 4 mm ., KJ¥E 4~6 cm BIHDIR EA . DIREFS
FF . BORAS PR RN N 53 gL' F1 447 gL'
TR0 A P 25 SRS AT N 3R 2.

TE 2015 4F 10 H EKWCHR 5 HEA 775 FF B H
T3 A DR FE R BB, PR 0 5 T i )
BT AN M, P HASFE B AL D> 92 kW)
BRI ZE 30~40cm + 2 (FHZE ), L5 3
SRR I I [ R TR UEA TR AR H, FLARAE TR IE A A
TH R R RS AT . 2016—2018 4F £ ok —4FE— 3%
&, HE A e £ 8 55, AR S ARG, Bl
W 67 500 FkOhm 2, it FILAR A IR ZE | i BERRES
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Table 2 Method and rate of straw returning relative to treatment
FEFF = ] FEAT
b3 M H 5= A3 Y1
Incorporation rates / Incorporation rates /
Treatments Incorporation methods Treatments Incorporation methods
(kg'hm™) (kg-hm?)
CK FEFEAIL 0 KLI1 AT UKL TH 15000
Qsl1 FEFUIRE A H 15 000 KL3 T AR 45 000
QS3 FEFUIRR A H 45 000 KL5 T AR 75 000
QS5 FEFUIRR AL H 75 000

MIBRFREE, FHEN N 225 kg'hm 2, P,Os 75 kg-hm
I K,0 225 kg-hm >, g e 4 e A AR AR — vk
PEREA , AL 30%3E06E . 70%4K 1T B G . £ Ab B
P ] A7 B[] 224 b 2 7 K AR B B4 10 490 F K
3, WSOIR I EA T T A 7= A 4 A R A

1.3 tTEHEMRESYEMERNE

KA TIEREAR, TEA/DXXTML L mE 34
BURE A, BUREVRE R 0~20 cm, 20~40 cm M2,
[l —UR 2 3 BRI A — A8, % HE
F I 22 - HEREA Y B 5 [R] A OR AR 0~20 cm,
20~40 cm +2FUR T A RENE, RE
B AR AR RSB E N (17 emx 11 cmx 6 cm )
DA G HAZ BIBE R . Z5A IR . SRAE MY R APk
A AERRIR RS 2, A I SCe s, Sr RO
H A3 FHHE vk g £ 3 T & 5 K& (Soil water
content, SWC, gkg'), HAEAMIKT%H.

TE R B - SERE L R I B3 I I, 8
SCRE . R SR IS JIEIE . RS (Soil
compactness, SC, kPa) F SC900 5235 ,
R I A GE B R kPa, JESRAYHEER N
35kPa (KEHAIE A 35 kPa) USI, WA 0~
7000 kPa; e KWE +ZUREHR 45 om, 2585 B
Ry 2.5 om, BRI E SR A /N X 0~45 em
IR ZEE B ) Ay AR

T B A S % Cambardella 1 Elliott! ') )7
2, PRI A3 G0 o ol FH % 20 0 FL A% 40 i)
J 2.1, 0.5, 0.25, 0.053 mm, FREUAT +FE 100 g
BT 2 mm N, BB TR N ZE R K R
Smin J5, PL30 Kemin ' R 30 mm APRIE
EAKTFIRY 2 min, FREEETHTEGE, HEASE LG
P TR R gk B AR s RA9>2 mm, 1~2 mm,
0.5~1mm, 0.25~0.5 mm, 0.053~0.25 mm & HY

AR, T<0.053 mm FY PH 58 (A D) i 2 7 190 o i e
B 48 h, R IFMEEEERNT . RGN
PRIR B A & TR S0t T e, BRE, A
CIEER-S e 3EiE 2NN E R A (N U R L .
A B IERE AR AR IR R o
1.4 HiEALE

% F Microsoft Excel 2016 XJi56 54 98 k174 3
ezl . s SAS 9.4 BRAFAECE N R T7 22 0 b
( One-way ANOVA ) Fil Pearson #HC3#T, HAALHE
] 25 5 25 (LSD, P=0.05) FIRNI[H] +3Es
PR B ] (4 AH DG . 32 T CANOCO 5 #4748
AERL AR A R AR & 5 E 2 YRR R TUR I
#r (RDA ).

2 45 R

21 AELENTEFTEER

5 CK ML, FEFFEIEA HBEEFER 0~20 cm
BHZ25 20~40 om WHFZ L84S, L LUTHZ
Ml . hi& 3 AW, 2016 4F, XFF 0~20 cm
+)2, QS3. QS5 5 KL5 AbHif) + 1% & B (KT
CK, FEMCHRLL QS5 fieimr, M 11.9% ( P<0.05);
XFF 20~40 cm )2, B KL1 4b, &8 FFid B b2
1) AR B R T CK, R LR DL QS5 i,
1 28.1% ( P<0.05); 2017 4F, [ KL1 4b, #&A4b3g
IHERE CK BT 20 ~ 40 cm + 2 HIHEA T, %
R L QS5 e, N 12.2% ( P<0.05); 2018 4,
QS5 # CK i FF#AE 20~40 cm )2 HIEAFHM L
Fhim, Ak 10.9% (P<0.05 ),

FEAF AR, REIFRFFIEE T HEATEY
P R s RS AR AR T, Y 2016 4F 20~40 cm
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TR UIREFE AT SREFFRORLA W 22 5%, QS1 RIS
LT KL 13.1%( P<0.05 ); f5FF b & id | AT,
12 2016 AFEVIFERSFF 5 RS AR R0 25 22 5=, X
F 0~20 cm 5 20~40 cm 1+ )2, QS3 + A/
WL T KL3 7.5% (P<0.05) 5 14.7% ( P<0.05 );
T AT Bk B, 2016 4F, XFF 0~20 cm 5 20~
40 cm )2, QS5 HIEZE /3 W E LT KLS 6.8%
( P<0.05) 5 18.9% ( P<0.05); 2017 4F, XF 20~
40 cm )2, QS5 HEAHEEEMT KLS 6.3%
( P<0.05); 2018 4, QS5 AbHiffifd 20~40 cm + /2
+ A B FEET KLS 4.8% (P<0.05), Al W, 4
A FH S AH [T, oy A P R 4080 S s A AOASE A  J2
FEA R

FEFPE AR, AS[FEFS AT A E A
Feas R PR My RERSFTA B, 2016 4F, 0~20 cm +
JZ,Q83.Q85 HIEAE M HIMKT QS1 6.9%( P<0.05)
5 8.3% ( P<0.05), 20~40 cm +JZ, QS3. QS5 +
HAE MK T QS1 7.9% ( P<0.05) 5 15.1%

( P<0.05); 2017 4F, 20~40 cm T2, QS5 1K
K F QS1 7.6% ( P<0.05) 5 QS3 6.3%
( P<0.05); 2018 4F, 20~40 cm + 2, QS5 14%
LT QS1 6.8% (P<0.05) 5 QS3 4.2% ( P<
0.05 ), FEFFEURLA AT, 2016 4F, 0~20cm )2,
KLS +3ERE DMK T KL1 4.7% (P<0.05), 20~
40 em +2, KL5 5 KL3 HIEFEHEHET KL1
9.0% ( P<0.05) 5 6.2% ( P<0.05); 2017 4F, 20~
40 cm )2, KL5 A KL1 FEK 3.4% (P<
0.05); 2018 4F, 20~40 cm 1J2, KL3 5 KL5 i +
HEZS AP 5 KL F#AK 3.3%( P<0.05 )5 4.6%( P<
0.05 ), AI UL, MFEFHIEAAMIERT, BEAS A5 03
I, A REARE EE R, — R i AT
T e 2 AR YRR AR

AL, WAEBRIAIAS AL, Bl 75 FF 38 B ) 1] A
FER, AR R RIS, AR A3 1 R
25 FHRRARIRE B B/, X SRS FEAE R ST
il LA S AR BILIRL 2284 1 b 1 S G o

R3 FRLEMIRAERTRAIEMMLE

Table 3 Soil bulk density and its decreasing rate relative to treatment

2016 4F 2017 4F 2018 4F

TR

Ak 3 NE T RO
Soil layer FEAK HE 2 FEAK 2 FEAK H 2
Treatments Soil bulk density Soil bulk density Soil bulk density
/cm Decrease rate/% Decrease rate /% Decrease rate /%
/ (grem?) /(grem?) /(gem?)

CK 1.51£0.02a — 1.52+0.02a — 1.46£0.01a —
Qs1 1.45+0.03ab 3.98 1.48+0.03a 2.56 1.46+0.01a 0.26
QS3 1.35+0.02¢ 10.40 1.47+0.02a 2.99 1.45+0.01a 0.62

0~20 QS5 1.33+0.03¢ 11.89 1.46+0.04a 3.96 1.45+0.01a 0.50
KLI1 1.49+0.03a 1.63 1.52+0.03a 0.09 1.48+£0.01a 1.30
KL3 1.46+0.02ab 3.07 1.49+0.03a 1.69 1.46+£0.01a 0.04
KL5 1.42+0.01b 5.96 1.48+0.05a 2.35 1.45+0.01a 0.63
CK 1.49+0.03a — 1.53+£0.02a — 1.55+£0.01a —
QS1 1.26+0.03¢ 15.02 1.45+0.03bc 5.15 1.48+0.01bc 4.49
QS3 1.16+0.04d 22.32 1.43+0.02¢ 6.45 1.44+0.02¢ 7.13

20~40 QS5 1.07+0.03d 28.08 1.34+0.02d 12.18 1.38+0.02d 10.94
KL1 1.45+0.02a 2.24 1.48+0.03ab 3.45 1.52+0.02ab 2.15
KL3 1.36+0.02b 8.72 1.47+0.02bc 3.84 1.47+0.01c 5.22
KL5 1.32+0.03bc 11.44 1.43+0.01¢ 6.14 1.45+0.01c 6.37

& AR R —IRE £ EAR/NG ZRACE AR B 22 57 B3 (P<0.05), T[A. Note: Lowercase letters represent difference

between treatments at level of 0.05 in the same soil depth in the same year. The same below.
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22 AEAEHTEEIENLLE

- R SRS RO ) S R ) R
1, HoR/NEEm oK BB R BRERIRDL,
SHEYIERK . B MR HAEEEmE, 0~
45 cm VRPE B KL IR 45 R, REFRIE
W HIJUHRBTESS 1. 2 AFFRAIK 15~35 em IR AY + 0
B (B 1), A R BURZ T, RUIRS
FRRIEA HXH T AR 2 A RIHCR . HADR)Z G
WA T AEZIE N, WO 25 AL 38 20~40 cm -

JZ 0P8 T SR AP T A (R 4), 4
WL 2016 47, £ F5HFIA H AL 4 58 S0
FART CK, Hr QS5 5 KL5 B FEARME ek, 43
ik 27.2% ( P<0.05 ) 5 23.8% ( P<0.05); 2017 4F,
{2 QS3. QS5 BEET CK 18.5% ( P<0.05). 20.9%
(P<0.05); 2018 4, ¥ QSI. QS3. QS5. KL5 4t
PR EALT CK, Horp QS5 FEAKIR B fie i, 4 24.1%
(P<0.05). AIUL, FHFF R ik HAE BRSO HFZ 1
B FRA B EI

20164
20174 + 392 Soil compactness/kPa 20184
0 500 1000 1500 2000 0 500 1000 1500 2000 0 500 1000 1500 2000
0 — 0 e — 0 (e
r —o0—CK 5 5
§ ---a--- QS1
10 Q
% pa \, ol QS3 10 10
S 15t W ¢ A 0'ap—+—QS5
3 & ¥ & --+-KLI 15 15
i 20 F ,. Y= e KIL3 20 20
1 A —o—KL5
m 2T 25 25
+
30 30 30
35 ¢ 35 35
40 40 40
45 45 45
50t 50 L 50 L
1 2016—2018 4 T KULFRI 0 ~ 45 cm + 2 +- 48 E AR fb
Fig. 1 Changes in soil compactness of 0-45 cm soil layer in maize harvest season in year 2016, 2017 and 2018
£4 TRALEMTHE (20~40 cm) HIEZIERIF M
Table 4  Effect of straw return on soil compactness in the subsoil layer (20-40 cm) relative to treatment /kPa
b3 Y Year b3 4E{y Year
Treatments 2016 2017 2018 Treatments 2016 2017 2018
CK 1230.91+£39.81a  888.19+51.42a  1796.17+82.93a KL1 1063.84+49.23b 915.72+69.78a 1600.13+55.48ab

QS1 1095.98+48.64b  820.22+36.91a

QS3 967.25+79.71bc  723.56+30.87b
1362.96+50.82d

QS5 896.03+44.13¢  702.91+46.79b

1494.83+66.55bc

1468.42+51.34cd

KL3 1026.53+32.02bc ~ 870.78+39.67a 1686.33+73.98a

KLS 937.66+60.21c 812.66+34.97a 1401.17£59.62cd

teAh, W1 55 4 0l F/H, —RMERFFR
WHJE, REE SRR, FEFFRRE %
SEREROVE FH B WSS . 2016 4F, &ALFE 0~45 cm
TR T3 RS AR Dl 500~1 500 kPa, £
o VAERSFOIF RS2SR, U AR SR T+
SR BRI B SR RPERT; 2017 4F, S Ab3E A3
BSIEETE 500~1 000 kPa 3 284k, X Al fig 5 24 4E

FeokaZ, Wit 3 E KB &SA E; 2018 47,

WAHZE S S EFRE 2 1.000~2 000 kPa, ARHLEAY

A B R A E RN, BRSF

I FH A $HATS 5 AT AR - 98 S5 S B PR

23 AREBFEAFAXI T ERKENNZN
# 5 REAERMUS RE LFEERE MBEZE . T

BEZ e S K, AR UL T 3R AE R 3R K e ) K/
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S5 20162018 ELFELIEXS 0~20 cm 5 20~40 cm HIEFRESKEREMN

Table 5 Effect of straw return on soil water content of 0-20 cm and 20-40 cm soil layer in 2016 to 2018 relative to treatment/%

+ )2 A3 AR Year
-4 Average
Soil layer/cm Treatment 2016 2017 2018
CK 25.97+0.36b 27.29+0.57a 26.60+0.45a 26.62
QSs1 26.82+0.31ab 27.54+0.32a 25.87+0.50a 26.74
QS3 26.46+0.36ab 28.39+0.42a 25.55+0.39a 26.80
0~20 QS5 27.13+0.29a 28.43+0.46a 26.21+0.67a 27.26
KL1 25.57+0.37b 2740.24a 25.82+0.44a 26.51
KL3 26.41+0.22ab 27.71+0.35a 25.71+0.52a 26.62
KL5 26.64+0.34ab 28.52+0.58a 26.99+0.50a 27.39
CK 24.68+0.39¢ 27.59+0.40c 26.22+0.35¢ 26.15
QS1 26.85+0.30cd 28.15+0.29¢ 27.08+0.25¢ 27.49
QS3 28.14+0.41b 28.05+0.49¢ 27.23+0.38bc 27.83
20~40 QS5 30.64+0.52a 31.27+0.35a 28.57+0.27a 30.16
KL1 26.08+0.34d 27.15+0.40c 26.91+£0.31c 26.71
KL3 27.33+0.36bc 29.53+0.44b 26.90+0.45¢ 27.99
KLS5 29.80+0.42a 30.52+0.53ab 28.17+0.41ab 29.50

TS HHREW, RS HXT 20~40 cm WHHZE +
A KBERET 0~20cm +)2, WHHZ L3S
K25 A A AL B R GA 2 i 2E K. 2016 4F, &R
B HALEE 20~40 cm + )2 IS KR BE ST
CK, H.¥&F i B2 bl A% A1 F &= 09 38 i mi 3 i, Herp
QS5 Ml & . M 24.1% ( P<0.05 ), KL1 340 £ |
H5.7% (P<0.05); 2017 4F, QS5. KL3 5 KL5 4b
FAE SRS W ER S, R 13.3%
(P<0.05), 7.0% ( P<0.05). 10.6% ( P<0.05); 2018
4, AN QS5 5 KLS AbFE & 4w RISk &, 2
R 4351k 8.9% ( P<0.05). 7.4% ( P<0.05), nJ UL
FEFF R AR W 3 AR JE TR HAT B iy 4
HOKMER . AL BE 3 A2 3 Sk B AR L
FE, ANFEAFET 20~40 cm +)EH HEESKER
I R AR AL, R IUTE R RS AT 093G,
TIES KR T, RTAHRIFRSFH & . AN FEJE
AT FFIE FH A 3] f 38 5 K S AR 22 80/ e m]
W, FEFF RIS RS W 1 S WA 2 IR K
1, BEARAR HH 2 4 F 3 0 JRURS:
24 ARBEHZEHAXNTLHEAR ZLIER

REMSMm

& 2 /] 0, RiA2>0.25 mm Y 7K Bk ok T B 1A

B 2 30%~35%, HiHLL 0.25~0.5 mm RifE
di R, A0 15%, 1> 2 mm 5 1~2 mm 5
/N, N 5%, HL i H A K R A R R 2
FEHTREERE; i CK WL 0.25~0.5 mm i<
0.053 mm i A2 AT RAK b7 bR s

2016 4F, BEFSFF AV, > 2 mm | 1~2 mm
KRG P R R 5 i Bl =2 3 184, X (45> 0.25 mm K&
PR R A SRR i TR R S 0 a1 e 9 . AN [) Ak )
#s, KL5 f9>2 mm 5 1~2 mm /KEa Pk B4R & &
BT HAOASFF L AL BE, 23518 CK Y 4.75 1%
5 1.95 1% (P<0.05), QS5 AbPHAENS B 1M 0.5~
1 mm KEHEHARESE, 298 CK 1.40 f5 (P<
0.05), [RIE & 3 5 F I RS A s AR EE, 1 QS3
ARBE 0.25~0.5 mm /K A& AR AR 0 35 1 H At
AbBE, 5 CK AL A 1.16 % (P<0.05 ), A] L3
TS FF AT AR #6>0.25 mm /K F&ME K A B AR
W, BEAINFERE RIS KL5 5 QS5> QS3 5 KL3>
KL1>QSl1,

2017 4, >2 mm 5> 0.25 mm /KF&aPk: F BRAK 5
RBERS AR AR TN, 5 CK M, FEFF
R E A > 2 mm, 1~2 mm, 0.5~1 mm,

0.25~0.5 mm KA PE A RIS 5, Hd QS5 Ab# R

http://pedologica.issas.ac.cn



928 +

T 58 4

2)20164F- Year 2016

181k & it Aggregate content/%

[ b)20174F Year 2017

PR & it Aggregate content/%

[ ¢)20184F Year 2018
35F

30

25+

15K & it Aggregate content/%

OCK OQSI OQS3 mQS5 MKL1 [KL3 EKLS

a a
b

P54k 4% Aggreate size/mm

2 2016—2018 4FA [FALBE A I #FZ 158 P BAK S A HRAE

Fig. 2 Soil aggregates distribution in the subsoil layer in 2016, 2017 and 2018 relative to treatment

>2mm, 1~2mm 5 0.5~1 mm /KFaVER Bk &5
i, 2909 CK [ 3.93 £, 2.03 5 1.64 f5 (P<
0.05), KL5 iy EFHAKFRZ, H>2mm 5 0.5~
1 mm KA AT SR AR 5 o 7 LB 7, 2978 CK 3116 1%
5 1.66 £ ( P<0.05), 1fii QS3 5 KL3 1t id H N fE
W E PR 0.25~0.5 mm KR ALERIKR S &, E R
W A BE B4R 1~2 mm K Fa Pk Bk A&, %
KK FR M A RAR A A2 AL FZ 0 7> 0.25 mm 7K
FatkE KA R R S, HBEWNTERR KLS 5

QS5> QS3> KL3> KL1 5 QS1, Hrf KL5 4 CK
1.35 4% ( P<0.05), QS1 Z CK 1.14 % ( P<0.05 ),
WAL, FEFFIE I EREAR T 0.25~0.053 mm f AR
#5<0.053 mm F ke  HeB], HA RS AT e e
P14 I AT B e W

2018 4F, FEFFH . il H AR o T >2mm
1~2 mm. 0.5~1 mm I} 0.25~0.5 mm Fi{EH
e, BRI . KL5 A FE> 2 mm RiAR A Bk
i, 2900 CK Y 2.70 £ (P<0.05), KL3 Ab3 1~
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2 mm AR SRR S HE 2 CK Y 1.90F%( P<0.05),
M QS3 5 QS5 BEHE 0.5~1 mm Kk RIAKS
W, 218 CK ) 1.2 % (P<0.05), QS5 BEH
0.25~0.5 mm HIRKSHE, I CK I 1.33 f% (P<
0.05 ). Bk QS1 4, FE A4 H 41 B %4 > 0.25 mm
IKERPE R RAR S 5, Kb QS5 5 QS3 &, 4k
CK ) 1.21 £i% (P<0.05 ). BbAk, FEFFA H o] i 2% %
i< 0.053 mm ¥y ki & &, WXIF 0.25~0.053 mm
Tl P SR S (SR oo 2 1A FH LA 0 S5 R AIRAE
A ULASFE A L — UM A BE A S B2
FoRn . TR RAR AT SR UK A R A, A — e B 13
T A PR A2 18], U HZ KRR A R AR
ORI R e v £ AL o O A -
25 IHELTEARKHNESHERE. EXE

EEKENHERXMY

WHEZE A R AR S LR R B
JE R B KRR DG AT A5 R ANk 6 FR . 2016 4F,
FHEARTE S 0.25~0.053 mm H RS2 5E(P<
0.05) IEAHSG, HIERESES>2 mm, > 0.25 mm /K

Fatk B RIA SRR RE (P<0.05) Mk, 5
0.25~0.053 mm HR{A S 2P (P<0.01) IE
MG, MEEEIKES> 2 mm, > 0.25 mm KFEPE
T RS R R B (P<0.05)IEM G, 5 0.25~
0.053 mm [R5 3 ( P<0.05) fiA 56 . 2017
fE, FIHEAES> 2 mm, > 0.25 mm KRR 4S5 A
BASEELDE (P<0.05) fiMX, 5 025~
0.053 mm £ B% (P<0.01) IEA3, 3SR
50.25 ~0.053 mm FIRE G HERE (P<0.05)

EAHE, EHES K 5> 2 mm ISR S & 2 5
(P<0.01) IEAHSE, 5 0.5~1 mm, >0.25 KEH:H
RIRGEEEE (P<0.05)EME, 5 0.25~0.5 mm
HE ARG REEDE (P<0.05) AKX, 2018 4, +
AR E 5> 025 KM RA SR E R E(P<0.05)
fASE, HIEELES 0.5~1 mm HIEHARKESE
BERFE (P<0.05) X, H#ES/KES>025 mm
KEGHE AR SR E B (P<0.05) IEAHK. Mtk
UL, RAIRARN Z 0] fe et M HIERKAE T . 1%
R EA R LM EZRA

x6 IHETBEARKNESIHSEE. EXERIKEMNMBEXME

Table 6 Pearson correlation analysis of soil aggregate distribution with soil bulk density, soil compactness and soil water content in the subsoil
layer in 2016 to 2018

AR ARI1R Aggregate size /mm

EisL7n
Ay Year >0.25 mm JKFa P A B 44k
Indexes >2 2~1 1~0.5 0.5~025 0.25~0.053  <0.053
Water stable aggregate
2016 WE —0.681 ~0.467 -0.571 0.187 0.756* 0.515 —0.698
SR —0.824* —0.643 —0.491 0.070 0.942%* 0.614 —0.837*
oK 0.824* 0.691 0.579 -0.189 —0.823%* ~0.671 0.846*
2017 AE —0.860* —0.726 -0.715 0.639 0.897%* 0.666 —0.838*
SR -0.750 -0.567 —0.452 0.380 0.764* 0.435 —0.707
ok 0.918%* 0.572 0.762%* ~0.783* ~0.748 -0.471 0.779%
2018 AE -0.261 -0.114 ~0.657 -0.608 0.516 0.524 —0.883%
B —0.443 0.238 ~0.810* —0.456 0.490 0.420 -0.729
ok 0.402 -0.213 0.669 0.580 -0.735 -0.298 0.777*

*, P<0.05; **, P<0.01.

2Ll TUAR 0T (RDA ) RS R T34
R SOE LU R SR R ) 2 T R AR
kite, 3R, 2016 4F, PR RIRRE T 687%
5t E09°99.27%, & WA ANHE Y Al ] sz e 4 98 AT 2R A
oA LA | R AR R AR

Wi Y 2 R 5 ., HirR 0.25~0.053 mm ( 78.9%,
F=18.7, P=0.006) fARMA . > 0.25 mm KEPEHA
BRIk (69.9%, F=11.6, P=0.028) Ll }>2 mm /K%
PRI (66.4%, F=9.9, P=0.012) A m AL E B
K, B5REHZBEAE . B EKED
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% o
S| 2016 S (2017
0.5-0.25mm
0.5-0.25mm
0.25-0.053mm
S <0.053
© >0.25mm a oomm
g 2-1mm SBD [
A |>2mm 8
ST <0.053mm g
< SWC 3| sc
a SC &
~ 1-0.5 2-1lmm
o 20.25mm
0.25-0.053mr SWC
_ >2mm
0.25-0.053mm: 78.9%, F=18.7, P=0.006 >2mm: 62.9%, F=8.5, P=0.014 1-0.5mm
oo | >0.25mm: 69.9%, F=11.6, P=0.028 o0 0.25-0.053mm: 57.6%, F=6.8, P=0.036
< | >2mm: 66.4%, F=9.9, P=0.012 < [>0.25mm: 52.7%, F=5.6, P=0.034
-1.0 RDA1(97.28%) 1.0 -1.0 RDA1(85.56%) 1.0
oo
< [ 2018
>0.25mm 0.5-0.25mm 2-lmm

s

8 C

Bl

A =2 <0.053mm

&l 1-0.5mm i

0.25-0.053mm
oo | 1-0.5mm: 63.5%, F=8.7, P=0.044
< 1 >0.25mm: 54.8%, F=6.1, P=0.064

-1.0 RDA1(97.74%) 1.0

B3 2016—2018 4F WA= T e T . eSS0 U 3K 5 e PR MAOREAR A9 T TR 70
Fig. 3 Redundancy analysis of soil bulk density, soil compactness and soil water content with soil aggregate particle size of subsoil layer in
2016, 2017 and 2018

i) =SB MAKRAZ . 2017 4F, BANHERMifiRe T
MRS 99.34%, Hit>2 mm (62.9%, F=8.5,
P=0.014 ) KEEMH M, 0.25~0.053 mm ( 57.6%,
F=6.8, P=0.036 ) Tt RIALL > 0.25 mm /K E2 1 A
RIK (52.7%, F=5.6, P=0.034) 1y E K,
REEWANZ B A E | RS K SR
WAL £ S A RIARIAE . 2018 4F, BIAHERF il
BT AR R 99.42%, Hr 1~0.5 mm (63.5%,
F=8.7, P=0.044) Hifzg M RMAIETETH)Z LR
o RS D RIS KR AR A S AR AR
Wife. 454H Pearson FHICIMT, TAIRIAS %
MRS ERIELL, S RS KERER,
PR MRS P 348 FH 5 T R 30 3 2 A SR A g K R R
P 3R {2 P 5 ok 52 30 - 398 4 BP0 T il

3.1 HBASELHNIMETRERE. LERS

ERTESKEN N

b e E R A b RS A AP e S R Y
SR BIAWTFERW], AT T g X A
(¥ FEARACR B L 522 FEARFTE &R FFIL Ak
Y RERFAR T AR, IR B2 [RIAR B R AT R Y
SR R, A RN B, RAEVIRS TR — R
RATE (=23 g L) MRRAHIEL, HEA 13T
REfEHY N L HEFL B, ATTRRAR L3R |, Uimk
T S AT BOAE S o AR e M Bt D Dy DDA
PR, 55 ek 2 (A R LB s 153,
RREAE S P B A = LR A I PRI IS DL T 5 IR
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R A YL TAHE S A HLEHLE &
TR, EEE T R PRLAS AT R, DA I 25
THEAHL BeAh, FEAT L H S HLAEE B S
SEEHGER] T EAAER, T 4 S R S AR
A B o b B SR R A A B S —
HESH, AT RIE L EIGRE, Jf S 1R
A AR P A g v g SR A A A L
5B AL, BINRS AT i LSl IR i fig
AR Z ) LR L R R, XA
By TAT R AR R A R AL RS, TR HEAR 7
MR = SR K I3 B R0

AP JZ S5 K R RS TR M i P i 7 o JEE
s TR, HAEAHR B85 K RS A F R A3 hn
M BTABFFEIESE , REAFHELE 3 b R i
FEAR 2 1 3 K BT 2 ol = TR R
W, B, AT A I AR SR K R,
AERETE A R 4 (1 L S AT R AT BRI 42 35—,
TR A B HA BROKPERY, W AW . A7 B 2 K
SRR T =, AT L g
T IEALBARDL , BN T K S f AR A )

BEAh, ABFIER T BER I A HERS , AT IL
PO Bl e - ey R DR A P 02 i o A 45 2R . 3
JE N i RS AT e P g i A, A B Rk 8%
SR LA B LB S e e P B S RS R
FET A2k B8 - 9y B AR5 8 A A 3 D Ak B 2 S 4
AN BRT, FEFF R EEIE AR 3 4R S AR i B
BT BUAERT, X2 RO RS AT B i A 2
WEHE RS AT B0 R 5 e, L AR 32 37 + et
AR T R R R R 20,
32 BHEELHNITHMETERARENESS

HI = il

FEAT I TS 1 L S SRR I i e, e i
[ GEZINTPNZIELENGE SPNZIE LN DI E SRS B
e 3T LR RE 1D ASHIFSE b LA SR AT
i FH AR B A SR PSR AR B i, JUHLAESE 1, 2 4F
RFEHI, X R PR AL RS 1 BI5S 2 4F
PR Y, RS R A K AR, 0 L
AP B, RORIE N 7R IR B, TSI
TP EE A PRSI, BER: UL 45 A
TP SR, T P 3R R A R AT AR )i R
FHEZRE, 8 1 RS AT UL s B ik FGS AT SR AR
Ko I L ROR X ] BE PR O UKL AS A AT AE

- B R AR BT A B R AR, IR TRE AT
B AL R AR, e A A AR T A i b
IFIR] B HERS , A5 AT UKL RO I A N 45 0, VIR As 1
HTARFRECK | SRS, ISR TERegt, 7555 2. 3
AEATY RERE TR H K 5 i R AR 1 AT SR AT B, T 3R
I DD RE RS FEAE I8 S S R T R SRR . SR
MM, 2H5 AR AL B AR MR WAHEZ 0.5 ~ 0.25 mm
PSRRI G A7, 3% 5 W2 AR B 1
T BRAX, - BRENNREERERT, R
TR BRL A TN SRR TE S22 BRBACY 1
FEBEZ 0 B s . UL Rl 0L, RS AR X i
AN ] 4 J2 PR AR TR B S R AR — 3, X T
BEZ A R ARTE SR A A, X5 S A
25 . AT EBARA G, A Ja ik DO HFZRRiR
IEEHATIRA ST o
33 THELERARGKHNESGHNESIEHR
I R AR IS A R R, B
B DL RN — o B L b A R 0y | BF
KPE, EEMEERR SRR, Soh R R E . +
R R S K E =B S E R YA R RS =
BRI E TR (K 6), LIATEZHKEEMER
RIS B2 A, SRS EEEMX,
I 3 K W 5 22 A s, 30 R R R 3 P 4
K, KREAREKSZ, XTSI RAR D KA
R E G A LB . KL A = 3
I, AT R KRR R BT
IK I3 53 BOAE K Rt K AT SR A (RidE> 0.25 mm )
B &S K R EE . AP D IR )
HEYIEM RPN ARBFE RS FF— R P8 B S
B 3 4F[E], > 0.25 mm KRR K A AR 1 i
T CK, HORFMEREING B3 22 5, RUEEL
B 48 > 0.25 mm 7K AR K TSR A (8 28 X I 9,
XAy - S IR A A DA R A S BLAR 17 A7
HETHFIFA, Bt miEse, s
I A S A BT e AR AR P AR T
W — 238 5 TUAY A BT 48 7 AK AR K T 3R A7 52 i IF.
BHZ TR E . RS D R RS KR AR
mEAFEFREH, R BRI RABZ, &
FasE, MAETE AL R A FLEREE 0T, FE AR e
FwOR S, BRI KBOKEE S . AT, RS AR IR
FH Ji = S K AR DA A SR A g 3 2 - 8 B MR i
R EZEN
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