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W E AN THERGFFELEAZTAAHL, XAFNAERLEMBAFAMEEENTRAILAETH
THBELMENT R RTHRT,FRET 5 ML KB (NP K,) & (N,PK) i & 150 kg - hm™
(N,PK) i & 300 kg - hm*(N,PK) \# & 450 kg - hm>(N,PK), &R LW . @ LA EZ AT AHKEEHE
AR EE RS 4 RBIEEREE, HAEREFE AT AHRE B ML AN wm L 44

BEANEK RRELF 27.886~44.416 kg - hm™ - a™' M AACTE A HE KL 4 Kk B35 9 6.726~16.197 kg - hm™ - a™' | &
WA TR ERELF 341.616~531.960 g - hm™ « a™' H A AL EA T R %M Lk Bk F 90.452~185.412 ¢ -
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BRAFMENTEAHHAESRAEM LB REEN L ZFEMX X Z ;N PK&IEE@E@*%@*"FLE%% ik F|
62135 kg« hm™ , HEEL S H Rk FMANT A EFHKES R, H 2.720% %1 0.038%, NERBFHELELE
SAMKAEFAEE, BEFE N 300 kg - hm TR,
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Effect of nitrogen application rate on ammonia volatilization and nitrous
oxide emission in Korla fragrant pear orchard

WANG Cheng', CHEN Bo-lang'*?, Yusufujiang + Yusuyin" *>, WANG Qian-deng', CHAI Zhong-ping"*
(1.College of Pratacultural and Environmental Science, Xinjiang Agriculture University, Urumgi, Xinjiang 830052, China;
2. Xinjiang Key Laboratory of Soil and Plant Ecological Process, Urumgi, Xinjiang 830052, China)

Abstract: To understand the nitrogen (N) loss of soil N in the Korla fragrant pear orchard, in this study, the
methods of closed gas gathering and the static box-gas chromatography were used to study the soil ammonia volatili-
zation and nitrous oxide emission under different N fertilizer rates. Five treatments were set including no fertilization
(N,P,K,), no N application (N,PK), N application 150 kg + hm™ (N, PK), N application 300 kg - hm™
(N,PK), N application 450 kg - hm™>( N,PK). The results showed that both ammonia volatilization rate and
nitrous oxide emission flux peaked on the 4th day after application of base fertilizer and top dressing, the ammonia
volatilization rate and nitrous oxide emission flux increased with increasing the N application rate. The cumulative a-
mount of ammonia volatilization among the different treatments reached 27.886 ~44.416 kg + hm™ « a™', the net

2 1 .
. , the cumulative

loss of ammonia volatilization with N application treatments reached 6.726 ~16.197 kg « hm
amount of nitrous oxide among the different treatments reached 341.616~531.960 g - hm™> + a™", the net loss of ni-

trous oxide with N application treatments reached 90.452 ~185.412 g - hm™ - a™', the accumulation of ammonia
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volatilization and the net loss, the cumulative amount of nitrous oxide and the net loss all increased with increasing
the nitrogen application rate, the net loss rate of ammonia volatilization with nitrogen application treatments was
2.720% ~4.480% , the net loss rate of nitrous oxide was 0.038% ~0.060% , the net loss rate of ammonia volatiliza-
tion and nitrous oxide both showed a tendency to decrease first and increase later with increasing the amount of N
applied. Application of N fertilizer could significantly increase the content of ammonium N and nitrate N in 0~ 20
cm and 20~40 cm soil layers. Correlation analysis showed that ammonia volatilization rate and nitrous oxide emis-
sion flux were significantly positively correlated with N application rate and soil temperature. The yield of Korla fra-
grant pear treated with N,PK reached 6 213.5 kg - hm™, which was the highest. But, the net loss rate of ammonia
volatilization and nitrous oxide were the smallest, which were 2.720% and 0.038% , respectively. From the perspective

of N loss in the soil and production in Korla fragrant pear orchard, the optimum amount of pure N was 300 kg - hm™.

Keywords: ammonia volatilization ; nitrous oxide emission; nitrogen fertilizer; korla fragrant pear
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HEAT 12 X I bty R i T 500 W 4K 918.7 m,
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BT i 14.41 mg - kg™, U A B 169 mg - kg
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BRIEVE FHBRIR BT (& K,0 51%) , B AU i 1 & 3
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PIAE 2 K 5 K, 55 1 IRTERT B4R 27 AT i
(4 A1 H) Xt AN H R 60% (N, P, K, Fl N,PK
BN FmE AL (N P K BRAR) A48, 55 2 IRPE R
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Table 1 The experiment scheme with different
amount of N fertilizer
T FE R/ (kg - hm™)
fb 3 . .
Amount of applying nutrient per hectare
Treatment
N P,05 K,0
NoPoKy 0 0 0
NoPK 0 300 60
N, PK 150 300 60
N,PK 300 300 60
N;PK 450 300 60
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R RBETRA 1 DMRERED, 7E4-9 HEAH
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Fig.1 Dynamic change of ammonia volatilization
rate in different treatments
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Tt AN FEAE B I [] (4 d) RS R 4% & 3
WEKJE (5.7.8 A 15 H ) #5 Ab B (1) &5 & #R A
e FHEKAT(5.7.8 S H ) A Arss A, 16 A #E K
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Fig.2 Dynamic change of nitrous oxide emission flux

in different treatments
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22,1 REAIME A LB PR
AR BB ANA it A AL BAR S TR 206 A Ab 2
ok BB A R SR AT 5 AL B AR
SAEBUR M ZMRAGR . R 2 AT, 7P IR )
FRUEA AN, £ b 45 & R 5 5] 27.886
~44.416 kg - hm™ - a™'; Jifi ZUAb P 2045 & el 2K o
H6.726 ~16.197 kg - hm™ - a™' KRR
2.720% ~4.480% ; £5 40 B A Z HE i B AR A )
341.616~531.960 g - hm™ - a™" ;Jifi A b B4 AL A
HH B 90.452~185.412 g » hm™> -« a™' ik
4 0.038% ~0.060% , 754 IEIE K R W] i
R LA HE R B it Ak B 2 1 R v i Ok
TR R 22 A I I KT A I R A R o R
PAE, N,PK ALY 2045 & A AL E AR B
WP R E R T HAA A FE N, PK N, PK A2 7] & 4%
RHEMT ZH S R RS LR EER, &0H
G R RN AR I R HE T3 58 R o i 5 i 280 A 1 38 o
i fn, ¥ %Mk N, P,K,<N,PK<N, PK<N,PK<
N,PK., Jifi U4 B2 5 K AR AR W R HE TGS 46 2k =
Wi 25 it S A B T3, BB N, PK<N, PK<
N,PK., Fifi 45 it 0 38 o e e A B 44 % Rk
R HE AR 2 RIS/ 5 4 K RN, PK <
N,PK<N,PK, N,PK FJ2 4 & A A A& HE B
S RIAR 439K 2.720%F1 0.038%

222 BERHFRFEZ MK AT, HOIEIR
RN 692.4~6 213.5 kg - hm ™, A& A2
I R A B4 i 3 R T Rl /AL B, N, PK
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Table 2 Nitrogen loss of soil N in Korla fragrant pear orchard under different N fertilizer
NH; N,O
pOBL] R HrR ok HHR R R R HrR ok JEE iR
Treatment Accumulation Net loss Net loss Accumulation Net loss Net loss
/(kg+hm™2-al) /(kg-hm™2-al) rate/ % /(g hm?-al) /(g hm?-al) rate/ %
NP, K, 27.886+0.84c - - 341.616+3.27¢ - -
N,y PK 28.219+0.78¢ - - 346.548+3.15¢ - -
N, PK 34.944+1.06b 6.726 4.480 437.000+£4.02b 90.452 0.060
N,PK 36.376+0.92b 8.157 2.720 459.748+3.76b 113.200 0.038
N;PK 44.416+1.09a 16.197 3.600 531.960+4.08a 185.412 0.041

T : [ FUA R 5B 7R A PR A) 22 5 |2 (P<0.05) o Tl

Note : Different letters in the same column indicate the significant difference among treatments( P<0.05). The same below.

JBE IR AL i R R BN NP, K, <N, PK<N, PK<
N,PK<N,PK,N,PK il N,PK /R # 5L = i 55
N, PK 4351134 7 86.77% F 76.20% . it A & 3
T, R A B 7 e e IR SR KR I8N, N, PK 1Y)
IR AR w158 6 213.5 kg - hm™
23 AEREAETERSEFRELIERSEM

WERESETW

H 2 4 AT 7Rt SR ABE IR JS , 78 0~20 cm
H120~40 em TRl AL BB S A S 2T
FETAME LT N, PK A SRS R D ES
FH A4 40 F, N, P, K, F1 N,PK Zb 3 N, PK FI N,PK
RIS A S o 22 . Ik, N, PK
ABTR Y B SR B R E R T AR AL B N P K,
N,PK N, PK N, PK AHHE] i AR A e 24 5

*3 AERBAETERSER==TWL

Table 3 Yield variation of Korla fragrant pears

under different N fertilizers

b P Jli i/ (kg - hm™) Feht/ (kg - hm™)
Treatment Nitrogen application rate Yield
NoPoK, 0 692.4+50.9¢
N, PK 0 876.3+30.2¢
N, PK 150 3326.8+50.6b
N,PK 300 6213.5+132.1a
N,PK 450 5861.8+84.6a

it HFENE B AL S Rk )G, 75 0~20 em #1120
~40 em L2 AN SA ST ERES TA
JAAL B, N, PK RS S A & i 03 s T H A5 Ak
NP K, Al NoPK 4bH N, PK FI N,PK 4b 34 1] )
SRS R EER,

B A B A R 7R F S =R IS, 0 ~
20 cm F1 20~40 cm £ 2 5 A0 25 Ab BB S A ATAE S
A B WAL, H 0~20 em 12, K40 PR
BEAMHESEMN ST EHYIR KT 20~40 cm +2H
A A MAE S A & 5 il AT 3B 8 K ok
J& ,AE 0~20 cm F120~40 cm T2, & A IS A
RS A B & 5 m AR R B NP Ky <N, PK<
N,PK<N,PK<N,PK,

24 HBRECERERSKEVERSGERESR
R ME T R HE R R0

I 5 AT, J2E 2K o A A el 2 5 R A A Ak
T RCHR O & 5 A - R S K B Bk
KFR . ST R A5 & AR5 57 A LR
S B IR A O, 5K R 2 W3 IE A D& (N, PK
BRAL) o 25 A B A A 0 R HE 0 B 44 5 it 2R A
TR R W EAR DG, 5 A KR R IEA DG, 3R
B it ] 201 R0 T v T 5 i B 1 2 4 i R A
R AE A EHE O 5

F4 TRERLAETIHERSEAMHESASEEN/ (mg - kg')

Table 4 Changes of ammonium and nitrate N contents in soil under different N fertilizers

+EZHE gl HALJG After the base fertilizer

JBAEJG After the top fertilizer

WHRJG After harvest

Soil depth  Treatment NH;-N NO;-N NH;-N NO;-N NH;-N NO;-N
NoPoKy 14.36+0.59¢ 17.83+1.19¢ 11.43+0.27¢ 11.13+0.29¢ 7.96+0.41b 7.76+0.56¢
Ny PK 14.75+0.82¢ 18.16+0.46¢ 11.71+0.46¢ 11.25+0.13¢ 8.02+0.84b 7.84+0.91c¢
0~20 cm N, PK 23.82+1.96b 24.38+1.72b 20.98+1.03b 21.46+0.83b 9.84+1.67ab 11.72+0.98b
N,PK 25.56x1.53b 26.71£0.81b 22.05+0.54b 22.92+1.25b 9.88+0.93ab 11.96+0.66b
N;PK 29.14+1.02a 30.28+1.29a 25.86+1.14a 26.18+0.70a 11.29+1.02a 14.68+0.82a
NoPoKy 13.15+0.34¢ 16.02+0.44¢ 10.06+1.18¢ 10.66+0.92¢ 7.82+1.03b 7.59+0.52¢
NoPK 13.59+0.61c 16.55+0.57¢ 10.08+1.35¢ 10.74£1.24¢ 7.86x1.29b 7.63+£0.45¢
20~40 cm N, PK 20.35+0.87b 22.79+1.32b 19.22+1.71b 19.77+1.28b 9.05+0.91ab 10.80+1.01b
N,PK 21.05+1.11b 24.25+0.76b 21.56+0.84b 21.24£1.40b 9.32+1.17ab 10.86+0.75b
N, PK 27.36+1.22a 28.01+0.88a 24.15+0.95a 24.73+1.10a 10.44+0.78a 14.35x1.31a
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Table 5  Correlation between N application rate, soil temperature and water content and ammonia

volatilization rate and nitrous oxide emission flux

s NH, N,O
¥
Treatment TRE/C KR/ % A/ (kg - hm™2) T/ FIK RS % Wi &/ (kg - hm™2)
Temperature Moisture content Nitrogen application rate Temperature Moisture content Nitrogen application rate

NoPoK, 0.895* * 0.459 0.931** 0.308

NoPK 0.902* * 0.431* 0.951** 0.248

N, PK 0.879* * 0.458* 0.913** 0.904 % * 0.353 0.960 * *

N,PK 0.889 * 0.465* 0.906 * * 0.404

N, PK 0.910* * 0.379 0.898 * * 0.392

0.+ RERFEMAE(P<0.05), = = RFHBFHE(P<0.01),

Note: * means significant correlation( P<0.05), * #* means highly significant correlation( P<0.01).
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RHEIE E R

R H R EE R LW
NH; sl K iy = Km0 A A
(RT3 L 2 e 3R A AR TR S 5 SR AR AR
PP B R R 2, B i T 5 b 3K
A FUFAASAE T, EAR R HE ik 32 28 o LA b
VERF=A 20 B 4% & AR A R HECY =
TR HRNE (R pH (H IR K E A%
HRBAE W TG R S5 ) A TR (RUIEFP 2t AT
i ARy SORIBRE AR ) 1 A & TR
S EHETC S it FH U8 25 UIAE OG , A 9 it &40 1 1
RAE R 5 E AT R B 0 s ATl AL 3 1
Wit FH RIS S 2 45 A 5 S8 A I R HE B A3t T A 8%
RUR, BN T % KSR R HE R, T LAY
5T R R, 245 s A AL R TE 1~4 d N
LT, A it SR Ak B ) B4 R R R AR
AV S HE G YRR ARG 55 4 K BEHE R A
I, B R R 5, JE iR (4 d) P RESY
TN S 3 AR A R HERGE 5, S0 HE (R
ARIEEFER FEER TE4 A1 HA6 A 1 H
A5 At A AE AN i A A, HL AR & (EE S =AY
60% ) KTBAL & ( F N 21 40%) , FAL it FH &
IREAR, D/ T & & AR AR I SR HE G i vpomT A
FHOARCRUE i 2045 & 3 22 5 S0 WA HEGE it
I8/ DT ER IR (T, A 3 it S0 Ak 3 1) 22 4
AR A A R HE G = Y RIS N, PK<N, PK<
N, PK, Fifi 5 it 20 12 i 385 0, 204 J R R AR TR
HEE B 3% 7 08 K X 5 Th AR N AR B 9T 4 R —
., 4 A 15 HR6 H 15 H A9 ME 20 AL 3040 3% & R
AL A HEGH &I A H 8 4 A 10 HF 6 H
10 HAHEZKIE K XAl ae 2 T4 H 1 HAte H
1 HAYMEAE, 7454 A 15 HA16 A 15 H HIENHIEA

Zow55.7.8 AEH 15 HlL, Bk L , 4%
J AR AR S HE R T R AR 35 T K A 3k
R EUd 4 15 BRI 6 A 15 H &% & R
AT ARHCR R TH 4 A5 HRM6 A5 H,
32 MRENERHEILESELMEALITIRR
AR FIRARRFFENFM

Jit 280 B XoF PR R A A el 1 R RN AR R HE
TR BRI  ESHRT O B 9 & B, it AR
5 AL RHE S R AR R e
AR BER & DA A AR R, A
& K BB A ] 27.886 ~ 44.416 kg -
hm™ a2 T A R A )] 341.616~531.960 ¢
« hm™ - a™' il U R S & R AL A R R
8 KT A R AL HR | H Y b6 3 it 0 10 3 i
B, SRR R B [ = R A AR
RHERCE 0 K 1 5 2 R4 AL T A R AR
TERL R —, £ bl 25 it R /KT A 32 e i 3 Ok, X
— g OISR A R A AR, N P K, N, PK |
N,PK N,PK Fil N,PK &b 2 1) &% & B2 52
FAL T A AR B 81.63,81.43,79.96.,79.12
1 83.49 ff5, N,PK N,PK Fl N,PK 4b B () 5 45 &
P it 43 ) 2 AR A ZRHE R 0 R B Y 74,36,
72.06F1 87.36 fif , 245 K AR 1 RV Kk B A ]
KFAALT A H i B g i, N PK N,PK
I N,PK Ab B Y & 45 K v i i SRR A ERS
(NH, F1 N,O) #4214 98.67% ,98.63% F198.87% , Al
DUZEIR A AL e+ rp IR BHR R SR 2L
BYER A F, GUFL5E P IR RIS,

TR A NE K T R, it A TR
75~300 kg - hm ™ i, ok [ ZUIE 09 2045 R Bk 1 R
0.72~7.61 kg + hm™, i A i1 1.0% ~4.2%
AR IR G R B 6.726~16.197 kg - hm™
call IR RN 2.720% ~ 4.480% , 5T AR H I
S A5 A e, 2 e PR it S e e R S B
Koo AW K IR Hh 4 18 A0 R HE R A
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0 0.33% ~ 1.13% > | AR 56 A A T S
KFEN 0.038% ~0.060% , Ik T 7 AAFFTLE R, 2
2 T AR AL R B AR K B D SRR £
1 EIREA AT B3 R AE R kA = A 2 1 oL
R, AWK 51 & L 20 T g 5
IXUB R R 2 g b S A0 T UG HE, 1 S AL T AU
K220 A b 25 it R 4 18 o, AR
A ZR A % 230 52 IR e /N 5 3 R i R 3 e Tt
RN 300 kg hm B, 2044 & A AL A HE LY
B R R K B /N (2.720% F110.038% ) , X 5 F
AJAECU TR A A, A R R R Ok
RO A il R ) A AR T AR Ak A il 2R o A v A 1
HF, EEPHARTRRSEHEREERAR
218 R A R A AL - R R RS
&K BT,

ML E XN - ERELE 22 2 K
Tt I RS (B 58 25 S R W AR 7™ i ik 31—
KI5, Ak it e TC B FAE = 4t . AR
IS AEN A i 150~450 kg - hm > 8 Bl N, 2R ) 7 AL
PRSI S R A, ZERE AR R 300 kg ¢+ hm A,
PR IR B K (6 213.5 kg - hm™) |, Jifi & &k 5] 450
kg « hm B 1Y /R ) A A4 ™ i S il AU S 7E 300 kg -
hm I A FERR AR T 5.66% , 3% 5 1LAR 25 % 31 EUIE
Jite FH 3k AR 7 SRR A I R 25 SR AR TR
33 MRENERBHELETERSAFHEER

SENFN

Jita A 3 1) FEAE 350 E YR T A e
BEHUA, 1 AL A — & 5500 Tl & 4% Kk
b R SR AL A o R s DL s R AL IR R A AR TE K
MM b L g R ke 4 B gY R PR, O ~
20 em \20~40 em TJEH, AR AL Y B S ER
BRGE D FHC T A, A 50 76 it 3L JE A
MEIENE S, 0~20 em 1 20 ~40 em )2 i E b B
AR B A U A % 1 38 0 3 R ANt A B8 i,
A i FH 2UIE B 1801 0~ 20 em 1120 ~40 em 12
WIS Z R S A & i, ST AR R —2
ARHFFE 0~20 cm Fl 20 ~40 em + )2, it A Ak P 4%
BEMMER S EEIN N N, PK<N,PK<N,PK, £ %
FURMSAS B 1 2 Bl A it 0 1 3 i 38 i, ixX 5
B M g AT R g A AR R, AR,
BALH 20~40 em + )2 P EASFAHEES R & EIK
F0~20 em L 2NMESAAESE &, 55
PGB R S AR S AT B A S
- ST ) N W B A SR AR ] A A e P it
REELE 30 ~40 cm, i 0~40 em T2 NHEE S A
SRS =L RE B /R A E R ikl

T 5= WD NI N WL =B a8 K= A
HeE 5 3 0~20 em F120~40 em )2 Y
B S UM S 5 i 8 AL — 3, 2497 DAt A
J5 BRI G ERAR A X 5 TERAE Y R4S
A,
3.4 RMERFHERHERESELMENLTR

HERS BY 2 i

IR F ST R K
FUIMISE, 2R R g R R, LR E S
SR R R S E A O, TR 1 T v nT AR R
RSO O BIRgE RBR, R R AL W A H
AR R, I 5 AT R T A
FAAE—E AR E R . AT T, 2 A
AT R HERGE 5355 R AR
A X HAT A s 25—, EER N NS H
BRI 3 1B PN, T R ) I v AN AN 2 A 8 i A XoF
NH; WL B BE 77 08055 , 3 25 34 9 + 5 A W 19 3%
PE IR R KA R B A, B9 NH; AF 38 W
TR B, FILF NHG 546 NH, il 209% & 3R
PR AN BE T v i e - RS Tk SR Ak
A=A DT bR b SRS £k R SR 1 B N R
PEE AR AR, fff A ARG R

ARG A B IR RS LIRS KRR
B IEAR G, 25 Ab B A A4k I ZUHE i i S 4
TR R IE A G, (B AH SR B3 B G R AR
AN R AR T ST WA B g A SR 2
FEIER R AL HE K T, e K A, R
PERE R, (175 IR R POk AR 5 38 58 4 45 ok, A H
REAL RS S, DA 3 IR 8 S R =, Rt
TRMFEL S R A AL JE TR R b, £
IKGF— AN 2R B AR | S A0 3 2 g4k
ER A, HEERIFEFMAEYS S5 T HiE
T, U5 398 5 7K Bt S8 A0 BHEBCE /N

4zt B

1) PR 0 A AL bl 1 38k [ IR 2R 1 s i
REBUEHE R A E, HARE(RE) e B2
PRI IR A B R K AR A R, Bk
A SRR DL R v 4t 2k i AR A I RCHE GE
SRR DA R v i K B ¥ s B A PR 2R FH S A 15
MG, it FH AL BE &3 14 0~ 20 em H1 20 ~40
em TR ESRAHESA S &,

2) IR B 7 B4 el A e R AR AL RCHE S il
R RN R R B B R

3) 16 AN & K 300 kg - hm (4l N) B, %
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37 %

IR R R (6 213.5 kg - hm™) | HEHE LM
FAL T R S R Y 5 /N (2.720% %1 0.038% )
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