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Partal substitution of urea and maize straw with manure and straw biochar
decrease net greenhouse effect in black soil
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Abstract: [ Objectives ] Information on long-term impacts of partial substitution of urea, maize straw with
manure and straw biochar on agro-ecosystem greenhouse gas emissions is lacking under field condition.
[ Methods ] Partial substitution of urea, maize straw with manure and straw biochar was designed in a high

fertile black soil under spring-maize in Heilongjiang Province, China from 2013 to 2015. Four treatments in
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quadruplicated plots were used: applying 4 t/hm’ of maize straw in NO, N1 and N2, and 2 t/hm’ maize straw
biochar in N3; applying urea N 165 kg/hm’ for N1; applying 60% urea N + 20% manure N + 20% slow-released N
for N2; The same N input with N2 was applied in N3 except straw biochar replacing maize straw. Greenhouse gas
(CO,, N,0 and CH,) emissions were measured during maize growth season. Maize yield, aboveground biomass
and soil organic matter content in surface layer were measured after maize harvest. [ Results ] There was no
significant difference in maize yield among fertilizer treatments. Under equal N input condition, CO, emissions in
N1, N2 and N3 were 13170, 10521 and 9994 kg/hm’, respectively. And N2 and N3 significantly decreased CO,
emission compared with N1 treatment (P < 0.05). The cumulative N,O emission in N1, N2 and N3 was 6.092,
6.597 and 3.604 kg/hm’, respectively. And N3 significantly decreased N,O emission compared with other
treatments. The cumulative methane emissions in N1, N2 and N3 were 0.694, 1.652 and —2.107 kg/hm’,
respectively. And the methane emission under N3 was significantly decreased compared with other treatments.
Based on net carbon budget of agro-ecosystem (NECB), N2 (C 766.5 kg/hm®) was C sink, while N1 (C —621.3 kg/hm®)
and N3 (C —673.3 kg/hm®) were C sources. One-season soil C sequestration potential estimated with NECB wasC
—142.9, 176.3 and 1385.1 kg/hm’ in N1, N2 and N3, respectively. And the soil C sequestration potential under N3
was significantly larger than those of N2 and N1. Given carbon emission from farming practices and chemical
inputs included, chemical N production was the main source, which contributed 73%, 71% and 66% to CO,
production from total agricultural management practices in N1, N2 and N3, respectively. Based on net global
warming potential (Net GWP), which balancing CO, emission from agricultural management, chemical inputs,
greenhouse gas emissions and soil C sequestration, net CO, emissions under N1, N2 and N3 were 2535.2, 1488.2
and —3769.7 CO, eq. kg/hm’, respectively. This means only N3 treatment was C sink based on Net GWP.

[ Conclusions ] In the black soil, partial substitution of chemical N with manure showed a positive potential for
carbon budget in agro-ecosystem. Substitution of maize straw with straw biochar significantly increased soil C
sequestration potential and decreased N,O emission. Therefore, combining manure and straw biochar was an
efficient choice for improving soil C sequestration and mitigating greenhouse effect.

Key words: biochar; manure; net ecosystem carbon budget; black soil ; soil organic C sequestration potential;
net greenhouse effect
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Table 1 Carbon emission coefficient for agricultural

management

iH WeHE R 5K (kg/kg) SCHk

Item C emission coefficient Reference
4% Diesel oil 0.94 [28]
FhF Seed 0.11 [29]
N 1.74 [30]
PO, 0.20 [28-29]
K.O 0.15 [28-29]
FRHELH] Weedicide 4.93 [29]

1.7 BIERGIT S

REEZE R SigmaPlot10.0 #E4705 25041, A[A]
A BRR] R FH 5/ Bk 35 25850 (LSD %) #E 4722 7 W3
PER S (P < 0.05),

2 ZER550T

21 H£AE% CO,. N,O. CH, SFHIHK

AN [7 it S A BHE 7 7 K AR B P 8 AR HE ORI
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N3 AbPE T N1 ALEE (P < 0.05), N2 fiI N3 4b#
ZRAREE, N2 N3 LLBFEE CO, HERL 3R B
FUF N1 AL, N,O BFUHERAS AL HE S N1=N2 >
N3, N3 AbHFEAE N,O FEFHE AR B3 4T N1
N2 4b2E; CH, RFEHE S AR N1=N2 >
N3, N3 &ACBRFEAT CH, 2FHET RROR B #T
N1 F1 N2 40 (P < 0.05).
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Table 2 Cumulative greenhouse gas emissions during
maize growth period under different treatments

Vi

CO, N, O CH,
Treatment

NO 10320.9+885.1b  2.020+0.202¢c 0.884+0.299a

N1 137103 +884.1a 6.092+0.216a 0.694+0.264 a

N2 10521.5+6083b 6.597+0.696a 1.652+0.876a

N3 9994.1+£331.5b 3.604+0.138b —2.107+£0.552 b

IE (Note) : NO, N1, N2 4b¥jfi 4 vhm> FORFEFF, N3 jfi
KAEFF S B 2 t/hm?; NI—JRZEN 165 kg/hm?; N2—60% R
N +20% ATBUIE N +20% ZEFE N N3 W THEFFSFFAH RS0, i
RS N2 AN DOREEIAME + bR 22 BUER AR TR
Qb ] 22 SR 3 i 2 7K F- . Applying 4 t/hm? of maize straw in NO
N1. N2, and 2 t/hm? maize straw biochar in N3; N1—Urea N165
kg/hm?; N2—60% Urea N + 20% manure-N + 20% slow-released N;
Same N input with N2 in N3 except straw biochar; Values are means +
standard variation; Values followed by different letters in the column
mean significant difference at 5% level.

i) NI AL R B S RGERRIEIR (CO,) 1L
E, UEEYREAB RS RIS, (NECB) 2
SR FE (F3, P<0.05), NI, N2 Fl N3 ZbFEH) 4= 25
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N2 b B 25 5 B = T N1 ORI N2 Ab R,
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SALTE (N3) X A 25 3R G Ve WAL S - 1) 5 i) dd 2541
TAHHAEALEE (N2).
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Table 3 Net carbon budget of agro-ecosystem in one growth season

i3 FRC  mFC BAEC  EBC  MEmC o WEC el

Treatment Grain C Straw C Root C Rhizodeposit C Litter C Fertilizer C NECB
NO 2867.5b 32175a 486.3 b 340.7b 3285b 12484.3 b 1600 —58.8b
N1 46653 a 33712 a 6343 a 450.0 a 4335a 164732 a 1600 —621.3 ¢
N2 45219 a 3646.5a 646.8 a 4574 a 440.8 a 167473 a 2091 766.5 a
N3 4687.8 a 35729 a 653.0a 462.6 a 4457 a 16934.5 a 491 —673.3 ¢

# (Note) : NO., N1, N2 ZbHifi 4 t/hm2FKFEFF, N3 i FARFEFFAEY S 2 t/hm? N1—JRE N 165 kg/hm?; N2—60% JRE N +20%
AHUL N +20% 228 N3 N3 B THEHFSAT AP eoh, RS N2 Mle); DO SZIME + bRkl 285 BOES AR 7R 3s A BE W) 25 50
B . E /K, Applying 4 t/hm? of maize straw in NO, N1, N2, and 2 t/hm? maize straw biochar in N3; N1—Urea N 165 kg/hm?; N2—60% Urea
N + 20% manure-N + 20% slow-released N; Same N input with N2 in N3 except straw biochar; Values are means + standard variation; Values
followed by different letters in the column mean significant difference at 5% level.

®4 REBIEMUZRBBRANENRANE

Table 4 Amount of carbon emission from farming practices and chemical inputs

KA #omEs (Lhm?) B (C kg/hm?) (=S TECIN JiH PHEC (C ke/hm?)
Farming practice Diesel consume C emission Chemical input Input amount C emission
Hiib Ploughing 14.74 13.90 il Seed 25 (kg/hm?) 2.75
JEHk Rotary tillage 6.19 5.80 N (JRZE Urea) 165 (kg/hm?) 287.10
228 Ridge forming 4.42 4.20 N (ZFERNL 33 (kg/hm?) 86.30
Control-released)

&b Sowing 6.26 5.90 P,0; 60 (kg/hm?) 12.00
45 Weeding 2.09 2.00 K,0 75 (kg/hm?) 11.25
2 Y Twice intertill 9.23 8.70 [4: %7 Herbicide 3.675 (L/hm?) 18.10
JEAE Topdressing 6.26 5.90 ¥ Biochar 2000 (kg/hm?) 30.20
FEFFRL R 16.30 15.30

Straw removing and smashing

¥ (Note) : E=A:Wym CO, Bl CO, 15.1 kg/t 7158 ; ZIERACHIKZ B 1545455 . CO, emission for biochar production is
calculated by CO,15.1 kg/t?!l; CO, emission for production of slow control-released fertilizer is calculated by 1.5 times of urea N fertilizer.

®5 RATREEHRYE. FAFREPNMBESKERE

Table 5 Soil organic C sequestration potential, net global warming potential and greenhouse gas intensity

st Tkr= i (kg/hm?) 3SOC Net GWP GHGI
Treatment Maize yield (C kg/hm?) (CO, eq. kg/hm?) [CO, eq. kg/kg, grain]

NO 6732.4+1108.6 b -13.5+13¢ 702.6 £67.2 ¢ 0.11+0.04b

N1 10367.3+934.2a -1429+75d 25352 +5283a 0.25+0.06 a

N2 10048.7 +441.3 a 176.3+15.4b 1488.2+£128.9b 0.15+0.02b

N3 10417.4+£13219a 1385.1£26.6a —3769.7£105.3d -0.36 £ 0.01 ¢

& (Note) : NO, NI, N2 ZbHfjifi 4 vhm?FRFEFF, N3 fti FORFEFFA 45 2 vhm?; N1—JRZE N 165 kg/hm?; N2—60% JRE N +20%
AHUL N +20% 228 N3 N3 BR THEHIRSAT AP peoh, eSS N2 Ml DO SZIME + bnikdr 285 BOEn ASIR] 7R 3R Ab B W) 25 575K
B . E/KF, Applying 4 t/hm? of maize straw in NO, N1, N2, and 2 t/hm? maize straw biochar in N3; N1—Urea N 165 kg/hm?2; N2—60% Urea
N + 20% manure-N + 20% slow-released N; Same N input with N2 in N3 except straw biochar; Values are means + standard variation; Values
followed by different letters in the column mean significant difference at 5% level.
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