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i E A (NHy) #RERIVAESREANBARMNER RS, A, U7 FREETEMROKIEREEGD
A2 48 NH, #5808 S . 20 53R FH 3 =03 P T (o SO 000 4 61 W T V8 /K IE — 44 fb %
S YA HE T 44 25 HH K BRI & 39 NH; ¥R RF, BB RN 500 kg-hm 2(DDF) ., #EHEAL 1000 kg-hm ™
(DGF). i #E ANt It (DCK). 74 #E i It 500 kg-hm 2(FDF) . 74 #£ i I 1000 kg-hm>(FGF). 14 # A jifi AT
(FCK) 6 MAb B 50, NH; # & BORIE (e AN 1—2 8, AFEIZKAEAL 3 44 NH, # &
TR E2%S (P<0.01) .2018 4£DDF., DGF., DCK. FDF. FGF . FCK 11 NH; 2/ Rk R/351H 21.50.
28.14, 7.20. 37.06. 66.25 . 11.88kg-hm2; 2019 4F, 4354 9.42, 1525, 7.24, 34.73, 76.81. 8.56kg-hm™.
2018 4FF1 2019 4%, {47 FDF Ab ¥ Y NH; ¥ & 11 2k 3 43 1) 24 % DDF AL #E Y 1.76 fi5 1 11.89 fi5; T4
FGF 4b 38 53 512 % % DGF 1Y 2.60 % Fl1 8.54 1. W4 VE DGF Ab ¥ NH; #7 & 3 & LU % DDF 4b 343 51 34 Jn
27.03% 1 52.94%, VAWE FGF Zb3 L1 AVE FDF &b B4 34 0 76.04% F1 118.37%. WERENL 34N, 144598
THE Th % S5 TH 3 NH, 45 & 520 % NH #5758 B 1 18 e Tis /K IE — PR A=, NH, # &2 R 5 11
AR KR . NHE-N FINO;-N 0 MK (P<0.01) . AUESIARE LR, THREKIE—RAL AR AR
FY S - NH, JE R IR, U NH JER TR, $2m S EK BRI, W arbeis Y.

KR WEKE— A, EGNHE, DR, NHy #EAEBKR, NH; K.
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Abstract Ammonia (NH;) volatilization is an important way of nitrogen loss in agricultural
ecosystem. However, there is a lack of data to support the rule of NH; volatilization in the soil of
water and fertilizer coupled potato field in arid and semi-arid areas of Northern China. In this study,
aeration method was used to observe the NH; volatilization characteristics from the soil of potato
fields with water and fertilizer coupling in drip fertigation and connvention furrow irrigation in
Northwest China. Six experimental conditions were designed, including drip fertigation 500 kg-hm™
(DDF), drip fertigation 1000 kg-hm™>(DGF), drip irrigation without fertilization (DCK), furrow
irrigation and fertilition 500 kg-hm™>(FDF), furrow irrigation and fertilition 1000 kg-hm™
(FGF), furrow irrigation without fertilization (FCK). The results showed that the peak value of
ammonia volatilization rate appeared in 1—2 weeks after nitrogen fertilizer application, and there
were significant differences in NH; volatilization among different water and fertilizer
treatments(P<0.01) ;In 2018, the cumulative NH; volatilization amounts in DDF, DGF, DCK, FDF,
FGF and FCK soils were 21.50, 28.14, 7.20, 37.06, 66.25 , 11.88 kg-hm™, respectively. And in
2019, they were 9.42 , 1525, 724 , 3473 , 76.81, 8.56 kg-hm? respectively. The NH;
volatilization loss rate of furrow irrigation with FDF treatment was 1.76 times in 2018 and 11.89
times in 2019 that of drip fertigation with DDF treatment, and that of ffurrow irrigation with FGF
treatment was 2.60 times in 2018 and 8.54 times in 2019 that of drip fertigation with DGF treatment.
The NH; volatilization intensity of drip fertigation with DGF treatment increased by
27.03% in 2018 and 52.94% in 2019 compared with drip fertigation with DDF treatment, that of
furrow irrigation with FGF treatment increased by 76.04% in 2018 and 118.37% in 2019 compared
with furrow irrigation with FDF treatment. With the increase of fertilizer amount, the increases of
soil NHj volatilization loss rate and NH; volatilization intensity in potato field of traditional furrow
irrigation is higher than those in the integrated mode of drip fertigation.The volatilization rate of
ammonia was significantly correlated with soil volumetric water content, NH;-N and NO;-N
concentration (P<0.01). Compared with traditional furrow irrigation, drip fertigation with water and
fertilizer integration technology can reduce the rate of NH; volatilization loss, reduce the intensity of
NH; volatilization, improve utilization rate of water and fertilizer in potato field, and reduce the
environmental pollution.

Keywords drip fertigation, conventional furrow irrigation, potato field, loss rate of NH;

volatilization, intensity of NH; volatilization.

28 (NH3) #4424 TH AR 25 R GEAL L A0 % i Fi 2 AR, 3 4ROV NH HERCAY 40%0). NH; # %A
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JICA B S b e 2 0, BRI T A ) A 7 B A FHNHG HECR R B2 A6 5, ARME DAL B ORUEE | TR
B[] NH; HEE ¢, 33X 2 B AR B NH; HEBCE S A A 2 P R R,

S A R R X, SRR ] S AR S R R T MY, A RS A R A i e SROAT T,
I T AR AEAB A, INEE 1 BRI TS G MU0, R [ PG b 5 T 5 DT 7 T T RS B o, A S A
KN AARAC T Be VT ES B S8 O RIS XS 4, Sl 0 % NH; 4% 5 38 6 J5 2 VLI e, 1 A A ) it JIES E 8
B D B2 T 53 N, 456 3k R AVRAAE 2 0 KL, 3P A [l i N 2R A X - 4 NH, #8532, Ay g 2t
A R DA [ i A 8 A2 4 2 T2 77 1 N el U A9 Al A 77 R 2R B i S 4%

1 FrBHS J7 1k (Materials and Methods)

1.1 WS IXHEAL

K5 F 2018 —2019 4F 5—9 F 78 N 52 fy I A3k 45 i1 <8 X 55 4% 2 34 56 I M (40°45 34 "N,
111°41'56"E, & 1045.4 m) JE77. 7% 1 X @ w7 R B 28 U e, 4FSFE 2SR 6.7 °CL 4E 28 & it
2000 mm 7245, 34 H BBAT AU T 2629.8 h, TLREH] 134 d. ZAEF34 K & 335.2—534.6 mm, F 24
HTERRAE 7—8 H . MEWE /KIS N H R K, FF A HEME AT bR it 38 9845 £, 28 1.40 kg'm >, A AL
J5T 3.89%, T IEFLBRE 42.63%, FIXTEE 2.53%, #A% 30.69 mg-kg !, MHAA 53.71 mg-kg !, pHS.42.
12 it

HERMEY Ve £ 7B — 5 W BE I A Sh 45 8, A4E 5 H P A& Ah, 9 A Hh AR 6 R R ML IX 41
BEIT, 13 B E AL 500 kg-hm? (DDF). % # it & 1000 kg-hm > (DGF). 7% # ANt AL (DCK). 74 ¥ jifi At
500 kg-hm? (FDF)., 74 #£jifi AL 1000 kg-hm® (FGF) . 74 # ANJiti 2 (FCK), 4t 6 b ¥, A HE A 3
R, AR HR ) B BR EHT 1 m. Hd, 500 kg-hm 2 it S0 by 24 Hb A7t A

FAME /N R 1 AR T, R AL BRI AR 8 28, 28K 11.2 m, 285 30 cm, ZE[A]HE 90 cm, &

SRR 20 om. FVEK L — AL B — AR G ], AR IR L KSR R ER . TR i =X

PERS . TR 22 M AR A 2B B — AT, Sk BT 30 om, TSk 1.38 L-h !, TAEE S 0.1 MPa. #%
P 24 H B K, HEAKE R 40 mm, B H 2 R AR SRR 3 BEIE 1 R, BEUGHEK & S mm, 2 /EF I
TR S 100 mm. % 458 VA B AL BN F A K SR KA RE R, Lok 2 2B TV R o, FE NS 24 H 55— IR K
140 mm, HZEIE BIHEK 140 mm. #EFPEEAL: S48 L AL (N-P-K, 12 : 19 : 16); BT RSFREPFIR =,
198 T 7T — A LA X DA 300 81 i o R R 30, W VR K 0 VA it 5 % 0 TR TRE R X 5 Y b Al A 7 A B
Jit— S, K RO T 22 T2 1, 7E SR ZETE B — R M B i
1.3 a5 L A 43 Hr
13.1 43 NH; RE&E

SR AR AT 1 NH; 38 42 A7 WD . NH; Ji 2556 8 i AR 15 em, 55 15 om P RO A9 AL
% 385 (60 A5 ) ), A P AT T T2 D SR, A CE — B L 30 mL 0.005 mol- L i iR 1 VA v 4
(HAR 15 cm, J& 2 cm), TJZIBARIEHTH 5 om, T 35 & 1 NH,, 24 H TR MRS
f) NH FIIR 2R FE A il 0 B IO AT B0 E 3 AR 5 om o S FE 4R, 0 4% 17 em 8RR MR, 14 B B K
IEH RAERE L, [R5 s A .

H 1 8: 00—9: 00 RAESMAES:. MEALIE 1 RPN, B RH 1 IREE. —JiUG, A 3 REL1IREE, J5 K
P NH; #7 % BORE O, 1 JEE 1—2 IR, B2 NH; 35 8 3 RO R $230T 4 1F HORE R, TR T 2
YA AT 100 mL 1 mol- L™ KClIA & 1R A & (EAR 15 em) , FHFH7 R i 43 il 5% 4538 A KCL i,
7 RN, RIS, # b 5y —HOR i BRI 4. R IR AR O, B 1—3 K S 1 R CREEAR
IR, [RERE S R | K A3, SRAE ISR R SE 86 %, #2955 1 h, SRR, A e 35 vkl NH; & &
13.2 13 NH, #4115

11 NH; #5& #H %

M
AxDxlO’2 (D

AH, F o NH3-N A 3R, kg-hm? -d ' MO FEA2E B AR NHL-N ¥ k8 18, mg; 4 M IR%E B 0 #
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T, m* D MERIESLIAERTETE], d.
+ 3 NH; 2FE L &,

1 n
S=5;<w+%_l><T,-—T,-_l> ¢))

Arf, S 3 NH;-N BRI L &, kg-hm™; n R IE 5 0 RS 7, =R 55 i Uil e it 1E ) A sl
6], d; V; e i W2 BF NH5-N 3% 5 338 %, kg-hm2-d.
438 NH; 4% & i 2k %
W=(S,-S0)/Nx100 (3)
A, Wl 4 NH-N #ER UK R, %; S) Wil &AL NH;-N R L i, kg-hm% Sy b ATt & Ak
% NH;-N 2RUE K&, kg-hm % N Wi & &, kg-hm™
13 NH; 5 & 58 B
P=S/G 4
X, PR3 NH-N R, ke t's S FR BT 1 L NH;-N BEUE K8, kg-hm % G /R 540 i R
EY =i, thm?.
133 THEREHIE
RAE NH; flifR 5 B HHE 0—20 em #)2 148, LBRATR . MY 5RIAM LIRS Y, 26 A A EHRHEAR,
M 0] S0 258 KT, BERE, 1 2 mm i, T S BEAL AR 2 . 3 pH (ECR A 5 pH A E, 7K
FEA 2.5 15 EEAE SR FER D3RI R T A R X 2 R R B A Yy £ HEE ML (SOC) 2R
FH H 4% TR A8 AL — S R T 2 1), - 338 NH,*-N I NO; ~-N 2R JH 7 8230 543U & (2 mol- L™ ¥ KC1 32
KL 100 1),
1.4 Edasab 5 54
K HI Excel 2014 #EA7 8R40 31, SPSS 17.0 H {4 04T 25 57 1 35 P AGL 36 FHAH SC A% 7047, 182 1 Origin Pro
2018 FRAFHHl .

2 25 5118 (Resulis and discussion)

2.1 RIREREK

2018—2019 4F, fEW 4 K AR A B K A2 4k (B 1), <42 46y [ 430 8 13—25.5 C Fll
6.5—25 C, fiE{H¥ HBEE 7 A0y AR K AR R R 70k 4.14—47.77 mm F1 0.64—28.12 mm,
2018 AR T 2019 47, FREAEPIERAN 7. 8 A

50 130
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B 1 2018 1 2019 4 H P2 Ul A K 22 Ak
Fig.1 Changes of daily average temperature and precipitation in 2018 and 2019
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2.2 THHEANE— R AL G va HE % 55 1+ 1 NH, 45 % sl 28 fk

2018 41 2019 4F, Ji% VE /K AL — AL AR X NH o 238 tnb 2841 T 9 g A =000, 19 o i S o B A =X
NH; #5 & 380 25 147 I it 260 6 335 i 38 K (B 2) . a5, 6 ik 24 38 NH; HE80s 2 275 A8 (L FLEE it
NEHE K e B A s e (8T 2), 3k 554 1 25 I 5 — 5. T e ot IS 7 R A e % 28 Y R S 40 N, 42 ¢
FERAETERMALE 2 FA, B NH; # & 228 EFEBIEE 14 H M. 2018 4F, DDF. DGF ji# i ik
P ONH; 4% % R0 i KA 50 1.05 kg-hm ™ -d™'| 1.87 kg-hm? -d*; ifif FDF., FGF 4% kb B NH; 4% %
R KAE 5> 9K 1.54 kg-hm? -d™', 2.02 kg-hm™ -d™' (&1 2 a F1 ¢). 2019 4F, Ji% 7# /K it — {& {k DDF,
DGF AbFH NH; 3% & 3 %85 KA 43 591 K 0.26 kg-hm?+d™', 0.84 kg-hm>-d ™", Tfi /4#E FDF. FGF 43 NH, #
R KAEST R 2.05 kg-hm2-d ™| 2.34 kg-hm2-d™" (K] 2 b il ). 2018 4F, DCK I FCK 4t ¥ NH; #%
B E 5K 0—0.21 kgrhm>d™, 0—0.27 kg-hm™=-d™"; 2019 4F 43 51 & 0.02—0.16 kg-hm>-d™",

0.02—0.15 kg-hm™>-d™", X B[] 4% & R840 To W] i 22 55 (P>0.05).
25 @2018 25 (5)2019 ‘
5‘1 } Bas%fagt%?izer—} Topdrei%ii%%qertilizer ‘ (zc } Bas%?e%t%laizer ;— Topdre?fia%%m
g 9, g 2.
ol RYRTIITRIV T
g . -a-DCK g
3 --DDF 8
R ~A-DGF E
> >
] ]

0.5

0
25 } e I \

Base fertilizer | Topdressing fertilizer |

b [
= [
=1
(53
&=
=

Base fertilizer

l (d)2019

(c)2018

by b o
(=] n [=]

NHj volatilization rate/(kg-hm2-d ")

o
in

NH; volatilization rate/(kg-hm2-d ")

2 2018 4F il 2019 4RIV FITH HEA 30 NH, #4035 1L
[0 #i Sk 2R AR H ] Down arrow indicates fertilization date
Fig.2 Changes of ammonia volatilization rate under drop and furrow irrigation in 2018 and 2019

2.3 NIt AT S 5 3 NH R R

2018 4FH1 2019 4F, A 7] i JIE 7 08 40 B 25 4% 5 1 + 4 NH, 2EE L B A % 2 5 (P<0.05), [F
ol it AL B TBE A5E X NH; B8 FR 4 & i i it 80 f 1 38 0 i 3 (GR 1), 2018 4F % #E 1- 8¢ DGF. DDF #
DCK 4b 3 NH; Z % & & 43 9] 4 28.14, 21.50, 7.20 kg-hm™, 2019 4 NH; & H #% & &5 K
15.25. 9.42, 7.24 kg-hm™; 2018 4F {4 {if 1+ € FGF. FDF #il FCK &b F NH; & ¥ & & 43 9 5 66.25.
37.06. 11.88 kg-hm2, 2019 4F 43 %] &y 76.81, 34.73. 8.56 kg-hm™. 2018 4F, Ji§ # + 3 DGF. DDF #il
DCK [t FGF. FDF il FCK A . 4> S FEAK T 57.52%. 41.99%. 38.41%, 2019 4F, 43 %I & 1% 80.15%.
72.88% F 15.42% 7 VE + 18 NH; 2R & it /N T AH [ it 0K 19 78 HE A 28 (P<0.01). 2018 4F, ik 1
DGF 4b 3 NH; 2 FU% & & L DDF 4 P4 5 31%, 2019 4%, #2755 62%; 2018 4F, I FGF AbHi NH, 2
TR 4 & L FDF R BB 79%, 2019 4, BE A0 121%.
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R 1 2018 M1 2019 4F NH; % K B H1 NH; 4% & it Je R

Table 1 Cumulative ammonia volatilization and emission factor in 2018 and 2019

JbBH Treatment DDF DGF DCK FDF FGF FCK
JENCI/(kg-hm™)  9.41+0.25 16.99:+1.02 14.62+0.85 21.82+1.01
JBAEW/ (kg'hm™)  12.09+0.79 11.15+0.99 22.44+1.47 44.43+2.12
s Nliigéii%)i/ 21.50+1.01d  28.14%2.03c¢ 7.20+0.52f 37.06£2.30b  66.25+3.02a  11.88+2.03¢
NH(ffn %)i/ 1430 20.94 25.18 54.37
FAE/(thm™) 58.47 59.49 27.93 38.79 39.12 2234
PR /% 2.86 2.09 5.04 5.44
JENCI/(kg-hm™®)  3.2440.73 7.50+1.51 2.62+0.67 13.16+1.01
BIESY(kghm™)  6.18+1.62 7.75+1.49 32.11+1.35 63.65+2.33
oo NH(f(gE'ii 7%)%/ 9.42+2.60d 15.25+3.00c 7.24+0.84f 34.73£2.01b  76.81+3.30a 8.56+0.53¢
NH(ffi %f)%/ 2.18 8.01 26.17 68.25
PR (thm™) 56.99 57.80 26.04 35.48 35.96 21.09
PR/% 0.44 0.80 523 6.83

TE: ¥NH, % 1 (kg hm™) =l AL BINH 78 % 5 (kg-hm ) - A ZAE BINH, 7 %  (kg- hm™) . R[] FEHRER .35 22 5 (P<0.05)
Note:Net NH; volatilization (kg-hm™2) = NHj; volatilization (kg-hm™) with nitrogen application - NH; volatilization (kg-hm™) without
nitrogen application

N T VR TR A 2 - e 8 # RN B P A AR ], K A2 B% 0 4 SR B i) N 2 3 3 Rtk
TR 1200 578 HE 7K BB — AR AL B AR AR Tk v, R Bl 7K — e i B VEMIAR X, BEAE AR TIE /K A i3 3t
AR, W ST, AR R SR, TR R OR FE 3R 4y, BB R 2205, DI AR NH; 7
ke BRI T AP TR AR 8 AR R AR AR R, R NH, R
KA /NT I NHy SR ki 38 1l 20, v O =0T S8 5™ i B S o YA, R — i
%l i WA S ™ e T B S 3 0, 1B A AR AN B . DR AR G YA AR L, VAR AR Y
IK B —A AL R ) DDF Ab PR3 fin 7=, BEAR NH; 4% 4 5UR e
2.4 U[a]jit ATV TBE % B HH 1 NH, 45 & i kR

[7i) i S O O A X, o i S 1 I, NHL ¥4 4 K i . 2018 4F 1 2019 4, i #E DGF b 28
NH, #+4% % f2 [t DDF AbBRYE I 46% 1 2.67 £ ;16 7E FGF AL PR L FDF AbBEEE AN 1.16 f5F1 1.61 f5(F 1).
AN [l R APV FE AR 5K N #4082 e 34 v T AR X, 2018 4F, i% i DDF 11 DGF 4b 3 NH; #4 & it
0 5k 2.86% 1 2.09%, {4 #E FDF F1 FGF 4b #7351 & 5.04% 1 5.44%; 2019 4, {i% # DDF Fl
DGF 4 3 NH; % & 51 2< 543 51 S~ 0.44% F1 0.80%, 4 3 FDF H1 FGF Ab B 43 51 2 5.23% Fl 6.83%.
2018 F1 2019 4F, {4 #E FDF 4b ¥ NH; £ & i 2 22 53 51| J& 0% # DDF 4b P19 1.76 £%5 F 11.89 £i%; V4
FGF 4b 35351 &1 # DGF Ab 31 2.60 1551 8.54 4%, 51550 A HE LAk, i HE 7K IE — R A B =+ 398t 3%
Wk NH; #5545 K.

g TR, HEWE D SRR, NH; 5 & 50K RN [R] . p5 #6 #4512 oK it FH 3538 R R wF o848
NH; # % % R 6.09% —6.11%; T ¥ 25 29 78 ] 6 i 48 + - #F 58 & Bl 2 9 NH; 8 K 5k Foh
1%—4.2%; 5 5 C AR A HAFF 98 3R WA AR 4 i 25 T NH; ¥ & K8 8 0.39%, HIEVE NH; # & itk
T T X SR A AR DL, ASBIT ST P 39, NH; 4% & 326 FRTE 0.44%—6.83% 2 [, HirP i #E 7
T NH; R B R N 0.44%—2.86%, T 73T NH; £ KB RN 5.04%—6.83%, = ARMF5EH
FPREE (1) NH; #5818 340 F 1E 8 KT, THEE T NH; # R 3518840 T8RP
2.5 THHEANE —RIE AN R A 2 18 NH, ¥R R JE

& 2 AN TRy =X it 220 e kAR FH - 398 NH #5252 i) 0L IR 26 7 22 43 AT & SR W, R[] W8t Jr =X
A ) it 280 L R R T8k =X it 2 11 28 A 4% 48 NH, #8 k 52 LA W B 35 25 5% (P<<0.01).
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F 2 A[ERER Ty 2OR i A= X AR HH 9 NH; #7552 i SR R s 22 43 i
Table2 ANOVA for NH; volatilization from farmland soil under different irrigation methodsand N addition levels

F P
HEWE 7 =X 48.858 0.000
AR 67.041 0.000
HEE 2ot A 21.267 0.000

Ii] — it A PR TR A X, 0 4% 2 Dt A 0, NHL 7 & 5 5 84 5k A [] it A OB T A% 2 N 48 4 5 S A7
eI % 253 (P<<0.05), VA E T 8% 20 T £ 48 NH; #4508 359 T E R X (1] 3). 2018 4F, il W DDF,
DGF il DCK 4t F NH; 4% % #8 J& 73 51 4 037, 0.47 . 0.26 kg-t™'; 2019 4E, 239 4 0.17, 0.26, 0.28 kg-t™.
2018 44 E FDF. FGF Fll FCK 4b 3 NH; 4% A& 58 B 53 5124 0.96. 1.69. 0.53 kg-t™', 2019 4F43 714 0.98,
214, 0.41 kg-t'. 2018 4F, 4 ¥ B4 20 NH; 4 A B0 BE LU I 3 15 5% 103.85%—259.57%, 2019 4F- 3 5%
46.43%—723.08%. [F] — ¥ WL 455 XA 7] it 2 7K °F- + 38 NH, 4% & 58 B W7, 2018 il 2019 4F, 1
DGF &b # Lt DDF 43 5135558 27.03 % F1 52.94 %;74 % FGF 23 Lt FDF 43 5113 5% 76.04% F1 118.37%. Jifi
JE 3G, Y HEAS 2 A 18 NH; #4256 B 34 Mk 15 T30 T A B4 o £

25 N .
z2DDF
IDGF

20+  EIFCK

CIFDF a
EIFGF

NH; emission intensity/(kg-t"")

05F

0

2019
B3 2018 1 2019 AFiHE FIAHE T x0T L4 NH; 4 % 56 2
AR FRARRR B 25 57 (P<0.05)
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