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County, Yichang City, Hubei Province, Yichang 443799, China)

Abstract: In order to clarify the effect of different exogenous organic materials and tillage methods on soil fertility, with the rice and
wheat rotation system as the study object, a two-year field experiment was conducted to study the short-term effects of different
exogenous organic materials, tillage methods, and their interactions on soil aggregate and organic carbon composition. The results
revealed that straw returning with rotary tillage method could decrease soil bulk density and increase total porosity. Compared with
non-straw-returning treatment (CKR), the >0.05-mm water-stable aggregate content with straw-returning treatment under rotary
tillage (SR) significantly increased (7.2%) in the wheat growing season. In addition, exogenous organic matter and tillage methods
had significant effects on soil active organic carbon. Among them, easily oxidized organic carbon (EOC) was significantly affected
by the interaction of exogenous organic materials and tillage method, and the acid-hydrolyzed organic carbon (LPI. and LPII.) was
significantly affected by the tillage method. Compared with CKR treatment, the concentration of EOC and LPI, with straw-returning
treatment under rotary tillage increased by 0.3—2.6 g-kg . The content of particulate organic carbon (POC) was significantly affected
by exogenous organic materials, and the average POC content with straw-returning treatments was higher than that with organic
fertilizer application treatments (increased by 0.75 gkg™). In the short term, exogenous organic materials, tillage methods, and their
interactions had negligible effect on the stability of organic carbon (black carbon and mineral-bonded organic carbon). In conclusion,
straw returning combined with rotary tillage could improve the content of soil water-stable aggregates and active organic carbon
(EOC, LPL, and POC).

Keywords: Wheat-rice system; Straw returning; Tillage method; Soil aggregates; Active organic carbon; Stable organic carbon
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15 cm; 11 000 kghm™>, 1.4
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15 ¢cm(CKR ¢ 5,
(CKR) 2 ZRESH
16.7 cm*x26.4 cm s 2
<9023, , 112.5 kg'hm 2.1
( @2 )
29.72% N 3.1% P,054.1% K,0 1.9%) ( (3CKR)’
0.04~0.08 grem P>0.05);
N 46%) (P05 12%) (KO 60%) gem ( )
, 1.2%~2.8%,
§ . : P>0.05 :
N 180 kghm ? P,0575 kghm? K,0 120 kg-hm > ( ) 14130 .
_ _ _ , 14~1. -cm
N 150 kghm 2 P,0590 kghm?  K,O 75 kg-hm &
50.95%~57.13% ,
’ (SR) CKR(P<0.05),
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2018 5 21 10 9 FXIEREMILEEE M
sy Table 1 Effects of exogenous organic materials and tillage
> S methods on soil bulk density and porosity after crop harvest of
0~20 cm 500 g , rice-wheat rotation system
Corp Bulk density Total porosity Capillary porosity
5 season Treatment (grem™) (%) (%)
(4l CKR  1.1540.02a 56.73:0.91a  53.77+1.08ab
Wheat SR 1.11+0.02a  57.93+0.68a 59.50+2.48a
’ season SP 1.07£0.04a  59.53+1.50a 54.85+0.07ab
( , Daiki, DIK-2012), MR 1.10+0.10a  58.40+3.63a  54.46+2.42ab
2mm 0.25 mm 0.053 1,nrn[B] MP 1.10+0.10a  58.56+3.81a 51.98+0.46b
CKR 1.23+£0.0la  53.67+0.39b 46.66+1.18a
: (DOC) Rice SR 1.14£0.03b 57.131.24a  49.31:0.06a
[s), (EOC) season SP 1.24+0.01a  53.04£0.34b  46.84+2.35a
-1 [16] MR 1.23+£0.0la  53.48+0.54b 47.74+0.51a
333 mmol-L * KMnO, ) MP  130£0.02a 50.95£0.70b  45.79+0.91a
stO4 [ (LP c) CKR: s ; SR: ; SP:
(LP c)] HCl (HCIC) [4,]7], ; MR: N ; MP: N
. 8] (P<0.05) CKR:
(POC) 5 g'L rotary tillage without straw returning and organic fertilizer application;
SR: rotary tillage with straw returning; SP: ploughing with straw re-
turning; MR: rotary tillage with organic fertilizer application; MP:
(MOC) Eusterhues [19] ploughing with organic fertilizer application. Different lowercase letters
20 ’ in the same column for the same crop season mean significant differ-
(BC) [20] ences among treatments at 0.05 level.
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Fig. 1 Effects of exogenous organic materials and tillage

2.2 methods on distribution characteristic of soil aggregates after
crop harvest of rice-wheat rotation system
CKR: N ; SR: ; SP:
CKR ( 2) CKR, DOC . R ’
MP (23.0 mg'kg >SR (18.6 mg'kg >MR (P<0.05) CKR: rotary tillage
Tro ! Tro ! without straw returning and organic fertilizer application; SR: rotary
>
(83 me kg ) SP (48 me kg )( 2) tillage with straw returning; SP: ploughing with straw returning; MR:
EOC LP . SR , CKR rotary tillage with organic fertilizer application; MP: ploughing with
-1 -1 organic fertilizer application. Different lowercase letters mean signifi-
(P<0'05)9 0.3 g'kg 2.6 g'kg cant differences among different treatments at 0.05 level.
LP 2.9~34 gkg!,
c BXE (BO) (MOC)
CKR (SP 1.7 g'kg ) (P<0.05) (2]
: HCl. POC SOC BC MOC CKR
’ ; POC BC  MOC
CKR, 54gkeg!  4.7gkg BC MOC
-15. _ _
POC ( 5.4 gkg); HCIL, 55~5.8 gkg' 5.0 gkg'( 3)
POC ,
-1
( 62gkg) , SR , BC/SOC  MOC/SOC
0.41 0.37 , CKR
, 0.03 0.06 ,
EOC LP . LP . ,
x2 MNEANYIHEARNEERERETREGNBE LA BRI
Table 2 Effects of exogenous organic materials and tillage methods on active components of soil organic carbon
of rice-wheat rotation system
DOC (mg-kg ) EOC (gkg ") LP .(gkg)  LP o(gkg™) HCle (g'kg ) POC (g'kg )
Treatment
CKR 89.1£4.3b 1.4£0.1b 7.9+£0.4b 1.74£0.0b 5.1+£0.9a 4.4+0.4b
SR 107.7+7.3ab 1.7£0.1a 10.5+1.8a 2.9+0.0a 5.6+0.0a 5.4+0.5a
SP 93.9+8.8ab 1.5+0.1a 8.0+0.2b 3.4+0.2a 5.5+0.3a 4.9+0.1ab
MR 97.4+1.6ab 1.3+0.0b 8.7+0.6ab 3.0+0.1a 5.5+0.5a 4.3+0.2b
MP 112.1+£8.6a 1.6+0.0a 8.5+0.3b 3.1£0.0a 6.2+0.4a 4.5£1.7b
CKR: s ; SR: ; SP: ; MR: S ; MP: s DOC:
; EOC: 333 mmol-L™' KMnOy ; LP 2.5 mol-L™" H,S0, ; LP 1 mol-.L™' H,SO4 ; HCl:
6 mol-L™! HCI ; POC: (P<0.05) CKR: rotary tillage without straw returning

and organic fertilizer application; SR: rotary tillage with straw returning; SP: ploughing with straw returning; MR: rotary tillage with organic fertilizer
application; MP: ploughing with organic fertilizer application. DOC: dissolve organic carbon; EOC: organic carbon extracted by 333 mmol-L™!
KMnOgy; LP . organic carbon extracted by 2.5 mol-L™! H,SO4; LP . organic carbon extracted by 1 mol-L~! H,SO4; HCI,: organic carbon extracted

by 6 mol-L™" HCI; POC: particulate organic carbon. Different lowercase letters in the same column mean significant differences among treatments at
0.05 level.
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x3 MNEANMYHIHEARNEERERAEIREGNBREAS RERBEEMNFIT
Table 3  Effects of exogenous organic materials and tillage methods on components and stability of soil organic carbon of rice-wheat
rotation system

Treatment SOC (g'kg™) BC (g'kg™") MOC (g-kg ™) BC/SOC MOC/SOC
CKR 12.6£1.0b 5.0+£0.0b 4.4£0.2b 0.38 0.31

SR 14.2+0.1ab 5.4+0.1ab 4.6+0.0ab 0.38 0.32

SP 13.4£1.5ab 5.4+0.1ab 4.8+0.1ab 0.40 0.36

MR 13.3+1.1ab 5.540.1ab 5.1+0.1a 0.41 0.38

MP 13.5+1.1ab 5.8+0.1a 5.0+0.1ab 0.43 0.37

CKR: s ; SR: ; SP: ; MR: N ; MP: s SOC:
; BC: ; MOC: (P<0.05) CKR: rotary tillage without straw returning

and organic fertilizer application; SR: rotary tillage with straw returning; SP: ploughing with straw returning; MR: rotary tillage with organic fertilizer
application; MP: ploughing with organic fertilizer application. SOC: total organic carbon; BC: black carbon; MOC: mineral-bonded organic carbon.
Different lowercase letters in the same column mean significant differences among treatments at 0.05 level.

2.3 (P<0.05)( %) POC ,
40.5%
2 mm , s POC
36.4%, 0.25~2 mm
0.05~0.25 mm 2.4
, 33.1%  64.5%, ( )
(P<0.05)( 4) ;
CKR ( )66.1~475.0 kg-hm™,
, ( ) 0.5%~6.5%,
, (2 ,
, DOC EOC CKR ,
, 36.4% 54.0% LP .
, 26.6%, , 7.68%,

R4 HERR. ANMREREYEMNBEERIERZTIRARKMIERN

Table 4 Affecting forces of tillage methods, organic materials and their interaction on soil aggregates of rice-wheat rotation system

%
Soil aggregates size (mm)
Difference source >2 0.25~2 0.05~0.25 <0.05
Block 6.3 19.8 8.0 7.4
Tillage 0.2 9.3 2.1 16.3
Organic materials 36.4 5.0 9.6 4.1
x Tillage x organic materials 1.4 33.1° 64.5" 0.2
Error 55.6 33.0 15.8 72.0

* (P<0.05) = means significant effect at P < 0.05 level.

x5 HMEEER. GNYREXREYEMNEERIERAZLIRBNBRESERAN

Table 5 Affecting forces of tillage methods and organic materials and their interaction on soil organic carbon fractions of rice-wheat

rotation system %

Fraction of soil organic carbon

Difference source DOC EOC LP . LP HCI, POC SOC BC MOC

Block 18.4 1.2 4.4 21.5 20.4 25.3 9.1 7.4 21.1

Tillage 0.0 23.4 27.7 26.6" 6.5 1.8 6.1 5.5 3.5

Organic materials 2.7 0.1 6.3 3.6 10.2 40.5" 14.5 15.0 32.1

x Tillage x organic materials 36.4 53.0 20.6 22.8" 12.6 9.6 25.0 4.5 6.4

Error 42.4 24.0 41.0 25.6 50.2 22.9 453 67.7 36.9

DOC: ; EOC: 333 mmol-L™' KMnO, ;LP ¢ 2.5mol-L™ H,SOy4 ;LP . 1 mol-L' H,SO,

; HCl: 6 mol-L™" HCI ; POC: ; SOC: ; BC: ; MOC: * (P<0.05)

DOC: dissolve organic carbon; EOC: organic carbon extracted by 333 mmol-L™' KMnOy; LP  .: organic carbon extracted by 2.5 mol-L™' H,SO4; LP  .: or-

ganic carbon extracted by 1 mol-L™' H,SO,; HCl,: organic carbon extracted by 6 mol-L™' HCI; POC: particulate organic carbon; SOC: total organic
carbon; BC: black carbon; MOC: mineral-bonded organic carbon. * means significant effect at P < 0.05 level.
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Fig. 2 Effects of exogenous organic materials and tillage ’
methods on grain yield of rice-wheat rotation system in 2017 , EOC LP ¢
and 2018
CKR: s ; SR: ; SP: s LP ¢
; MR: s ; MP: s )
(P<0.05) CKR: rotary tillage
without straw returning and organic fertilizer application; SR: rotary ’
tillage with straw returning; SP: ploughing with straw returning; MR: (311 s
rotary tillage with organic fertilizer application; MP: ploughing with
organic fertilizer application. Different lowercase letters mean signifi- >
cant differences among treatments at 0.05 level. EOC LP .
3 5 ER . POC ,
POC , 40.5% POC
0~20 cm
) POC
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) [26] POC
[33]
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