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W EAXATEARERATHABEEEEZ AGRHER. LS B L MR ERGRARE, AT A R H AR
BREEAAREHFAFH. Hib, KRB ARG, RAEGEAHE FXT AR FARBREEX [FAREHE
X (CM) Fr AL EEAE R (OML fn OM2)] AR B, AL EZEFHEmMPm. HP, CMBEXXAALE
Be. BAME. AABE. BEGZ 20cm SEFFCLHEE AT AEBREIA, OM1 HEXRAVFEH®. — KK
ZHREEA. TEXSE., XZEEFGE 20cm 5/FLE, OM2 XX ANIEHR. FEFEK. TEXS. XFH
EBE40cm SREFLEHEERE AN . FREA,OM2BAZFERBF LT E&KE, & CM fz OM1 24l & & H
£ Z R 37.1% (P<0.05) 11 28.1% (P<0.05). & =& 21.7% #0 12.5% (P<0.05), T A8 & 2 B4 K, OM2 B A
REEEEERER. ST EEERERHM 3 MR NOHMLEEE R, (AT L%E/H NH, 4, OM2 th CM
B E AR 14.4% (P<0.05). F bk, OM2 B A &A% B 4575 AR, 241 th CM f1 OM1 B & 1K 10.9% (P<0.05) fu
2.2% (P<0.05). * THAMART, OM2 Lk CM F1 OMI1 25| B 2 A% 26.9% (P<0.05) 1 13.1% (P<0.05). 1h4h,
OM2 3% 3% % & &, 4B 5 OM1 Fu CM #2 & 20.9% #1 29.2%. AHF R FH, OM2 B R —F S MAR TFEHE
FREN TR REARREEA, AR EREFFHARBRE,
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Assessment of nitrogen footprint and economic profit under different ratooning
rice cultivation modes in central China

LI Yanshi, LI Chengfang ™~

(College of Plant Science and Technology, Huazhong Agricultural University / Key Laboratory of Crop Physiology, Ecology and Farming in
the Middle Reaches of the Yangtze River, Ministry of Agriculture and Rural Affairs, Wuhan 430070, China)

Abstract: Significant progress has been made in studying greenhouse gas emissions, carbon footprints, and yield changes in ratooned
rice fields across diverse cultivation practices. However, the nitrogen footprints of different ratooning rice cultivation methods remain
unclear. Therefore, this field experiment used the life cycle assessment to study the effects of different ratooning rice cultivation
modes [conventional cultivation mode (CM) and two optimized cultivation modes (OM1 and OM2)] on rice yield, nitrogen footprint,
and economic outcomes. Among the three modes, the CM mode adopted traditional ratooning rice cultivation techniques, such as arti-
ficial transplanting, conventional fertilization, shallow flooding irrigation, stubble height of 20 cm, and excluding straw returning
practices. The OM1 mode adopted mechanical transplanting, one-time application of slow-release fertilizer, dry-wet irrigation altena-
tion, stubble height of 20 cm, and straw returning. The OM2 mode adopted mechanical transplanting, deep application of nitrogen fer-
tilizer, dry-wet irrigation alternation, stubble height of 40 cm, and straw returning along with a decomposing agent. The results
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showed that OM2 had the highest yield in the ratooning season and the total yield in the rice season, which increased the yield in the
ratooning season by 37.1% (P<0.05) and 28.1% (P<0.05) and the total yield by 21.7% and 12.5% (P<0.05), respectively, in comparison
to CM and OM1. OM2 had the highest indirect active nitrogen emissions. In the context of direct active nitrogen emissions, there
were no significant differences in the N,O emissions among the three modes. However, OM2 significantly reduced NH; volatilization
by 14.4% (P<0.05) in comparison to CM for main crop. Therefore, OM2 had the lowest annual active nitrogen emissions, which were
significantly lower than CM and OM1 by 10.9% (P<0.05) and 2.2% (P<0.05), respectively. The nitrogen footprint of OM2 was signi-
ficantly lower than that of CM and OM1 by 26.9% (P<0.05) and 13.1% (P<0.05), respectively. OM2 had the highest economic bene-
fit, which was 20.9% and 29.2% higher than OM1 and CM, respectively. This study showed that the OM2 is a sustainable ratooning
rice cultivation mode that effectively reduces nitrogen footprint while enhancing economic benefits. The potential for promoting this

mode is substantial in the ratooning rice area of southern China.

Keywords: Ratooning rice; Reactive nitrogen emissions; Nitrogen footprint; Economic benefits
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Table 1 Agronomical management practices under various ratooning rice modes

P B AL B KPR AR FEATAS B
Mode Transplantation method Fertilizer management Water management stubble height (cm) Straw management
oM N LA W HUIAL EREEAlVIN 20 AN
Artificial transplanting Conventional fertilization Continuous flooding No straw return
oMI BT — PGB TS 2 i
Machine transplanting One-time slow release fertilization ~ Alternate wetting and drying Straw return
BBk FUILH WA S -+
oM2 AN TR 40 i H Flg* il

Machine transplanting

Deep application of nitrogen fertilizer ~ Alternate wetting and drying

Straw return with inoculants
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Agriculture materials ~ Energy consumption
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= A Film FEFFALFE Straw removal
g i Seed &4k Harvesting

g

Z

= -

f::i) NO HFjik

= N,O emission

NH, £k

EAEHE i
o £ HH
Direct emission w Rice field
NH," i
NH," leaching

NO;™ i
NO;™ leaching

E1 BEBEFRGZHPRETHERR

Fig. 1 System boundary of nitrogen footprint in ratooning rice production system
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Table 2 Reactive nitrogen emission coefficients of various
materials for agricultural production
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453 Diesel 0.08x10~
AJE N fertilizer 0.89x10~
WAL P fertilizer 0.54x10"
HIAE K fertilizer 0.03x10~
%55 Herbicide 4.49x10°
ZX 5 Insecticide 3.53x10°
A H | Fungicide 7.00x10°
A Film 12.03x10°°
AT Seed 0.76x10~
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Table 3 Rice yields under different cultivation modes of
ratooning rice

Rt 724 Yield (kg-hm )

Mode 37 Maincrop  f14:Z Ratooning crop JEI4E Total
CM 7528+316b 4412+247b 11940+562a

OM1 8194+280a 4722+148b 12916+295b

OM2 8480+239a 6047+312a 14527+509a

[RIBIAN ) 71k 7R R [ A 3R] 7 P<0.05 /K 22 5+ 3% . Different
letters in a column mean significant differences among different modes at
P<0.05 level.
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Fig. 2 Changes in N,O emission fluxes (a) and NH; volatilization fluxes (b) from ratooning rice under different cultivation modes
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®4 FEBLEBERXT N0 #1 NH, HERHHE
Table 4 Cumulative emissions of N,0O and NH; under diffe-
rent cultivation modes of ratooning rice
kg(N-eq)-hm >

(52 k% Main crop P4 2% Ratooning crop
Mode N,0 NH, N,0 NH,
CM 0.83+0.34a 29.29+2.09a 0.40+0.08a 4.89+0.19a
OM1 0.71+0.25a 25.33+£2.20b 0.31+0.03a 5.64+1.35a
OM2 0.62+0.08a 25.08+1.43b 0.34+0.10a 4.82+0.96a

[EIB AN ) TRk R R [ K] 76 P<0.05 7K ¥ 225 3% . Different
letters in a column mean significant differences among different modes at
P<0.05 level.
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FIFNA B 5 R 12.6%~18.8%., 7E B 32 15 1 AU HE ik
Wh, NH; % 5 R, 89.1%~90.0%; N,O HERL & b
M 2.8%~3.2%; NH, 1 NO, Wi &5 Eb o 6.8%~8.1%.
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10.9% 1 2.2%, H OM2 7£ 3 A~ 2 b A A A 4 7
iR . Bk, OM2 B A R T K, 5 CM I
OM1 #i5AH L, OM2 AR i 2 BEAIL T 26.9% F1 13.1%
) AR
24 AEBABEANEFUE

A A A A 2 2 R L AL 2% (R 6)
A% OM2 H A7 & s 9 # A LA, 43 il Lk CM Al
OMI #2£7 12.0% 1 3.7%; 1B J& OM2 B A & i 7=
L 25, L CM AT OMI 43 5]t 35 48 & 21.7% A
12.5% (P<0.05). [A1tt, OM2 #5 3 B4 H% e I 4 5L
%5, M H CM Fit OM1 #53X, OM2 #5243 51 e 2 42
29.2% F120.9% (P<0.05).,

x5 TRBERBEXATRRTEN

Table 5 Changes in nitrogen footprint under different cultivation modes of ratooning rice

SRR 5 R AR
Nitrogen fii;f:nd 1i:ti)i((‘)mposition ™ oMl oM2
R T S i 4K Diesel 315.1 3742 492.4
Indirect reactive nitrogen emission AN fertilizer 311.1 280.4 347.1
[e(N-eq)hm ] B P fertilizer 85.1 85.1 109.4
HPAE K fertilizer 8.6 8.6 9.9
555 Herbicide 10.5 8.4 13.3
ZH5) Insecticide 4.9 49 49
A5 Film 722 7.0 7.0
T Seed 191.4 191.4 213.7
A7 Fungicide 8.4 8.4 8.4
41 Total 1007.3 968.4 1206.1
NH, 1% % NH; volatilization [g(N-eq)-hm ] 34 175.7£2270.1a 30 968.0£1316.6ab 29 905.6+1211.8b
N,OHEHZ N,O emission [g(N-eq)-hm *] 1233.24262.7a 1021.8+224.9a 954.2+50.0a
NH, ##% NH,' leaching [g(N-eq)-hm ’] 1199.3 1199.3 1199.3
NO, #k¥# NO, ™ leaching [g(N-eq)-hm ] 1397.5 1397.5 1504.8
JAAETE A HEL Annual reactive nitrogen emission [g(N-eq)-hm *] 39 013.0+£2205.4a 35555.0£1106.3b 34 770.0+£1243.7b
AL Nitrogen footprint [g(N-eq)kga™] 3.27+0.04a 2.75+0.11b 2.39+0.08¢

[RIAT AR R A R AN IR ] 72 P<0.057K F-25 57 . % . Different letters in a row mean significant differences among different modes at P<0.05 level.

*6 ARBERBEXTHRANRAFEF

Table 6 Input costs and economic benefits of different ratooning rice modes ¥hm”
JA Cost
el pert AT HLIK
LSV Agricultural materials Labor Machine . g UiEn LR
Mode 2 W B3 Yield income  Economic benefit
¥ A2 IEE eedling Applvin Lzt2i) Wegk  BEE Bk Total
Seed  Pesticide Fertilizer g ppying Spraying Harvest Tillage Transplant
culture fertilizer
CM 2700 1530 2199 2852 500 600 2400 1800 0 14581 29 849+1405c  15468+1405¢
OMI 2700 1530 4290 930 300 600 2400 1800 1200 15750  32289+737b 16 539+737b
OM2 3150 1530 2419 930 500 600 2400 3600 1200 16329 36 318+1274a 19 989+1274a

[Rl B AS [ 7 R AN [ 2 8] 7E P<0.057K - 22 5 . 3% . Different letters in a column mean significant differences among different modes at P<0.05.

level.

http://www.ecoagri.ac.cn


http://www.ecoagri.ac.cn

588 o A ARl 2 () 2024

% 32%

3 itig
3.0 AR#ZEEANBLERTENZIT

ARG A A 5 A A X OM B R R Tk
=i, H OM2 B HA f5e i 14 P A 2 a1 R 4R
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—15 kPa H A8 &2 3 ©8 94 30E B 2 0 A 38 2 SR HE i
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KAy R FARCRE, OM2 B 1 2018 % it 7T DA 2E
AE 55 HE A $% fik, AR T K RE AR R 5 R R AW, A
M98 /0 NH; #5 & FUVEIR S 5%, B8 o 20 A1 H A
KRR, T, OM2 AR AR e T H
by 95 o A X, 3 AT BB R Sk 2 BA A i O [
TERG b IX, Sk 2= B B 40 em He B8 A 5 20 em
TREIEUEME 2B R BT 2R, 5 il B b g R A
L, B B R 40 em B E PR 15 T 315 B
R R DT AN, OM2 1 it FH £ 2 4 1 3
Ay A HE Sk KRR RS AT I A, 4 e RO
i, DR B A
32 AREHEEXRE TR EERA0E

HH L OM1 Fil CM, OM2 £ 5C H A fi g 9 8] 322 1%
PEEHEI, 3% F 2 TR AR EN LA R RN
(F5), 3FAARMBENOHEM LR ELER.
I N,O HEi F A Lt iz m ™, 5 CM ML,
OM2 5T SRS FF 4 FH 14 in 38w 16 5 R s fk i 7
FHIE Y, o 1 42 2E RS 1 NLO HER™; 5 st ] i, oM2
A X SR A T 30 5 5 B TR i A - A, T
SEEZ M N0 He . SR, oM2 R AR
TRt m] i 2 K RS R W, B AR Ak 5 s Ak A
JEY), AR NLO HERL®". Hitk, OM2 #5x0F ZUAE it
S A NLO JEAHE AT BEARIH 1A FF A H AN 58 R
W51 B N0 HE I . peah, 5 M A L,

OMI A3 28 BEAE RS0 2028 mT LA 2 /K R AE AR 11
e 2R T A ARG Y T RS2 Y A S RS R B, e
WL T N,O HE . 534, OMI B R 9 A2 5 T g
517 1) NLO HETHCH fin vT Bl 4 2% F6 MO AL 456 1 e K 94
PRI, 3k i A5 A 5% v S (] P2 R A8 X R) 1) NLO
IS MTE S -2

BRI M ECHERT P Y NH, 4% & A AR RS A
FER G AT 80% LA L, i HL A& A [) P A A A 2
Vi) R A2 R o8 22 S B K B 43 3 R A R s =,
oA A 2 1 A = NH, % & %, Horh oM =
NH, # K 5 A% (3 5)o P AbAR B B A X F CM AR
3k 2 NH, #k 2 W E FEAIR 13.5%~14.4%, H 32T
Tk AL E R, 5 CM AR & #ite AT
HH L, OM2 488 3R AR IR . Liu 2 5, %t
RALAS 0T 2 NH, #f 5 , AR T NH, #
Ko [FIAF, OMI #52xR 28 B N Rt AR o e
W 5% 3 B, 2 BN it FH J5 R 55 1) 280 38 e A A DL i 7K
e A R, AT AR NH, 5 & 9, SR, 1R 2
CM A Ak & K B 5K 22 0] NH, # £ A 3 2 7
(% 5), X —IZ I i 5 1A AU 28 8 55 it H o AH
A7

WHoE R B, AN FFE R G AR E ORI T
NH, 4% % . W7z 7250 &3, 76 K 6 g i 17E &
o, NH, # % 5 J 2 B 1 52.2%~59.0%. [Fl B, —
TSEF A P R A 1 W R RS AR I WF S 4R, NH, #5
K BULIE ) 95%", AHFST L F B, NH, # & 2 5
P AR FZTTERE (R 5), X 5 LRSS
WEL SR, R H KRS S EE LR
Ji R S ARG, LG T T 7K NH, e B 50 v, 3 il NH, 4%
K BN RE AR EE R A B RIE T R
ZAFTR, Wk A v XA FE ARG B ONH, 38 % 0T LA
RREAR AR T o A58 v, 2R 78 19 28 163 L
2.39~3.27 g(N-eq)-hm *(3 5), wfik T & [ g I W Fed
[10.47~10.89 g(N-eq)-hm 1™, X Fh 25 3 Bk 5 K &
T R LA DI AR 55 15 6 A X 0 g o e o A )
TR A b [ X R

25 b, AR OM2 B A fie i 1 Il 42 0 P EUHE
T, AR KR REAR T NH, #E4&, dF MiRE A% T 8006 P 2
HE WA, 25 2 B AT e e 1Y) 7 A g R A 7 o
LR AR, DL 25 R0, Akt ey 2 (R
TR S AL . SR HILAER R . ARSI % e it J
ST RN BR 2 15 BE 40 om A AR 2048 PR it T LA A
I/ NH, #5 % R S KA 7 it (G 3 1R 5), DA%
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