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Effects of reduced nitrogen application combined with biochar and biochar-based fertilizer application
on N,0 emissions and NH; volatilization from protected vegetable fields in red soil regions
ZHANG Haifeng"?, ZHANG Jing’, WANG Wei', LI Yuefeng’, WANG Juan’,
WU Jin-shui’, SHEN Jianlin®
(1. College of Resources and Environment, Xizang Agricultural and Animal Husbandry University, Linzhi, Xizang
860000, China; 2. Key Laboratory of Agro-ecological Processes in Subtropical Regions, Changsha Research Station for
Agricultural & Environmental Monitoring, Institute of Subtropical Agriculture,
Chinese Academy of Sciences, Changsha, Hunan 410125, China )
Abstract : Excessive nitrogen fertilization not only inhibits crop growth but also induces N,0O emissions and NH;
volatilization, contributing to environmental pollution. Biochar and biochar-based fertilizers show potential in soil
improvement and emission reduction. This study investigated the impacts of different straw-derived biochar application
methods combined with chemical fertilizer reduction on N,O emissions and NH; volatilization in a red soil vegetable
greenhouse in Changsha, Hunan Province. Four treatments were established: no fertilization (CK), conventional
fertilization (CON), 20% nitrogen reduction + biochar-based fertilizer (BF), and 20% nitrogen reduction + biochar (BC).
N,O emissions were monitored via gas chromatography, NH; was collected using the closed chamber method, and soil
nitrogen content and crop yield were measured. Results demonstrated that BF and BC treatments significantly reduced
N,O emissions by 27.80% and 12.27%, respectively, with BF exhibiting a 17.70% greater reduction than BC. The
N,O emission factor of BF decreased by 33.56% compared to CON, outperforming BC by 33.10%. NH; volatilization
under BF and BC declined by 20.47% and 14.26%, respectively, with BF reducing the NH; volatilization emission
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factor by 25.40%, 16.81% lower than BC. BF increased nitrogen use efficiency by 50.91%. Soil NH, -N decreased
by 18.03% and 11.40% under BF and BC, respectively, while NO,-N showed no significant variation. Random forest
analysis identified soil NH,-N, NO,-N, and temperature as key drivers of N,O and NH; emissions. Fresh weight yields

remained consistent across treatments. BF reduced N,O emissions per unit yield by 28.12%. In conclusion, nitrogen

reduction combined with biochar or biochar-based fertilizer effectively mitigates N,O emissions and NH; volatilization

in greenhouse vegetable systems, with biochar-based fertilizer demonstrating superior performance.

Keywords : biochar; biochar-based fertilizer; nitrous oxide; ammonia volatilization; protected vegetable fields
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m ), CON AZbFE it &k - &0 260 kg/hm®, T
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Table 1 Nitrogen application rates for each treatment (kg/hm’)
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KB, MR E B 7 d RAE, SARRES Y
N,O e B 3 1 SAH B 3 42 (Agilent 7890A, 3£ )
DUSE o R FH 4% DA 23 [ Bl A<k B i R e p i &
[ NH; « 0 %5 P = NP & 1 NH, T AFR R
Wi (M4 0.05 mol/L, 100 mL ), NH, #5%
SKEERFR] A 9:00~11:00 F1 15:00~17:00, KSR

N,O KA . NH; B EE i i i s 0 ( SEAL
Analytical AA3, T2 ) M. RIEF, 7EUARFENR
et R, R KR TR RV S 2R T (R
A1 IM624, T E ) IESERFEAE N LK H1E S cm
TR AR
142 BREHBRELMNE RATSEEIEES AR
(32)2 1HE (0~20 cm ), SREEWIF MBS —IK, i
FIEHA ] Ay g PR K et Tkl -3 5 7K /%
4 3 o NH,-N Fl NO,-N (1) 7% 38 o i sl 43 i AY
( SEAL Analytical AA3, [ ) HEATIE.
143 MR ES A SRR R
YIRESL, It EYI BT 5. WS
HA R B I S A G T
1.5 H&ELARK

N,O HEf R ( Fy o , g/(m’h) EHEARAT .

F :M><H><£><1><i (1)

MO, BT,

A s M ERIR NO X4 F it i / (g/mol ) 5 T, Ky
PRERAIREE / (273 K) 5 Py FbriERSET] /kPa ;
T Fl P oA RAE NLO B FR S S N AR /K 7 /
kPa ; Vo A SURGREEE /RIAFL / (224 Limol ) 5 H 3
TR SRR B B /m o de/dt R NLO e/ (em’/m’)
BER ]S £b g [l 05 2 bR

N,O Z2RUEE ( Exo kg/hm®) FIFHEAN

n

Exo= Z(FNZOJ +FNZO,i+1)/2
(2)
(1., —1,)x24x0.01xa

t

ft':':' n jﬂi)ﬁ!{ﬂ"]‘{ﬁ@ﬁl H FNZOJ‘ ﬂ] FNZO,M j‘:’% lﬂ{jﬂ\*”

5 i1 YORFERT N,O WIHERGE & 5 2, Al 2., 205 W%

i ORI i+ 1 URARAE H 3 5 a M PRI 250 a=107 ),
NH, # & & ( P, , kg/(hm™d)) HFEA

RUTE .

10*

TXr

22 107, 10° A1 10 43 R R MPUE e R 8. I
B 8 R O 1 B B AR R 5 v A R R T R
APARER /mL 5 C AR BRAR W F NH,-N AR /
(mg/L) 5 r A RERPEAE /m.

NH, SR ( B,  kg/hm® ) THEAR

F+F o [ Py i+ P i
ENHJZ[ 12 "+Z'1[NH3'2NHI]X(ZHI—[[)} (4)

Fru, =CxV x107 x107° x

=x6 (3)




%5 3 1]

SRIFEESS « DRI A= ) 5 AN AR X 2Tt . N,O HERCH NH, $ B 5200 593

Ky g B AR R L UCRAE Y TR B R ] /d
FNH;,,- il FNH3 it RN MR § F e UCRAERY NH,
R/ (kg/hm™d)) ; F, FlF, 5050 R 55— Al
e —UCR AR NH, 5 &l i/ (kg/(hm™d) ) 5 n
SRR

SR E (EF, %) BTHEART .

EF=(F,-F)/Q (5)

Aorb o F o it BE 5 it Ak B AR B R i s
(kg/hm®), Fy b 385 S HERCR (B CK Ab B 1A
SRR ) ; O A AR / (kg/hm® ),
FIEFIFHZE (NUE, %) HHEARMT .
NUE = %x 100 (6)
K U U, 4390 i 280 Ak B0 S il 280 Ak B8R ) A
YI A R / (kg/hm?) 5 O Wi / (kg/hm? ).
SRR (GWP) HEAARIT .

GWP = {298(EN20 +0.01E, ) x%} /1000 (7)

P2 298 FoR HAFAE R E T N,O 3SR v 34 5
CO, IMAFHEEFR 5 0.01 ATLFER NH, 468 N,O 1)
e P,
1.6 HEALIE

AHFFEA8 H Microsoft Excel 2021 #4753 4511

120

' ——CK

90

60 -

30 4

T HENH, T -N/(mg/kg)

0 1 1 1 L
2021/10/20 2021/11/6  2021/11/23 2021/12/10 2021/12/27

400

fe 1 ' ——CK
_ —+—CON
2 —+—BF
& 300 < BC
s °
o
ﬁf% 200 |
+H w

100 L L 1 1
2021/10/20 2021/11/6  2021/11/23 2021/12/10 2021/12/27

FEEHE 5 % H Origin 2022 BT 2 18 B R 7
2008 (one-way ANOVA, P <0.05) ; FEHLARARAE
I iaf it R AT,

2 BRE5HH

21 TEEBBE., tENH-NEEXNO,-N&

RYGIIR], A5 A0HE 2 (] Y - SRR B
25 (F1d), -5 W shuE R 6.7~20.6 C,
EIBW T R, S KR SE R N
17.39%~27.87% ( Bl 1b), A [a] 4b B 2 8] /Y 1 138
KRBT E 2R, HIksh £ 22 M s 15
M, =/ AE AL PR F 4 458 NH,'-N & =370 S
HHHE N, Bl S 2248 T . CON. BF F1 BC 4b3#!
f9 NH, N & 2 43 B 7E 28.69~103.92 mg/kg. 30.58~
91.34 mg/kg il 35.08~99.68 mg/kg Z b5, ¥{E
5 K 68.18 mg/kg. 55.89 mg/kg il 60.42 mg/kg (A
la), MELZF, CKAMHEA NH, -N &2 b h
V2%, T3 NOS-N it s fbiadh 5 NH, -N A1
( [l 1c), CON. BF #1 BC &b B i) NO,-N ¥ (& 43
Wk 286.27 mg/kg. 256.82 mg/kg Fl 256.24 mg/kg.
AR JE, 4% 40 HH A £ 3 NOy-N & & 5L Bl e
Je REAR I 3. A Y, CON A B (1) + 48
NH,-N HI NO;-N &y T HAhAL L, X5 CON
SB35 et R A O

40
b 1 v ——CK
—e—CON

X

301

¥

%

4

i o

ﬁzo F

10 1 L 1 L
2021/10/20 2021/11/6  2021/11/23 2021/12/10 2021/12/27

24

vd 1 { ——CK

—e— CON

——BF

—
oo
T

——BC

TR EEPC
~

(o)}
T

0 1 L 1 L
2021/10/20  2021/11/6  2021/11/23 2021/12/10 2021/12/27

E1 FELELERE. BE. NH N NO,-N 2%k
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i E /0 T 17.70%, CON. BF A1 BC 4k Hi () N,O
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Table 2 Cumulative emissions of N,O and NH;, emission factors, and global warming potential under different treatments

fhm N,O S UlFik i / NH, & 2R / N,O HFig A7 / NH, HEc -5 / R/
(kg/hm*) (kg/hm*) % % (t/hm*)
CK 2.64+0.04 d 3.01£0.03 ¢ 0.80+0.02 d
CON 6.44+0.07 a 6.45+0.15 a 1.46+0.03 a 1.26+0.06 a 1.96+0.02 a
BF 4.65+0.07 ¢ 5.13£0.12 b 0.97+0.03 b 0.94+0.06 b 1.41+0.02 ¢
BC 5.65+0.06 b 5.53+0.14 b 1.45+0.03 a 1.13£0.07 a 1.72+£0.03 b
o WAV NEFREFOR SR i E 2R (P<0.05), N,

IR [ of i o
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NH,*N : o NH; N [, O

Bk [[Gennen el —

5 10 15 20
WITiRE

25 30

0.00 0.050.100.15 0.20 0.25 0.30

B4 BEMARRERSTIMEE T35 N0 HEME A EE Y

Fig. 4 Random forest model analysis of the relative importance of environmental factors on soil N,O emissions
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Table 3 Nitrogen absorption and partial productivity of
nitrogen fertilizer
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BC 4.60 a 0.29+0.01 ab 0.29+0.02 a
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