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Effects of long-term straw returning on soil organic carbon and
nitrogen components and maize yield in brown soil farmland

ZHAO Yuhang, YIN Haokai, HU Xuechun, XIE Wenyan,
LIU Zhiping, ZHOU Huaiping, YANG Zhenxing

(College of Resources and Environment, Shanxi Agricultural University, Taiyuan, Shanxt 030031, China)

Abstract: Based on a continuous 30—year long-term locational experiment from 1992 to 2022, the effects of
four different straw return methods including no straw returned to the field (CK) , straw mulching returned to the
field (SM) , straw crushed and directly returned to the field (SC) and straw returned to the field in the overgrowth
(CM) on soil organic carbon, nitrogen fractions and crop yields were investigated. The results showed that
(1) Straw returning increased the content of soil organic carbon, total nitrogen and its components in the tillage
layer compared with CK. The content of total organic carbon (SOC) , light group organic carbon (LFOC) , microbi-
al biomass carbon (MBC) , water-soluble organic carbon ( DOC) and particulate organic carbon (POC) in the soil
layer of 0~20 cm of the CM treatment were significantly increased by 42.85%, 93.51%, 80.09%, 190.42% and
123.38%, respectively. The contents of soil total nitrogen (TN), light group organic nitrogen ( LFON) , microbial
mass nitrogen ( MBN ), water-soluble organic nitrogen ( WSON ), and particulate organic nitrogen ( PON)
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increased significantly by 49.37% , 34.26% , 69.49% , 172.73% and 129.29% , respectively. (2) The ratio of each
active organic carbon component to soil organic carbon showed LFOC>POC>MBC>DOC; the ratio of each nitrogen
component to soil total nitrogen showed LFON>PON>MBN>WSON. (3) The highest sensitivity index under CM
and SC treatments was DOC, which could be used as an indicator of the change of organic matter in the early stage
of CM and SC treatments. LFOC had the highest sensitivity index under SM treatment and could be used as an indi-
cator of early organic matter changes in SM treatment. (4) Significant positive correlations were found between soil
organic carbon and nitrogen fractions, in which DOC better reflected the changes of SOC and WSON better reflected
the changes of TN. (5) Compared with CK, long-term straw return could significantly increase corn yield, and the
cumulative yields of SM, SC and CM treatments increased by 6.38% , 7.82% and 23.00% , respectively. In summa-
ry, long-term straw return was an effective tillage measure to improve soil organic carbon and nitrogen fractions and

crop yield, and the effect of returning straw to the field was most prominent, which should be popularized in the

dryland maize cultivation area of the Loess Plateau.

Keywords: straw return; activated carbon; activated nitrogen; sensitivity index
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2.8.95.0 mg - kg™, pH H M 8.4,
1.2 RIeigit

I T 1992—2022 4EFFJR LI 30 a, fHK4E
Yt E K, 1993—1997 4F K K & Aok ¢ 40 B8 14
57 ,1998—2003 40 ¢ L 34 50 2004—2011 4
Jg BRI 31 5, 2012—2016 4FE N TH 81 5,
2016—2022 4F 09 ¢ K= 30 5, FlvA il B g —4F —
PR AKFEMEWON 4 A 1525 H WK HH N9
H 20 H—10 J 10 H , i % 4 49 500 ~ 52 500
Pk - hm™,

RIS 4 AL B, 4000 R (1) B A AR ik H
(CK) : B FRUCR G K R FF 4388 Hh H IR 5%
WEF ; (2) REFFBE SR (SM) . &:4E 5 H R A, KRl
AT T KRFEAF Y 5 B F %, M % SRR,
RN A JE RS AT U BRI H 5 (3) FEFF A R S ELHE A
I (SC) « M7 FoRIGR)E , EEAEFEFFAIEN 15 em
KA/NBL RBHE B 5 (4) FEFF R IE B (CM)  FiTZE
FRFEAT (5 SM I SC AbFRSEE ) M4 W=tk 1y 4
AT, T4 2 B OKRWOR G 350 it I R #1 i1
M, NXHRY R 54 m* o K F KRS FEA HLEK
R EWE(P,0,) A (K,0) & &5 443.00,
7.39.0.44 27.50 g - kg™, W 2R A LI 2 &
B (P,0,) 428 (K,0) &850 452.50.3.93 .1.37,
14.10 g - kg™ "', HHRIEAC MR Z (& N 46%) il
IBEERES (B PO, 14%) 45 A FHE U1/ U ok v 4%
it , A= AR TR L, 25 Ak 3L AR 10 AT it FH 15
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Table 1 Long-term straw returning test design

JifiHE & Fertilizer amount

Ab ¥ T AT A e
N P
Treatment (kg - hm) /(kg - hm?) Straw Cow dung
g m 1) (e hm™2) /(i - hm2)
CK 150 84 0 0
SM 150 84 6 0
SC 150 84 6 0
CM 150 84 0 45

1.3 HRRERNE

1.3.1 EEHZBEE 2022 FEEKIGES, REH
JZ0~20 em By IERESL B T AEH 5 SRR Y
THER G BRI, IR A A G R, —
FBABAL R H AR KA G AR , 43513t 0.15 mm F10.2
mm i J5 - AF, 1T 3 S0F HLak (SOC) | & A
(TN) B2 A LR (LFOC) A4 A HLE (LFON) |
WUKLA BLEK (POC) FUBUKRLA HLA (PON) B AE 5 7

— i 48 2 mm 05 75 TG R4S A PR & A [l
TR VT 4°C VKA N, T R W e
(MBC) i A (MBN) K ¥EHEA #LER ( DOC)
KA DL (WOSN) 1 5E
1.3.2 XM E  HHELSAPEK(SOC) & &
SR AR TR 25 v, (TN SR HIBILEG
SERGEME ) R YRR (MBC) R 9 i A
(MBN) % & 07 5 25 - K, SO, 2 42 i i 7 Ak i
PEA LA ( DOC) FIZKEEPEA HLA (WOSN) SR 25 58
FoKB P E S WOk A LR (POC) AUk A HL
A(PON) H 5 g - L7 7~ M B R 4032 $2 7% 3% e U
L R PR (LFOC) FE2 A HLA (LFON) 3%
H#EEN(1.8 g - em™) BALEED B A 505 I E
1.3.3  #RIHGHE  BURIE R = (FEFFL H b3
T PR ZH 43— X BRI P ik 2 4 ) /%) RE A 3 PR i 2
J3%x100%""
134 E2RZFMHE B FOKREM, il
BEX 43R 3 AN/, &/ NX UK 18 m?, T KB4
BHIE T QA < S &/ /Y <
1.4 #ESITSH

i F Microsoft Excel 2010 #4347 1856 2048 A9
FEH SR FH SPPS 26 XA S0 45 R i AT 25 T W E S
81 LANOVA B[R 2K )7 2253 M7  Pearson H5¢ R %K
HEATHIE ST 5 8 Origin Pro 2021 2514,

2 ZEREHT

2.1 KEARHEMZAAXNTEGNHRASH

A

B 1 ] g, AN [ S FF i B AR 3R, SOC
LFOC \MBC .DOC 1 POC % 875 kit #— 2, K[
FEAFA 7 =0 & FREFFAN IS B (CK) b3, Hor D)
i EideH (CM) R &4, SHFAEH
(CK) A Eb , #5 FF 3o JE 38 [ (CM) b B SOC , LFOC |
MBC ., DOC 1 POC & & 43 %I & 3% #4 i 42.85% .
93.51% .80.09% ,190.42% Fl 123.38% ; 5 F5 F1 78 35
H (SM) A b, 5 FF i i ik B (CM) 48 3 SOC
LFOC .MBC ., DOC #l POC % i 43 5 3 /i 22.10% .
16.36% .14.70% ,110.58% F11 110.27% , % MBC 4},
Hopdabn & 28 B & 85 5 W0 i B e |
(SC)AH e, F FF o fE 38 H (CM) 4L 2 SOC , LFOC |
MBC . DOC Fil POC & 5435l 35 in 19.06% ,12.59% .
9.04% .34.05% F1 61.09% , H SOC ,LFOC ., DOC #i
POC TR, SRFALH(CK)H I, 7
M7 0 | (SM) 4 B SOC , LFOC , MBC ., DOC 1
POC &3 44 17.00% .66.36% .57.01% .37.92%
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F15.90% , 5% POC Ab, Hax4abn & it 34 Il 25 42 v s 6

FFRYIE B 32346 1 (SC) 4b 3 SOC , LFOC . MBC . DOC

1 POC & B4 9 B W 19. 98% . 71.92% .

65.16% 116.65%#1 38.80%

2.2 KEAREFTHAFXN TERAS BN
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PO ==y
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FAGEH(CK) A H S & (E 2), 5T
FH (CK) AH Lt , 5 FF o i i H (CM) 4k 2 4= 58 TN
LFON . MBN, WSON F1 PON & + 43 %] & 2 54 Jn
49.37% 34.26% 69.49% 172.73%F1 129.29% ; S5 F1- 5
TR (SM) A8 b, R FF 4 B A T (CM) &b 37 4 8
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% 25 2 .
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Note : Different lowercase letters indicate significant difference between different treatments ( P<0.05). The same below.
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Effects of long-term different straw returning methods on soil organic carbon components

)
=
1

WA % MBN/(mg « kg ')

SC CM CK

ib  Treatment

CM SM

o

R 47 HL% PON/(mg *

CK

SC CM
b ¥ Treatment

SM

B2 KEARRBEFEHAXXTERASHZIT

Fig.2 Effects of long-term different straw returning methods on soil nitrogen components
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22.91% .61.93% 124.35%%11 77.91% , Hori £ 3 TN |
MBN WSON Fl1 PON & &t i &8¢ & 5 Rk ik A
LR (SC) AH L, 75 AR I 38 B (CM) 4b 28 + 5%
TN, MBN, WSON #1 PON & & 7> 9 W 2 8
42.54% 34.48% 122.86% F1 50.70% , +3% LFON %
TN 15.68% . SFEFFANE I (CK) M LG, FE A
A (SM) 4 FE + 3 TN  LFON  MBN , WSON #1
PON & 543 5341 2.52% .6.79% 4.67% 21.56% Fl
28.87% , H:rh WSON F1 PON 19 & & i B 42 5 s F FT
K B H2 A T (SC) Ab A48 45 43 5 38 I 4.79% |
13.46% .26.03% .23.38% F1 50.16% ,MBN ,WSON F/I
PON #arif FH 2, mE 3 nl A, 4 A 4hHE C/N A
T 12.83 ~ 15.36 Z 0], & Bl 0 5 FF K3 6 B #2348 H
(SC) >THFF A 35348 HH (SM) >FEFF A IR H (CK) >
FFad IR [ (CM) , Hirf SC Al SM 4k 3 ) & 2% v
T CK,
23 KHEAREAITHARXMNTEZSHKASS
SOC FE1ERIZ2Im

ANV 20 53 1 A ALK BT o L 3 A A
55 FEFTIA FH 50 44 v T 450 PR AR 4L 4y 5 A
LRI LB (42 2) . BT AR BRI LFOC /i Lt
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T % Lk C/N
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Fig.3 Effects of long-term different straw

returning methods on soil C/N

®2 KHEARBFEHFTXTLIEREAS S SOC LB/ %
Table 2 Ratio of soil carbon composition to SOC

under long-term different straw returning methods

hE BRAAYL PR KRN BRI
Troament P/ ARUR g/ AP wROATHLIR W AT PLK
e LFOC/SOC MBC/SOC DOC/SOC  POC/SOC
SM  43.67+0.86a 1.63+0.04a 0.14x0.01b  5.43+0.46¢
sC 44.00£0.45a  1.68+0.08a  0.21+0.0la  6.91+0.19b
CM  41.60+0.57b 1.53x0.13a  0.23:0.02a 9.34x0.41a

CK 30.70+1.22¢  1.22+0.06b  0.11+0.03b  5.90+0.45¢

B, LFOC/SOC fH 4T 30.70% ~ 44.00% , F% F1- 76
T (SM) RS ARy B T (SC) FIFS A3 18
WH(CM) b B 5 TR AR H (CK);
MBC/SOC {HA" T 1.22% ~ 1.68% ,3 A5 F1 4 M kb
PRS2 = T RS FF AR I8 | (CK) 3 DOC/SOC fHA T
A9 0.11% ~ 0.23%, POC/SOC {H 4" F 5.43% ~
9.34% , P F I R R FE AR ELE A H (SC) ARG T3
JE IR (CM) 2 5 TR FFARIE H (CK) .
24 KEARBEFEAAXNLEEREAS S TN

AR bA

T AT i H AT DAAT 3500 v 45 1 PR R A A o
EEMLH (£ 3), E LA 5, LFON Jr &
He il 5 , LFON/TN fEAF 19.83% ~24.61% , Ab Bl
] 22 5 AN i % s MBN/TN {41 T 0.87% ~ 1.04% , 7
A I Bz 1 (SC) FFSFF IR B (CM) 3 1
THEFF A3k M (CK) ; WSON/TN 4T 0.65% ~
1.18% ,PON/TN {H/™ T 11.05% ~17.00% , 3 Fhf& F
i 7 38 i 2 TR AN I B (CK)
2.5 KHEARHBFTEHFIN LERA S HRE

IR

I AEUEAE B (ST BT LA BT Hb 3K UG AN 7] A%
FEAA FH A3 2 i R A5 A0 % v MLAR AL 43, R
4 TR R AR SOC B ST EA T 17.00% ~
42.85% ,LFOC 1 SI {E4T 66.35% ~93.52% , MBC
#y SIAE AT 57.01% ~ 80.09% , DOC #4 SI {E AT
37.92% ~ 190. 42% , POC #) SI {H S F 6.33% ~
123.38%,, [a]—METadn T SIAERI LIRS FFid i id
(CM) Ab3 gy , FEFF AR B A H (SC) IRz, T #F
A H (SM) Ak, FEFFEEEE (CM) AT,
A& PR 5 A HLER 1 BURGE BER BN DOC>POC
>LFOC>MBC >SOC ; 5 #F # #F ELH2 14 H (SC) 4b 7
T UBHE $3 3 DOC>LFOC>MBC>POC>SOC;
FEFFEE TE0 H (SM) A0 BT, SR8 53R 8L LFOC
>MBC>DOC>SOC>POC, T UL, DOC " AE A FF i
JE 38 ( CM) FIAS AR LA T (SC) R WIA WL
ALHIFE AR Y, 1 LROC W] /R A A5 F17 3534 | (SM)
AL A F8RmY)

®3 KEFARBEFEEAAXTLEREASS TN LB/ %
Table 3  Ratio of soil nitrogen composition to TN under

long-term different straw returning methods

b RAAH  BeEmE KEMWS BRCAL
Treatment VR B/eR A/2E AEA
LFON/TN ~ MBN/IN ~ WSON/TN  PON/TN

T (R SAN R/ NE RS AR BRI 22 57 ik 2 (P<0.05) , T 1],

Note; Different lowercase letters in the same column indicate signifi-

cant differences among different treatments ( P<0.05). The same below.

SM 23.48+4.05a 0.88+0.04b
SC 24.61+x1.27a  1.04+0.02a
CM 19.83+1.59a 0.98+0.04a
CK 22.46+2.65a 0.87+0.02b

0.77+£0.05b  13.90+0.31b
0.76+0.04b  16.07+0.67a
1.18+0.03a 17.00+0.84a
0.65+0.02¢  11.05+0.64c
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Table 4  Sensitivity index (SI) of SOC and activated carbon components under long-term different straw returning methods

Qb3 + 5 Bl A WL TR Y ik IR DK TR AT BLAR
Treatment SOC LFOC MBC DOC POC
SM 17.00+1.31Cd 66.35+1.39Ca 57.01+3.42Ab 37.92+3.93Cc 6.33+£3.21Ce
SC 19.99+0.92Bd 71.91+1.72Bb 65.16+7.48Ab 116.65+11.84Ba 38.80+4.18Bc
CM 42.85+1.09Ad 93.52+4.12Ac¢ 80.09+16.31Ac 190.42+23.76Aa 123.38+8.16Ab

T« (AT HE 5 AN [R)/NE - R [l — Ak B [F) Fi5 A ) 22 53 . 25 (P<0.05) |, [ 9B 5 A 7] 5 - RER R[] — 8 b AN [] Ak B ) 22 S5 ol 35

(P<0.05),

Note: Different lowercase letters in the same row indicate significant differences between different indicators under the same treatment ( P<0.05),

and different uppercase letters in the same column indicate significant differences between different treatments of the same indicator ( P<0.05).

2.6 KEBARBEMAEHAXTHER REHEHE

KD

WAL Pearson Fr i 25 5 (K 4) 7w, 25 +8F500]
BIFFAE 3 (P<0.05) MR MR BT 0.61
~0.99, H:tf POC 5 SOC,DOC, TN, MBN, WSON ,
PON Z [&], PON 5 SOC, DOC. POC, TN, MBN
WSON Z ], DOC 5 SOC .MBN 2 [a] L) Kz WSON 5
SOC \MBN TN 2 [ ¥ % 8L 0 # & 2 (P <0.01) #H
Ko ZIRENEZ L PIH 85 R K (R 5) a4
TEPEA LR AL 53, BEVE RS Tt ik B A F8 /s e hm Ry
DOC, 1] ff B AR R 85.4% ; HEVERE i 0% e AL 48
TNFEPR 2 WSON, AT fff e A A8 5119 98.4%
2.7 KEBARBRHBFEHAFXWTEXR=EH M

HH Pl 5 B RS AR o] DR S e i ORI
FPHE,1993—2022 4F 30 a [AIFS A 30 HH (SM)
Ry B A H (SC) (RS APt iR B (CM) (FEFFAS
W (CK) Rt E A= =358 2.15%10° 2.18x10°

- 000000000
LFOC| 091 wLFOC ‘ . . . 2 . . . l0'8
MBC| 088 098 MBC . . * * ‘ . . 06
DOC| 093 083 079 DOC . ' * ‘ . . 04
POC| 093 071 067 094 POC ‘ . . . . 02
TN| 09 o064 061 08 09 TN . . . . K
LFON| 070 059 061 062 068 072 LFON . . . E:Zj
MBN| 093 074 069 095 099 095 069 MBN . . ‘
—0.6
WSON| 091 068 065 084 096 099 068 094 WSON . s
PON| 097 082 078 095 098 094 071 098 095 PON I:IIO
%OC \f‘OC ®Q>C' QOC QOQ (\é \Soe ®Q>%$%O$ QOe

o FORTE P<0.05 KO- B3 + o+ FIRTE P<0.01 /KTF-R3
Note: * indicates significance at P<0.05 level; * * indicates
significance at P<0.01 level.
B4 KEARBEEEARTLER,
FLA 5 18] Pearson 1K HT
Fig4 Pearson correlation analysis between soil carbon and nitrogen

components under long-term different straw returning methods

R 5 87 SOCTN ZHERASHEE R FEMBEE(R)
Table 5 F value and total variable (R”) in the SOC and TN stepwise regression analysis model
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Fig.5 Effects of long-term different straw returning
methods on maize yield and yield increase
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