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Effects of nitrogen fertilizer input and rice season nitrogen fertilizer appli-

cation on soil nutrients, carbon pool and yield in rape-rice rotation

MA Peng, ZHANG Yu-jie, LIN Dan, LYU Xu, WUZA Ri-qu, SHU Chuan-hai, YANG Zhi-yuan,

SUN Yong-jian, MA Jun

(Rice Research Institute of Sichuan Agricultural University/Key Laboratory of Crop Physiology, Ecology and Cultivation in Sichuan Province, Wenjiang

611130, China)

Abstract: In order to reveal the effects of nitrogen fertilizer input and nitrogen fertilizer application in rice season on pad-
dy field soil nutrients, carbon pool and crop yield in rape-rice rotation, a field experiment was conducted in 2017-2019. In this
rotation system, conventional nitrogen rate (180 kg/hm’ in rape season, Nc¢) and reduced nitrogen rate (150 kg/hm’in rape sea-

son, Nr) were set up. Based on the application rate of 150 kg/hm’ nitrogen in rice season, three models named M1-M3 were also

Y75 B #A: 2020-05-06

set up, and the application rate of base fertilizer, tillering

fertilizer and panicle fertilizer was 2 : 2 : 6, 3 : 3 : 4 and

BHEWBR . B % & A0 &R E (2017YFD0301701 , 2017YFDO-

) . :4 2 2, respectively. The results showed that the two-year
301706 ,2018YFD0301202 ) ; P4 JI| 45 & Fh L 56 & 31 ( 2016-

NYZ0051) test results were basically the same. The soil nutrient content

B/ T W(1989-) 5B TE B E A BB, T8 Tk and carbon pool performance in 2019 were slightly higher

WIEE: D 3, (E-mail) majunp2002@ 163.com

REE = E O 9E . (E-mail) 1163299054@ qq.com than those in 2018, while the rice yield and annual yield in
2019 were slightly lower than those in 2018. Compared with
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conventional nitrogen application, the reduced nitrogen application in rape season increased the contents of paddy soil organic

matter, available phosphorus, total organic carbon and microbial carbon. Under the Nc and Nr treatments in the rape season, the

total organic carbon content of the soil under the M3 treatment in the rice season was significantly higher than that under MO, M1

and M2 treatments, but the differences between the M1 and M2 treatments were not significant. Compared with Nc treatment , the

contents of organic matter, total nitrogen, available phosphorus, total soil organic carbon microbial carbon and rice yield under

Nr treatment in rape season and M3 treatment in rice season increased by 16.07%,1.07%, 2.29%, 4.18% ,45.73% and 1.45%,

respectively, the annual crop yield decreased by 3.63%, but the difference was not significant. Considering the resource efficiency

and environmental benefits, Nr treatment in the rape season combines with M3 treatment (basic fertilizer : tillering fertilizer :

panicle fertilizer=4 : 4 : 2) in the rice season is best production model for improving carbon fixation in paddy fields, improving

soil nutrient status, and stabilizing crop yield in rape-rice rotation system.
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Fig.1 Meteorological data during the test phase

1 FARERELAEMZFKBURIKERTIHE
Table 1 The amount of straw returned to the field after harvest of

rape and rice under different nitrogen fertilizer treatments

IHSAEFE HE K FEFEFF L H i

G0 fb s

(kg/hm*) (kg/hm?*)

2017-2018 Ne MO 4 810 8 051
M1 10 036

M2 10 555

M3 10 826

Nr MO 4142 7 465

Ml 10 126

M2 10 205

M3 10 904

2018-2019 Ne MO 6 574 7273
M1 10 250

M2 10 284

M3 10 397

Nr MO 5051 7 059

M1 10 160

M2 10 307

M3 10 623

Ne H1 Nr 43531 7 9 3% 25 5 Bt 2 (180 kg/hm? ) F1Js 2 il & (150
kg/hm?) 2 Flr 000 45 A f 5 M1, M2 M3 439 o A8 2 i &0 i 150
kg/hm? Z50b 5 1) 3 AN B B - HEEE : BE=2:2:
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R, 2 AET- Y IE 4 5 R 18, 57% 6. 43% Fil
0. 83% , &= IG AN & ; FRAIG 1 SR A5 | e A A i
BREGE,2 FEFBHIEE DR 5.22% 4. 65%
5.82%, 32 Ne ALPRAN Nr ZFRF | A2 M1 M2,
M3 FHXTF MO I 35140 TR R R L O
HDL M3 B8R R, 76 Ne ACHE R A5 M3 Ab AR

®2 AEERASENEELTERSHZIE

F MO M1 M2 4h 3 A5 A HLT & i 2 42551
A 25. 82% . 19. 48% Kl 25.77% , 4= & Ay Bl hn 1
8.34% 4. 21%F1 9. 58% , A/ BN T 70. 92%
17.98% F1 20. 46% , 3 R B 43 0 ¥G 0 T 42. 46% |

1. 87% 1 3. 51% , i A A A3 BIHE N T 65. 58% .9. 80%
F144.47% , #F Nr AT F5 2 M3 LAY T MO,
M1 M2 Zb3E A AT HL S i 2 AF 3340 23 51
43.25% 20. 37% Fl1 2. 96% , &= F IG5 50 15. 87%
10. 21% 1 22. 41% , 3 2% 8% 35 & 5 %1 4 69.79% |
8. 80% 1 11. 59% , MG 73770 48. 51% 6. 13%

1 14. 88% , fili 2 & 34 1R 43 911 Ky 54.25% . 31. 83% Fll
19. 71%., JH=%EZ= Nr A% F Ne, f52= M3 iz T AYFE

AL, 4 R & i 2 A3 40 3G 1
16.07% 1. 07% 1 2. 29% , H1 1 AT WL , I3 7 i it
JE(Nr) BLAFEZE M3 (BEAE - SrBEfl - fEit=4: 4
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Table 2 Effects of different nitrogen treatments on soil nutrients in paddy field

GO Qb AL (g/ke) 2% (g/kg) AW (mg/kg) BB (mg/kg) DA (mgrkg) S (mg/kg)
20184F9 A Ne MO 18.43+0.32f 1.67+0.07bc 23.0120.06g 41.27+0.28f 22.8420.16e 10.51+0.31f
Mi 19.56+0.28¢ 1.7420.15b 32.48+0.03¢ 58.33+0.18ab 19.200.19f 15.55£0.07¢
M2 18.68+0.27f 1.65+0.10¢ 36.42+0.01d 57.38+0.34c¢ 36.82+0.22a 11.40£0.06e
M3 23.47+0.42¢ 1.86+0.12a 41.51%0.03b 59.45+0.61a 33.61x0.34b 17.67+0.23a
Ty 20.03 1.73 33.35 54.1 28.11 12.78
Nr MO 18.89+0.20f 1.64£0.02¢ 25.02+0.26f 39.45+1.04g 18.61x0.01f 10.57£0.06g
M1 22.58+0.27d 1.73£0.04b 38.51+0.21c 55.73+1.02d 29.96+0.06¢ 12.030.24¢
M2 26.49+0.06ab 1.51£0.09d 38.52+0.18¢ 51.38+2.15¢ 33.61+0.19b 13.49+0.10d
M3 27.29+0.22a 1.88£0.03a 42.56£0.19a 58.97+0.36ab 23.52+0.20d 16.46£0.22b
i 23.81 1.69 36.15 51.38 26.42 11.63
20194F9 A Ne MO 19.70+0.25f 1.88+0.15bh 27.38+0.18e 44.48+0.60f 23.6720.10e 11.2120.49¢
M1 20.58+0.29¢ 1.95£0.24ab 34.82+0.13d 61.54+1.57b 21.35+0.09f 17.24£0.36b
M2 19.45+0.27( 1.86+0.25h 40.87£0.14c¢ 60.59+0.04¢ 38.54+0.04a 13.64+0.97d
M3 24.49+0.49¢ 1.98+0.12a 44.21+0.18ab 62.66=1.51a 34.67+0.06¢ 18.27£0.66a
-1 21.05 1.91 36.82 57.31 29.55 14.34
Nr MO 19.98+0.18f 1.87+0.15bc 26.62+0.06¢ 42.14£0.22¢ 19.68+0.36g 11.69+0.09¢
M1 23.67+0.27d 1.96£0.13b 42.13+0.06b 58.42+0.36d 31.97£0.11d 14.08+0.99d
M2 27.58+0.24b 1.82+0.05¢ 40.03+0.27¢ 54.07+0.81e 35.71+0.41b 15.21+0.61c
M3 28.38+0.29a 2.1920.12a 45.12£0.21a 62.18+0.24a 26.13£0.28¢ 17.86+0.15b
iy 24.9 1.96 38.47 54.2 28.37 13.96

AR 1, AR — RO A RS TR IR TR RN [RI AR B 25 5 R 25 (P<0.05)
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HH 2% 3 AT, YH-FEAEVE T, A A el et it 280 5 A
RN 2 7% R MR R se i 45 5. IR IR I
A2 AR 45 SR A — B0, R - 2R A e
FEBUFRE R BN 2019 4F0 55 T 2018 47, il
2% Ne AbBE LA, Ne Ab 3G T A H B3 ST Pl |
AT VA DL AN ) B AR B Y 25 1, 2 AR P AR IR
I3 HIH 3.95% 1. 91% F1 3. 36% , {H 2% T A i % ; 4
I TR e S i, 2 ARG T 30.46% . T
Ne A1 Nr AbHE R A5 2 M1 M2 M3 A0 AR X T MO
b5 2R 0 TR A R A LK AT VR L
e SRk | S STl T BRI B J2E 48 B, HLh L M3
B IR AR R . 7E Ne AbFE R R 25 M3 Ab 354
YT MO M1 M2 b3S AT BLAR & i 2 451 3G iR
#3 FEMEEAERTE E LR E R0

Iy 8. 79% 4. 23%F1 0. 88% , ATV IEA HLRR & it
HEWEAY M 25.76% 13. 81% 1 1. 09% , i34 Mk 4
W& 435914 32.29% 8. 28% il 29. 60% , 7 BACMERR &
GRS 28. 02% 26. 12%F1 5. 63%., 1E Nr kb
FER R 2 M3 AL AT MO M1 M2 A4b 3 5 A HL
e i 2 AF 7 238 05 43 0 R 20. 77% ,17. 40% Fil
12.34% , AT PR A BILBR % 1t 38 I 43 531 R 25.57%
1.91% F1 23.62%, f0 A= ¥ i & & 3 086 53 0 4
84.84% 9. 11%F1 56. 93% , 5 ‘A ACYE R & 2 44 i 7
M 53.60% 2. 28% F1 8.99% , 32 Nr Ak FHAH
X F Ne AbH, A5 2 M3 32 %5 N A9 - 388 A HLBR 1k
AW ik S i LR B S B 2 AR BB T
4.18% 45. 73%F1 3. 47% . 1t AT WL, ik =% 25 il it
FIEH AR M3 (LR - pBEE - Bt =4: 4 :

2) iz FERE A R TRk RN

Table 3 Effects of different nitrogen treatments on soil carbon pool in paddy field

S war R RN e R AR e
2018 4E9 A Ne MO 16.79£0.11¢ 111.55+0.76e 160.94+0.93h 2.58+0.15bc 1.0420.05¢d
M1 17.13£0.53b 123.11x1.14¢ 196.8420.22¢ 2.63+0.16bc 1.06+0.02bc
M2 18.07£0.55ab 139.12£1.05ab 163.64+0.35g 3.18+0.18ab 1.12+0.08ab
M3 18.12+0.51a 140.21+0.97a 213.59+0.39¢ 3.41+0.15a 1.13£0.04ab
iy 17.52 128.5 183.75 2.95 1.09
Nr MO 15.79+0.53¢ 113.88+0.63d 166.42+0.53( 2.06+0.14¢ 0.98+0.03d
M 16.20+0.43b 137.57+0.92b 287.46+0.49h 3.21+0.2ab 1.01£0.02¢d
M2 16.52+0.46b 112.93+0.50d 198.27+0.31d 2.96+0.21b 1.03+0.03cd
M3 18.61+0.49a 140.09+1.15a 328.38+0.38a 3.27+0.18ab 1.15+0.08a
STy 16.78 126.12 245.13 2.88 1.04
201949 H Ne MO 17.02+0.48c¢ 113.05+0.47¢ 169.88+0.97f 2.89+0.16d 1.0620.06¢d
M1 18.18+0.53b 125.09+1.15d 207.31+0.62d 2.92+0.16d 1.13+0.04b
M2 18.38+0.54b 140.72+1.1be 174.1120.79g 3.4420.16ab 1.14+0.06b
M3 18.67+0.58a 142.27+1.75a 224.05+0.83¢ 3.58+0.12a 1.16+0.07ab
Fy 18.06 130.28 193.84 3.21 1.12
Nr MO 15.95+0.52¢ 115.78+1.05¢ 175.36+0.57¢ 2.31+0.2¢ 0.99+0.06d
M 16.45+0.49h 138.64+0.57¢ 296.74+1.11h 3.34+0.13b 1.02£0.03d
M2 17.61x0.41b 114.92+0.93¢ 208.14+1.20d 3.19+0.18¢ 1.09+0.06bc
M3 19.73+0.41a 141.41+0.52b 308.58+0.54a 3.43+0.16ab 1.22+0.02a
Ty 17.43 127.69 247.2 3.07 1.08

AP 1, B[ — 4R A RN TR R e AR [RI AL BRI 25 5 25 (P<0.05)
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TH-FEFCAE T 1 22000 it 2 S e 2 AU s 2k
EYIF= R RS AN 3R 4 TR, 2 AME B IR 45 1 3%
AR, Ih 3 AR B [R] SR L 2019 AF R S T
2018 4F P8 it AU AL B (Nr) AH LEH HLIE 4L 21
(Ne) S ZREAL T 377 i, 2 A8 7 34 980 ™ iR B2 4
18.72% K A= £ 2 AFF S0 IR N 1. 11% , 22
SABE . 7E Ne B Nr ZAbFE T KRS P2 S 7EAS
[ AR % T ¥ M M3>M2>M1>M0, 7E Ne &b
PR, AE 2 M3 AR FHARXTF M1 AR M2 AbHKFS
R4 FEBALEIHENERBOZM

Table 4 Effects of different nitrogen treatments on crop yield

PR 2 ARSE R4 BIBE TN 4. 61% 1 1. 82% , JRI4F P
Ay N 3. 56% M1 1. 40% , 7E Nr AbFEF | f5 2= M3
AR FRAHXTF M1 A1 M2 Ah F KRR = 5 2 453244 5]
N 6. 11%F1 4. 95% , JAlAF 7™ 2 434 43 5 38 fin
4.83%F 4. 02%, 2= Nr A BEARXT T Ne Ab B
FiZE M3 i %5 FMKRE ™/ 2 E P8 T
1.45% JRAEPRIEIR T 3.63% ,[BEF AR, M
KR LR R AR S ™ SR A T i 2 0 A it L (92D
RMHA 30 kg/hm?®) FL & FEZE M3 iz BRI (3
BB AYBEAE : AR =4 : 4 : 2) 0] DASEE KRS &
Fa | RN J A

2017-2018 Ne MO 2.59a 7.14c 9.73d -
M1 8.90b 11.49b 18.08
M2 9.36ab 11.95ab 22.81
M3 9.60a 12.19a 25.28
Nr MO 2.22b 6.62c 8.84e -
M1 8.98b 11.20¢ 26.69
M2 9.05b 11.27¢ 27.48
M3 9.67a 11.89ab 34.51
2018-2019 Ne MO 3.54a 6.45¢ 9.99¢ -
M1 9.09b 12.63a 26.42
M2 9.12ab 12.66a 26.72
M3 9.22a 12.76a 27.72
Nr MO 2.72b 6.26¢ 8.98d -
MI 9.01b 11.73b 30.62
M2 9.14b 11.84b 31.84
M3 9.42a 12.14ab 35.18

AR 1, R —FE—F 0 ARG TR TN R AL ] 22 53 25 (P<0.05)
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i R A i R AR DG OC AR T A
g VB NN PO N G/l ey R 26)
BUBT A F R AL & 52 W5 IE ARG OC R S AL
B e O I B S R B R IE AR O
F S R R B R R L

fie AT HLER S Atk & SR AR - i
BFEIEMECR  Hp B LR & 5 R AR = Al
KRBUERK(0.847) , LB L MIASHT, HIELSA L
= 0. 254x A & & (g/kg) +12. 961 x A BT &
i (g/kg) +0. 204 x B R & = (mg/ke) , 7T LA £
SR AR S R R LR RO
BRRE R, JAAEVEY) P = 0. 279 x S A HLIKk & =
(g/kg) +8. 46X HLIT 7 i (g/kg) +0. 196X &R &
(g/kg) +0. 242 H A % £ (mg/kg) —0. 017 A E
AP 7 (mg/kg) RIWEY R 5 HIEAA
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Table 5 Correlation between carbon pool indicators and soil fertility in paddy field

o AL e TR AL B A BAEOR KRR R
B YLK 0.48 0.64 0.66 " 0.76" 0.29 0.79" 1 0.71* 0.84*
AR BLK 0.27 0.61 0.68* 0.82* 0.49 0.59 0.59 0.77* 0.70*
[BGRY73 0.71" 0.79* 0.76 0.55 0.1 0.55 0.35 0.55 0.37
VRS 0.51 0.4 0.77" 0.83* 0.78* 0.62 0.69 " 0.90 ** 0.74"

n = 24,df = 23, " FORBFEMRK, " R BFEHRL,

3 17 8

3. H-BRETHERERANSBEERBIEEX
EH T ER S BRERRIN

AT i S P A RE A% 15 A My, 2 s £
Pkt RIS ST A R R R AL
PR S i L A M 3 0 o e A T Y
N NN 2 s 7 Ei s Wz Y 1 g Y
i FH 55 A FE 45t FH 5507 10 %+ 34 ML 52
AT TR RS AR R AN HLAC L it Ak 2 T
DASE I - A S80S T A 5 i, L A i
B FPRAE R AN 2 T R A R
GERRW] RS FT I F 5 T FE ol e 5 it Ak B 5 AL it
JE AR PR o T A S AICGR A  AE EY
H AR o1 il D i AL 7P A4 g S e
JE AR S, ARWFFEE SRR, Tl - R f AR RS AT
St HAAPE N, ST MU 0 (Ne) A EE, Il
2ol A it 2 ( N ) B85 1 A T e A LS Ak
AU i, I3 2= D0t RUAE (Nr) iS5 F 2= M3
1z XA T R & B e M AR e, TR AT
A Al A 0 20 A A AT o R b ) RIS A R
(9 ZUIEIE 2, T LAk A A 4 v 008 T 3
TIERA AR C/N AR E TSR 1 AT
IR TR RS RS R A AL 3% 23 68 23 Ak B, 2
CRgE=: £

R P S AR 2 AN RIS E P2 o LR,
AR IR PR AP s A N 2, R
A5 OB ST DA R A A FE AR08 14 i - 498 v 7 A AL
BRAL5Y TR b A LB B, 5 2155 Y 9T R
BRI i FE Pt il A FES A B 2 25 - A AL AR B 7t 1k
AHLBR S B, B S T 4 SR R W RS FR L

55 A BE T AR A B 5 4 THRCR T B
TEREAREE , AATFTEE R, A TR 28 5 AR RS AT
AR FHEER 2 AEIE & T2 1 48 JRLIA AT RE J2 Rl il S
HUKFERE AT BAR A A L LRI e 5,
M T T SRR T . AR 25 PF e 5
Yol it 260 ( N) R ZE M3 3 25 6] e FH 498 A B
AR Pt & ) 4R i CR o B (BAER R o)
S A B 5 T A PR B AR B AR A OGS
LERELW], LR AP A R R
APURR S B IR SRR T REE O LA
BUBR 4 73t 32 L S Wb S A A2 ), 08 €/
N AEARKREIE b 52 0 HE 0 figp 33 5% 17 90k 25 2 - e
A (Nr) ZL PR AE2E M3 iz 25 e 2 4% C/N 1
I FLAIE (9.01~9.89) , 4 L IR My i 4,
PREGFEIB A, 3 B PLBAE IR & i, Jh, K
A 2 KR S AR T b S 1k R A Ak Y
R8T kA 20 B 5T 4% 3 WA AE AT LA TR
R o SR AT LA 5 A X IR R AT ML AR
AN [ 3 A 2 2 L, Rt 300t S o = S ML e 14
SN B SRR TG P A b, X Jo) e o B A A A
PR P 2 R 5 G TR 0T A BE 4 45 A AL
BRAF SRR A R 25 P 22 ) O A B AL
S T 1 e 2 o 8 i A AR A, T 2 A ) 2k B B
BPHIF LS —E M L]
3.2 H-FERETHERERANSEERBEEX
e 7= BRI

Al A AE 4 < S BARAD P A R A F AR
AR FAEL A AR bl e i HE A5 3] 1)z 06 AR Z AT
FEAREW] TR -HE L T K-S A e A 1A 2 rh s i
FEAE X 7™k A SR 5 /N 250 T S04 AR Y ST A
SRR AT s S0 vl Ak B XS XU A B ™ AN
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SRR RIS, A A R R,
T AT 4 i 3 2 I & AR I8 20% ~ 30% Ak B R 2 42
KR, ARG AR ISR DL B i
5 B FEY) JE AR P i A 2 s 2 TR A G
KFR, TR AW S S TS A LUK S B
FHOCEE A, R L, A AA HH S, 7 LA B ) /IR
A RNCAE T R R C/N, AR RS
TRHLE AR, AW, 51 C/N RIE, AR 3
PRI AT 45 R TEh R E R AT,
T 2R i R R AT T I SR Y 7 R T R 2R
JEZ(Nr) , FGZ2 M3 (JEHE « SrBERE : Rl =4: 4 :

2) AN 25 T KR ™ i e, W] RE A2 B TR0 EE I i
T, A R IEAE b TRARIRE KR 2R e AT
AT IKFIE BOLFREAA M1 5K BB By 1K
PoasE v, JLal R R A Tk ok, e
A, A AT e AR P R 7K 22 1 SRS A F AR S 22K
FETRE 24 FH A BRSO 7 A B 355007 A iy 25 591, 7K e 2 9
SR AT I S e S AT 7K 5 A R T SRS A 0 )
FERFNFE AT R, N2 A2 M3 AR 2, 5594k T il
SEZEAV AL X KR AR A S B R T — 3 T
IRBE, s T 3K R AR SRR B T 3%
WEETEYE  4a% T RIEA PR o 72 A )
TEBEMKEAERKARAEE, XRS5
NV 2 4IRS A R - 2 A D it A o K e e S
S FEMA A58 — 3, AR S 2R i it A
EE 5 HUME AL B A T 9 SR 0 = i, (U R A
FFIE HAEBR A 3G 0, b S0 240 AT a3, ml
AE S PR B A T 52 FK R RS A0 AF I i F A 1 5
T T ISR M T, Ak IR X 3R e A R
YIS

4 #5 ©

TEMM-FRFEAE T, = 2=l AL A 30
kg/hm* (2 18%) ,FKAEELEMIA 150 kg/hm® T LAJE
HE - JYEERE - BEAE =4 : 4 : 2 s ZRE AT LUA U
R T SR 0 R AR T, 4 R KRR 7
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