L I

,§¢@iwﬁ£  e

Chinese Journal of E

AEE H 77 2o ERREFF R AR KR LIRS BRI

HSF, 229, PV, ERRBL, FERSEE, Hem, R4

I ESE

HSF, 220, Vi, 4. A[RLA 5 SO0 BORFSEFF IR g S 8 5% or  imnsg )] v B A S 4l 23 (th 9 50), 2019,
27(1): 100-108.

TELR 2 View online: https:/doi.org/10.13930/j.cnki.cjea. 180551

BT R R  HAB S EE

Articles you may be interested in

AN EIVERIRE AT A S K B A (B gt Rk S 3R o BRI

Nutrient release patterns and decomposition characteristics of different crop straws in drylands and paddy fields

TR E A A2 AR. 2017, 25(2): 188-199  hitps:/doi.org/10.13930/j.cnki.cjea. 160748
RETE S XM itk S 2 53 e TEOM A R 52 i)

Effects of nitrogen forms on decomposition and nutrient release of rapeseed straw

Fh AR AR AR (FP P S0). 2019, 27(5): 717725 hitps://doi.org/10.13930/j.cnki.cjea. 180810
FE—IECAE T CRAPPEREVE T 53808 7 (% 52 e B2 3P

Effect of conservation tillage on soil fertility under rice—rape rotation system

A AR 2R 2017, 25(11): 1604-1614  hitps://doi.org/10.13930/).cnki.cjea. 170433
IRt R S iy BN DO WS SN 3T Y a B N =11} A

Effects of long—term straw return on corn yield, soil nutrient contents and enzyme activities in dryland of the Loess Plateau,

China
rh A SO AR (TP ES0). 2019, 27(10): 1528-1536  htips://doi.org/10.13930/j.cnki.cjea. 190235

AT HS RS )1 v - ey B R K TR ML i i 52

Effect of straw return and rotary tillage on soil physical properties and mechanical sowing quality of maize in Central Sichuan

HhE A SO 2E 4R, 2017, 25(7): 1025-1033  https://doi.org/10.13930/j.cnki.cjea. 161124


http://www.ecoagri.ac.cn
http://www.ecoagri.ac.cn/zgstny/ch/reader/view_abstract.aspx?doi=10.13930/j.cnki.cjea.180551
http://www.ecoagri.ac.cn/zgstny/ch/reader/view_abstract.aspx?doi=10.13930/j.cnki.cjea.160748
http://www.ecoagri.ac.cn/zgstny/ch/reader/view_abstract.aspx?doi=10.13930/j.cnki.cjea.180810
http://www.ecoagri.ac.cn/zgstny/ch/reader/view_abstract.aspx?doi=10.13930/j.cnki.cjea.170433
http://www.ecoagri.ac.cn/zgstny/ch/reader/view_abstract.aspx?doi=10.13930/j.cnki.cjea.190235
http://www.ecoagri.ac.cn/zgstny/ch/reader/view_abstract.aspx?doi=10.13930/j.cnki.cjea.161124

( ) 2019 1 27 1
Chinese Journal of Eco-Agriculture, Jan. 2019, 27(1): 100-108

DOI: 10.13930/j.cnki.cjea.180551

> ) ) s s , . [7].
( ), 2019, 27(1): 100-108
TIAN P, JIANG Y, SUN Y, MA Z Q, SUI P X, MEI N, QI H. Effect of straw return methods on maize straw decomposition and
soil nutrients contents[J]. Chinese Journal of Eco-Agriculture, 2019, 27(1): 100-108

| F, & 3K, B, DA, AR A M, & &7

( 110866)

: A EEMEARFLERE, WERBEFARATAR, B ALEELRETORFLE T R,
A R R ORU R $R R R AR FE T T LM R B S S (20142015 4By H 1A E ALK EE, KA AR
VR % HE 2 (NTS). Je $F38 H (RTS) A0 8 #F35 H (PTS)3 /% AT 38 H 7 X T 46 #1648 & Ao sk Rk 47 x - B
B, SPHAFEEFANHELE RS BHNT . £ FE LW, RTS fo PTS R AT 5 A R 5 L34 w8tk
EHg, RATFRpBHREH LA H>8>8>%. NTS. RTS 1 PTS A HAEAFHE T MR 05 4 38.8%.
78.0%. 65.9%, WETFHHBEIRE DB H 56.5%. 78.8%. 69.4%, RBHKE K 16.7%. 53.5%. 38.8%, #EFEiK
R4 81.3%. 92.5%. 89.8%, HBEHEH 92.0%. 99.4%. 98.9%. NTS LERTHE MR LR ABREETH
HE B F 6 72 45 8 i 4 7 72, RTS fo PTS AR ATE M. mABRE K 3 ML HE 7 XA k47 B B % 1T
HiE T FEkK TR, RAAEHAY TREME L EBANBE L AL E RISAE L EAHLELTEST
PTS & FE(P<0.05), 5 NTS A B A# L BEZRAEE, SHNTH IR L BAHLEZRTLE. GE0WREM
BARApE L EEEAR, AL KRBV EREFLET X A FTE.
: RATEE; HET R RIFEME, FaoBB; LEANK LERLS
:S341.9 tA : 2096-6237(2019)01-0100-09

Effect of straw return methods on maize straw decomposition
and soil nutrients contents

TIAN Ping, JIANG Ying, SUN Yue, MA Ziqi, SUI Pengxiang, MEI Nan, QI Hua™"
(College of Agronomy, Shenyang Agricultural University, Shenyang 110866, China)

Abstract: By investigating the impacts of tillage and straw return methods on maize straw decomposition, a suitable approach of
returning maize straw to soil was explored for straw utilization with high soil efficiency in the brown soil area of northeastern China.
A two-year (2014-2015) field experiment including no-tillage with straw mulch (NTS), straw incorporation through rotary tillage
(RTS) and straw incorporation through plow tillage (PTS) treatments was conducted in Shenyang, Liaoning Province. Nylon bags
containing straw 2—5 cm long were buried in different depths of soil according to tillage depth of different treatments (0 cm for NTS,
15 cm for RTS and 25 cm for PTS) in the study, and the decomposition of straws and release rates of carbon (C), nitrogen (N), phos-
phorus (P) and potassium (K) by maize straw, along with the effects of straw return on nutrients contents of the topsoil were tested.
The results showed that straw decomposition rates were high at the early phase and slowed down at the later phase under both RTS
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and PTS treatments, with the order of nutrients release rates in all treatments of K > P > C > N. The mean decomposition rates of
straw in both years were 38.8%, 78.0% and 65.9% respectively for NTS, RTS and PTS treatments. Nutrients release rates of returned
straws under NTS, RTS and PTS treatments were respectively 56.5%, 78.8% and 69.4% for C, 16.7%, 53.5% and 38.8% for N,
81.3%, 92.5% and 89.8% for P, and 92.0%, 99.4% and 98.9% for K. The tendency for straw decomposition and C and N release un-
der NTS treatment fitted well with Logistic function, but those of RTS and PTS treatments fitted Michaelis-Menten function. More-
over, K and P nutrients release of all the three treatments changed according to the Michaelis-Menten functions. Straw return en-
hanced organic carbon and total nitrogen contents of the topsoil. Then total soil P content of RTS treatment was significantly higher
than that of PTS (P < 0.05). However, there was no significant difference in total soil P content between RTS and NTS treatments,
and in total soil K content for all the treatments. Based on comprehensive analysis from straw decomposition characteristics and fer-
tility, straw incorporation through rotary tillage was the suitable approach for maize straw return in brown soil areas in Northeast
China.

Keywords: Straw returning; Tillage method; Straw decomposition rate; Nutrient release; Soil organic carbon; Soil nutrient
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Fig. 1 Changes of precipitation and temperature of the experiment site in 2014-2015
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Table 1 Basic properties of the tested straw samples
Carbon Nitrogen Phosphorus Potassium
Year (gkg) (kg™ (kg™ (gkg) CN
2014 395.1 8.95 0.90 12.5 44.14
2015 343.7 8.33 0.50 13.0 41.25
1.3 Y =byxD/(D+b)x100% @)
30d 1 , 3 : Y(%) ( ), D
3 , 5 (d), by b, b,
70 1.4
- ; Microsoft Excel 2010  Origin 8.0
- , (FOSS) , DPS
5cm ’
S 0~15cm 15~25 (LSD)
o, 2 .3 (P<0.05)
100 - 2 ER5HH
; i i 2.1
, (FOSS) ; ( 2), RTS
' 9] ' PTS NTS, NTS
1 @ 0~60d 2014 2015 , 60~150 d
TR (%) = (Mo - M, )x100% /M, (1) 2014 2015, 34.4%
FAFMFE(%) = (Mo x Cy — M, x C,)x100% / (M x C,) 43.2%, 2015 2014 20.4%
@) RTS PTS 2014 2015 0~30
- M, (2); M, ¢ d, 30~150 d ,30d RTS PTS
(2); ¢ d); G 2014 50.8% 34.6%, 2015 54.3%
, C, t 39.9%, 150 d RTS PTS 2014
80.4% 71.7%, 2015 75.6% 60.1%, RTS
3 @ PTS 2014 2015 6.0%
Y:bo/[1+e(”f”2“’)} 3)  16.2% .3 ., 2014
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Fig.2 Decomposition rates of maize straw under different straw-returning methods
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Fig. 3 Carbon release rates of maize straw under different straw-returning methods
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Fig. 4 Nitrogen release rates of maize straw under different straw-returning methods

NTS: ; RTS: ; PTS:
through rotary tillage; PTS: straw incorporation through plow tillage.

NTS: no tillage with straw mulching; RTS: straw incorporation
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Fig. 5 Phosphorus release rates of maize straw under different straw-returning methods
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through rotary tillage; PTS: straw incorporation through plow tillage.
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Fig. 6 Potassium release rates of maize straw under different straw-returning methods
NTS: ; RTS: ; PTS:
through rotary tillage; PTS: straw incorporation through plow tillage.
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Table 2 Characteristic parameters of straw decomposition rates and nutrient release rates of maize straw under different
straw-returning methods

NTS: no tillage with straw mulching; RTS: straw incorporation

2014 2015
Y Treatment bo by b, R*(n=6) bo by by R*(n=6)
NTS 37.796 2979  0.037 0.995 7 46.446  4.088 0.046 0.996 9
Straw decomposition rate RTS 93.857  25.528 — 1.000 0 83.913  16.927 — 0.999 7
PTS 97.504  53.406 — 0.999 8 69271  20.614 — 0.997 9
NTS 56.861 3517 0.088 0.998 8 58.033 4.865 0.057 0.995 8
Carbon release rate RTS 89.661 15.497 — 0.999 3 86.964  17.609 — 0.999 1
PTS 97.112  38.798 — 0.991 0 80.749  31.283 — 0.988 0
NTS 8.193 2.827  0.051 0.994 3 23.872 2.700 0.057 0.987 6
Nitrogen release rate RTS 88.203  87.782 — 0.985 0 58111 11.611 — 0.998 6
PTS 76472 139.161 — 0.9927 41.081 5.950 — 0.999 5
NTS 85.044 0.888 — 0.999 7 77.506 3.809 — 0.999 2
Phosphorus release rate RTS 97.367 2.842 — 1.000 0 90.268 1252 — 0.999 8
PTS 93.150 4.539 — 0.998 3 87.900 1.003 — 0.999 7
NTS 90.088 1.144 — 0.999 8 93.442 1.873 — 0.999 3
Potassium release rate RTS 100.306 0.942 — 1.000 0 99.490 0.133 — 0.999 9
PTS 98.472 4911 — 0.994 9 99.920  0.384 — 1.000 0
NTS: ; RTS: ; PTS: NTS: no tillage with straw mulching; RTS: straw incorporation through

rotary tillage; PTS: straw incorporation through plow tillage.

x3 FEBALHAAXNTARNRELREFSSE

Table 3 Nutrients contents of different soil layers under different straw-returning methods

gkg!

Organic carbon Total nitrogen Total phosphorus Total potassium

Year Treatment 0-15 cm 15-25 cm 0-15 cm 15-25 cm 0-15 cm 15-25 cm 0-15 cm 15-25 cm

2014 NTS 10.64+0.15b  10.404£0.05b  1.0320.04b  1.0240.01b  0.90£0.0lab 0.84+0.07ab 10.57+0.21a 10.79+0.01a
RTS 12.2940.17a  9.8140.07c  1.25+0.04a  1.02+0.01b  0.93+0.02a  0.89+0.02a  10.87+0.19a  10.78+0.32a
PTS 9.94+027c 11.64£0.18a  1.00£0.02b  1.1240.04a  0.86+0.03b  0.81£0.02b  10.38+0.56a  10.48+0.3%

2015 NTS 10.6540.47b  10.67+0.09b  1.21£0.02b  1.03+0.10b  0.87+0.03ab 0.88+0.01a  10.88+0.39a  10.79+0.33a
RTS 123040342 10.15£0.42b  1.43£0.05a  1.0840.08b  0.9240.03a  0.87+0.02ab 11.0840.20a 10.98+0.40a
PTS 11.80+0.33a  12.6240.20a  1.11£0.02c  1.27+0.10a  0.85+0.05b  0.83+0.04b  10.69+0.68a 10.68+0.51a

NTS: ; RTS: ; PTS: (P<0.05) NTS: no tillage

with straw mulching; RTS: straw incorporation through rotary tillage; PTS: straw incorporation through plow tillage. Different lowercase letters indi-
cate significant difference among different straw-returning methods at P < 0.05.

http://www.ecoagri.ac.cn



106 ( ) 2019 27
RTS 0~15 cm , ,
2014 RTS PTS NTS 0~15 cm
19.1% 13.4%, 20.0% > > >
17.6%; 2015 RTS PTS NTS 0~15 cm , 56.4%~81.3%
4.1% 13.4%, 8.3%~55.6% 74.0%~95.5% 89.4%~99.7%
22.4% 15.4% PTS 15~25 cm ,
, 2014 PTS RTS NTS 61, ,
15~25 cm 15.7% 10.7%, ; 60% ,
8.9% 8.9%; 2015 PTS RTS NTS ,
15~25 cm 19.6% 15.5%, ; ,
15.0% 18.9% 0~15cm 15~25 ,
cm RTS PTS, 2014 RTS , ,
PTS 0~15 cm 7.5%, 15~25 cm (2~3 a),
9.0%; 2015 RTS PTS 0~15 cm [25] ,
7.6%, 15~25cm 4.6%, RTS 90% ,
NTS , [5.26]
3 itig : o)
5 ’ ) )
) [28] ’
[4-6.211 3 , ’
’ [22]
[;3] ’ ’
, , 4 iR
, 0~20 cm R
> > > > 999%,
[24] ,
(Oryza sativa) , ’
25 cm , ) ’
2014
2015 2015 S 2k References
2014 , > [1] , , -
, [1]. ,2010, 32(3): 1-7
2014 2015 | BIY Y, WANG Y J, GAO C Y. Straw resource quantity and its

regional distribution in China[J]. Journal of Agricultural
Mechanization Research, 2010, 32(3): 1-7
[2] ) .
[J]. ,2017,33(21): 1-19

http://www.ecoagri.ac.cn



107

[10]

(1]

LIU X Y, LI S T. Temporal and spatial distribution character-
istics of crop straw nutrient resources and returning to farm-
land in China[J]. Transactions of the CSAE, 2017, 33(21):
1-19
[J1. , 2015, 36(6):
5-10
ZUO X, WANG H Y, WANG Y J, et al. Estimation and suita-
bility evaluation of corn straw resources in China[J]. Chinese
Journal of Agricultural Resources and Regional Planning,
2015, 36(6): 5-10
[J1. , 2009, 15(2):
374-380
LIF Y, SUN X F, FENG W Q, et al. Nutrient release patterns
and decomposing rates of wheat and rapeseed straw[J]. Plant
Nutrition and Fertilizer Science, 2009, 15(2): 374-380
[J. , 2011,
44(16): 3351-3360
WU J, GUO X S, WANG Y Q, et al. Decomposition charac-
teristics of rapeseed and wheat straws under different rice
cultivations and straw mulching models[J]. Scientia Agricul-
tura Sinica, 2011, 44(16): 3351-3360
[J1. , 2016, 22(1):
48-58
XU J C, WANG X W, ZHU X F, et al. Study on decomposi-
tion of maize straw under different green manure cropping
patterns[J]. Plant Nutrition and Fertilizer Science, 2016, 22(1):
48-58
[J]. ,2016,47(9): 212-219
CAO Y F, ZHANG H, LIU K, et al. Decomposition charac-
teristics of crop residues among different agricultural treat-
ments[J]. Transactions of the Chinese Society for Agricultural
Machinery, 2016, 47(9): 212-219
s s , . /
[J1. , 2009, 25(10):
247-251
JIANG X D, CHI S Y, WANG Y, et al. Effect of less tillage
and no-tillage patterns on decomposition of returned maize
straw in wheat/maize system[J]. Transactions of the CSAE,
2009, 25(10): 247-251
[J1. , 2009, 17(6): 68-73
ZHANG Y, CHEN F, ZHANG H L, et al. Tillage effects of
decomposed ratio on corn straw[J]. Journal of Maize Sciences,
2009, 17(6): 68-73
[J. ,2014, 51(4): 743-752
ZHANG H, LYU J L, CAO Y F, et al. Decomposition charac-
teristics of different plant straws and soil microbial functional

diversity[J]. Acta Pedologica Sinica, 2014, 51(4): 743-752

> 5 >

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[J1. , 2016,
30(3): 80-85
YUE D, CAI L Q, QI P, et al. The decomposition characteris-
tics and nutrient release laws of wheat and corn straws under
different straw-returned amount[J]. Journal of Arid Land Re-
sources and Environment, 2016, 30(3): 80-85
[J1. , 2010, 26(6): 272-276
DAIZ G, LU J W, LI X K, et al. Nutrient release characteris-
tic of different crop straws manure[J]. Transactions of the
CSAE, 2010, 26(6): 272-276
, . 1.
, 2008, 16(3): 607-610
WANG Y Q, GUO X S. Decomposition characteristics of
crop-stalk under different incorporation methods[J]. Chinese
Journal of Eco-Agriculture, 2008, 16(3): 607-610
[J1. , 2016,
42(11): 1689-1699
PANG D W, CHEN J, TANG Y H, et al. Effect of returning
methods of maize straw and nitrogen treatments on soil phys-
icochemical property and yield of winter wheat[J]. Acta Ag-
ronomica Sinica, 2016, 42(11): 1689-1699
YOU D B, TIAN P, SUI P X, et al. Short-term effects of till-
age and residue on spring maize yield through regulating
root-shoot ratio in Northeast China[J]. Scientific Reports,
2017, 7: 13314
[J71. , 2012, 20(3):
297-302
HU H X, CHENG Y, MA Y H, et al. Decomposition charac-
teristics of returned rapeseed straw in soil and effects on soil
fertility[J]. Chinese Journal of Eco-Agriculture, 2012, 20(3):
297-302
[J1. , 2015, 52(3):
665-672
JIAO LN, LI Z H, YIN C C, et al. Effect of incorporation of
crop straw on composition of soil organic matter and enzyme
activity in black soil relative to depth and rate of the incor-
poration[J]. Acta Pedologica Sinica, 2015, 52(3): 665-672
[J]. , 2018, 55(1):
247-257
CHENG C, WANG J J, CHENG H H, et al. Effects of straw
returning and tillage system on crop yield and soil fertility
quality in paddy field under double-cropping-rice system[J].
Acta Pedologica Sinica, 2018, 55(1): 247-257
. [M]. 3
,2000: 30-34
BAO S D. Soil and Agricultural Chemistry Analysis[M]. 3rd
ed. Beijing: China Agriculture Press, 2000: 30-34
[J1. , 2009, 25(10): 252-257
WANG X D, CHEN X N, WANG C X, et al. Decomposition

http://www.ecoagri.ac.cn



108 ( ) 2019 27
of corn stalk in cropland with different fertility[J]. Transac- [25] s ¥,
tions of the CSAE, 2009, 25(10): 252-257 [J1. , 2017,
[21] R s s 54(5): 1206—-1217
J1. , 2017, LI C M, WANG X Y, SUN B. Characteristics of nutrient re-
25(2): 188—-199 lease and its affecting factors during plant residue decompo-
DAI W C, GAO M, LAN M L, et al. Nutrient release patterns sition under different climate and soil conditions[J]. Acta Pe-
and decomposition characteristics of different crop straws in dologica Sinica, 2017, 54(5): 12061217
drylands and paddy fields[J]. Chinese Journal of [26] s R ,
Eco-Agriculture, 2017, 25(2): 188-199 [J].
[22] , , ; ,2017,25(12): 1823-1831
[J1]. , 2010, 18(4): FU W, LIU K P, CHEN H S, et al. Spring maize yield and soil
736-741 potassium balance under replacement of potassium with straw
KUANG E J, CHI F Q, SU Q R, et al. Decomposition regu- in karst peak-cluster depression[J]. Chinese Journal of
larity of organic materials in Sanjiang Plain region[J]. Chi- Eco-Agriculture, 2017, 25(12): 1823-1831
nese Journal of Eco-Agriculture, 2010, 18(4): 736-741 [27] s s ,
[23] s s , . [J1. , 2006, 20(6):
[J71. , 2007, 141-144
13(6): 1049-1053 CHEN S H, ZHU Z L, WU J, et al. Decomposition character-
LIU S P, CHEN W L, NIE X T, et al. Effect of embedding istics of straw return to soil and its effect on soil fertility in
depth on decomposition course of crop residues in rice-wheat purple hilly region[J]. Journal of Soil and Water Conservation,
system[J]. Plant Nutrition and Fertilizer Science, 2007, 13(6): 2006, 20(6): 141-144
1049-1053 [28] s s , .
[24] s s 1. , 2016, 35(8):

[J1. , 2017, 34(1):
59-65

WANG J, CHEN X, WEI J L. Decomposition of rice straw and
corn straw under aerobic and anaerobic conditions[J]. Journal of

Agricultural Resources and Environment, 2017, 34(1): 59-65

2038-2045
SUI P X, ZHANG X Y, WEN X F, et al. Effects of tillage and
straw management on nutrient contents and enzyme activities
of brown soil[J]. Chinese Journal of Ecology, 2016, 35(8):
2038-2045

http://www.ecoagri.ac.cn



