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Effects of straw return and shallow drip irrigation on topsoil water—stable aggregates and carbon content in
maize field

ZHANG Mingwei, YANG Hengshan', TAI Jicheng, FAN Xiuyan, GE Xuanliang, ZHANG Yushan, XU Xiao

(College of Agronomy, Inner Mongolia Minzu University, Engineering Research Center of Forage Crops of Autonomous, Tongliao 028043,
China)

Abstract: This study aimed to investigate the effects of straw return and irrigation methods on water—stable aggregates and carbon content
in topsoil. A split—plot design was carried out from 2019 to 2020, with straw return(S") and straw removal (S™) as the main treatment and
conventional border irrigation (F) and shallow drip irrigation(D) as the secondary treatments. The change in the characteristics of topsoil
water—stable aggregate stability and organic carbon fixation capacity under straw return and different irrigation methods were analyzed. The
results showed that straw return could significantly increase the content of water—stable aggregates with a particle size of 0.25~5 mm in
topsoil and shallow—buried drip irrigation could significantly increase the content of water—stable aggregates with a particle size of 0.25~1
mm. The interaction between siraw return and shallow—buried drip irrigation had a positive effect on the content of water—stable aggregates
with particle sizes greater than 0.25 mm. Straw return could significantly increase the aggregate content (Ro»s) with particle size greater
than 0.25 mm and reduce the unstable aggregate index (Eir). Shallow—buried drip irrigation significantly increased the average mass
diameter (MWD) of aggregates. The interaction between straw return and shallow—buried drip irrigation could significantly increase the
average MWD and geometric average diameter of water—stable aggregates, thereby improving the stability of aggregates. The interaction of
straw return and shallow drip irrigation could also significantly increase the organic carbon content in 0.5~3 mm water—stable macro—
aggregates and increase the organic carbon enrichment coefficient in 1~3 mm water—stable macro—aggregates, thereby increasing soil
organic carbon content. Both straw return and shallow drip irrigation can optimize the soil three—phase ratio, and the effect is more visible
in the silking stage. The interaction of straw return and shallow drip irrigation can significantly improve the soil gas phase ratio and
generalized soil structure index. Thus, straw return and shallow=buried drip irrigation have significant effects on improving the content and
stability of water—stable macroaggregates in topsoil, which can increase the organic carbon content of water—stable macroaggregates with a
particle size of 0.5~3 mm and improve the organic carbon enrichment coefficient so as to improve the soil organic carbon content. By
optimizing the three soil comparisons, the shallow=buried drip irrigation planting mode under straw return can be used as a planting mode
to improve soil fertility and improve the quality of cultivated land.

Keywords: straw return; irrigation method; water—stable aggregate; soil organic carbon; soil three—phase ratio; maize
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Table 1 Background values of soil-related research indicators in 0~20 cm soil layer before experiment

IR A SR Ak A AR R R

Particle size of water—stable  Mass fraction of each

FORARAT LR 3

Organic carbon content of

A A ML A3 = H L Soil three—phase ratio/%
Soil total organic [ 46 V| S

aggregates/mm particle size/% each particle size/(g-kg™')  carbon content/(g-kg™)  Solid phase Liquid phase Gaseous phase
5~3 2.84 7.15 9.15 59.64 21.15 19.21
3~2 4.56 7.92
2~1 9.35 8.34
1~0.5 13.85 7.74
0.5~0.25 7.56 7.62
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Table 2 Irrigation frequency and irrigation quantity at different growth stages

K Irrigation amount/(m? « hm™) /JEEHEA5 1K Irrigation frequency

- e = MK BER
"‘fﬁi“t Sowjiiﬁrince e Malzﬂiﬁf;?ifsilk Silk :ﬁiii_::—éﬁlling Flifjj;z:nﬁlffie Irrigation _ Irrigation quota/
stage Shooting stage spinning stage stage stage frequency (™)
RILIHHE(D) 550/1 850/2 350/1 55072 100/1 7 2400
1L GERENE (F) 1000/1 800/1 800/1 800/1 600/1 5 4000
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Table 3 Effects of straw returning and irrigation methods on mass

fraction of soil water stable aggregates (%)

Year returned Irrigation 5.3 mm 3~2 mm 2~1 mm o 0.25 mm
2019 S* F 4.24a S5.14a 10.54a 14.15a 8.25b
D 3.58a 5.56a 10.79a 14.09a 9.98a
S F 1.99b 3.83b 9.66b 13.36¢c 7.36¢
D 444a  492a  9.46b 13.90b 7.69¢
FEFFIEH (S) ns * o o o
(D * * ns * #
xS ns * * ok ok
2020 S* F 3.00b 5.85ab 13.84a 14.71b 9.56ab
D 4.1la  6.14a 14.26a 15.28a 10.16a
S” F 277c¢  4.48c 11.57¢ 13.76¢c 7.29¢
D 2.87bc  5.18bc 12.48b 14.65b 8.53b
FEFTR H (S) Kok T ok ok ok
HEWE 7 (D) * ns * bk *
xS Kok * * ok *

1 RPA RN F IR A F AL BEEAE 0.05 K- 1 25225 ,ns
FORTRFEMEIE R IR 0.05 K-, R 0.0 KB Rl

Note: The lowercase letters in the table indicate significant
differences among different treatments at 0.05 level, ns indicates no
significant differences, * indicates significant differences at 0.05 level, * *
indicates significant differences at 0.01 level. The same below.
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Table 4 Effects of straw returning and irrigation methods on the stability of soil water stable aggregates

JUATE5 HAR(GMD)

MEg 1% S4B

S R
R ORFREN B TR AR (WD) 5025 mm KA B A Bt (Rose) ”“‘I(fﬂﬂﬁ

Geometric mean

Year Straw returned Irrigation ~ Mean weight diameter/mm diameter/mm Content of aggregates>0.25 mm/% Unstable pellet index
2019 S* F 1.40ab 1.07a 42.32a 2.08h
D 1.33b 1.01a 44.01a 2.06h
S F 1.24h 0.98a 36.20b 2.14a
D 1.42a 1.08a 40.41ab 2.10ab
FEFFIEH(S) ns ns * *
W =0 (D) * ns ns ns
IXS * ns ns ns
2020 S* F 1.32b 1.03b 46.96ab 2.03be
D 1.37a 1.06a 49.96a 2.00¢
S F 1.32b 1.04b 39.88¢c 2.10a
D 1.31b 1.03b 43.70be 2.06b
FEFFIE H(S) * ns ok *
HEWE T = (1) * ns ns *
xS wE ok ns ns

x5 BATEHSERAXMKRERAREEIK
EENHI(g-kg")
Table 5 Effects of straw returning and irrigation methods on

organic carbon content of water stable aggregates (g-kg™")

ZERIR gty Organic carbon content

wepy T

S I 05 o5
Year returned Trrigation 5.3 mm 3~2 mm 2~1 mm r~nm 0.25 r;m
2019 St F 7.24b  7.94b  8.45b 7.62b 7.42ab

D 7.56a 8.17a 879a 7.87a 7.52a

S F 7.12b  7.65¢ 8.14c  7.43¢  7.03b

D 7.25b  8.04b  8.43b 7.57bc 7.15b
BFREHI(S) ¢ e s m
HEWE 2 (D) * o ok * ns
xS ok ok ok ok *

2020 S F 7.92a 8.75b 9.09b 8.26b 8.11b

D 838a 9.05a 9.73a 8.94a 8.78a

S F 7.13b  7.87¢  825d 7.73¢  7.53¢

D 7.34b  8.02¢ 8.66c 7.96c 7.72bc
TEFFR H (S) ok *k ok Hk ok
WBHRWD  n e e s
xS * ok ok ok ok

PRI & T FARE PO U, A pLaR & &
2019 4F S AbHR I 25 5 T SALBR, 45 ki A% A SR AR BLAR
WA R R 2019 4F SR PR STAR 2 S OR IB 3, 2020
AERR 0.5~0.25 mm RAR AP ILAR A STAL PR YY) B 2 1 T
STANFR; DR )y T, - 8EE ML B STANHLE
T STRL PR, £ 042 A R ARAT HLAR & 4R R AL 2019 4F S

1% WHART]

AEFRE STRb 25 N L, 2020 4F STAL RS B T
ST 3 5 [R]— Ab JUAS [ AF BE ], 384 HLAK 7% it 2020
AEE T 2019 4, A RIRAT HLIR & 45 R Bk S +F Ab B
5~3 mm FifE 2020 4E K F 2019 4F , S+F AL # 2~1 mm
BIAL N S+D AL FE 5~3 mm RifE 2020 4E 5 2019 4E A [F]
A, £ Ab B AR AR R AT HLAR B AR R 5L 2020 4R
20194 . AEFFIAS BT 2019 4F 34 HLAK & =1
SR AL B 3K, % 2020 4F T+ HEA ALK & RS
KR KO X 2019 4 45 R AR A SRR AT BLIK & 4 &
B S AN B3, X 2020 4F 5~0.5 mm R 50 i
W K, XF 0.5~0.25 mm ki 2 BN ik 5 2 /KO- i
75 2% 2019 4E 5~3 . 2~1 mm KA KA HLIR &
2 R BRI A B KF X 2020 4F 2~ 1 mm kAR5
M 35 J 2 K F s R AR B S = E AR R AL
B 25 R A R MR 2019 4F TR M i 25 7KK, 2020 4F 3K I 3
IKF-, % 2019 4E 2~1 mm R4 B AAAT HLER 5 42 2R 5L
SR Ik B 25 7KF , X 2020 4F 5~0.5 mm ki A% A R AT
IRVEE Y GO A TN TE - G
24 BHLHEEBRAXNEXBAMHELTZE=1EL
Eap=Al

A H ) FRAE A 58 = A oA A Y 50% B Hi
25% KA T 25% , I B - R B R T AR AR K
2 7 AT, [A]— A Bt 22 3015 8 U+ 3 — A L
AT HAERES s Al — A5 FFE AT k2240 5e i
D A FRE F A3 - 49 R BB T ARIR A 5 W] —
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Table 6 Enrichment coefficients of soil organic carbon and organic carbon of aggregates with different particle sizes

ARy FEFFA H T 72 A LB A A LI 4 F BT Organic carbon enrichment coefficient
Year  Straw returned Irrigation  Organic carbon content/(g+kg™) 5.3 mm 3~2 mm 2~1 mm 1~0.5 mm 0.5~0.25 mm
2019 St F 9.32h 0.78b 0.85ab 0.91ab 0.82ab 0.79a
D 9.45a 0.80a 0.86a 0.93a 0.83a 0.80a
S F 9.14¢ 0.78ab 0.83b 0.89b 0.81b 0.78a
D 9.18¢ 0.79ab 0.85ab 0.92a 0.82ab 0.78a
FEFFE I (S) 3 ns ns ns ns ns
(D) ns * ns * ns ns
IxS ok ns ns * ns ns
2020 St F 9.55ab 0.83ab 0.92a 0.96ab 0.90ab 0.85ab
D 9.82a 0.85a 0.92a 0.99a 0.92a 0.89a
S” F 9.23be 0.77¢ 0.85h 0.89¢ 0.83¢ 0.82h
D 9.31b 0.79be 0.86h 0.93b 0.85he 0.83h
FEAFRH(S) * o ok o ok #
HEE (D) ns ns ns * ns ns
IXS * * & * * ns

W7 2R, ik 22 3 5E B STAL PRAS SAR B - 3 A
o T RIARIR S . 38 — RS R B T BRAEDIR A
H STPSD (#4535 0, GSST#i# T 100, S Ab R | K&
2020 4E it 2239 D 4L PR STPSD i K T F kb B4,
20192020 4£ 45 i 1 D 4b # 4 STPSD 1 GSSI 5 F 4k
P22 5248 R A i 2 K P s STALHE R, STPSD [ 2019 4
56 D AL HE Y F AR B2 AN I 25 AR, 2019 ,2020 4F
B A D &b PR R BT F AR BE, 2019 2020 4F 4 15F 1
D b PR GSSIH4 3% i 1 FAH  [A] — 3 ) U F
2019 ,2020 445 1sH 1 STAb B STPSD ¥4 38 A% F S 4b
B, ST AR PR GSST¥ i 25 5 T SR PR, [A]—Ab R [R]
AEREI], B AR b A5 R 2020 AR T 2019 4F
T FF 34 X 4 38 = A He s i) B 35, X 2020 4F 45 Hif 1A
STPSD F1 GSST {5 M ik A b 2 7K - 5 Ry =% 1 45
A HERZ A S, X6 20192020 4F 45 WY GSST RN 14
IR 5 2 KOF s R FE A TSy S AR 3 = AR L
SEM R 35 % 20192020 4E 1 22 3 STPSD 11540 35 4%
25K, X 2020 4 58 U STPSD 15321 35 1. 2% 7K
-, X1 2019 2020 4FF B GSSTRZ M4k i 27K -

3 iFig
3.1 BAFEESERARX T IERBRZ KR
BREENEN

LA R AP LK E PR B2 L
RS B 3 SR B | AT T | [ BRBE T AT
ThAE ) HAT BB ATSEARRY], ST

JEERAR LL , R AT 4 FH | PS030 98 Ab B AR A DA SR A
AT TR e, B AT AL T A) 2 2 5 R >0.25 mm KA
RS IR E N KLA2>0.25 mm [ %R0 42 KA
RS BB AL G RE A PR 5, X 2~1 mm A4 A
M 1K 27K AT H TG P A G R e A6
X 3~0.5 mm BLAR RS R THACR B35 . FHAT
JE& fif TR - MR A W B o 3R o, e A A B
LRGSR R, S PR P R 22 ) P L
L2 Je 7 HE 4 3 WA M DA TS 45 0 SR - 88 v 24 /N
LI 45 A TR BAC P SR A, [ il 5 A7 fol 2 W O A
PN o fFE AL, mI I A [ 2 A 5 4 A AL 20
ISR (EVS st/ Ibiv i WeR v (ZIP LN )L WNEIE
PRI, PRI O A2 SR K B & 42 , T AT A0
IR XF S e, B K X E A R AR AR G SR
JEE , LR U T K /D 22, A MO AR T 1 I [ A
K HISS T HRASE T BRI A MK, A 1 1
SRR o3 P SR AR SRS, R AT Ide P IC A5 A R Aol
PR A A DR P SR AT ) 14 TR] st DRl HAR e 1
PORRE VIS NEIE SNty oE Y| REiie 959 s
3.2 KM ARG TIEANRS BRI
AT WLBR A 1 SEAE Bl MR AS R A
SRBR A Tk LRGSR A A
LM BRI, R LA LR S R 3
R R AT SRR AT LR ) [T 54 T, A B 2 14
SR LA T A 0] , REAS B o Lok i) P SR 1R ke
HEE AR ZE AR, 2 IR SR T 5T 4 Y, L3 A
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Table 7 Effects of straw returning and irrigation methods on soil three—phase flow

W B FiFric H Wy =X [ AR AR Rt TIETAGEIEE ) SRR R R

Year  Period  Straw returned Irrigation  Solid phase/%  Liquid phase/%  Gas phase/% STPSD GSSI
2019 ki s F 54.21b 25.72b 20.07ab 11.88b 98.32a
D 52.83b 26.42a 20.75a 9.42b 98.88a
s F 57.12a 25.43h 17.45¢ 16.72a 95.72b
D 54.02b 26.15a 19.83b 11.58b 98.23a

FEFFAH (S) * ns ok * *

HEWE (D) * o * * *

IXS ES * * sk ES
FER s r 55.47b 22.76h 21.77a 14.20a 98.38a
D 54.72b 22.95h 22.33a 12.91a 98.80a
S F 59.25a 24.05a 16.70¢ 20.07a 94.12b
D 56.98ab 23.17b 19.84h 16.59a 97.16a

FEFFILH (S) #* ns ok ns *

W= (D ns o * ns #

IxS ns ns i ns #

2020 mhzzi s F 52.83b 25.87h 21.30a 9.36h 99.12a
D 51.75¢ 26.44a 21.81a 721c 99.40a

S F 55.47a 24.89¢ 19.64¢ 14.02a 97.75¢

D 53.21b 25.76h 21.03b 10.07b 98.96h

*ﬁﬁ‘-ﬁﬁﬂ(s) Kok sk skok Kok Kok

IxS £ sk * dk £

TE M St F 54.72¢ 23.17b 22.11b 12.88¢ 98.78a

D 53.96¢ 23.04b 23.00a 11.59¢ 99.15a

s F 58.87a 24.40a 16.73d 19.48a 94.35¢

D 56.60b 23.48b 19.92¢ 15.96h 97.39h

FEFFIE H (S) L ns ok o o

HEWE (D) ns * ok * #

IXS ns ns sk ES ES

R HUR 5 R TRE M A 3 I IEAHDCOC R
A BLIR G 5 B RIAF S VAN AT 4 o 200
PR FE R W], >0.5 mm RLAR A SR AR v (1 BIL KT
T LA B ) TR e, L 1~5 mm ki AR AR
PREE A T A ALK A R s SIX SIS 4R 1
P HLRR 5 >0.25 mm KR E PE I R AA SR
TEAHORICFR , 5 R B B A AL S 3 BEAROG . AHIF
g, S T R ETAR L, AR B R R A 21 1
SR PR S LA K 5~3 mm RS HLBK & A
P i, AT I8 H 5 P 9 BRSO X 3~0.5 mm L
FEA B 5 i 1Y 5 T KA LI 2 AR R S il s 1
FKOF, KIB R A HLaAT 585 LAk & 5 142
R SAET . AEFFIE FHC G L E A A X AT
8 2 R KRR M R A R i A E e, KA R A2

1% WHART]

A HLBR B G A7 37 P, AT HRHTK 2308 A BILBR ) 4=, B
SE B VAT SR PRI A 280 B3 11 DR T R A Al 4 T e ol ) A L
BRI, WA LI HAT BRIP4 kT DR 45 - 3 rp A
e B BB 5
3.3 KIRMERMETHX TIE=1E LR

A3 AR RPN X E S M S
B, e LA SLBE KRR AR, AR
Al BRAR Y [ UL 50:25: 25, = A Z A H.
AHBC AR CELAHAAL SCE AR 2 o 3 o AR 22 A T B
it PR - S P SRR ZE R e 2 DT S T 3 AR
e 23, A 2R3E T A A FeIE T RE R R
SEPIOMAT T REATIE R AT SR AR L FLBUEE
KRR, K B e 2 SRR R R A
UG, SR R A R S A O i K
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ey S Uk B RPN TR RE T, AT
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4 it

(1) FEFF I AT 525 42 A2 1248 5~0.25 mm fr
K Rk B AR i VR E T B AR 1~
0.25 mm A2 KRR A R AR & i, % BAERESRE &
F0.25 mm A2 (4 KRR R A R IR B i R

(2)FEFFI4 HH A Sk 25 4 o 4 R4 1A SR A B
A PR E 4 R BN 3 S LR R E
Xof SR AR WL 5 7R B0 R 4 48 A HLAR 5 S 52 i)
AN E L FEFFIA H 5 v E B T B R 3~0.5
mm A5 A SR A WL 7 e R AT BB A R B
T2 e 4 B LR &

(3)FEFF i H 5 v L T A Pl i 7K R Pk K ]
B LRE ki £ = A, o+ 3 E
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