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I RS

1.1 X Be e

PRI b A7 1T 48 7 e i X0 VB8 (39°39' N,
116°38'B) , 1ZHAL T EGA RS, J@IRIR R
TERRE MR S, R38R 14.2 °C, 235 H RIS
£ 2254 h, FEH[EKE 676 mm, FETEFE Y 210 d.
P Ry T, FHE LN, 0~20 em 12K
REE: &% 088 gkg. HHUK 6.26 g/kg; 20~
40 cm )2 &% 0.72g/kg. HHLWK 4.73 g/kg. &
WRNZH KN 2 KN E R
1.2 it

RET 2019 4 6 H-2023 4 10 H#k4T, &4
FippiEAE S, DA EZE/NE (CK) « HE//N
FIHE/ M (SWR) « HE//NE/EXK/INE
(SWC) . HE/NEALE//INE (SWP) , FAFH
BN 2 . 3KEE, 12 NMNX, /NXHRA
62.4m? (8.0 mx7.8m) , KENLIXAHAS. Sl H =
M MUNT S 18 N MFICATZE 167, HSE R
Fh 10 5. FKFFIOYFEBE 958, TEAE ST 9 4L
550 HE. N R R SRR A 2 B o o
46 000, 64 000. 165 000 F1 270 000 #k/hm?, FK
FEPhEN 135 kg/hm?, &A= FHERAN & .
JRZE (N 46%) 240 kg/hm?. 82 %% (P20546%)
120 kg/hm?. LA (K20 50%) 240 kg/hm?, H 2 .
B ERE RN, N TR AT
70%%NE LA K2 100%H 8 AE . SFAEAE N FEAR N, 30%
BIEAENBREREN o SAEYMAE . ORI ] A 7 3
i34 5 2t R ) 15— 2.
1.3 MEMBSEZ

1E 2023 FHZWERES, FIH 5 SHUREE R

0~20 F1 20~40 cm L3RS, RA) R P 732 B
B £ 2 4 358, 1 BRI B R4 R R R TT,
SRR G R Ah 3 (615 L 3R g R A o A8, TR A
T HIEA R SR E; 551 BRI 5T
W, T e LEeEE AR E = Hd, K
FA -0 s 35 B SR A i, SR A BILE S ikl
EHEERSE, KH KoCrO7- Mk E A Hl
%@%[18—19]0

T4 EH AR (MWD) L U4 B 4% (GMD)
F1>0.25 mm BIRAEE (Rozs) RRAFTIEHE
fe et EE R bR, HOtE AW FR:

MWD= " X, (1)
_ M1>025

R-p25= My (2)

GMD=exp[ Y. WilnX; €)

K, XN | AP RERFYES (mm)
Wi NS | BRI E (%) , Mo TR
RS ER, Mo HN>025mm HIRAEEE,

B KL B R AR A WL B B oT R B A
200 BERARA PR B TR R (%) =Rk
EIP Zu S IR TR N e S ALk L AN R =
T IEA LR ER 4 B <100,

1.4 BUEEALIE

K H Microsoft Excel 2019 % AFE 4T £ 4 Ab PR
S51EE, R SPSS 17.0 #RAF#EAT AL 31 [A) 22 57t . 3%
PEATLE (LSD V) , KH Canoco 5.0 H AT TUAR
58T (RDA)

2 GFRE57H

2.1 AREEAERRN N T8 F BRI 5 ER N
ARFEAEFE 0~20 F1 20~40 cm 1438 [F] 58 44 ki 2%
DHEREE (F1) . 0~20cm L2, HARMAKS

®1 AR HIRFARERR S AR

Table 1 Effects of different treatments on particle size distribution of soil aggregates

+TE Ab [ 44 Joi 243 B Aggregate mass fraction (%)

Soil layer Treatment <0.053 mm [0.053, 0.25) mm [0.25, 2.00) mm =2.00 mm

0~20 cm CK 16.06+0.43a 25.9240.68a 35.67+0.36¢ 22.35+0.96d
SWR 13.54+0.79¢ 23.61+0.44b 38.05+0.33b 24.80+0.77¢
SWC 14.94+0.51b 21.44+0.67¢ 37.53+0.54b 26.09+0.98b
SWP 12.3140.50d 19.99+0.37d 40.58+1.14a 27.1240.67a

20~40 cm CK 19.95+0.43a 30.24+0.55a 30.89+0.63¢ 18.92+0.45¢
SWR 18.560.65b 28.92+0.75ab 32.44+0.43b 20.08+0.56b
SWC 18.2140.52b 28.14+0.58b 31.91+0.62bc 21.74+0.32a
SWP 17.67+0.69¢ 26.03+0.59¢ 34.06+0.41a 22.24+0.74a

[F— 4 2 R A EE G A RN PR RL R ZR 8% (P<0.05) . T,

Different lowercase letters after the same soil layer and column data indicate significant differences among different treatments (P < 0.05). The same

below.
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A LA[0.25, 2.00) mm RN E, HIKE=2.00 F
[0.053, 0.25) mm KiZ%, <<0.053 mm KiZ & B
b5 CK A AR, AR AE AL EE[0.25, 2.00) mm
i & BB FHRE 5.21%~13.77%, =2.00 mm Fi
00 E R 10.96%~21.34%. H, SWP AHETE
[0.25, 2.00)F1=2.00 mm Fi g & IR m, ©FEm
T SWR Ml SWC 4b#, A[FAFAE AL HE <0.053 Al
[0.053, 0.25) mm K2 &5 CK AbFAH L35 B 2%
2398

20~40 cm 12, HIEAARS A0 LA[0.053, 0.25)F
[0.25,2.00) mm Fi g% N FE, <0.053 F1=2.00 mm
WRIRZ . 5 CK A#AHL, SWR Al SWP Ab#
[0.25, 2.00) mm & & 7 7 & F & & 5.02%
10.26%, ASEFAEAEFL =2.00 mm Hi & w1
& 6.13%~17.55%. L1, SWP &b#7E[0.25, 2.00)
HA=2.00 mm R & B G ARFIELIAE<
0.053 F1[0.053, 0.25) mm #i 2% & &5 CK AL AL
YRR . FLrb, B SWR AL#E[0.053, 0.25) mm i 2%
Ab, HAb#EAE AL FAE <0.053 F1[0.053, 0.25) mm i
P m R ERRC. HIeaTR, H AR ER
Al DL e AR 35 AT SR AR O A, $2 5 [0.25, 2.00) Al
=2.00 mm Fig A AR &
22 ARIBERN N LIEFAR AR E MR

AS[EEEAE AL FE 0~20 F1 20~40 cm 1 3% [F] 5 44
MWD. GMD LA Reoos 345 T CK 4bFE (% 2) .
0~20 cm 1=, 5 CK &BEAHEL, SWC #1 SWP 4t
H MWD {8 7373l & 3 19 0 7.46%F1 5.97%, SWP &b
# GMD 5 CK A3 AR & 2191 9.76%, AN [F]
BAEMPE Rors S EEH CK ¥ ML EZER S
8.34%~16.70%. A[EFAELLIEEH SWC ALE MWD
5 E & T SWR A, 1 SWP 4EE ) GMD {E 1

£2 TRESEX T IEF B AR E MR

Table 2 Effects of different treatments
on soil aggregate stability

RIS JUATF3) >0.25 mm
Soijl:E/er Treft?fent Hit Hiz R i
MWD GMD R=025
0~20 cm CK 1.34+0.02c  0.82+0.05b 58.01+0.71c
SWR 1.38+0.02bc  0.86+0.03ab  62.85+0.81b
SWC 1.44+0.03a  0.88+0.03ab  63.61+1.49b
SWP 1.42+0.03ab  0.90+0.04a 67.70+1.78a
20~40 cm CK 1.13£0.05a  0.63+0.04a 49.81+0.18¢
SWR 1.15£0.04a  0.65+0.04a 52.52+0.97b
SWC 1.19+0.03a  0.67+0.01a 53.65+0.36b
SWP 1.18+0.03a  0.68+0.01a 56.30+1.15a

Rooxs e, H Roxs & EWEZE ST SWR
1 SWC 4b#E

20~40 cm )2, 5 CK &AL, ANEFA/EL
F Rogos B D FH IR 5.44%~13.03%, 1 MWD 18
A GMD EHI TR E R AFREELE T SWC
AR MWD {E. SWP 43 GMD {H J Roo25 75 &1t
o HeH, SWP ALHE Rogos W E =T SWR M
SWC kb2, FHAh%eAE &b #E ] MWD {EF1 GMD {A
B REER . mkmra, HEARRERR ]
14 in - 3% [ 3R A& MWD E 1 GMD {8, $ & Reoas
T,
23 ARBEEAN T ZEARGKEETENKS

=R

ANEEAE AL 0~20 F1 20~40 cm 1 /2 & K 2% 4]
AR A AN S B ST CK 48 (1) .
0~20 cm )2, 5 CK AFHAHEL, SWC AL <0.053
[0.053, 0.25). [0.25,2.00). =2.00 mm %% 4=+
A HUBK & 20y A E 1 4.86% 4.73%- 5.25%-

BECK @mSWR @SWC @ SWP
0~20 cm

LA
SOC content (g/kg)

20~40 cm

EERiIR T s
SOC content (g/kg)

<0.053 [0.053, 0.25)[0.25,2.00) =2.00 4t
Total soil
R KI12 Particle size of aggregates (mm)

AR A F A B NS PR R AR BN ZREE (P<
0.05) . R,

Lowercase letters on different columns within the same grain size
indicate significant differences among different treatments (P < 0.05).
The same below.

E1 AERACETES T RARGEH RS S0
Fig.1 Effects of different treatments on SOC
content in total soil and aggregates
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3.89%F01 4.25%, SWR 4bFE[0.053, 0.25) mm HLZ A
MBS B B2 5 2.05%, SWP 4LFH[0.053, 0.25).
[0.25,2.00). =2.00 mm #7Z% A HLEK & & 5l 23
PR 5.05% 4.62%F1 2.80% . A [FHEAF AL FE o SWC
A1 SWP AbFE[0.053, 0.25) mm K20 A WL & & 535
=T SWR AbEE, FAhFEAE AL B W] & ki g fe 4 A
GIRTE =S RTE s

20~40 cm -2, 5 CK 4bFRAHLL, SWC b3
<0.053. [0.053, 0.25)~ =2.00 mm FiZhk [ 4=+ HHL
Bk & o ) 3 PR 4.45% . 3.86% - 4.86% Fll
4.27%, SWP Ab3 73 W2 3528 5 5.72% 4.94%.
4.44%H1 5.13%, SWR AbFE LR J2 4 A LRSS
B5 CK ALY LR E Z R . ANFEAELRE
SWP 4 FE<<0.053. [0.053, 0.25) mm KA HLEK &
I SWR AL B4y ) 2 25 42 = 4.18%A1 3.60%, H
fiby e A Ak B 1R % s 2 K 4 LA WL & B B 3
ZEt o HUERIAL, HEA FFRAER Y v 4 5 & h
AAZIE UM R R IR e
24 AEREEAXN TIEFAREENRIEEN

Al

P 2 mTA, ASTR] A B A 39 ) SR AR A BB BT ik
R EFHK 5 CK AHEAL, ANEFIEGLR

B CK @mSWR @ SWC
0~20 cm

@ SWP

AT HUBR TR 2%
SOC contribution rate
of aggregate (%)

1%

20~40 cm
50

40 +
b abab a

HR A HLBR DTk
of aggregate (%)

SOC contribution rate

<0.053

[0.053,0.25) [0.25,2.00)  =2.00
PR Ki12 Particle size of aggregates (mm)
B2 TEAIER T IRFRG BRI ERFN
Fig.2 Effects of different treatments on SOC
contribution rate of soil aggregate

[0.25,2.00)~ =2.00 mm 2 4] S AR WLk 5Tk 2
FFE, 1M<<0.053. [0.053, 0.25) mm Hi g% F R kA
HUBRTTRR R PEG . 0~20 cm 12, 5 CK ALFAHEL,
SWP A4k 3 [0.25, 2.00) mm Hi 2% 57 Bk % i E 32 w5
15.67%, ANFEHEAEALFL =2.00 mm K2 Tk 3R 5 2%
P2 10.48%~21.00%, [0.053, 0.25) mm Hi 2% 5Tk R
335 R 8.94%~21.32%, SWR FI1 SWP 4bF <0.053
L T R R 0 1) I 2 PR 15.32% 11 23.14% . AN[A]
BAFALFR A SWP ALFR[0.25, 2.00). =2.00 mm Figk
AR B, b, =2.00 mm k25T R A
SWR ALFF B EHE 5 9.52%, HAhES A kb3 (6] ) 76 B
EERF

20~40 cm )2, 5 CK &AL, ANEFA/EL
HH=2.00 mm #7207k 2 T E R = 6.59%~16.74%,
<<0.053 mm F 2% DT HR K 2 FRIK 6.96%~10.93%,
SWP 4t B [0.25, 2.00) mm i 2% 57 Bk % & 12
7.77%, SWC F1 SWP 4:#E[0.053, 0.25) mm 2% 51
R 43 ) 5 2 PR AR 7.31%A1 14.08% . AS[FAIEE1E Ak
i SWP ALFE[0.25, 2.00). =2.00 mm Fi 2 51k
R . HUEATEL, H A R R T 4
[0.25,2.00). =2.00 mm R A HLBRTTEREE . i,
SWP A FER I T SWR Fl SWC 4bFE.
25 ARBEEANTZEARGKELETILAEE

A

ASEVEEAFE AL FE 0~20 A1 20~40 cm + )2 & Hi 4%
Rk 2R EES T CK AR (K3 . 0~
20cm 12, 5 CK 4B AHLL, SWC 4b# =2.00 mm
BIR AR SR E L 6.74%, SWP AbFE<0.053.
[0.053, 0.25)~ =2.00 mm 72} f 4 T4 %0 & 5 0 il
BEPE 6.74% 6.90%- 8.99%F1 6.90%. A[F%E
fE AL SWP 4k B =2.00 mm Hi 2% 4 B 5 &
SWR AL 25 HE 5 5.43%, HoAth 484 b B [a] %01 4%
;EtERSEYEEEER.

20~40 cm )2, 5 CK AbPEAHEL, SWR 4bF
<0.053 mm KRG 2R EIRS 5.56%, SWC
AbFE =2.00 mm RLZ K4 AR E S B E R
T 6.85% i1 5.63%, SWP 4 <0.053. [0.053,
0.25). [0.25,2.00). =2.00 mm 72 K 4+ 4%
EE T E R 8.33%- 8.45%. 8.70%. 9.59%
H18.45%. ASFFE/EAEH SWP 4L HE<0.053 mm
R AR & B SWC AL FE 42 = 6.85%, SWP
AEF=2.00 mm R AR BB SWR AL BT 2 42
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B CK BSWR @mSWC @ SWP
0~20 cm

ab?

&
Total nitrogen content (g/kg)

20~40 cm
1.0 -

09 r

LSRG E

Total nitrogen content (g/kg)

<0.053 [0.053, 0.25)[0.25,2.00) =2.00 £+
Total soil
B Ak 4% Particle size of aggregates (mm)
3 AELEN TR RARGEE S ENF
Fig.3 Effects of different treatments on the total
nitrogen content in total soil and aggregates

1 5.26%, AR VR AL BRI i R e A L AR A &
LR EZES . HILnTA, HEAR IR
BES R AR e aR SR, Hd, swp
Qb R 2 [ TR A B A - A B B
2.6 AEEIEEAN TIEFAR K S RREENTM

AN TR 56 AR Kb P A 3 T 3R A 4 U DT R 2R AR 4K DL
Kl 4. 5 CK AL, AFEFIEAEE0.25, 2.00).
=2.00 mm KL% F RSB TR R T &, W<
0.053+ [0.053, 0.25) mm H 2% [ 5 7k 4> ok % %
f%.0~20 cm +J2, 5 CK AbEEFHLL, SWP 4bEE[0.25,
2.00) mm i 2% 07 Mk 2 W35 R R 12.52%, SWC A
SWP 4 B =2.00 mm K7 2% 51wk 2 73 ) & 3 52 =
21.40%F11 23.89% . & SWC 4bH <0.053 mm $i 2K
A, HAh#E /R LB <<0.053. [0.053, 0.25) mm Lg%
TUBR R PR . ARG R H A SWP 4t 3
[0.25,2.00). =2.00 mm 2% 5Tk R B m, Hd,
=2.00 mm A7 2 o7 MR % AL SWR A B E IR
11.54%, HAWECAEAL [A] 30 B3 % 7 .

20~40 cm -2, 5 CK 4bHAHEL, SWP Ab#E
[0.25, 2.00) mm Fi 4% 5Tk % 2 2 = 10.01%. SWC
AbFE =2.00 mm L TTER R E R 15.81%, SWP

BECK @SWR @ SWC
0~20 cm

@ SWP

50

A WU TRk 3
SOC contribution rate
of aggregate (%)

20~40 cm
50 -

rate of aggregates (%)

Eib S e it e

Total nitrogen contribution

<0.053

[0.053, 0.25) [0.25,2.00)  =2.00
[# B ki 4% Particle size of aggregates (mm)
4 TEIALEX T IRFR SR TE RS
Fig.4 Effects of different treatments on total
nitrogen contribution rate of soil aggregates

AT IR 2 PR 18.27%, SWC 4bFE<0.053. [0.053,
0.25) mm Fi 2% 57 Bk 2 53 il 2 3 FE K 12.83% .
11.75%, SWP AbFE 7371 535 B 11.05%- 14.38%.
ANEEAE AT SWC AT SWP AT =2.00 mm Figk
TURRREE SWR ALFE 43 ) B2 351 9.75%  12.08%,
BN (SRS RS e A WAL NES S T E R e
WA AN, AN [F) e AR AR AT £ 190,25, 2.00)
=2.00 mm R AR TTHREE, FE(K<0.053. [0.053,
0.25) mm R 2K DTHR R
2.7 TEARGESHRBEMSEHARGENK. £

RREEE TR DT

RO HTAS R AR A AR 2R 38 [ 3R AR AR bt -
ek Es2m, R R AR A K Aa e S HTER
EE N SETEREHITIIR (RDA) 78T, 45
R (E 5 8o, HEpH 1. Hephh 2 e Bt
& 96.32% /K EEREHIRE S AR &R Tk
KA &R [0.25,2.00). =2.00 mm i 2 [H 5 Ak
HHR. R TTHAE 5[0.25,2.00). =2.00 mm i
AR L MWD 18« GMD 18« Ro02s £ 1EMZ%,
5<0.053. [0.053, 0.25) mm 2% [F 5k & ik <.
<0.053. [0.053, 0.25) mm Hi % I BAAAG AR, 4
ROTHR R B IELF A ). Horr, [0.25, 2.00) mm i
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RPBIE (82.8%) & FEIKENH 1. UL AREAE
FE0R0.25, 2.00) mm A 2% 4] R AR & 138 In A )
Tt R R AR R e P DL =0.25 mm R HL
T EETTERE .

1LOF LSWC2
SWC3
TIC >
05k <0.053 mm 2.00 mm MWD
TIN
SWC1 T4N
. CKI1 ¢ GM T4C
S
8
. R
E 0.0 0.25 S—
v |T2N + 3¢
5 WP1
% SWR2 SWP2 e
T2C ¢ CK2 SWP3 T3N
+
-05F [0.053,025) mm SWRI [0.25,2.00) mm
+
SWR3
_1.0 0 1 1 1
-1.0 0.5 0.0 0.5 1.0

AXIS 1 (91.66%)

TI1C. T2C. T3C. T4C 437 75<<0.053+ [0.053, 0.25). [0.25, 2.00).
=2.00 mm FiBIR A HUBRTTRR A ; TIN. T2N. T3N. T4N %
278 <0.053. [0.053, 0.25) [0.25,2.00). =2.00 mm 7% 315 1k
SR ITE; CK1. CK2. CK3 753" CK 4bFf) 3 AN, H
AU FARIREIER R o

T1C, T2C, T3C, and T4C represent <0.053, [0.053, 0.25), [0.25, 2.00),
=2.00 mm particle size aggregate organic carbon contribution rate,
respectively; TIN, T2N, T3N, T4N represent <0.053, [0.053, 0.25),
[0.25, 2.00), =2.00 mm particle size aggregate total nitrogen contribution
rate, respectively; CK1, CK2, CK3 represent three replicates of CK
processing, and the remaining processing points are represented in
sequence.

5 TERARGKSHRRBEESEARKENRK.
LR IEEEHI RDA 5317
Fig.5 RDA analysis of soil aggregate distribution
and stability with aggregate organic carbon
and total nitrogen contribution rate

3 itig

398 A1 S AR 2 B R M R AR LIRS
AE 77 () FEFESERR, 1] MWD, GMD H1 Reoos /2 WP
A R AR P AR bR, AR, RoR M
BpARE R, AR, R FEFIE 77
2 535 S L R B AL A S A SE L kAT )
WEFE R, N K S 2 AME R S s IR
BT REER, S8 HEHERE, 150
PR ). BHGLI R, SERETT RS
P15 0~40 cm 12 1~2 mm R BSR4 8 LT
IR AR, B IR

AWFRFEH, 5 CK AFMHE, RREER

BT 0~40 cm +J2[0.25, 2.00). =2.00 mm #i
KB TR S &, BE{£<0.053. [0.053, 0.25) mm Hi
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Effects of Different Rotation Patterns of Sweet Potato on Soil
Aggregate Stability and Contents of Carbon and Nitrogen

Liu Yajun, Wang Wenjing, Hu Qiguo, Ma Tingting, Chu Fengli
(Shanggiu Academy of Agriculture and Forestry Sciences, Shangqiu 476000, Henan, China)

Abstract In order to investigate the effects of different rotation patterns of sweet potato on soil aggregate
stability and carbon and nitrogen contents, field positioning experiments were conducted from 2019 to 2023 to
study the effects of sweet potato/wheat (CK) double cropping and continuous cropping with rapeseed (SWR),
corn (SWC), and peanut (SWP) on soil aggregate composition, stability, carbon and nitrogen contents, and
contribution rates in 0-20 cm and 20-40 cm soil. The results showed that compared with the CK treatment,
different rotation patterns of sweet potatoes could increase the contents of [0.25, 2.00) and =2.00 mm particle
size aggregates in the soil layer of 0-40 cm, as well as the organic carbon and total nitrogen contents of each
particle size aggregate and total soil. They also improved the stability of soil aggregates and the contribution rates
of organic carbon and total nitrogen in [0.25, 2.00) and =2.00 mm particle size aggregates. Among them, in the
0-20 cm soil layer, compared with the CK treatment, the content of >0.25 mm aggregate (R-0.5) significantly
increased by 8.34%-16.70% under different rotation treatments. The contribution rate of organic carbon in the
=2.00 mm particle size significantly increased by 10.48%-21.00%. The SWC and SWP treatments significantly
enhanced the contribution rate of total nitrogen in the =2.00 mm particle size by 21.40% and 23.89%,
respectively. Additionally, the SWP treatment significantly increased the contribution rates of organic carbon and
total nitrogen in the [0.25, 2.00) mm particle size by 15.67% and 12.52%, respectively. Redundancy analysis
(RDA) showed that changes in soil aggregate composition were closely correlated with soil aggregate stability
and the contribution rates of organic carbon and total nitrogen, and [0.25, 2.00) mm aggregates (82.8%) were the
primary driving factor. In summary, reasonable sweet potato rotation can improve the distribution of soil
aggregate composition, enhance aggregate stability, and increase the organic carbon, total nitrogen content, and
contribution rate of =0.25 mm particle size aggregates.

Key words Sweet potato; Crop rotation; Aggregate; Organic carbon; Total nitrogen
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