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Abstract To uncover the relationships between soil organic carbon sequestration rate (SCS) and nitrogen loss
pathways, a published study on nitrogen leaching for winter wheat (WW) and summer maize (SM) round-year

rotation (WM) was chosen as the main data source, which was carried out in Yuanyang County located in the
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northern part of Henan Province and lasted three years from 2017 to 2020. The experiment had a nitrogen
fertilization design of three treatments, namely low N fertilization (LN), medium N fertilization (MN), and zero
N fertilization (CK). The following metrics were calculated for the experiment, including carbon footprint (CF),
direct N,O emissions (dEy ), SCS, and nitrogen leaching scaled on grain yield (NLSGY). Combined with the
literature survey data gathered from databases such as China National Knowledge Infrastructure (CNKI) during
2019 and 2024, the modulation effects of SCS on dE , and nitrogen leaching (NL) were determined with meta-
analysis method. The results show that: 1) The net carbon footprint (nCF, In terms of CO,) of WW and SM for
LN, MN,and CK treatments were 0. 42, 0.57, 0.24 and 0. 56, 0.70, 0.20 kg/kg, respectively; NLSGY of the
round-year WM for LN, MN, CK treatments were 0.75,1.70, 0. 34 kg/t, respectively. 2) By comparing the three
treatments of the experiment, although LN treatment yielded a somewhat lower grain yield (GY) of wheat and
maize, it showed a balanced performance regarding other metrics such as CF, NLSGY, and N partial
productivity, and was thus viewed as a better treatment. The corresponding N fertilization of 285 kg/hm? for the
whole year rotation was recommended as the optimum value in the region. 3) Based on the meta-analysis results,
a positive extremely significant correlation relationship was found between dEy,, and SCS(P<C0.01) in China
(excluding Hong Kong, Macao and Taiwan regions) and some European countries, while a parabolic correlation
relationship was found between NL and SCS (P<C0. 05) with a trend of decline at first and a subsequent increase
thereafter. Combined with the processes of nitrification and denitrification and the effects of N mineralization and
immobilization, the accumulation of soil organic carbon (SOC) was revealed as the key factor to modulate N
losses in farmland. Thus, maintaining proper SCS helps to control N losses in farmland and sustain GY. Finally,
suitable management practices are recommended, including water-saving irrigation, secondary and trace
element fertilizer application, inorganic combined with organic fertilization, and adoption of a diversified cropping
system with legume green manure. By adopting these measures, the problem of grain yield decline along with
the N fertilizer reduction in the studied region would be solved, while promoting N use efficiency, enhancing SOC
storage and achieving green and low-carbon development in agriculture.

Keywords carbon footprint; N,O emissions; nitrogen leaching; soil organic carbon sequestration rate;
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Table 1 Input and output data of various agricultural activities in the production of winter wheat and
summer maize rotation systems from 2017 to 2020
b7 ZINE WW XKk SM
Index LN MN CK LN MN CK

ok =i/ (kg/hm?
FORLFEAE/ (kg/hm® 7735.5  8072.1 47819  8627.4  9796.4  7401.7
Grain yield
N 2

JE/Cleg/hm”) 135 225 0 150 240 0
Nitrogen fertilizer
/ (kg/hm?®)
BRI/ Ckg/hm® 90 90 90 67.5 67.5 67.5
Phosphorus fertilizer
B/ (kg/hm™> 90 90 90 67.5 67.5 67.5
Potassmm fertlhzer
7/ (kg/hm*) Seed 225 225 225 26.5 26.5 26.5
TR T C fy kg/hm?
HiIZEASFT C A/ (g/hum®D 5970 6 779 5122 3023 3261 2016
C input from previous crop straw
SRS G A/ (kg/hm?
ATEERRF N i A/ g /hm”> 90. 4 103. 4 78.1 73.0 80.3 49.7
N input from previous crop straw
B 3 2
BB/ o'/ 1400 1400 1400 600 600 600
Water consumption from irrigation
EE YA 2
{é{ﬂiﬁiﬁl/(kWh/h.m.) . 763 763 763 401 401 401
Electricity used by irrigation
s »—é)\* 75 YA h 2
AREG AR/ Cg/ham® 480 480 480 948 948 948
Pesticides (active ingredient)
N,O HEji & / (kg/hm?)

: :HFW%/ g/hm 3.22 5.00 0.62 6. 66 10. 07 0.79
N,O emissions
e[ B % / (kg /hm?) SCS —1982 —2234 —1718 — 649 —687 — 486

TE:-WW . SM 23 &/ R E K. LN OMN L CK 3 0% N Gl i N LA N AR B R
Note: WW and SM denote winter wheat and summer maize, respectively. LN, MN, CK denote low N, medium N, and zero N

application rate treatment, respectively. The same below.
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Table 2 CF of different N treatments during the production processes for winter wheat and summer maize  kg/kg
Source of carbon
footprint WW SM WM WW SM WM WW SM WM
e
. . 0.376 0. 320 0. 346 0.492 0. 390 0.436 0.275 0.133 0.189
Chemical fertilizer
HE S
Eﬁl]ﬁFﬁi o 0.124 0.230 0. 180 0.185 0. 306 0.251 0.039 0.032 0.034
On-field emissions
7 Seed 0.024 0. 006 0.015 0.023 0. 006 0.013 0.038 0.007 0.020
HEE Tillage 0.046 0.025 0.035 0.044 0.022 0.032 0.074 0.029 0.047
THE I
. 0.105 0.048 0.075 0. 100 0.043 0.069 0.169 0.057 0.101
Irrigation
; e
*?ﬁjjé%u 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Grain transport
]
. 0.001 0.001 0.001 0. 000 0.001 0.001 0.001 0.002 0.001
Pesticide
st
Total 0.676 0.632 0.653 0. 846 0.769 0.803 0.598 0.261 0.393

WM NN - BEEKRFFERERS .

Note: WM denotes winter wheat-summer maize round-year rotation cropping system.
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Fig. 3 Round-year NLSGY comparisons between different N treatments in Yuanyang
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SCS 5 dEy, . NL [H] i [\l T A (& 4) . SCS 5
dExo 8] 5 48 Ko 26 56 & (P<<0.01),SCS 5 NL 77
FESE B G TH L 2 M 406 &R o PF 22 09 Bk 2t b i
a5 AR AT B 3 0 A NL, K HERR T 5 Ab B
(P+C M D+C) S AR 7 B A A B2 (CAD (3R 3)
SCS 5 NL/dEx,o Z [A] 7 75 &F b6 06 £ (P<<0. 0D
(K5, FW Y SCS<1 000 kg/hm’ i, NL/dEy
TR ;24 SCS™2 000 kg/hm*if ,NL/dE. , 21k
B
3 3t it
3.1 IEEXHBEITE(CHRITEE

CAMFE R, /N F ORIk 2 7 CCF )AL
i, W Cul " 5B W & CF ¥I(E 50 R 0. 434~
0.549.0. 328~0. 422, GWPSA 434l 1 508~4 195

F12 088~4 374 kg/hm®. Li %5 AR 45 V8 fF 1 5 FF 18
H 2% 08 09 %8s, 15 81 — % GWPSA ¥ 1H 53 7 R

2 829 Fl 4 952 kg/hm?, Niu %5 JF /& 7 [ 4 5% v 3F
JEL 1 A HILJC AL AR BE it 3K 56, — & CF 40 51k 0. 33~
0.61F10. 11~0. 35 kg/kg. Zhen % gk 4 rhrE 444
() 45 1 A7 4 55080 AR AR & EEMRIO-LCA A,
5 # W CF 230 28 0.362 A1 0. 248 kg/kg,
GWPSA 735124 1 563 #1 1 439 kg/hm?, Cheng %"
TR T F B CF A GWPSA &A%, CF 20 % A4
0. 14 #10. 12 kg/kg, GWPSA - 43 5 & 794 1 781
kg/hm*, [E A =% B[RS 45 b i) /N &2 CF WA,
0.12~0. 35 kg/kg"*"'. 5AWF5E CF 42301 5 s 15 11
WFFEALEE < v [ 4 R RUBE T /N2 LB K I CF ~F- 34
B4 0.9 F10. 7 kg/kg™" s WAL AR IR WM R 48 T 11
JE4E GWPSA i 12 566 kg/hm™** s 78 1L A< 8 )1 JF fie
R FH 45 it 42 TR IS 186 b, B R OK CF M GWPSA 43
BIH 0. 483 kg/kg 16 597 kg/hm™*",

AR WIS dEy o NAEAE 72 55 315 (191
B SHE R B R Y RO R A O AR 4
SR BE T e R B A ST At Sk b
K RCE W5 . H X &% £ 2 % IPCC
(2006)12:10:4-45:47 g CML2001" 97 ¥, 11 A #F 5% %
FH i) ReCiPe 2016 Midpoint (H) V1.09 5k £ & 2
ZIPCC(2013)7, AffFgE 7+ N AL CF i 2k
Ecoinvent 3. 1 208 % o A9 0 B N AE B8, X5 1 A9
GWP Jy11.8 t/t. ifi Niu %" Fil Cheng 25" #F 5%
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Fig. 4 Relationships between SCS and NL, dEy
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Fig. 5 Relationships between SCS and NL/dEy, ratio

BT FH A NOIE A= 77 R DG 19 GW P BAIR, 4300 4. 8.
1.7 kg/kg. TE¥ J NJE CF 315 09 %35 # , Zhang
SEPUILF [ NIE Tolk Bp 22 (CNFIA)D o [ Ak I
2001 55 HERE 56 T rb B NOJE 28 7 615 19 258l
THE W N A= S B iy GWP R 8.3 ¢/t, B R
BURBL 7 25 8 58 CF R/ F AR K P o 8 B
SRR T % A I NLO A CHL HE LA 38 A T 4
H CO HEf i, &t &3 CF .

Xt F nCF, AR BF 58 1 CK A LN &b B A F 0. 20~
0.56 kg/kg, 5 Niu 5E" 2 19 16 A &b 3 (NPKO 1
{B 0. 366 kg/kg) A I o 1 7E /il & K Swift Current
Hi DX TF JR i /N K B 5 L 45 Ab 3R nCF - #1{E

i —0. 357 kg/kg, iX 5 H 2R HI A BAR A9 NLO HE ik A
T KL IEH AR O A0 T % 0 5 UM A R
0.61% , i ZF A% T AW 5T /22 (0. 81 %) Fil £ K HL
fH(1.96%) . REEREY S CRHEWRAE I X,
AT DA A A B s, T b nCF 7
3.2 SCS3tN,O HEA & N itk i 8 1 3 4L
3.2.1 SCS*N,O # %k

T EMAY S50 RS AE 27 R NLO /Y
HE R, M SOM 5 Ak VE F Z 18 — & #H 5%
P, U H R 5 i SOMYT . ARBFFE 45 SR R W dE o
BH SCS By 35 fin 2 45 B ek £ 4, A HL C BAR XS
NLO HE ik T i 25 52w, + HEAT B C %85 % NLO HE il
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AR PEVE o AR A D BE B 56 R 3 B 8 0 oY
S5 AL Uit A HILAE Y - 9 R R RS AR AR T Y
NLO HE B AL E FH Y 2. 1~2. 345, T 78 it FH 4k
AE 4 4 ok — PO R MR E 1545 PEL, AL
A& B PR e, NLO HECE: T 2208 A S AR AE R R o
V] 47 7K TG V5 W R RO AR AR R SR . W] L 7
SOC & B AT , N, O 3 B2 U5 T 40 X HE il 1K Y
S AEAE 5 24 SOC & 2 35 3 1 FE B, o T+ e 8
o o i e 3, 3B K B AR B2 T NLO E B T
AR X HE JICHE 38 0 RS AR AE o e Ah , NLO HE it
5+ e Ak v A O it A ALUIE o 1 A
A, 3 T 52 ) - 398 A Ak AR TR R YA 45 4 5T B IK NLO
Hegc == o SR Bl A PR AR T, + 45
AR C e AR, S 4 1 602k 9 1 B R U
SR ST NLO HE .
3.2.2 SCS N#hiE#9 %4

>R T ‘T (1 RS T A FE A i R AT LLRE i SCS, [\]
A BE R NSV ] 3 U 1 7 RS AR 36 461
WM Z ¢ (0 2448 (2. 35 kg/O P HH L, A BFFE o 4%
Jiti N Ak B A WM JE 4E NLSGY #H X 8 41% , 43 51 R
0.34~1.70 kg/t(E 3) . X5 NIEH A EKMIKA
5 AR HIE 5 S BH AR 6 A E AWM R AE N R AR
I 43 5 49 250 A1 327 kg/hm*, ] WL, & HHjiti N fg
He R AL HLHE TF SCS I #5 NL (2058 . NLEE SCS 1y
B8 A0 ) 2k AR Ak (L 4D, E SOM I 44 F NL
R R W AE SOM 8 @ 4 4 F NL & FJt #4
oo CA BT R NL B SOM 38 i S A 3,
HAEF R 1 XA B EAHLC/ B NDOC/N)
54 Nk i 5 0 3 A O R i 5 I DOC/N
FE DOC/N G543 51065 107 1 2 458 v 19 2 11 g R [
R & T 3X 2 e A 0 AR 2 R R R R
PR 5 — TR 1) T T R B4 K A e IR 2 A R
FEIA HH 45 14 R it 20 Y0 N FH 2 nl 2 35 1 Nk IR
JEAR i SOC #2741 . HJE K& SOM fa T fil, +
BEE K Sk B e, TR N IR 9 i 23 4 9 3
WAk Wl N R R K B SRS TR
#NLTE, 54858 o NL BE SOM 28 1k i J5 9] #
P B, AR T R A | AT SCS
XFNL A T 56 B 5 T 0 22 AR 3R S AL, X 3 22
ry o N AH B2 78 FH A N A A6 AN T 35 1 P 3 ] ke
SEMY o —J7 1 SOC 42 TH i 2 1 B A - HE A4 #F N
M A AR Y 5 — 5 T, 2R W N RE £ P A B

SOC #2& T 11 Tk, (H B % SOM M A1, N [ 43 2 th 4>
HH R 35 B AR R A
3.2.3 SCS 3 N,O Fo N itk i 49 A

E AU FRM , SCS X N,O A1 N ki 59 B [ 7
AR, i O SR 55T R A I T A 35 LG R
FFA% 4 b B R 35 8 i T SCS, [/l i NL #1 +3 dE .
43 B REAR T 19% Fi162%1 0 55 — T 78 1 %= 6 5%
AR R R, SRR BR A A L, E
HLTE R 2% 1F T RS FE S A B AT 8 A IR R A& B B
NL/dEyo ™o AW EE R 5 Z AL, NL/dE o b
SCS By I LA ek HOE X FEARCE 5D 0 Nk A
JoT b B T () K R0 i HL A2 3 R g B 52
Wil CAn Sz A A6 80 24 4 3 B 80 1 &K e ) A
B I e G R T R v Y A A R
I, 75 SOM BRI, N bk ¥ Fi NLO HE il 28 Ak i #4541
B2, T2 SOM 35 = B P 3 (8] A8 fk B Al ] . 36
FH OB, 4 NP CRI & 58 Ny A5 5 i ]
Z{H ,NB) 5 dE\ o NL [H] # B4 & 25 1) 74 5¢ ¢
# ,GWPSA 5 SCSCb4b LLIEAE AR F i) ] &1 W
) IE LM A OC (36 3) o X U BH 38 ) AT A H A%
A ALY RHA Iy 2UHE N E 7 R AR AR NLO
Hee R N k% . Almaraz 25 PSUBE5E & 91, 81 SOC
AR NG s I T AN . R
FNBETT LS 0 RS AT 5 - 8 A 42 ke AR, AT 88 n £
B 37 S RVRCAE T B, 1 T AR e N A R
NLO HERL ™ o {H RS FF 6 H s mT L3 i 3% in SOC 3
Sy HEIH GWPSA, B 75 2238 i 2 3% SOM Il 15 N
W 5 NLO HEREE B SCS 44576 — 2 000~—1 000
kg/hm” D452 9 A A48 24 H B (8T 4D
3.3 MERREENRE

O A AF 52 22 B, 38 5 i FH A AL AE 1 25 6 w2 1k
JIE N #& A A] 2 42 5 AE W A 7 B B AL 4R L BRI
GWP " JEF A58 g i SCS 5 NLO HEJiK
NI A 3O & Bl SCS M 2 204 kg/hm*(CK 4b
O E] 2 921 kg/hm*(MN 4B | N i#k % A1 N,O
Il 349 e s 184 hn CPEL 4D PRI 4% it N Ak BB f) B 855 2
25 H R 45 R O CK &b B A2, MIN &b B i 22 LN
JE o MR I (nCF )R &, 45 4 B nCEF H 2
R T) Nk s AH 1] . A N IR A= 7= 1 (PFP) &
LN 4 B9 PEP & 3 & T MN AL B LN Ak kL
J R AE 3 A B E v (FCH AR B T AR GY AT
KET 1.091/666.7 m*, e AR H . CK AL HE



%123

FAEAE T MR TR B AR 0 AR R TR Rt A X R —— LA SRR A 451

117

25 TR 55 5 ) 4 AR B BCAR L AH T R KR R L JE Tk
TRUEMR 24, g5 1 ARE A B (LN 25 ab 3,
55 22 M R B R AE A AR i N A 285 kg/hm?, K
T3 R LN A BEAE $ 7= AN A Gl L N 4 AT K
TR S A i, DAV NS A NLO 58 2%, 3 A
N W, i — 254 i NIRRT S5 3 T i FH v i
wIL RN 5 A SRHMEY I A LIS HLAE B it 45
T, 3G 0 AR TR N ot - AL PR T 3G n + 4
A=Wy 22 REME G I 3 0 s VR e R S
IR T A . 1 D 7 v 00

4 &

B TAEM AR LI A /N - R AE A
6 TR G SCHR PR B, NORE A= 7= Je NLO H ] HE il 2 5%
M NAE oK CF e M R 3%, At A X o 22 1) 5
ey P 3R 0 A0 95 e R BEVE DT K. SR G A i e i LCF
N N IE B A2 7 ) A5 38 bR 5 1 B0 B0 it N
by 285 kg/hm* /N | E KR i (nCF) A F
0.20~0.70 kg/kg, fik & jifi & 4t ¥ (285 kg/hm?*) T
2 FhVEY 23 5l 0. 42 F1 0. 56 kg/kg. 3 F SCHk 4 #F
FUXE NLO HEBC S | 8 [ B R 55 45 b i H 5 4521 18
tH NLO HE ik B - 498 [ o 52 48 I 2 48 B BUC &R
N bRV I A [T e S 4 o 2 S R I T B 4 4 2 e B
KFR, A N L N FE R R A R R
Y, B HE [ ik R 45 SOM AR AN i 55 4 A1 24~ By
BB R T X F C N RS OC R I pLH . JE
TAZHLH , BOR (SCSOHE 5 4E — 2 000~—1 000 kg/
hm?, AT M P ] N2k o R 9 K 8E e FH b
it T R C K A HLICHLEC it A5 LA SRHE Y $eAE
8 22 B A R S5 AT A 280k g T Btk R 4 v N
FIH it NOAE A [ B m] i — 20 3R ™ 4
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