AL 6 2
20224E 11 A

ok ok R o R

Journal of Huazhong Agricultural University

Vol.41 No.6
Nov. 2022,51~58

WHIEAE 2B, B8 R, 45 S RIS VE AR e FH A WLk B LA a3 s m [T ] AR v Al K24k, 2022, 41(6) : 51-58.

DOI:10.13300/j.cnki.hnlkxb.2022.06.006

AERERBHEX T EE T EFVRR LA
W, B H LR R T, HE

IHREKRFEESHFHR P/ L EDERESSEHEFTHELZRE, & 330045

FEE R T Iu A B SRS (O = A0 2R SR a2 2 a ) H A1 G , 90 R [ Se AE B
SO0 g F 8 ML S LAl A s i . S5 HR 07R SR -H TR K E > B0 - -EOK |  H R 2 a 1
SR L RHER K LA G AL b BE 31,68 %6~65.91% . 2018—2019 4, “IHi 3¢ -H || R T £ -F
KGR E A R F L B R 2R AR ORI AR = i VR 2 A R 5 M LI
FRUB DL 2 - TR - TRk H 3 0 i 3 - T RN 35 R 0 A s B e o 28 -1 R 3R K B s o
AT A L R e B B R o 20019 A 3 - HRE (1B R L I BRI BE L B JEE O BB s BSORN A g
PEAE TR S ik Bl A ok, B i B R H A A B 59.46%0~84.38% | 59.06 % ~84.47 % il 52.81%~
71.40% (P<C0.05) , %8 VEAS 2 A ) T H12 10 0 P 006 32 0 P2 0% 8 50 - sk P 48 B 4, e H R R -
TR K S AR - H R B R Ay . 76 Yt R S 5 R VER U RE B o 1A PLAR
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W F 2017 42 9 H & 2019 4F 11 H , #£ 1T
[T A VI S W P (| A == S B I T W
(28°14'8"N, 116°51' 22" E) #E4T , ik 56 i J& S0 4y 2=
DA A, U 2 43 W] e TR 3T, 4F B 1 788.8
mm, 4EF ¥R 17.6 °C, K PH AR 58 5 S 4 542.7
kI/m?, AETCFRE 1 258 d., 6 H 3 22 g P Vb it

+ Bt R, R . KT
(0~20 cm) FE Al 5 7R B0 - 4+ 3 pH (. 5.07, H ML
30.07 g/kg, =R 1.79 g/kg, Wi ff % 182.67 mg/kg, H
R 86.10 mg/kg , A 129.67 mg/kg.
1.2 REH RS B ER T

TRIG 1 5 Ab B, Hrp b A R /XS R Ab
B.C.D #4172 a EFPAAE, A B E A IRBHEI, Bk
R ILF 1, B3R E R, BEYLIX 4 HES]
ANKTE A 66.7 m?, /N X 8] FE K I8 PRV 1 B
43314 0.5, 1.0 F110.5 m.

&1 WWigt

Table 1 Experimental design

S _ _ o
Treatment 2017—2018 2018—2019 £ E Note
ACK)  EEYCRR-WR | EEYCRRRRE  HEEERS
’ Chinese milk vetch-early rice-late rice Milk vetch-early rice-late rice Multiple cropping continuous systems
f SAE S e NTR &N S e P
B Chinese milk vetch-spring soybean-autumn R dlmm H’tﬁ:l\fﬁg b Multiol SR AR
soybean apeseed-sugarcane || spring soybean ultiple cropping rotation systems
B Ru-RAE-FK(HE Ben e 22 ke D Y
C Chinese milk vetch-early rice-maize || sweet Milk hg:z?& ﬁjﬁﬂ K EL b Multinl SRR AE A5 -
potato 1k vetch - spring soybean-autumn soybean ultiple cropping rotation systems
b BTy N  EAW-RR-EK| SRR
Rapeseed-sugarcane || spring soybean Milk vetch-early rice-maize || sweet potato Multiple cropping rotation systems
E A#F Rotation fallow K#F Rotation fallow Rotation fallow systems
T FRREERE || "FIREME . Note: “-” represents continuous planting; “ || 7 represents intercropping.

TR AR R R 5 0 (R R M AF) |, Wil S
(i 145 ) , RRg (h L 33) B (B85 ), K.
BE T 645 ), EoR (15 ), H e (B 5 e R ), H 3
(B ML),

2018 41 2019 4F FL I A 45 W01 4 AR ], 35 2R HI
A, HAE4 A 15 HBAR, ATHRIE R 20 em X 14
em, 7 H 8 HULAR ;e 7 A 10 H B4, fT R h 20
emX 17 ecm, 11 H 4 H W3k ; 8 = 97 fa y 22.5
kg/hm?,20174£ 10 H 1 H 4, 76 B AL B (2018 4F 4
H 10 H ) B2 80 38 5 3 S8 AR % 5 o 11.1 05
FE/hm?, 2017 4E 12 H 6 H B4k, 2018 45 H 15 H L
s KRE R EE R 6.7 Tfk/hm* , KRG 4H 15H
Ak, 6 H 6 HUER, BckE 6 H 15 HEE A4, 10 H 31
Holledk s EARER & R 6.7 1 #k/hm?, 7 H 15 H #%
Fir, 10 H 20 H R ; HRE AR %5 B 4 8 230 £k /hm®,
5H 16 H&Hk, 12 7 6 H UK s H 2 FhAf 25 0 5.6
Jikk/hm*,7 7 15 H 4k, 10 A 20 H k.

HE AR S K d : VE AR IR R (N 46%6) |
St IOH: " B AR (N P,05: K,0=15%:15%:15%),

TR T A i A A 45, KRR L BT 43 e | B
JIEL FHAE 3 VR G , i P L 5] R L AL < 43 BE AR < R =
4:3:3, rBENBAERS #R T 5~7 diti ] , R AE7E 322540 Bl
K 1~2 e Bt o VR AE F 3 D0 3% 2, R A T
VI 4 i 18 ) B AR RS 7 35 248 P, At T ) 785 B
Jit Y41 R — R R 8
1.3 1E¥EF 5=

Fi A AE D I 2 0% 7= i, DA JSORT B A v 1153
FERAEXT AT . H KRS L EOK R SR TS
OH R CH RS BRSO
BRL17],
1.4 TIEBVBRENE

T 2018, 2019 41 W e Jli A B /N X 5 i HRURE
P 0~20 em 3 R A, — B AR KT, T+
BB LRR AN AT A LB 00 5, 55— 4 T UK
FANYRE (4 °C, << 72 h) , T 4835 M AL i Ul
FE o BRGNS PR B 16.67 g/kg, TEE
A B S T R LS5 SR (18 ],
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Table 2 Field fertilization management kg/hm’
Ay il 27 Jiti A 2
Year Treatment Corp Fertilization amount
R Milk vetch 0
A(CK) RA Early rice JREFE WP N) 103.5 , “ii ket A A8 (J1 5 N P05 K,0) 430528 :67.5 (67.5 .67.5
A Late rice JREFEWTAN) 103.5 , “ii ket A A8 (F1 5 N P05 K,0) 530528 :67.5 167.5 .67.5
2 73E Milk vetch 0
B F K Spring soybean  JRE (A HIN) 46.0
KT Autumn soybean  JRZE (&M N) 46.0
2017— £ 595 Milk vetch 0
2018 C HLf Early rice JREE BTG HIN) 103.5 , A" 2 A ML (FTE N PO, K,0) 4331 8 :67.5 (67.5 67.5
E >k Maize
it IO Z AR (P A N P,0,5 K,0) 4334 : 11.25 111,25 (11.25
H# Sweet potato
3% Rapeseed PRFE TGN ) 34.5
D Hf Sugar cane JRZ (PrEMN) 448.5  FEERIE (474 : P,O;, Ca0, Si0,,MgO) J 168.75 ,505.25 ,225 |
e 125 3 “Mi A" 52 AN (A RN P05 K,0) 43 3k : 225 225 225
# K5 Spring soybean  JRZE (Fr& HIN )46.0
£ Milk vetch 0
A(CK)  HLfF Early rice PREZ WA RIN) 103.5 , “Hi et 52 A B0 (U7 6 N L P,O5 K,0) 4304 :67.5 1675 .67.5
Wik Late rice RE WA RN) 103.5 , T2 & $F & BN P05 . K,0) 435k :67.5 (67.5 67.5
3% Rapeseed JRZE (HTEMN) 34.5
o PRER (Pr iN)448.5 G EEBIIL (75 1L P,O5, Ca0, Si0,, MgO) A 168.75 \505.25 .225
B H#E Sugar cane T e N -
125; “it R A A (Fr G BN P05 K,0) 4351 : 225,225 225
2018— # K5 Spring soybean  JRZE (A HN) 46.0
2019 £ Milk vetch 0
C K G Spring soybean  JRZFE (FTHHIN) 46.0
FKE Autumn soybean  JR# (P4 B N) 46.0
2 Milk vetch 0
b FLF Early rice PREZ @A MUN) 103.5 , “fti et 2 A B0 (Jr 6 N L P05 K,0) 430k :67.5 1675 .67.5
F K Maize P Z AL (FFA BN P05 K0) 4050k :11.25 (11.25 (11.25
H# Sweet potato
15 gt BAT ™ a9 2018 445 4 B 149 1 ) b o

% H Microsoft Excel 2010 ¥ {48 B %32 . H
SPSS17.0 R G HEAT Bt ab PR GE 204, R
PR 2 (one-way ANOVA) fil Duncan’ s 3% #4707 2
G B AN 22 B LA (@ =0.05) o FH Excel 2010 %k {4
HS

2 HBR5HH

AERIERHER T EM = EMNZN

& 30 2018 4FF1 2019 44 Ab BEAE Y 1) HE W
Kb B E S ARBE , HAE Y A Wy it oy O CRCZE kA7 77 1
FLR BT AR B E ARTEA) o & 3R %, 2019 4F I 1E D)
YR 2018 4F  BRALHEL B 347 87.86 % 4, HiAtb &b

2.1

JEAb B D (Il 38 - BRI K S, i A b 2
41.87%~128.12% . 2019 4F4%- b BEAEY) i A5 W 1 de
R RS2 Ak BB iR - H R | R 5L, et At 4 3
13.93%~101.67% . 454 2 a WBIERE ALBE DG
- REIB K 5 20 - A 1K (H 2 i S A
SRR B A A B S 31.68%6~65.91 %0 15
GERFW], SR R R TR AR ) =
AR, LRS- T FE R~ a0 -RAE-E
KIH EE AR,

22 BIEARBEXXNERTEEVHBRREEASH
=AU
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Table 3 Crop biomass at different stages of treatments kg/hm®
Ay Ab P YEW) FSFFT B G it
Year Treatment Crop Dry weight of straw Grain yield Total
=Y Milk vetch 4458.02 0
A(CK) FF Early rice 6 716.00 7 138.30 32 091.70
Hif Late rice 7011.38 6 768.00
£ 2% Milk vetch 4707.54 0
B # K E. Spring soybean 4037.00 1682.30 19 957.58
K& Autumn soybean 6 233.00 3297.74
2018 %%ifiﬁ Milk vetch 4106.70 0
R FF Early rice 6 023.05 6417.15 23 633,90
K Maize 3249.00 3362.00
H & Sweet potato 2 400.00 3126.00
2% Rapeseed 2880.45 1721.80
D H#E Sugar cane 4723.69 30 983.00 45527.18
F K5 Spring soybean 3912.20 1 306.04
E — 0 0 0
279 Milk vetch 4 217.36 0
A(CK) WL Early rice 5865.00 5958.50 27 446.36
W AE Late rice 5488.00 5917.50
2% Rapeseed 2718.10 1 698.00
B HHE Sugar cane 3392.66 24 764.00 37 450.90
# K. Spring soybean 3635.00 1243.14
2019 L= Milk vetch 4665.79 0
C # K. Spring soybean 4158.34 1598.00 18 570.45
K5 Autumn soybean 5560.70 2587.62
<% Milk vetch 4 528.67 0
FLF Early rice 5892.80 5926.63
D 32 871.70
E K Maize 3092.60 3105.00
H# Sweet potato 5226.00 5100.00
E — 0 0 0

2019 AR ME RIS AR I , IR AL B C A, HiA 4% A B 4 4 4
e & A T B, T R B2 S 13.7220~20.1020 5
2018 4FALFE D Y T HE Ak 7 it Fe s, 0 S Ab
FHC 15.89% (P<C0.05) . 2019 4F4b H C Ay 1 3 4=
B s B e oK HAL B 3 m AL BE B 13.44%
(P<<0.05), HEFhEE/ER - 2k & AR K,
R Sy NS I i S B S5y NI T N =)
AR F A &

2) LS YEA ML . BRI 2 AT, 5 2018 4FAH
Fb, 2019 4F MR U 3K i 45 Ak 348 398 3 M A AL 7 it
YA e, B4 e R 11.67%~51.38%, H.¥4 /&
WL E F iR, 2018 4FEANFE CAL R 5 T E
46.50% (P<<0.05) . 2019 4F4b P B Y 16 A HLR &%
AR, o0 ) B R CK AR B E 36.45% .40.41%

(P<<0.05). £ BULW], & e AR U T 1 AR
FIRBE R A A T LS A DLk & B AR
DA 58 72 9 - B - TOK | H 357 A0 i s - HRE R R
BRI LS

= 02018 [N2019
%% a)
il = \
41§ ]
3 N
HeE D

Kb FH Treatment
AR NG SRR IR [F]— 4R 45 A ) 22 57 i 2 (P<<0. 05)
T [A] . Different letter in same column indicated significantly
at 5% levels, The same as follows.
Bl £4E2018—2019F B TELHBEE

Fig.1 Soil total carbon content during 2018—2019
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Fig.2 Soil active organic carbon
content during 2018—2019

3) LR A LR . R Pk
Herg AR R IR R A ML Sy . I STTLIE 1, B
LB C A1, 2019 4R 42 2018 445 Ab BEAY + HE T is AT
HUBR 2445 BT 388 0, 8 T 188 4y 20.08 %6 ~40.32% , {H
2018 445 Ab B ] 22 5 R i 3 (P=>0.05) . 2019 4FAb
B ) HERT AT LR & i i L B T ARBE D Sh,
2 Al A PR 16.25 %6 ~39.84 % (P<C0.05) ., %
b AR EOGT A ATV A FLARR S AR K, IR B
8 AR A A R T A AL G
2, M- H BRI R G GR I A

MmEE

e _

=3 02018 2019

w5 a

&0 : a a ) be
g , a
T = \

T N

5= N

£ \

=y 5 A(CK) B C D D)
:| AbFH Treatment

EH0E 20182019 FE L EFAMFINHRAE
Fig.3 Soil dissolved organic carbon
content during 2018—2019

4) FEERUEY R . B R4 AT, 2019 MR ARSI
JE B 20184, BRAL I B 4, FLA A Ab B + 3ERUE D
WA TR, PR 1.76%0~14.31%, A
2018 4F- 45 Ab B 14 22 53 AN i 3% (P>>0.05) o 2019 4F-Ab
BB R R e, B A AR 3 6.89 U6~
40.39% (P<<0.05) . % L, ANFEE RS 1E T X3¢+

E3

—
20

% 02018 2019

£< 1000 a .

g oS00t ahe L E e
EE 600

S

52 400

HZ 200

=£ . . .
i?“jg A(CK) B C D E

Ab B Treatment
4 FAIE2018—2019 & HEMEMER
Fig.4 Soil microbial biomass carbon
content during 2018-2019
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23 BAEMRHEATEAE L ER
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MFE AT LIEH, 5 2018 4EA1 He , 2019 4E MG R i
AR e PR TR B (A) B RS BEHR B (AD) B PEAE
FRFEE(CPMD) By 28 Ak fa 3 A — 3, 1T AR A
FI¥E N . 2018 4F-Ab B C 1) Bk F4E 176 B i 2 1% 2 48 4
IR 2248 FRAR B R 25 K, HAU S A PR E 22 535 5]
B3 (P<<0.05), 20194F4b3E B 1Y A AT FI CPMI ¥
ik B oK, B W o A B 59.46 00~
84.38%4.59.06 %~84.47 % F152.81%~71.40% (P<<
0.05) o Z& b, AR BV 7 R4S B Jit T 1 55 11
- R A PR B A 0 SRR SR A R T4
5 A VATFI CPMI, JUHR 28 = 0 - B - OK [ H 3
G LIl & S NI = W5 e g

x4 EREHBETIERESEIEY

Table 4 Management index of soil carbon pool in paddy

EEEIEHL

field of at different stages of treatments

Ay sl TREETRRE  BRIETRFETRE  RIEAEIR/ Y
Year Treatment A Al CPMI

A(CK)  0.1940.04ab 1.35+0.26ab  218.6740.25ab

B 0.2740.04a  1.844027a  266.67+0.27a

2018 C 0.2940.06a  1.984+04la  279.6740.47a

D 0.234+0.04ab  1.5740.31ab  259.004-0.39a

E 0.1640.07b  1.134-0.46b  174.0040.58b

A(CK)  0.3240.07b  2.1940.49b  304.6740.55b

B 0.5940.19a  4.044+1.34a  507.33+1.69

2019 C 0.3340.07b  2.2740.45b  322.6740.55b

D 0.3740.06b  2.544-0.40b  332.0040.40b

E 0.3240.04b  2.224-0.24b  296.0040.35b

TE By 34 S B M AR 22 5 IR 9 AN T A o
I3 W3R 22 535 5% W % K. Note: Data is “average + SD”
of 3 replicates. The different letter in same column indicated signifi-

cantly at 5% levels.
3 3 #

ARSI 55 5 A 34 T 7 5% AR 7 &
A HLERZE AR A B A 2 2R G0 A Bk 2 4 B
Oz AT g R HER O 5 BN AR BR AR D R Y
B2, ARBEF R, 2018 — 2019 4F I R i 3 401 +- 438
B T B2 0 1 R i Btk P A TR S R Y
AN 6] BB VE T 2K i IS it e 1 e e 2 7 3
TRECE I B A AR RO A ) T e
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— 71, AR A A PLRKR & 5 A LT A A
K NEYIIR ZR A% B RS FF I8 H S 259025 AL A 3G n i)
B NS IS Byl T et Ny NI i = (S i
T I8 fift Fo JCR0 0 A ML ECUR , U BB B N0 43 - A5 L
W it

e FH IS P A BILA , ] 9 A AL A A 4
T 258 I 0% 5 o b 2 W D - 398 o 2, i R A iU
) - HE R A AR AR AR 0 REFRA T Rl
0 AT HURR S B AR S P AR R T IR, & R
AR R A e o i AR i K, B R AR AL
TS -HREFBR KM 20 -F KGR A
T R mag R R T 2019 4F A 40k & BUAAR
T 2018 4F , ik AJ g2 K oy B AR FE AR AR X 0 25 5 I A
AR A M 55 4045 | 3X 5 2019 4R (R VE 1) 7 4 4
NE T ERAK T 2018 4F- A HAZ M L FR , i S 75 A& DI 1
SR A 5 B — A5 A LI R AT ST . SIS <5 2
FERW e AERERG N - A LR & 2, 4R R R
A 15 FACE DU , ARBFIEA 3] T 2R 2558, 2R
FAERB SRR B e AR T ) T L s
AU TR ANFEE R AR 2O 50
A HLAK 9 52 M, BE AL 5B 7 2 el 28 AU TR VR P A
FFI8 H T 51 A AL B R i 0 Ak S5 R 2
Az R 5 A A 55 AN T) o A5 =X 5t S A L T A R
1) e B A2 A R K. R, A
BT EAERBHE AT R IR A s ST

el T 52 e VR AR X BB 08 2 s S g 50 S R
M B RHAESRE R m . AT T
AR R A MUK B L4l o AR AL B
BEXT A AR L HEAT T 256 400, vl o e A=
BRGSO o (H R T AR R 56 4 BR 4%
B FEIEAEIRA AT RIS

25 1 B A R AR AE Y R LR,
JEHIRAI Il e - H R | K T~ 5 m e - A -
Tk HZEEMEERR . 2018—2019 4F M FE Uk 3K
J&i R & PR R 2 i AR o A
T eGP P S R R R S i A A
KA R T TR A LR LR S R E R e A
B, ISR -H IR K G~ w0 - AT
HRAER R Ay, BFE T SRS B T 1
(%) - S PRGBS B A ., R VR AR A A
T4 v R I B B TG RS B HRL AR

B, JUHE 58 - R - OK | H 2 A b SR - R
FRELBIAGRIESE . NI, 768 7 DR X
K-H IR R E > mde- A -TOK [ H & R fE
FECRE S IR =t A R T 800 P A B K
B P A B RO A o, (BT I
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Effects of rotation and fallow patterns on organic carbon
and its components in soil of paddy fields

YANG Binjuan, LI Xinmei, HU Qiliang, LIU Ning, HUANG Guoqin

Center for Ecological Sciences/Key Laboratory of Crop Physiology ,Ecology and Genetic Breeding
of Jiangxi Procince , Jiangxi Agricultural University, Nanchang 330045, China

Abstract The effects of rotation and fallow patterns on the soil organic carbon and its components in paddy
fields were studied through two consecutive years of field experiments to optimize and screen the green and effi-
cient multiple cropping mode of rotation and fallow in the rice fields with double cropping. The results showed
that the total biomass of “Rapeseed - sugarcane || spring soybean — Chinese milk vetch-early rice-maize || sweet
potato” pattern for two years was 31.68% -65.91% higher than that of other patterns.In 2018—2019, the “Rape-
seed - sugarcane || spring soybean” and the “Chinese milk vetch - spring soybean - autumn soybean” pattern were
more conducive to the accumulation of total carbon in soil. The multiple cropping rotation pattern and fallow pat-
tern were more conducive to the accumulation of active organic carbon in soil than the continuous cropping pat-
tern. The “Chinese milk vetch - early rice and maize || sweet potato” and the “Rapeseed - sugarcane || spring soy-
bean” were the best patterns. The “Rapeseed - sugarcane || spring soybean” pattern was more conducive to the ac-
cumulation of soluble organic carbon, microbial biomass carbon in soil.In 2019, the A (carbon pool activity) , Al
(carbon pool activity index)and carbon pool management index (CPMI) of the “Rapeseed - sugarcane || spring
soybean” pattern reached the maximum and were 59.46 %-84.38%;,59.06 %-84.47 % and 52.81%-71.40% high-
er than those of other patterns (P<<0.05).The rotation pattern was more conducive to improving A, Al and CP-
MI, especially the “Chinese milk vetch - early rice and maize || sweet potato” and the “Rapeseed - sugarcane ||
spring soybean” patterns had good performance.Under the condition of local soil fertility, paddy-upland multiple
cropping rotation pattern increased the content of organic carbon and its components in soil, which is conducive
to improving the soil quality and the soil fertility. Among the five patterns, the “Rapeseed - sugarcane || spring
soybean to Chinese milk vetch - early rice - maize || sweet potato” pattern was the best.

Keywords paddy field; rotation; fallow; soil fertitity; carbon pool management index; green-effi-

cient
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