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Effects of controlled—release urea on CO, emission from dry farmland under different mulching patterns

ZHOU Jun—xi'?, ZHAI Xiao—fang'?, SUN Hao-ran', TANG Liang'?, SHEN Yu-fang’

(1.College of Natural Resources and Environment, Northwest A&F University, Yangling 712100, China; 2.State Key Laboratory of Soil Ero-
sion and Dryland Farming on the Loess Plateau, Northwest A&F University, Yangling 712100, China)

Abstract: In order to investigate the effects of controlled—release urea (CRU) on carbon dioxide (CO,) emission from spring maize farm-
land under different mulching patterns on the Loess Plateau, field experiments were conducted at Changwu Agricultural and Ecological Ex-
perimental Station from 2016 to 2018. The experimental treatments included no nitrogen fertilizer application (NO), application of 100%
urea at a rate of 225 kg N-hm™?(N1), and CRU combined with conventional urea application ratio of 1:2 and rate of 225 kg N+hm™2(N2)
under plastic film mulching (FM) and straw mulching(SM). The results showed that CO, emission in dry spring maize farmland increased
first and then decreased, ranging from 3.62 to 248.45 mg CO,—C +m™+h™". There was a significant and positive correlation between CO,
emission rate and soil temperature for 0~10 c¢m soil depths under different treatments. Compared with NO, nitrogen fertilizer application sig-
nificantly increased the CO, emission rate and cumulative CO; emission. The cumulative CO, emission during the growing season of maize
and the whole year for the treatment N2 was significantly lower, by 7.3%~10.12%, relative to N1. There was a significant positive correla-
tion between CO, emission rate and nitrate and ammonium concentrations. Under the same nitrogen application rate, cumulative CO» emis-
sion under straw mulching was higher compared to that under plastic film mulching. These results indicate that CRU and conventional urea
application ratio of 1:2 is beneficial for reducing CO, emission from spring maize fields under different mulching patterns in dry farmland.
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x1 BERBFE
Table 1 Design of field experiment

AL Treatments #3 Mulching patterns

ZJIE Nitrogen fertilizer/kg N +hm™

%5 J& Density/plant-hm™

FNO s o 0 65 000
FNI1 M pFE o IR 225 kg-hm™ 65 000
FN2 b A PERRALIRE IR 2 - B KR F=1:2 225 kg-hm™ 65 000
SNO FEFT AL 0 65 000
SN1 FifrE WHIRE 225 kg-hm™ 65 000
SN2 FhEFFRE 5 PRI IR 2 MR 2 =1:2 225 kg-hm™ 65 000

2016 4F-4 H 24 H#&FR,9 7 15 Hlldk: 201744 H 23
Hi%&Fh,9 H 23 HIk3k.
1.3 Mmisfr5ME R %

SR FH 85 P 25 A0 12— AS0RE 033 3 R A R 2 <
o SRAEARCLHRAR VR A JBE DI 43, A6 PR SN P Bt
R AR 1F SR AE S TR0 PN R AR T2t I, A/ N X 4y
B — A B P < 309 3 B 1) (4 5 v 4093 R S50
em. 50 em. 15 em) o SRFEIHRTIE WA A 7K 88 35, 4R
(K T8 A1 43518 50 em . 50 em 50 em) FULEAE FE B
AR VR PN 00 TOU AL 2 88 WA~ /IN XU DA 78 40T A 46
WA, B UCRFERO 4] IR S E . FE R oRAEK
WIFIR R, F5FG 4 d R 15 dRAE—IRSARRES, , R 5
IR A 4 8:30 3 11:30M, 7E X MK E 5 890,10,
20 min F1 30 min FH 254 = 18 i 28 1Y SRR 5 2 R 4R
50 mL AR AR . il AU RIBE K S, BERR 1~2 d RS —
AR S FFEE20 10 d AN S d, 22 W 2 A 0k
YR AZ B IEH KV PR IEH RS . (RIE Y KAl
M TS (Agilent 7890A ) it T R £ B S AARE iy ik
FRIE 5 AR B Tl R A 25 FID AN 25, 205
AR M 21 mL - min™ B9 5 46 A < (99.999 9% )
FE i COL M A H, SE 28 Ni AL 5 4kl CHL ) F ik
FID A &8 20 A o K 0 # T AR JELEE oA 200 °C, A TR
JE 80 C IR R A S A R A AT AE
HFAPR ISR A TR UE

TR < R A 485 AR R B (O Tl 4 AR
FBRZF] L IM624) 76 SMSRAE T A4l s it , ) o b
22 (0 cm) A1 10 em &b B9 33815 5 DL FE N 258 SR,
PRI 2 PR~ 25 (1A S0 AR BB B ] 1 3 B

Ko RS RS A AEREA 10 d FIFEK
5dN,EH RS 0~20 em 2 1 KE, H 4wt 4 8 d
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T HIARIAT R ) . AR SRR SR AETE
[] — B ) Bt N 2EA T o R R D T 3 K i,
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5 5 b RS 55 A BRRIRS AT 55 A BT84 CO, B
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2016—2017 4EF12017—2018 4 T K 4 K ZR [ K
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[Fi] 420 3 1) WEPS 722 A6 [ Ry 25.4%~96.8% , T b i 7

| MS | FS [ MS [ FS |
3001
: Lo bl (n)
= 250 ® N0
i i ¥ FN1 ;1
i o | E FN2 v
E%Jf 200 ‘
=S 150t !
=
S E |
53 100 4
LW TEEge, oqel® T p%ualmem Y
300
: ! (B)
= 250¢ O SNO
E V SN1
I 5 200 0 SN2
M T
23 150}
5
SE 100t .
o o &
S 501 §T .
© a0 H oY f
ok T 8@%@5 5588 o Q BBBG.@.BSSQ
2016-04-01  2016-08-01  2016-12-01  2017-04-01  2017-08-01  2017-12-01  2018-04-01
H #{ Date

ik R . T

Arrows denote the date of fertilizer application. The same below
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Figure 1 Dynamic change of CO; flux in different treatments
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T Ab B A 8 WEPS SF 29 {E 4 RS FF 7 35 AL H
10.4% ., OGP BT, AN R B 55 Fl it 20 A0 3 COL HE
il B 3 WEPS SR i 25 k56

TG 3] P b R 55 A B O em - 58P 2 3R R A
-2.8~26.3 CZ[0], F& #1455 Ab FRAE -2.8~25.5 ‘CZ[H]
(&1 3) ; [}, M5 25 AL P 10 om 338200 E -3 .2~
27.6 CZ 0], F5 FF 8 25 AL FRAE -3.3~28.7 CCZ [0] . H
KA R (3 3) , ARl AL BRAR HE CO, HE G #3855
I R B 3 TE AR O (P<0.01) o X - 48 COL HE
FGE 5 0 em A1 10 em 3875 B FH W O FE A5 81
FREG AT I (e 4) , TR R RIRCR S R
U, % FEBEAUAE SR 1 R & B, AW 53 i A A Bl b 4
5 R BE A% B 47 U B - 3 COHE G = S Hb R 0
em A110 em + )2 HIFEREE R .
24 T RERS CO.HEMBIZ A

IR it A S 0~20 em TSRS S B AR S A S
HRERIN(E 4) . FEMAEE 10 d N, SR &

FRIER R KO (A S R O s VU R R, UL Py
ANJit 28 NO Ah BV 35 - S A8 SRR B A R 40 ) K
9.68 mg-kg ' F12.01 mg-kg™s N1 &b HAY A A S A
RN 48.49 mg- kg Fl119.77 mg- kg™ N2 b FR Al
AR R F 754 30.35 mg - kg™ F110.05 mg-
ke il UL PRAS A S B 2 B 2 v TR AU B, N
AR FRAE A A S B R T N2 AL FE(P<0.05) . M4
Praeil (3), i RAL T COHERGE i 5 30 TR A
F 5 B IEASE(P<0.05)

3 g

AAIGE IR, P AE A5 A0 PR KA B COLHEGH
AL, 2 PSR A8 Ak . TR IR R
o PR AR 1Y B R COHFGE &= — H i m, T 67
F o BREAR, SRS T B, BRI N R 4 R BRI
IKOF X 5 78 B Tk 42 T S B SR A R A — B,
A H 13 CO, 1 HE I 7 5 0 em F1 10 em 43R B

F2 NELLE CO, RMRHEME (L CO~C-hm™)
Table 2 Accumulative CO; flux in different treatments(t CO>—C +hm™)

H: K Z= Growth season RIHZE Fallow season 44 Annual
4 Lt Ho R o T H B o GERCE Ho B o6 GERCE
Time Treatments Plastic film Corn straw Plastic film Corn straw Plastic film Corn straw
mulching mulching mulching mulching mulching mulching
2016—2017 NO 3.11+0.14¢ 3.35+0.12¢ 0.61+0.03b 0.81+0.05b 3.72+0.21c¢ 4.16+0.26¢
N1 3.71+0.31a 4.12+0.34a 0.84+0.08a 0.92+0.06a 4.55+0.3a 5.04+0.38a
N2 3.34+0.23b 3.58+0.29h 0.85+0.09a 0.95+0.07a 4.19+0.29b 4.53+0.35b
2017—2018 NO 3.12+0.12¢ 3.34+0.11c 0.65+0.04b 0.84+0.04b 3.77+0.12¢ 4.17+0.21¢
N1 3.73+0.28a 3.97+0.38a 0.85+0.08a 0.96+0.07a 4.58+0.28a 4.93+0.32a
N2 3.39+0.19b 3.53+0.34h 0.82+0.10a 0.94+0.11a 4.21+0.32b 4.57+0.37b
e FIME£SD , [ G 7] - B3R R 22 538 1 2 7K1 (P<0.05) .
Note: Average + standard deviation , different letters in the same column indicate significant difference (P<0.05).
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Figure 2 Dynamic change of precipitation and the soil WEFPS in different treatments
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Figure 3 Dynamic change of soil temperature in different soil layers
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®3 COHMBEESERARTMEXE

Table 3 Pearson correlation coefficients between the CO» flux and soil variables

IS TR AT K ALBRE % UL A Rk A g ke
Treatments Soil temperature Water—filled pore space Soil nitrate nitrogen Soil ammonium nitrogen
FNO 0.703%* -0.048 -0.067 0.029
FNI1 0.613%* -0.051 0.282°* 0.263*
FN2 0.669%* -0.054 0.279%* 0.267*
SNO 0.689%* -0.037 -0.079 0.032
SN1 0.659%* -0.045 0.285°% 0.265%*
SN2 0.669%* -0.048 0.281°* 0.273%*

7 04 P<0.05, ##{ 4 P<0.01,
Note : * means P<0.05, **means P<0.01.

F4 TECOHHBES HFRENHTEME

Table 4 Soil CO; flux and soil temperature equation fitting

+ /2 Soil layer/em  ZbF Treatments K J5 2 Quadratic equation R F8%005 72 Exponential equation R
0 FNO ¥=0.152 64°+0.676 9x+7.882 9 0.507 y=8.779 2™ 0.711
FN1 y=0.100 3x°+2.218 4x+5.739 1 0.384 y=8.908 8" 0.731
FN2 y=0.136 7x°+1.44x+6.018 9 0.453 y=8.728 2177 0.709
SNO ¥=0.052 1x°+3.670 7x+7.042 3 0.443 y=12.05 2" 0.683
SN1 y=0.100 3x°+2.987x+10.321 0.452 y=14.543¢"0%% 0.711
SN2 y=0.097x+2.412x+6.566 9 0.453 ¥=9.006 5¢*"°* 0.733
10 FNO y=0.1344"+1.536 7x+4.688 5 0.538 y=8.517 3! 0.745
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Figure 4 Dynamic change of soil nitrate and ammonium at treatments applied with different nitrogen fertilizers
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