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Decomposition of cover crop residues in soils and
its effects on winter wheat yield

LI Zhi-peng'?, WANG Jun'?, SHANG Yu-qing"?, ZHANG Shao-hong'*
(1. College of Urban and Environment science, Northwest University, Xi’ an, Shaanxi 710127, China
2. Shaanxi Key Laboratory of Earth Surface System and Environmental Carrying Capacity,
Northwest University, Xi’ an, Shaanxi 710127, China)

Abstract: The nylon mesh bag method was used to study the return of different cover crops ( Changwu soyean
(S), Ryegrass (R), and 1 : 1 Mixture (M) ) residue and nitrogen (N) fertilizer level (0, 60, and 120 kg N -
hm™) in Weibei dryland area under the two-factor treatments, the cover crop decomposition, the dynamics of car-
bon and nitrogen release, and the subsequent yield of winter wheat, and the decomposition rate were analyzed with
the Olsen model. The results indicated that the decomposition and release characteristics of carbon (C) and N from
each cover crop showed a characteristics of “pre-fast-intermediate slow-late acceleration” , and the decomposition of
cover crops was following the Olsen model. On the 276th day, decomposition rates of all treatments were above
70%. In days of 0~35, under the same N treatment, the cumulative decomposition rate and the decomposition rate
were in order of SSM>R (P<0.05). On the 35th day, the cumulative decomposition rate of dry matter in S, M,
and R treatments reached 61.9%, 55.5%, and 47.5%, respectively. The application of N in 0~35 days enhanced
the crop decomposition. The application of N to S and M did not impact the decomposition significantly but the
effect on R was significant. After 35 days, the effect of N fertilizer was gradually weakened. The decomposition of
the cover crops was accompanied by the rapid release of C and N, especially in the first 21 days, the residual ratio

of C and N in S, M, and R reached 40%, 50%, and 60% , respectively. On average, the C—N release rate with
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treatment S was significantly higher than that with treatment R, but not with that of treatment M. Compared with the

fallow control, the tumbling return of cover crops significantly increased the yield of subsequent winter wheat, and
the grain yield increased by 10% ~35% (P<0.05), among which SN1 and MN1 had the best treatment effect.

Keywords: cover crops; decomposition; winter wheat; yield
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Table 1 Initial physical and chemical properties in 0~40 cm soil layer
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Soil depth  Bulk denity Organlci? Total I\L C/N Olsen—Ii] Avallah]etF (25:1) NOj3 _N7 NH; _N7
/em /(geem™) /(g-kg) /(g-kg) /(mg - kg™ ) /(mg - kg™ ) /(mg-kg™") /(mg-kg™")
0~10 1.24 11.6 1.27 9.1 5.3 183.2 8.30 6.2 4.8
10~20 1.43 11.2 1.02 10.5 3.5 162.8 8.21 5.5 4.9
20~40 1.38 9.8 0.97 10.1 2.1 169.2 8.13 4.1 4.1
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Fig.1 Air temperature and precipitation during the study period
1.2 Rt

2&/NFZ — YE DR R 2 067 1058 T 4R F 2016 4F 9
Ao X5tk IR AR Y A1 ZUIE AR = A3 (3%
2) SEIRAEY AR ARy A3 R R A4 A X iR
(CK) KEME(S) BEF(R) LKANT SR
EZERA (M) ANENEIL I, & A 3 it Ak,
BT 2 (NO:0 kg N + hm™) fIRZA (N1:60 kg N -
hm ™) FIE A (N2:120 kg N - hm™) . BB
53 W BENLA B AE 36 D/NX R B NX A T m,
BE 4 m,/NX R 0.5 m BRI AT, /A2 Sl A
KR, TR 9 AT AR, %88 225
kg - hm™ , KAE 6 H R AR, HIRIED T/ ik
ARG, BB B GT BR (CK) |, KR G RE (35
M 82.5 kg - hm™) | JRAZ FLHARE (#5450 kg -
hm ) IR AW G5 B EFIRE (KRN O
41.25 kg + hm >+ F 25 kg - hm™) | BHAFEAKE 9
A gt AT Ry 8 S i FHBER LB A I, T 9
AT AN

SRR A A S0 56 (4874 ) F 2017 4
9 HZE 2018 4F 6 H WM #ETT, 2017 4F 9 HREK
PRAF AR G R B 65C LT
72 h,BY A 2~3 em BUREBE FREX 15 g(M AL B4 1 -
1 HBIFE MR A ) 2 A 15 emx20 em L4 200 H Y
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Table 3  The initial nutrient content in shoot of cover crops

HEIRNEY A PR Organic C 4% Total N AL
Cover crops /(g-kgh) /(g kg™ C/N
KRAE(S) 416.7 28.9 14.4
Changwu soybean
AER(R) 273.0 11.1 24.6
Ryegrass
R 4
KRRT+RERM) g5, 20.1 17.1

Changwu soybean+Ryegrass
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— K (276 d J5) fJa — WHURE 3t 12 A BURE I [A]
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Fig.2 Accumulated decomposition rate of cover crop residues under different treatments
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Fig.3 Decomposition rate of cover crops with different treatments
F4 AEEREDLETHIEFNEBREREE %
Table 4  Crop residue remaining ratio of different treatments in soil
Kb J&fiit ] Decomposition time/d
Treatment 7 14 21 28 35 49 77 119 175 245 276
SNO 65.7 62.6 56.5 39.8 30.4 29.4 28.4 27.1 18.9 16.5 14.6
SN1 60.6 55.7 49.1 33.6 32.1 30.8 29.4 28.8 20.9 14.1 13.2
SN2 57.2 49.7 38.8 30.1 29.6 29.3 28.5 25.2 16.9 12.3 10.4
MNO 72.4 66.1 59.8 50.5 36.4 33.3 32.2 31.8 23.4 22.3 20.5
MN1 63.7 60.4 53.7 37.7 33.7 31.5 30.6 29.9 21.5 19.6 16.3
MN2 62.9 55.1 51.2 32.2 30.5 30.0 29.3 28.0 19.6 15.9 14.1
RNO 92.2 85.8 75.3 66.8 54.6 46.2 45.0 44.5 36.0 32.0 28.9
RN1 85.4 73.3 62.3 51.1 41.4 40.2 39.2 38.6 29.6 27.0 24.2
RN2 75.6 62.2 53.3 41.8 33.4 36.1 31.5 30.8 22.5 20.8 19.7
5 FREBEREMEME Olsen AT 3T H 42.6% 40.2% 46.7% ;N1 T S M R 5 8 K759 K
Table 5 Half-life (T,5) and Olsen’s model in 38.9% 38.7% 43.3%:N2 T S M _R 5% 54 K451 K
different cover crops treatments (n=12) 33.9% 36.5% 41.5%. 35~175 d ﬁ&%%*%ﬁi%zk{'—%
Trﬁi%ms 2 e Olsen £ W R R AR 31.2% ~45.1% 2 7], 175 d &
R s SR | N Y S SR e & AL
SNO 0.0329 21.0  0.814* " Y=15¢700 -
SN1 0.0390 17.8 0.880" %  Y=15¢ 000 ;ﬁﬁ%? . N
SN2 0.0428 16.2 0.929* * Y= 15600390 HINEYBIEG R 0~21 d AR EBE, 2
MNO  0.0244 284 0.862°°  y=15e00 21 d i}, NO Zb B R S M R RFE 5510 54.6% |
MNL - 0.0348 199 0.8607°  Y=l5e 0N 69.9% .88.6% ;N1 4bFE T S M R %5k & %4l 2k
MN2 0.0404 17.1 0.864 " Y= 15¢0-040% St B BT e
RNO 0.0144 432 0.545 " Ve 50-00144 47.7% 57.2% .80.1% ;N2 AL B S M R Rk %
RN1 0.0240 28.9 0.696 * Y= 15670.02401 é}?]u?‘j 496% \68.1% \744% o Lﬁ‘ R *H H: ) S %ﬂ M ﬁ
RN2 0.0311 223 0.868° %  Y=15¢7004 FRE R N % T 37.8% F1 19.8% ( P<0.05) , SNI

T ¢ FIRTE 0.05 K B+ + FORTE 0.01 KT W3,
Note: * means significant at 0.05 level; * * means significant at

0.01 level.

2.4 HREMERER BRDIBRK C/NETL
AR SR RO R RN SSM>
R, A0 BT 0k 3% 1R 5 4% 3L PR AR 00 0 A R R A
A—F (I 5), BREWBIEER 0~35 d iRl
BB, 2 35 d BF,NO F S M R B4 B 55 h

1 SN2 5% B8 H 48 SNO 43 B FEAR 12.6% 11 9.2% ;
MN1 Fl MN2 % MNO & 5% f R A 18.1% i1 2.6%
RN1 1 RN2 % RNO 43 51IFEA% 9.6% 1 16.0%, 21 ~
175 d, 45 b 39 3R BT 2% 18 R R Bk B R Y R AE
42.7% ~68.9% 2. 18] , 175 d Z iR 5645 R 1 K BGHE
RREAERIN, BT, NEHAS S, B 276 K
HhEIE S M AR F R EINT R A (P<
0.05) , I A B E 2 S HNED A G R &=
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Fig.4 Changes of C in cover crop residues
—&— SN1 —@—SN2

—#— MNO —%*—MNI —*—MN2
—&— RN1 ——RN2

80 H 2§ »B—
60
40

201

5% B % Residual ratio of N/%

0 50 100 150 200 250 300
J& fi% 15 18] Decomposition time/d

ES5 HEREMEREREhEEREENTL
Fig.5 Changes of N in cover crop residues
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Fig.6  Changes of C/N in cover crop residues
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Table 6 The influence of different cover crop decomposition on yield of winter wheat

FOURMEY i *?;Fgfﬁ% i%% ﬂﬂlﬁ?‘é?& N AL - TERLEL THRLE
Cover crop Nitrogen ield S Blomabb—/2 Harvestmg bplke4numhe_tzs Kernefls IOOQ—kernel
/ (kg « hm™) (kg - hm™) index/% /(x10% « hm™) per spike weight/g
NO 2986 7039 42.4 287.7 26.3 25.8
CK N1 4238 9260 45.7 413.7 30.2 35.2
N2 4563 10053 45.4 482.0 32.0 38.1
NO 3893 9460 41.9 363.7 29.7 34.3
R N1 4230 9557 442 390.0 30.0 35.7
N2 4823 10633 45.6 386.7 30.5 40.0
NO 4393 9490 46.6 469.0 26.3 36.2
M N1 5753 11377 50.5 528.7 35.2 434
N2 5493 11083 49.8 445.3 32.1 43.8
NO 4833 10510 46.0 443.0 32.3 40.1
S N1 6038 11670 51.8 583.3 36.9 46.9
N2 5087 11510 44.2 444.3 33.2 42.9
LSD (0.05) 759.4 379.9 3.6 36.4 1.1 3.4
CK 3929b 8784c 43.9a 394.4b 29.5b 33.0b
R AE R 4316b 9883bc 44.5a 405.1b 30.1b 36.7b
Means of cover crop M 5213a 10650ab 47.3a 481a 31.2b 41.1a
S 5319a 11230a 48.9a 490a 34.1a 43.3a
NO 4026b 9124b 44.2a 390.8b 28.7b 34.0b
ﬁfﬁff\‘ﬂ]{ﬁ N1 4992a 10466a 46.2a 458.3a 32.0a 40.3a
Means of nitrogen
N2 5065a 10820a 48.1a 478.9a 33.1a 41.2a
BURTER (CC) R R NS e e *ox ok
Cover crop
Significance Nitrogen
ﬁé’%?{fc%;) NS NS NS * ok ok * ok NS

T # ox o FIRTE0.001 KF L, AR/NGFEE a,b, ¢ FoRAME AL I T AN [RIER AL 2R IA] 5 5 22525 54 (P<0.001) . NS =R

T2k,

Note: * s * means significance at 0.001 levels. Different lowercase letters a, b, ¢ indicate significant difference between different cover cropping

treatments under different N application ( P<0.001). NS means not significant.
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