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OE: SRAE SIS BN SN IAERE F A= 5 e 5 BRI A T 38 S (N H) HEAGEEA TR, PR B NH: el HER G 2L
WA, WLZEIA, Bt se 5 R+ HE NH; Hiui 35 KA e G — M o TEILAE RS 300 kg/hm® 450 F, BEMEREE AL
W IR e AN AR ) TR e A B0 NH, 20591 S IR AT AY 8.00% F1 10.15%, T SHAHE I 70 1 AR 45 b B NHL T 38.34% FlI
56.22%(P<0.05). TEMILAERELE 600 kg/hm® 58T, Bita s A 4= 40 B 5 At 0 IR 5 . NH HECi 050 oy B B A Y
3.03% F14.80%, 1M FHEFE G SRR A AL EE NH; HERL 9.45% F1 37.61%. Phi=ie s 22 it A= ) R o 144 fn 438 NH, Hipl, Hehslsefn
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Effects of Fertilization and Biochar Addition on Ammonia Emission from Greenhouse Vegetable

Fields
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Abstract: In order to explore paths to reduce ammonia (NH;) emission in protected spinach and cucumber plots, a field
experiment was conducted on the dynamics of ammonia emission fluxes under treatments of biochar addition and ploughing
cultivation using aeration method. The results showed that NH; emissions mainly occurred within one week after fertilization in
both spinach and cucumber plots. Under the condition of 300 kg/hm? of total inorganic nitrogen input, the proportion of NH;
emission in the total nitrogen input was 8.00% under non-additional biochar treatment, and 10.15% under biochar addition
treatments from spinach field, respectively. NH; emission after surface fertilization with ploughing cultivation was reduced by
38.34% under the treatments of non-additional biochar, and by 56.22% under the treatments of biochar addition, respectively.
Under the condition of 600 kg/hm?® of total nitrogen input rate, the proportion of NH; emission in the total nitrogen input was
3.03% under the non-additional biochar treatment, and 4.80% under the treatments of biochar addition from cucumber field,
respectively. NH; emissions after surface fertilization with ploughing cultivation was reduced by 9.45% under the treatments of
non-biochar addition, and 37.61% under the treatments of biochar addition, respectively. Surface-applied biochar has positive
effect on NH; emission in vegetable soils. NH; emissions per unit yield after biochar addition were increased by 52.58% for
spinach and by 78.17% for cucumber, respectively. According to the characteristics of NH; emission and the mitigation effect, it

is suggested to reduce the base fertilizer input to control NH;3 emission from protected soils, and perform ploughing cultivation
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after biochar addition to eliminate the promoting effect on NH; emission.

Key words: Biochar; Ploughing; Ammonia emission; Yield; pH
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Jiti 3 Hb R AT SE X G, SR A A7k X iR it o5 =8 A o JINTE
it FH A= e S OR TR AE J7 =X F £38 NH, HEiE A 7
SR, 45 -GBS S re A NH, 5 0 £ 2+
HEAEAR, BRR VLGS NH; i HER A 850k 12
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1.1 IR

TR A T s BT IXCE B A A R i
B HL(116.37°E, 40.14°N), 4FEF1 H BBEE45H
2 680 h, AE[ /K 550.3 mm, AEHSIEN 1.8 °C,
FHEEAU £ RS K A 4 a A
s, SRy SR R T P HEIR SR, s
FEPERTILER 1. BRI 150 m, 9 8 m.
T 55 405 P AR S WSS, A 1 26— J2 mT R )
Al A Sh TR R AR 0 B AR 2 . R R
JERRZATIF, DM #EEE SO0 A VR ARG i,
M TOUER RS 40591 8 38 XU, AR AR B T 3
JEEFT F38 KU AR #F 25 03 S0 FH R AR P T EE . R
DA R B (RN HAR DL B R IR
1.2 Rt

IRIGVEY R R MG AE 8N, IR TR, %
XF 2018 4F 11 A 16 HFATHEF, 2019 42 F 23
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Table 1 soil basic physiochemical properties in vegetable plots

+ MR Ji i pH AHLET HAUA 0 A Eoes) A4 T
(cm) 0O cacl, (&ke) (mg/kg) (mg/kg) (mg/kg) (g/kg) (g/kg) (g/kg)
0~20 b+ 8.4 7.7 19.6 65.5 6.5 134 0.81 27.7 0.18
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H 2347 BR8N 2019 4F 3 A 17 H #Ef 7154
F4E 6 H 16 Hfrf, K5 R AR Zi 851, H
S R (W8 oS S SRy A [ | I i WS4 S 7/ 0T T
TNE Ty 23y SRR Tt R  i) o J8 e W R R
HAEFE] 4 MRAEH, 739000 : OAEERE(TCF);
QYT + LR E(TBCF); QLA (PCF);
@Y FE S+ BB E(PBCE) . RIGH IS 4 4
AR ) P AR 2 259 300 kg/hm?, 35 ) ZEAL ARt
AN 600 kg/hm?  AERHEE 7 =X it AL 1A
ETHLS 3 ~ 5 om )2 1 HERS) Wi A BN e AL 5 R
FNTB# =0, B R 15 om. AR N RS
s, FEABMIER AR : pH 9.24. A MLk
415 g/kg . HRWE 1.41 g/kg. LA 1.22 g/kg. A
7.37 g/kg. 80 13.42 g/kg. 40 3.58 g/kg, W
BRIt RN 10 thm?®. SRAREYLIX 40 31T, &
AR E 3N E R /DX 6.2 m x 1.3 m=
8.06 m*, /INX[a] i HZER@EIF, HZE%E 0.2 m,

ARG 3 3 AL Lt LA 50%, 8 VAR
BN HE B 60%. FEAE R WLAE AR, F#4> N :
P,Os : K,O il 17 2 17 17, BA/NXMEFEAR G,
HEFT 0 S AN B IORIAE . S GB I N IRE, EAE KT
HiBE 2 Yk BTGB AL PR R AR A AL, FE4S
RIARL)EFE 1~ 2 JEHEAGBIE—UR, FEASI R AR Y
AR SR K 437 T E o
1.3 NH;HEHERRESNE

NH; HECR FH AR B 2 H 3 - 4 W vk (G
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RRHGEAE AT A 15 ml ABERR—H WA . NH; HE
TR LR A R RR 42 < NHy T4,
TS24 PSR W 138 NH; HE . eI 45 AH R 24
5 cem, BRSEHL S MR A R Z Al . SR
Hbl e B T 4 R, 25 B KR g a8 o
TIRMEAVEN NH; HEBUSCEREM, T EC 45
By EESEH, TR SR E AT, BEA/INXICE 3
AR E . e EAEEIE S IA LHERIZA 1 em
Ab. VEARARESLEERE 24 h BORE—IK . BRSEAE RIIN Y
HRURE 25y (1B 3 ~ 4 d.

MR LR = S, BT 250 ml ) ¥R
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DA R IR 30 min 5 FEhEE R . I
W -UCR TR ER T 0 1(625 nm %K) 5E 1248 Wk rh
NH;-N W AR NH,-N AR ROk B 5 WO E R
[ 5 1 2k (R*>0.999), HHHIF 4R BE S IR Y NH,-N ¥
. MR NHL-N YR, HE 0GR
NH; HE G 5 (F) :

F=CxV/(SxT) (1)
AP F oy NH; HEGE B (mg/(m*-d), ANiH); CH
RARW NHG-N MREE(N, mg/ml); VRl ik 4R
(200 ml); S & NH; i F3 8 T 2130 7 i Ak i AR
(m®); T AU EURE [ A4 Bt 8] (d) . AR 4l NH; HE il i
wHEE R RR, HEERRE NH; HEl
(kg/hm?®, DL N3P BRI e = at, i g [
FESRTF AR AT W e 7= i, ARIE AR ALHE NH; HEjk
SRR, TR R ) NH; HERCR

A=Mx1000/Y ()
. 4 KRN EAY NH; HEltE (mg/kg) , M &
NH; HEci (kg/hm?), Y 25538 77 i (kg/hm?) .

RAEG R NG, REAFLHE 10 cm -
e, Sy RIE pH FEACS A & . A Microsoft
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22 A HEAT AN ) Ab 3R] NH HE80H B NH; fE
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2 HEREHW
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Jil Ja R FEAIR (] 1A) . FEARSE 24Kk NH; HEGHE i
K, Horp AR A SRt Fite FH A 9 T i AR BRI NH; HE K
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T BB T X7 A B Y N HERCAR XA o 95 2
BE R BN, EARLREYS H Bk X NH; HEi
AR AT o it AT 2T 3 S b 39 NH HERGH i) %,
P A AR - ¥ NH; HERGE 4 24.19 mg/(m*d),
BER T EHEALI(14.91 mg/(m*-d))(P < 0.05); 44
JRBMEAL AT NH, HERGE 24 30.45 mg/(m™d),
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Effects of different fertilization on soil NH; emission fluxes from spinach fields

1
Fig. 1
22 MERARSEAEYMRANHENEZLE NH;
HERUE 2 B 220

BN T NH; ARG E E 2R BTG 1
JAW . ARKATHEE R, FISRIEL, EBE
HBL/IN NH; HEROGAE, (B4R K i HEik
(B 2A). FEAHFIRALAE &P, ANHEAE Y B e kb BRI
S HEGE RN 18.21 mg/(m?>d), RB3E/N T4
J 5 b B AP35 NH, HERGHE H£(29.22 mg/(m*d)). 7£ Bl
BHEIE T, it A BOR AL PR F-34 NH, HEBGH 5

% (P<0.05), TR

M 18.23 mg/(m?-d), 5 ANt A 4y I 5 A B A S35 NHS
HETGE (16,49 mg/(m*-d)) 22 %A B 2B)., Hit
ALOL, SR B it mT I Bt A= P B e F NH HE
R TE U
23 MIRAREHEAEYRRNBEXTES B
7= NH; HER 89 2 1
AN [7i) A 380 ] S5 AR 8 T 1Y) 2 S A0S 3L (HL
NH; HEGCE AL = 5 NH, HER 77 3 22
F(P<0.05, % 2). 7EiELALEE R 300 kg/hm® 5514

160 40 -
(A ~ | ®

~ [ et TCF =

= 3 —— TBCF = a

£ 120 r A PCF 5 30 417

e - —-e—- PBCF £

g/ [ i b b b

0 80+ w20 F
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Fig. 2 Effects of different fertilization on soil NH; emission fluxes from cucumber fields
#z2 ARRELENER"Z25 NH; B E £ 0m
Table 2  Effects of different fertilization on NH; emissions and vegetable yields
AR gESErc R BUNTE UESE NH HEE 33 NH; il 20K NH fFScE: 20K NH: Hlilc SR @R = &
(kg/m’) (kg/m’) (kg/hm’) HBA%) (kg/hm’) LE/A(%)  NHs HE (mg/kg) NH; HE (mg/kg)

TCF 2.23+0.29a 12.81+1.03a 24.18+2.81a 8.00 £ 0.90a 18.21 £3.63b  3.03+£0.61b 10.84 £+ 1.00a 1.42 +3.52b
TBCF 1.84+0.3la 11.49+1.03a 30.45+3.6la 10.15+1.20a 29.22+5.03a  4.80+0.84a 16.54 + 1.00a 2.53 +1.39a
PCF 295+0.04a 1191+1.19a 14.91 £1.78b 4.97 £ 0.59b 16.49 £5.03b  2.75%0.84b 5.05+ 1.00b 1.38 £4.22b
PBCF 295+0.19a 9.96+0.70a 13.33 £3.38b 4.44+1.13b 18.23 £5.03b  3.04 £0.84b 4.52 £0.23b 1.83 +1.49b

e FFER/NG AN R 2R A ) Ak B E) 22 53 12 3% (P<0.05), T2,
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T ANt A 5 e RN it A 4 o e A B 9 S 2 A
NH; HEi 5394 24.18 kg/hm? Fil 30.45 kg/hm?, 54%
H AR 8.00% HI 10.15%, 1EE AL AL
600 kg/hm® Z4F T, ANjite A= 4 5 e N2 2 40 o o Ak
R NZE 1 NH; HECR 330 18.21 kg/hm? Al
29.22 kg/hm®, 745 H AEI AR 3.03% Fl 4.80%.

TR it 5 S b A it A= 49y J5 S R 3R it A 40 I e Ak B
) NH; HERCE 5 A 1 53 2 38 K B
F it T R I A B A 45 R (P<0.05) 0 Y ANt I 2E W i o
BF, SR FH BRI f v S 2= 438 NH HERCS AR
f77 i NH; HEilca 73 IR 38.34% Fil 53.41%,
JIZE +- 48 NH; HECE AL i NH; HEjifct 4351
FEAIK 9.45% F1 2.81%; FEMEHAYBIARSMT, R
FH BRI 5 9 356 2 18 NH; HECE B 0y =
NH; HEflcE 3 IR 56.22% F1 72.67%, EIRZEA
e NH; HEBOR B AT 7= 5 NH; HERCE 55 31 BRI

37.61% K1 27.67%(P < 0.05, 3 2). AH A4
BANFR il FH A= 00 I Y2 S 3 BN S R B PRy 7=
Y NH; HEalcas , 38 i B2 535000 52.58% F178.17%
(P<0.05). DAL, it A= 00 5 o by 1 M i it =32 b, B 57
Fei NHy HEBCR RS, 1R B it T A A 2%
Vit A RS it FFY 24 4 o e et N Tl %) 42 28 1
24 HEIRAXSHEREYRZIZHERELE pH
55RENZI

ANTRTEAR AL BT 39 pH HAT B35 A5 (P<0.05,
£ 3). TEAHREIBHESIET , WSINAEY) BT paAH L Fpal
Jit A A Ak 3L 15 98 SR B kb 138 pHL, 6 W] S
ZMFT, BB I HL St it 3 pH (R 3). 4
Yk i A P S 2 AR O 5 5 80 + 18 NH,-N
i, BERNTESEH NO-N &5 (P<0.05)., BHIHHE
Jit Sk 2 AR S 1 4% NHL-N &7 &L, 380 NOs-N &
(P<0.05).

3 AEMERLGEMIZHERTIE pH SEHE WS

Table 3  Effects of different fertilization on soil pH and available nitrogen contents in protected vegetable plots

Ab B P35 pH KM pH  PESEHL 3 NHI-N 338 14 NOs-N B M th 1 48 NH-N Ui £ 3E NO3-N
(mg/kg) (mg/kg) (mg/kg) (mg/kg)
TCF 6.71+£0.11 b 6.29+0.08b 2299+ 1.06a 11.93+1.30b 18.10£0.13 a 2451+0.79a
TBCF 6.89+0.13ab 6.51 +0.14 ab 931+2470b 23.60+2.19a 10.20+0.17b 23.03+0.26a
PCF 6.98+0.07 a 6.48 £0.02b 7.35+030Db 22.51+448 a 17.50 £0.01 a 1238+ 11.55b
PBCF 7.01+£0.09a 6.74+0.10 a 7.86+577b 20.26 +4.62 a 13.11 £3.02 ab 8.19+12.51¢
3 iR ZEFN N ZE AVE IR IR O 5 35 18 NHL-N A3 2500 B A
e SR AEAERE S o A Tl SE PR T4 Z T 5 T A
3.1 AREGEEENEESMERS 18 NHog T 3 AP ALUG Ol G AR et B2 m A A
HSEMmES KA, BRI N EAURAR  w )

Jiti FE A 400 B0 e X G4 2 W R i B 2 e P £ L AT
YEY) . R Z 1 Fn R R 22 7> B AR
SRR, PIAP UG 5% 398 NH; HEBO AH R b 2
5 G 14 V) 1 A7 2 5, BRI Ry R it ol o =
135 NH; AU B2 20 R % 1 B 2= -3 NH; 1)
AR RE o AN, TEAIE AP By, BB it ot
WS T NH; HERCE & AR =5 NH; e )
VAR N 38.34% F1 53.41%, i /RZ= 13 NH;
HE T A R0 BT P NH HECEE A8y HE 0 2 AR
9.45% HI 2.81%; TENEHA YIRSy, BHAEHE it 0T
2=+ NH; HERE B AN P~ NH; HEE )8
HERIE K 56.22% 1 72.67%, 539 0 85 K2 1 4% NH;
HERR I HEFRAY 1.5 %A 2.6 17555 2). 5t NH; ik
ORI, BRI 22 - 58 NH; A9 980HE I 2
WA T 982

AHIFGEIN A 1% 22 55 T DL T oK i R - (D3 3%

KPR R, e ST W R LV A
SRR BRI, B kR RIERE NH-N B
KA ZEHR R E R 3h, R T AUE Bk B Ok PO,

LB R B X N2 1 NH, HER R
o @A it AU B 600 kg/hm?, KT
JEF TR B A - it U 880 kg/hm?®™), i gk =%
it AU 300 kg/hm? A HL IR 3, 800t 6 WA=
KRR B i m = Bilan, AU oA [a) b 2
JRF L2 SRR AR B S R 4 A%~ 6 ff . SR
K, BB, Ak, IERiERZ+
18 NH,-N e e & it i A R NH; HEGR 3). AH
B2, BRA KN BEERGE AL, A D2 IRINIE
KB, S TR, AT FHX A i AL R AL
2R SR FH BRI A A F 8 TR R AR R A R b+
PR Y [ TR NHs HERC, AR5 BT A A 2#E5E
REJE B AR ] . PR, SR FH BB it ) 3 2
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Wit S NH; HEil 3 % 5 32 14 NHy-N & i3
I pH 3458 1 3 A IR ARG 56 2R 1280 it FH A 0 T o)
+-3 NH; HEo™= 4 3 e . O B A
H B LR MR 23 BRESHY FIBH B F3c a5 v o, 1
Jn 3T AERE NH-N 8943 200 B A TR IR 1= 458 NH,
HEEP QiAW R pn LR R AL, - HhE
ACHEE N, A R T R A A A ) A B P DA
A A FRPY s it A e 2548 = 4 pH, MK
gt + 498 NH, 45428, A6 ot F A 4 s 5e 35
B 5 7 A AP 1A it 3 S -5 TN il L S 3Rt A 38 v 2R 2%
+HE NH,-N &, FR7E—ERE L 7 L5
PH(FE 3)o WSRO DA it FH A 0 53 45 ) NH; HEJiL
M EREE, BRI > NH; HEC SR,
ARG A it FH A= ) T3 i o 35 0 Tk 123 NH,
Hefil, FRAE— e R LN e i - NH; HEL
HEE E AT 2250 e ™, A A 9 5 e it
(10 thm?)FXH A, AT S 206 NHZ-N IR i A2
YERA R . BRIL, fEzA P B et AZKF T RIAAE
Wy I A R B A PR A 2800820 NH HEBSOR: AN AT AT
Wit S A S 1o R A S SRR Ak AH L B Al it Ak
FEAL R, it FH AR 0 T S . i v g S b - 498 pHL A
NO;-N #i(# 3). HFARRE PR EY K A B
W) pH 4 9.24, Jiti HJ5 4 m 13 pH. +4% pH L FHA
FIFTRE MR, FBIGR)Z 5 NHI-N &R0,
5 PATERF R HEN — 25025 148 pH T 2 % X i
FH AW o 280 NH HERL A 322

AR50 W00 9 B B it o 92 =5 b R T e, -
HEHA AP NH; SHERCR . DARAE SRt A ) i
TR it S S RIS - 4 NH-N B, n+ 4%
NO;-N f3, pH b A 8 3 (K 3). BIBHEIEXT NH,
HE ) 5 M 2 B0 Ry« — 5 T, RHAHR i 1o 4 B 2
PEHERNES 3RS, A RT NH-N #HEAJE £
Ty, BRI T R A, AR T
PR ANTE T S s il A B2, ik 43 NHL-N [7)
NOs-N (kP2 B RRZ H 4 NHI-N &, &
5 NH; HEBCRIREEEREAS . BFIL, ARS8 00 ) T B
5 it 30 2o ek RS R 2 1 NHG-N MR TR AIG
NH; HEBC f REHLIE

4 #ig

1) it 5 2= e N2 4 NH; R £ 2 A A
TEREAE 5 — J& A o 150t 5 b 5 vl /D L AE B T AT 25

i) NH; HEL

2) Jiti AE e RHAE R AT 5D 1A it o S A I - 4
NH; HEA W 2050 . A FEELIE AT, it s
BB 23 S R I S A N e 18 NH; HEiE
Y 38.34% F19.45%. FERLAHAEYFURFET, B
HEHE I 20 501 FAAR O S 2 AN o N2 -3 NH, HECE =
1 56.22% Fi137.61%.

3) it A= ) BT i Sl N 9 R 2 N B TN L
FEE Y NHy HEACE, I8 MR R ik 52.58% Fi
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