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Effects of returning straw interlayer to the field, water and nitrogen man-
agement on aggregates and carbon sequestration of facility soil

ZHU Jian-bin, GUO Xiang-ping, XIE Yi, CHEN Sheng, CAO Ke-wen, WANG Yi-tian
(College of Agricultural Science and Engineering, Hohai University, Nanjing 210098, China)

Abstract: Effects of interlayer straw returning to the field, water and nitrogen management on soil aggregates and or-
ganic carbon content above the interlayer were explored using field experiments. The results showed that, firstly, the content
and stability of big soil aggregates were significantly increased under the treatments of burying straw interlayer, 90% 6 irri-
gation upper limit and 225 kg/hm” nitrogen dosage. Secondly, under the treatment of straw interlayer burying combined with
high water and high nitrogen contents, the soil organic carbon content was the highest. The soil organic carbon content be-
tween straw interlayer burying and lower water, nitrogen dosage treatment and higher water, nitrogen dosage without straw
interlayer treatment showed no significant difference. Thirdly, as the diameter of soil aggregates increased, the organic car-
bon content increased, and aggregates with 2.000—0.251 mm diameters showed the highest contribution rate to soil organic
carbon. Large soil aggregates are easy to form under the treatments of burying straw interlayer, 90%8; irrigation upper limit

and 225 kg/hm’ nitrogen dosage, besides, the stability of aggregates is improved and soil organic carbon content is in-

creased.
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FEAT IR 3 — % TR B2 RS AT B 2, 2 1
THIEROR  BEA RSP AT R 2 DAL 5Kk 70 R
BHY TR R REA i bR K 28 & LA K i T /K5
ERBETE . HHTC TS SR AL B X b 3 A R
PR AT L & B OS2 RIS 8 2 | T 6 AT T RS AT
bR JRZE SR RS B R R IS . AT SER I BE
HLX BRI  F R AT ARG 2 75 e I, Bl
K RVE B B HON S P SRR A LB B i A
M, ASYIAE B0t i 5 26 77 P O R AT BER SR SRR
F e 5 M T B AR AR

1 ARSIk

1.1 REXHER

PRI A TR R 2 VT 7 9 K X (31°57'N, 118°
50'E) W E KM T, LIRS Ok e =
38.2% , WAl H KEFKF(6,) = 30. 6%, 1T 2 i
H(y)=1.33 g/em’ , A HLER S5 2.40 g/kg, iR
B e M 3L 903 Tt , 106 It A #F R 45 7K el X
A OK RS RS FEL 8 AR ET A0S JE A ML 1560
ke/hm? | 285 T U e 4, T i A= 8 R 4 2019 4F
47 17H-TH23H,

1.2 RIEigit

WHE 3 NHEE . HBARZEE(S) KR
(W) FIEREHE(N), FEFRZESA G2 K
HEIK_EBRSY 80%6,.90%6, 2 4~ /KF-, F IR A 60%
ﬁf,/ﬁ?ﬁﬁiﬁ 180 kg/hm2\225 kg/hm2 2 NIKF
o ANEIRE (AR IR 1) AP 3 2B .
BAL RN P, O, 112.5 kg/hm®, i il K, 0 135.0
kg/hm?

Xof BEAHE s  AEFAEA TS 0. 15 m 28, R4k
ZKS5.0m, % 0.2 m( 1) ~0.3 m( F), B F5H
0.5 m [ E M, BAAZEN 1 RER, KE—
PRAL T E Ty 2% Ay =05 BEAHTRD , 53 A 4%
ZERRE 1 SRTHTEET A M R LS BB AR
T A FF B8 2 07 B AERVAATIZ R 0. 15 m
B 0.20 m B4, KF 6 kg K FEREFF B A 30 em A2 44
K SR A 2B NI RS + LR
30 em, Ho Ay 5 A IS FERRZ A R, R
EMS50 B R A4 I A5 Ab B 1k B, Y 3
B KR 6090, FLF i 2K WEK 25 %0 7
M EKE ERR, AR EF AR (1) 1t
A B IR A AR R IR A

S=abhy A\ (1)
K, S RARBEAR BRI K &, 0 kg;a TR
ZB5E ARIRHL 0.2 m3b RRZEK, ARLIRHLS m;h
FORTHRINEIEJZ R A 0. 3 myy Fm LT
R, Hfiike/m®, A0 FoRHEK [ FR2ZAE,
1 HERKKBLERK ZHE

Table 1 Field experiment treatment and water, nitrogen dosage

3 - f= P =X -+

wn UNAD e e
CK 60% ~90% 225 & B
W,N,S, 60% ~90% 225 H T
W,N,S, 60% ~90% 225 I T
W, N,S, 60% ~90% 180 H THE
W, N,S, 60% ~90% 180 & T
W,N,S, 60% ~80% 225 H T
W,N,S, 60% ~80% 225 & THE
W,N,S, 60% ~80% 180 A THE
W,N,S, 60% ~80% 180 J T

KRR W IR K LR N [CER A 2 i, S TG FF W) ik 1 ; 4
B FRR 1 RFEEKE, TR 2 (RFEKF,
1.3 #HERESNE

R EAET 2019 457 H 23 HR&E M EES
em [ B AR R AR ZE P RR T it 1B D | 28 TR AR R0 ~
10 ¢m . 10~20 cm . 20~30 em +J2 MR 4 B3 9%
T 5 T IR 2B 5 B2 1 em® /N 35 BR
MR IR ZR TR S 5 mm G, A2 03 07 5 A9 £ 4
HH50 g WENRAAE RN — 0 A, R Elliott
- H5 P 2R AR % 3 7 000 T ) 5 R A SRR
S, 1P R R A 2 e T AR U A ML
g8
1.4 HiE4biE

2 5 & AR (MWD) V¥ LT AR
(GMD) KA B (R, s ) K FAF +HEA R AR
Rtk TR AT .

MWD:%)ZW/‘:EIIW,. (2)
GMD=exp[§llWiln )Z/_:E'IW,,] (3)
R o= [ 1_Mx<().25()/M'[‘J x100% (4)

ARG AT SRR B4 AR ST R AR TR 81028 300
CN

TTHRAR = (LY RIRAT WL 5 B2 AT R AR
)/ B HEA PR X 100% (5)
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K, M, R RS (g) s X, N ERAR L
P SR ARF-2 B4R (mm) s W, SR BT X 4 7 2R
W 531 (%) s M FPRIAR/INTX, 14 1A 3R AR I
(2) 5 X, A RS SRARE (mm) |, A58 H HAE
45 mm,

FIIH Excel 2003 X & #1740 21, FII ] SPSS 25
AT 25087, K H Duncan’ s 17 2 8 L (P<
0.05) , | ] Origin 2018 24| EE

2 ZER550

2.1 FEHREZHRKREE LIRS EAR
EEES TR
Wt DAL SR A R A Dl /D, JHG 5 2 S s IR

®2 BARELARKEEENTRARTSHHHM

(% 2), H15.000~2.001 mm HIEE 5 /D,
2.000~0. 251 mm HRAE S K, SIHHEAMLL,TH
W ER T 135,000~ 1. 001 mm FIRASGE H
BEFEALT 1.000~0. 251 mm B RAKG R, 5K
VERGFERR 2 AH Eb, 335 7% AT R J2 b #22.000 ~ 1. 001
mm H R AR & 0 E P S 11.33% (P<0.05) , [A]
i} <0.250 mm P3R4 & & 8 2 % 8. 17% (P<
0.05). 5 80%6, #E/K L FRAHLL,90% 6, #EK LR
AR FE1.000~0. 251 mm PR 5 B 545 7. 69%
(P<0.05),0.250~0. 053 mm [ 5 1A 5 0] 5 25 [
i 13.80% , SR F i H & 180 kg/hm® 4 HLAH L,
225 kg/hm?Jifi FH £ 4b P 1 2% $12 /&5 1 1€2.000~ 1. 001
mm P R &, B3 K 1.000~ 0. 251, <0. 053
mm RIS

Table 2 Effects of returning straw interlayer to the field, water and nitrogen management on soil aggregates distribution

BRI RIE T (%)

o >2.000 mm 2.000~1.001 mm 1.000~0.251 mm 0.250~0.053 mm <0.053 mm
W,N,;S,; 4.65+0.06a 29.15+0.53a 29.40+0.64cd 20.73+1.47d 16.07+1.27¢
W,N,S, 3.22+0.15de 28.02+1.82a 26.52+1.06e 23.8+1.09bcd 18.45+1.43bc
W,N,S, 3.55+0.05¢d 23.68+0.88b 31.98+0.31b 20.28+1.74d 20.50+0.84b
W,N,S, 3.93+0.20bc 23.07+1.50b 31.15+1.11bc 21.80+1.74cd 20.05+1.46b
W,N,; S, 4.32+0.52ab 28.18+2.21a 27.33+1.07de 23.20£1.76cd 16.97+2.07¢
W,N,; S, 4.48+0.02a 23.87+0.59b 27.82+0.96de 27.00+3.01ab 16.83+0.78c¢
W,N,S, 2.58+0.28f 28.41+1.61a 27.72+0.49de 25.57+1.67abc 15.73+0.81¢
W,N,S, 3.97+0.13b 23.08+0.12b 27.68+1.61de 24.72+0.90abc 20.55+1.78b
CK 2.85+0.09¢f 5.00+0.10c 40.20+0.31a 27.80+0.80a 24.15+0.37a

FALPRILFR 1, AR T B R R A B E] 2 57 8.3 (P<0. 05) .

22 HERBEITHRKEEEI THEAZERRE
N:pEA |

M2 3 AT LUE S5 L, KRS — R i v
SRR g AT SR AT 1 B AR AP 3 LA
o KA R IR Z AL (W N, S, ) -2 5T
HEHAR(MWD) U E AR (GMD) FOR A SRR
T (R, g5 ) IR, 43 B R K 8 BTG HS FFBR 2
35 HE AL B (CK) B 35 3 & 14.80% . 60.78% .
50. 00% (P<0.05) o & K NE — A Ak 9 Iy =L
HEUEASFF B 2 A K 1 R 34 B G 4 o 4
MWD .GMD J R sy T 225 kg/hm?® % Z i H &
BT 180 kg/hm? i 35 $2 % 14 GMD Fl R, 5, ¥
MWD FIFEMAR R

£3 AELETEKEERRENSE
Table 3 Characteristics of water stable soil aggregates under differ-

ent treatments

s KARESR  FHFREER T ILA AR
(Rupas0) (%) (MWD) (mm)  (GMD) (mm)
W,N; S, 63.20+£0.74a 0.82+0.04a 0.39+0.01a
W,N;S, 57.75+0.26bc 0.74+0.03bc 0.35+0.01bed
W N,S, 58.75+0.42b 0.73+0.01c 0.37+0.02ab
WN,S, 58.70+0.31b 0.71+£0.01c 0.33+0.02cde
W,N,; S, 57.22+0.82¢ 0.78+0.01ab 0.36+0.02abc
W,N, S, 57.17+0.33¢ 0.72+0.02¢ 0.32+0.01de
W,N, S, 57.03+0.35¢ 0.70+0.01¢c 0.30+0.01e
W,N,S, 54.73+0.31d 0.69+0.02¢ 0.30+£0.02e
CK 55.05+0.12d 0.51£0.02¢ 0.26+0.02f

FACFELER 1, RN R R A P 25 5 8.3 (P<0. 05)
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23 HHBRELHRKEEENTIEFIKRIE
SEA

23.1 RATRREZE®ARKRE I LEAIE G
Fe9Fen WIE 1 ATHEL, EK S AR SRR )2 AL B
(W,N,S,)) mA HLax & = e i, B8 CK i i 59. 41%
(P<0.05) , FEFFFEZRE A& IKIRAL I (W,N,S,)
I PR S S TR AR R AR A R R
EFE(W NS, W N,S,) TG &2 5%, RHAKML
— AT S A R B 2 A B A A HILAR S A
TCREATIG 2 235 4 = 24. 44% (P<0.05) ;90% 6, HE
7K 1 R Ak B i A AT HLAR 7 it LE 80% 6, HEUK 1 BR
Qb3 R 28.96% (P<0.05); HHE T 180
kg/hm? 9 % &, 225 kg/hm? F i 3804 HLER &
PR 10.25% (P<0.05) o w] WL K 2 A
T B 2 A R 1 n 3 HLAK

2.3.2  AAFFEELE W EKRE AT L3 B R KA A
BAFRTTREG Y w R H RN R AR
BLB , LA SRR LB 9 45 e 1 S5 ki K/
5, W A SRR AR 0 14, A BLRR 5 2 4 (3
4) . HAZAFAH R KB — AL (W N, S, ) £
IWE(CK) 5 HIA R St ) W e m . =ik b
P A BRI T RGTE /K L FR AR | v 280t FH e Ak B %o
AR G0t 2 A g 8 S 4 o A R A R A A
MUBR &5 1 5 PRI A% FT B )2 A0 #85.000 ~ 0. 251 mm A1
PR it i 3 o AN RS AT R 5 2 A0 B, P ] <
0. 250 mm P SR{AA AU & &80 B 35 2201

x4 FELETZEAREEIRIE

6.0r
2 T
20 4.5+ b b
= 8 b i
fg 3.0f d
=
L 1
Etg
_H

0

fba
1:W, N, S;52: W,N,;S,;3: WN,S,;4: W,N,S,;5: W,N,S, ; 6:
W,N;S,;37:W,N, S, :8: W,N,S, ;9 CK; &AL 1, RIFE/NG
FRER/RAb BRI 25 57 3 (P<0.05) .
E1 AELEBIEGTIHRSE

Fig.1 Soil organic carbon content under different treatments

RIS (4) A HLEKR 0 A7 X 5T kR (%
5), & 2.000~1.001 mm,1.000~0.251 mm 2 4>k
A TRARAG DB AE T DT RR 3 id 2 2 TR 3 R
IR AR (P<0.05) , Ui B + A WLk £ 2447 T
2.000~0. 251 mm K AR, oK L PR Ak 3
BARTE K b FRAEFE0.250 ~ 0. 053 mm H B IAEA D%
TR 1 FAIC 21. 92% (P<0.05) . 225 kg/hm> &
FH AL B4 180 kg/hm® & E & 4k #> 2. 000
mm ,2.000~1.001 mm P RARA HLAK 51 #k 5 5 531 &
ERE 32.94% 26.25% (P<0.05) . A F5FFHE 2
b P A T RS FF B 2 AL P i 35 BE AR T 1.000~ 0. 251
mm .0.250~0. 053 mm .<0. 053 mm A RAEFH YLK 57

Table 4 Organic carbon content in soil aggregates under different treatments

IR HAPLER S5 (g/kg)

e >2.000 mm 2.000~1.001 mm 1.000~0.251 mm 0.250~0.053 mm <0.053 mm
W,N; S, 5.82+0.14a 5.39+0.13a 5.18+0.24a 2.94£0.15d 2.20+0.07¢
W,N,;S, 5.73+0.18ab 5.39£0.37a 4.68+0.45b 3.16+0.05bcd 2.54+0.15a
W, N,S, 5.23+0.61bc 4.74+0.45bc 4.24+0.14¢ 3.30+0.11bc 2.31+0.16bc
W,N,S, 4.65+0.33d 4.41+0.12cd 4.23+0.08¢ 3.46+0.18ab 2.48+0.04ab
W,N,; S, 5.10+0.12¢cd 4.92+0.02ab 4.02+0.10c 3.71+0.10a 2.14+0.04¢
W,N,;S, 4.85+0.05¢d 4.15+0.13d 3.92+0.16¢ 3.12+0.04cd 2.63+0.09a
W,N,S, 3.81+0.06ef 3.50+0.19¢ 3.40+0.08d 2.28+0.12¢ 1.77£0.05¢
W,N,S, 3.37+0.09f 3.15+0.10e 2.87+0.22e 1.99+0.24f 1.37+0.17f
CK 3.99+0.30e 3.55+0.07e 2.89+0.05e 2.47+0.10e 1.92+0.09¢

HACFENLER 1, R FREFROR A PR 22 57 8.3 (P<0.05)
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Table 5 Relative contribution rate of organic carbon in soil aggregate under different treatments

PR A HLBRAR X STk (%)

o >2.000 mm 2.000~1.001 mm 1.000~0.251 mm 0.250~0.053 mm <0.053 mm
W, N, S, 5.64+0.60b 32.73+2.87ab 31.58+0.69bcd 12.63+0.81g 7.38+0.91e
W,N,S, 4.55+0.19¢ 37.32+3.73a 30.52+1.49¢d 18.55+1.05de 11.59+1.21¢
W,N,S, 4.42+0.20c 26.79+2.39¢ 32.62+3.58bc 15.96+0.59¢f 11.38+1.32¢
W,N,S, 4.67+0.32¢ 26.08+1.93¢ 33.78+1.93bc 19.32+2.04cd 12.73+0.93bc
W,N, S, 5.70+0.75b 35.80+2.28ab 28.37+0.75d 22.24+1.84bc 9.39x1.23d
W,N, S, 7.04+0.19a 32.13+1.72ab 35.37+1.45ab 27.25+2.36a 14.35£0.49ab
W,N,S, 2.58+0.33d 25.94+1.25¢ 24.70+1.31e 15.25+1.04fg 7.27+0.39%¢
W,N,S, 5.59+0.47b 30.48+2.63bc 33.06+0.90bc 20.39+0.66bcd 11.59+0.40¢
CK 3.75+0.28¢ 5.86+0.10d 38.41+1.08a 22.68+1.35b 15.26+0.39a

AP 1, AR TR A B R 22 57 B3 (P<0.05)

3 97 i

3.1 HBHRELHRKREEIIZETIERARK
2 B AN A2 E M Y R M

VA SR A oAy 8 1 AR 4 A 5 40 , T SR AR 11 1
SEFRAE IR EE AR R AR RN,
SERI L, i B 552,000~ 1.001 mm AR 4A
S, BEFE£1.000~ 0. 251 mm.<0.053 mm A1
R, R POA VA HE RN R K 2 A b et A £
e, AEHF Bk R b Ant A Ry 2 A — i B RER
VEFAFEBE e RS M EL T3 T, 3 3 I e vk
A HHERIK G322 FLR (DT 38 14 e DR 0 s 52 B
PR TR R A T R A A B 4 ) I
SHE TS Y R E B ER TR E LR+
BT ¥ B2 R ELAR /NG R i A R KR
R kL, TR B KA R IR T AR &
B, R FF B 230 HH BB = - A R AR L 3, i b
T SRR B b, K o3 5tk 2358 W FF 9 fifk 3k
JET SETRZ A - HE A AR AL Sy, X TR R 5k
RIARAT , AF T RS AT oh s i A K OE H
RIILTEE , (EARE AT o i 18, 7 A R 25
JEAE b AN T A/ I SR AR 2 A Bl B R 2 ) 1A 3R
i, AR, 80%6, WE/K [ BRALFET.000~0. 251
mm A RR G B E KT 90% 6, K EFRALHE,
0.250~0. 053 mm PSR4 55 2 0] o 255 90% 6,
K 1 BRAR B 30 B v K 1 B A B R R R
SRR A K

Jiti S0 2802 T AR R R A s R, A L

R TR Y S R R A KRB AR DT R T
Ferh A RARAIE B, it i 2 fig 4 = 11> 0. 250
mm PR E 5, (02 5 5t FH Al R T R R
IR R A ROR S iAW 0 AR ge g R
7R, A E M 225 kg/hm? 43 >2. 000 mm ,2.000 ~
1.001 mm MR K& & 0 % & T A R T & 180
kg/hm?ZbFH | 1. 000~ 0. 251 mm ., <0. 053 mm H1EIA
BN E LT AR 180 kg/hm* b3, X5
A IR R O AR O, A RS ARk 5 B
1o, I N R B e R G SRR AL I AR )
XFREFE I A A A A R AR A R AR AT A
RIVRAEE AR (R, 5) PRI AR (MWD)
Lo NN Nl T P S DI - i
(GMD) #K: , Ui A A1 R R ZE Fy e, AT 9% 25 51
T FEA R KB 40T, T E ) MWD | GMD Fil
Roo s BIRE R TIHME, OB I HER K5 T &
Btk H TR AR O B i 3K ) AR AR
R A 4 - A AT SR A e T B AR R e L R
FHAK M — A Ak g 5 X, K R 90% 6, Ab 3
(4 R s MWD F1 GMD ¥575 FHEK F IR H7 80% 6,
Ab3R, P TRAR R, 05 MWD I GMD BEA 75 K
RIS BRI AS AL, AT 50 T A T ) e KRR
IKFH 30. 6% ,90%6, .80%6, HEIK b BRALFT HLIKHE
IKIG HHEE KA LR 27% 24% , FIRbT- e 1Y
Mgk kB BT LA 90% 6, HE K b BR &b B )
Ro.25 MWD 1 GMD #7555 T 80%6, #E/K b FRAL B,
R FFIA FH Lt 220, R f ok AT SR AR A o AR
G2 NDNTITE Tt ut I E2CN STEl C AR N 0 S 1
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KR FEFFBE 2 )G R, 050 MWD F1 GMD ¥ 8 2%
B, K A 225 kg/hm? AR BRAY R, e . MWD
1 GMD ¥ 58 358 T/ it H it 180 kg/hm® b3,
X2 B T RE R A A 138 43 T A DL RE BE A
WFE R L RS R A DU 254 5 (K
SEVEF R ARAS 0 o0 B, $ AR M i it
FHRNE I e = - AR 2 0 AR e 5 R HH B
3t AR IR FE G S i VR TSR, 7R AR
HHURY O 2 A AT m R e vk,
32 HHBELEHRKREEIIZETERARK
BHHEER S BRI

AR+ T R AN R B TR AR
AYIVER T e A T A ALERDT BB FE B
2 W TR Z DL R PR X
DR A AR 0 M 7 2 B T AE 38 W ) s B
HHOKF R RER T EBERARZED LM+
B, RS FF A HCHE U RE A R PR A R G A
FEERET A AT i S X RS FE R FH 2 s
FEIE A, — 4R e pLa S = AR g
Jiti FH 225 kg/hm® & R AL LA HUBK & i 3 = Tl
FH 180 kg/hm® & ZF AL FH | 1 55 F R0 4 580k & LU 1)
UGG TE T REFTFS R b i A K B RS AT 2
fiff R = A K

90%0, K - BRAD P + 84 HLAR 7% it 2
T 80%6, HE/K 1 FRALFE, X2 i T K b BRAAR
AR T B J2 BB A0 T K 43 1 T B RN RS
AHBIR" | e A SIS 2K &
Wi, YK RN 80% 6, Ak BH ) FE A G2 DL L 4 3
K PR T B 2R FFRR 2 0 & FREK B RR
K 90%0, AFE N L AEFEE G 2 5K 4 1 b
O PEASRE R 2 B0k 0 v 2 B I, R R A fidt 0
%, Nl DLAER GRS AT IR 2 AT, 90% H [8] B KR
KA BIHEK R E 225 ke/hm® A K i, A4 H)
T A PR

ARHFFE 1, SR FH K R — 4 Ak i V8 1o A7 AL 3 22
BAF#E2.000 ~ 0. 251 mm HLZ R AR N, CK A AL
Wk EHABLETE 1.000~ 0. 053 mm Kr 2% A B AK Y, 1
5.000~2. 001 mm 7 2% AR AR A HLRR A A7 it 1K
AT (4) ATHN, F R ARG HLAR 2 5 F A1 SRR &
P A R AR 4 S LRI DTk, FEARBESR D
WL B 5 19°45.000 ~ 2. 001 mm i 2% P B 44
R I H A%, (A5 920k 20 A 3R A4 rf AT BLAR XoF

+- 3 B HLAK 1Y BT AR B i, 2.000~ 1. 001 mm
1.000~0. 251 mm.0.250~0. 053 mm 3 /KL% A B 1A
AP RAKT5.000~2. 001 mm HIERE (B TH
PH B A 5 1°5.000~ 2. 001 mm P A4 fdi HL
WK A LR EZARAE T, X AT RS T A
TR TE e B BOWHA IS £ HEEA ALK BAE L GRAIER)
U IR 5P 15 >2. 000 mm A1 3R (Al e
A /IR P SR AR )| 28— AN 6 ] 391 I AN [ Ak
X R EAE AT, BEBHZEAR U T AT R R 1
FEX DTRRR 27 I RIR S B g, 5550, A3
TFEHE 7K BB — R A i Vi I 3 42 & 1 2.000~ 1. 001
mm PR A HLAR 1) 5Tk 2 REAIK T 1.000 ~
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