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Response of Soil N,O Emission to Partial Chemical Fertilizer Substituted
by Organic Fertilizer in Mulch-drip Irrigated Cotton Field

Tao Rui' Zhang Qianqian' Li Rui' Liu Tao’ Chu Guixin'
(1. College of Agriculture, Shihezi University, Shihezi 832003, China
2. Key Laboratory of Oasis Eco-agriculture of the Xinjiang Production and Construction Corps,
Shihezi University, Shihezi 832003, China)

Abstract. The effects of combining organic fertilizer with chemical fertilizer on cotton field N, O emission
flux, emission characteristic and total amount of N,0 emission were investigated by using the static
chamber-gas chromatograph method under plastic-mulched drip irrigation. The four-year field experiment
consisted of four treatments, including CK, CF, 60% CF + OF and 60% CF + BF ( without fertilization as
CK, total chemical fertilizer as CF, organic fertilizer as OF and bio-organic fertilizer as BF). The results
showed that N,O emissions with fertilizer supply were significantly higher than that without fertilizer
treatment during the growing season of cotton. The order of N,O emission on the third or fourth days after
fertilization was; CF > 60% CF + OF > 60% CF + BF > CK, and a significant difference existed
between treatments (P <0.01) during each fertigation schedule with drip irrigation system. However,
treatments with organic fertilizer combined with chemical fertilizer increased N,O emission compared with
chemical fertilizer treatments on the seven or eighth days after fertigation. In addition, when all irrigation
and fertilization schedules were finished, higher N,O emission flux was always observed with treatments
supplied with organic fertilizer in contrast to that with chemical fertilizer application. The highest amount
of total N,O emission in the cotton growing season was found in CF treatment. Compared with CF, the

treatments of 60% CF + OF and 60% CF + BF decreased N,0 emission by 3.75% and 8.37%,
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respectively. It was found that N,O emission factor (EF) was also decreased by 1.39% with 60% CF +
OF treatment and by 73. 8% with 60% CF + BF treatment. Meanwhile, path analysis showed that N,0O

emission was more closely related to soil NO, -N content than to NH, -N content.

Key words: Drip irrigated cotton field

Path analysis
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1 HEEH®

L1 {5 KR
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A (EWREHE A+, Calcaric fluvisals) | Jifi AE Ab 38
i 0 ~20 em 3 BLfli A ML BT &% i 13,5 g/kg; A
0.95 g/kg; 215 0. 30 g/kg; Bl fif A 88. 6 mg/ ke ; HRL
% 23. 4 mg/kg; HERLAP 136. 0 mg/kg;pH {H 8.1,
L2 {E#

iR A AE it B O 7 Bl B 46 5 ( Gossypium,, cv
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HAS% K BV ESRE R R T T 4.5% , &K
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AR A8 A 77 AR 0 L5 BE A P 42 L 8] 53 O 8 WK
W 7K i e, LA it S B B LR 1
1.3 gt

IS TT e T 2014 48, 2k 5 AR AL 10 2R
445, I BCE 4 AL H, A B3 R E S, 4300
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x1 WIEEFHNLIEREKEESBRERL
Tab.1 Distribution scheme of NPK chemical fertilizers during cotton growth period
H 1 06 —16 06 —26 07 - 05 07 —15 07 —23 08 - 01 08 —11 08 —21
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K,0 60 kg/hm®).60% CF + OF ( % i £ #L 0
6 000 kg/hm’) 60% CF + BF (2444 HLAE 6 000 kg/hm’) |
12 ANK L NX R 90 m* (4.5 m x20 m)
R A 9 AEATIE R (30 + 60 +30) em, 1 fE 4 17, 3%
10 47 /N X & B AR — Ao BEBLHES 53 A
INXKZ BT m R TT
1.4 BN R MLE
N, O S AR A T — U /Kt JE JE i 56 3 K
(A 4 K, 32 A7 A TR RV R B () 5 o ) AN 6R 7 (s
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FMS5em FTELE, REM N,O SIKIELLE =M
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T HERE SR A B N,O I, SR LR T
ME AR AR BRI LR A5 R/ X
5 AFERRAEVREE 9 0 ~ 20 em HF 2 +HE, 5 Bk i
ARAE YR AR, 33 2 mm i J5 i A7 T - 20°C VKA
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1.5 MEMBEEAE
TR RS B E ik RS g B £
FENN 2 mol/L KC1 %% 50 mL,25°CfHIEEY 1 h 5
1L IR BRI 3h 4 M U 8 B S R S A [
R0 5 A i K 3R, DA R b T T SRR R RS
RUR A R o
N, O AR HE 5
o de 273
PR3 e
Ap F—A R HEGE B g/ (m® h)
p—— PR IR ZS A BE, UMM 1. 25 kg/m”
h—— R AR 1 15 5 B, m
LS A 14 S e 2
T ——RFEIH I35 IR TR, °C
273 AT R R TR Il P 48 =X 8 R
M5E 5 em 1R N,O HE R & AR 3 A4
T SRR 25 %R .
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Fox AR AL HE N, O HE &=
N il 2
1.6 HIESDWH

Ko A BLL 3 A~ H 5 B {ELBEA T 05 22 70 M e
EA A PSS (T oat DRI B S €T
P54y B % A Excel 2003 ,SPSS 17.0 ( SPSS Inc. ,
Chicago) F1 Graphpad prism 5.0 ( Graphpad Inc. ,
USA) 528
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2.1 BRGERBEKEEESAN N,O HMESE

1 R A 4B AR A = A8 [) 4k B 3 NL O HE i
AR A . Hod 05 —30 FT 06 — 13 3R K HE K it
JEHT N,O HEJE &, 76 6 1], N, O HE il 38 &t 1 K
/NI FE 7 :60% CF + OF > 60% CF + BF > CF > CK,
M 06 — 19 FF iy Sy i 48 AR < 2= 9 K it I8 FA 1A Y 1
N, O HEpfi i, &1 1 o 8 A1 F &k ok 8 YK /K it
JE S (R], 2 Y HE K it AT () B i A7 2 IR BORE o DA
Bl 78 1 OO KO JIE TR 0 A 56 374 R B
N, O HEjif i 0, 2 5 ¥ 0 ™ B, AE 58 7/8 K B 31 B
filko CKALFEAY N,O HEHOH & 46 240 T 8RR,
7% VR it A 25 Ak P 2 R EE AT AR E 1 4 NLO Y
HEj (P <0.05), CF .60% CF + OF 1 60% CF + BF
3R A 3 ON,O HE ikl R AR B O 146.5 ~
552.2 wg/(m’+h) . 218.8 ~ 423.3 pg/(m’ - h) Al
225.9 ~443. 4 pg/(m’-h) , H o £E B UHE K it BB )
(5 374 R I F N A0 IE F it 4b #E (CF) N,O Ay 4k
JHCH g e, ANAEER 2 WHE K IR 955 3 R (06 —29)
CF AL FE Y N,O HECE A 367.0 pg/(m’ +h) 5%
60% CF + OF 1 60% CF + BF Ab Hf 43 51| 4% i1 33. 9%
M1 56.2% ;1MifESS 7/8 K, CF 4L FE N, O {1 HE 5 0 41
XN LR AR AL B, AAE 58 3 Wk T K it AT 1) 5
7 RK(07-12) K 273. 1 pg/(m*-h) , % 60% CF + OF
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H1 60% CF + BF 40343 5] F& 1% T 30. 5% F1 38.3% .,
w8 A (f1E2 ) ,CK . .CF.60% CF + OF 1 60%
CF + BF 4b3 N,O (1 HE 508 &= i 5 °F B (i ACF
P, 4 6 R AE) 4k 170.5 363, 1, 345. 8,
327.1 pg/(m’-h) ,CF kb B % CK.60% CF + OF F
60% CF + BF 4b B 43 5 8 fin 112.9% . 5.0% F
11 1% o X 2 A~F HLICHLAE B it 40 21 m  ,6 H
5y N,O HEJi i & % 3 K 60% CF + OF >60% CF +
BF, 1M 7.8 A4y 5 Z A, it A, 76 A HLIE i
S it FH 2ot F 2 A B B 7K i 2 T, N, O R 0 5
FI N A DU K T A NS AL 3, 78 B A i 2 JA
W, — Ui S 55 374 KA N,O HE o &t %2 30
A N A R T 2 B Ak JE ve I it A AL IE Ak B T
55 7/8 REINEHZAI

= 700 ——CK —8—CF =4 60%CF+OF —e— 60%CF+BF
=

& 600F
g 500} Jiti EL H 351
=11}

2 400}
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H
1 FRFEAE K ZE 4 N, O i 224 284k
(ARG 4 374 K)
Fig.1 Seasonal changes of soil N,O emissions during growth

stage of cotton (on the third or fourth days after fertigation)
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OF > CF > CK, W] A1, 7E M 16 £ K J5 1, 45 1k 3 K
Jiti NE J5 B A0 3, 2% it IE A BN, O HE 0 A B
e T AN A 3, A LA Ak 3 v T AR IS AL B Bl CE
B (] A A RS, 4% A0 BN, O HE 0 2 3 87 Ik /) -
T
2.3 MEEKENOHMEE
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Fig.2 Variations of soil N, O emission flux after
fertigation during later growth stage of cotton
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FRAH L 22 R AW o 76 WE KO 245 1k )5 (9010 H
B3) , 4 4k B N, O HE ik & K /N F g :60% CF +
BF=60% CF + OF > CF > CK, 5 #L JI! &b ¥ 60%
CF+ OF ,60% CF + BF % CF 42 & 19.5% #I
34.6% . UiB], 7E R A6 A= 4 2= 9 K i T 99 1] (7.8
Ay ) ACIEAEFE ) N, O HEHCE &8 KT 2 FA PLE
C i Ak B T R Kt 2 45 1k S, A MLIE Ak BRSO T

N, O HEu & & .
2.4 NOLABEHHHMEERHMAY
FRAEAE B 9 08 N, O HE e & 0 HE ik & 8000
2, ARt B AL #E 3 N,O HEe S &k 3.92 ~
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FEN,O HECR s 3 B3 m T 111.5% (103, 8% A
95.1% ,CF 4t PE N,O HEjk i &% 60% CF + OF F
60% CF + BF 43 942 & T 3.75% H1 8.37% , H. 5
60% CF + BF b Bk ) ¢ M2 5% (P <0.05), 4%
it JE A B N, O HE i A o i A Y 0.84% ~
1.46% , L) CF ft K ,60% CF + BF b B /N, Hop 55
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Fig.3 Effect of fertilization on soil N, O emission

during fertigation
(a) 6 A6 N,O HEi i (b) 7 A N, 0 flei i i
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N LN, O JE R 2%, 0 LA IE B i A= 97 47 AL
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®2 BELENOHMZEMEENOHHERY
Tab.2 Cumulative N,O emission and N,O emission

factor under different treatments

. N Jiti 5/ N,O iR/ He R
(kg+hm %) (kg+hm %) %
CK 0 3.92 +0.06°
CF 300 8.29 +0.21° 1.46
60% CF + OF 282 7.99 +0. 34 1.44
60% CF + BF 444 7.65 £0.28" 0. 84

2.5 NNOHMBESTIEYRA. TEMURTIE
BKENBEES T RBXES
3NN HBGEES EHRHSE ESA.
5 cm R 4R K SRR LY
AR ESEAWBERSN . S, £
8 N,O HEjik 5 NH, -N NO; -N % X 485 em %
JEWRBEAE P <0.001 7KF & W2 IEAH G, 1 5 4 1
FKESE P <0.01 /KB EFEME, HEHEXRE
LA :NO; -N (0.841) > NH, -N (0.712) >5 em ¥§
JE R (0.508) > IS KA (0.297) , HEAR >
Brol 4%, 07 BT AT N,O HEji iy B 4% 2 GE R R
¥ F B K NO, -N(0.698) > NH, -N (0.192) ,{H
MBS0 A, NH, -N Gl of NO; -N 7 Az 19 [3] $2
FERH 0.521, R EHZEEARZHMN 3 fF, Eal
2 Fhar My AR, 18 NOS -N & i 5 N, O ik i ¢
R B E T R X G HE A 1, X N,0 HE
TS K F S K

®3 ITENOHMBEESHSAEHESE. IR
RIBEEKEMNBESHRBXES T
Tab.3 Correlation and path analyses between N, O
emission and soil NH,"-N, NO, -N, soil

temperature and water content in top surface soil

- r(N,0) R IF) 422 30 1% R 4
(n=104) (N,0) NO; -N  NH,' -N
NO; -N 0.841 " 0. 698 0. 430
NH, -N 0.712 0.192 0.521
5em WAL 0.508
T HEE KR 0.297 ™

V. r N Pearson A6 R B wox, wxx 3R IR P <0.01 Fil P <
0.001 7 (XU ) 235 A1 5K

3 it
3.1 MEAEXERERE N,O0 HiMm%m

TEAHESE oh, HE K MG HE (0 55 374 K N, O HEJi ik
F N 100% 1L AL &b B2 K F A HL -5 6 LA BE it 4b
BT 7/8 KN, O Hi ik W 5 2 A, R Af
fiE 2 , 100% A HE Ab B 14 6 HL %60 FH 2k 76 45 G FH i
PR T WU AL BE 16 A 358 1 80T 16 % S i)
(2 ~3d) JE AR B NH, -N i NO, N, M i 38 i
AL 5 2 AL AR o N, O 197 1, 3 7 i IE 5
55 7/8 K, A5 HLICHLAE E it A B by A5 BILIEAPS 76 3
26 TEHLAL, T AL IE A PR A 5 R S R D R
AR e Ah, K30 T A LI 34388 T 398 9 il £k —
SR P A 3 Bl AR R T A SR A — SR AL P R
T N, 0 EAIR IR oh AR AR A K N0 ik
A e A BILAE A BN T Bt A FE A B 5 2
F 60% CF + OF F1 60% CF + BF AbF th AV i A T
60% FI AL FE , 336 il i i 62X, 7T A A0 300 9 45 1348 /N,
T B W R 1 0 R T A BRAE B  TE RfE
S35 95— 7 T, AR 5 F ) 4 B R ok AR
7K it JIE SHE s, 100% Ak JE &b B35 45 Y it JIE s it ) 4 249
T A HLAE AL B, 5 SR B K G 5 B 55 3/4 K
H B S A N, O R 6 06 T Dk k1 AL IR A AL A
Ab BN BT RS TN, O ki A, BBk A i R
7/8 R IHEHGE 5 A T A6 R AL B, 5 1 B 9 N, 0
HERGE O W BN FRIE S 5 3/4 K. B, T
LK A R, A WL T s A A e 4
A B At T S B 25 S0 N, O B HE, 334 0 R i AT A
FPE . 24 e 4 BE SN, 5t R 2 A B A
FE P 4 A HLZS IR oAb BN, O B i i B 3
1% 5 Gregorich 27 BIF 5 1 % B it [ A5 HLIE Ak 8 Y
N,O BEiHE (0.99 kg/ (hm’ - a) ) 8K F it FH AL IE
LB (2. 82 kg/(hm®-a) ), X 5 A B 58 45 36 A0 L
HHLA 2 35 A A RO A, 3 2 25 B e
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TE 2506 AU B B0 R AR IE TS 4 A HILAE Mt P i 1 99
N, O HE 7 38 4 K T 54 g A B Ak B 5 2 s 25 g
FE 4 B2 WY 10 R AR R B 0 T, N 26 b i g
P/ KAE K ZE N, O HEB R K T IR 240 B, 1 4 3%
A FERAR . T UL, DR 6 X BR A RO T R
B A L B A2 4 R R [ AL E R g
N, O R B 5 M o A [
3.2 HEBERT 1 N,O HER &8 E 0

KT N,O HEuk &8, A 22 35 15 A AN [\ Y 45
Wo REH S R THIERE B 0 N0 Hik R
KR 0. 46% 7247 3 £ Fk % P M A5 A L R K %
N,O HERCHI L RN 0. 68% ~1.04% ; T 45> Il 5
M3 mE B ROk ZE AR N0 HE G 2k RN
0.76% ~0.93% ; tLA45 BF 52 % 18 45 1 Fhof K 14 32 10
+ 4 N,0 HE R B AL A 0.10% ~0.25% ;% 86
W4 b N, O HERUR e BRI BN 3 LR
Ak R FH AR J2 530 8l IR ARHY 26 1 R 3Rk A%, Tl A%
WF5E W, 7E 180 ~300 kg/hm” (1) AL jiti FH 42, i
ER T 4 N, O HE A 3.92 ~8.25 kg/hm® 43 1
Y FUIE Y 0. 84% ~ 1.46% | 3 JR X Fl 2% 5
F9 5 R T B s, — TR AR R X 3 T UL
ARG FEL A S0 6, A e R e A IR R R, B
A H AT TSRS, e AL VR 42 it
TR R A R R T, B 80 OGS
B AR By N,O e b, o — AR 5 2 %
LTI 4 4, CK Ak F1 K I ) AS it A , 35 faf v fik 24
(1) B A S B A6 AR FH B0 JES 40 P S /0 N, O el A
i H A Ak B R AR L B N, O HE R Mo A
A /N, Cao 2 75 S HIBT FE 15 B /9 N,0 HE
BB 1.09% ~ 1.63% , 3% 5 A i B 45 5 Mk 5
B PR A 45 Y A R ML R K T BT SE A5 F) N, O i R
it EUIE R 1 0. 88% ~ 1. 63% , 45 MY 1) it % R i 06
i DX T 2 FLAR S, 5 A 6 TS 30 90 T R A
WK SRR s A 2 3 — BRS04
Tt T e A5 IR, S RE AR B - N, O R Y ix
WIIE T AR ZEE
3.3 N,OHiMES5%WEFHIEXEIERSH

AWFFEF W], N, O HEHCHE 5 - w8 A L B
AELL T AHE S em TR R 8y 5L B S 3 Y G A
KER, GHEEKEEREEXAR,HS S em F
JERIRA S KFEM L, LT A S N,0 HEjGH &
FKRT R, U, S R R 5 R A
N, O Ze 45l ik i 5 8 R 7, 100 G842 40 7 2 91, A
I 43 NH,-N,NO, -N & & X} N,0 fFik 3 51k

FH 3 AT RS2 PR HUIE A6 43 i 5 B, S8
SR TR B S B R SRR A, )T S A T 2 W B
8 3k S R A i R HE AT, L 4 0 R AR B M B g
HLA5 4% G A b B E 32 N, O S i 5 H T IRR 2
TSRS RZAAREEEMELR, XG4
R 2285 T AL 5 T R 25 457 BF 72 ik 2, N, 0 ik
RS E RS A S R RN R EIEMX(P <
0.01), YAy A & B m, 7 £ N,0 k%, i
SRR AR B TR SRS
N,0 ZRUBHCE M B R RN 7. 562, A K
A AR AR R 77 A 1 N,O g /b 1t 6 T IR X N,0
SR R S A B AN TR0 A5, e I 2 25 7 FE 5T
T kA H N,O HEss 2, N,0 1 Hk B 5 Hb
% 0 cm A1 10 em )2 {9 BE R HUIE (P <0.05) 5
HE EL2 % Hol U F 5 em S5 N,0
i e W3 OF A 6 {EL7E e R O, NL O HE il 32
7 SRR L, I I P 5 1 JEE 40 T R 4 4 5 A
PR (20, 3% S AR R 45 AL . 25 BTk, 1 IR
P4 N0 HERZ — R BB T i, {5 1
WIS N, O HERCHE Sy S % IR 2 R EHLA &
B, T 5 D30 AR R A 3k T AR X h 3 NL O HE
i T

4 it

(1) A HLAE 35 AR it FFY ), 9 S 42 i N, O A i
JCo AE— YU K i A 8 N B 5 374 R A HLIE
AL FE Y N, O (1 HE icHE &AL F 100% 6 AL &b 3, 1M
FESE 7/8 K, R R A HLIE AR AL B &5 F 100% 1k
JEARHE K AE 45 1k ) AT b B N, O HEiE &
3 T AN it AR A B A HLAE B AR Ak B S T 100%
FRRE b3, B % B 1] HE RS, 45 A0 B N, O HE i il
FER

(2) 76 15 48 2 & 1A U /K it IE 1 1), 100 % 1k A
AbF N, O HE LR F 2 A AL B it b 2 i
HE 7K it AE A5 1E 5, A PLAE AL BE A N, O HE il & 3
5T 100% AL B Ak B, A= 4778 HLIE i it £6 A Ak 2 HE
WOE B K. LA AR TR R b
JIE i il A5 LA B A T N, O ik, I DA e A ) A
HILAE A1 5 19 48, ok — i AR 5 ] S B R = Rk
N, O ki HE o

(3) H M 5 40 A Al 42 3 M A5 L e T R IX 4
W HE AR H , 13 NOJ-N i 5 N,0 Mk ¢ R I
B 1 NH, -N X N, O f HE i 3= 2238 4 7] 322 5% i)
YEF, 3R XF N,O HEAY B2 K T 55K 3R,
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