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Abstract: [ Objectives ] Controlling N,O emission is an important task in nitrogen management during crop
production. Under drip irrigation condition, we studied the mechanism of controlled release fertilizer reducing
N,O emission, and the possibility of reducing total nitrogen input through replacement of basal applied urea by
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controlled-release fertilizer. [ Methods ] A micro-plot field experiment was conducted inside greenhouse for
consecutive three years, using tomato cultivar of 'Shengshihuihuang' as test material. 40% of nitrogen were basal
applied before transplanting and 60% were top dressed with drip irrigation. Five treatments included no nitrogen
input control (CK), routine N rate with urea basal applied (N 440 kg/hm’, U), 20% less N input with urea basal
applied (N 376 kg/hm®, —20%U), routine N rate with controlled-release fertilizer basal applied (N 440 kg/hm?,
CRU) and 20% less N input with CRU basal applied (N 376 kg/hm?*, —20%CRU). Within the 15 days of basal
application, soil gas samples were collected every day, within 8 days of each topdressing, the gas sample were
collected every other days and collected three times, and the N,O emission flux was measured by static box-
chromatography method. Soil samples were collected at the 40, 80 and 120 days after transplanting, and soil
physical and chemical properties were measured using conventional methods, and the number of related microbe
and functional genes were measured by real-time fluorescence quantitative method. At harvest, the tomato yields
were investigated and the nitrogen contents were determined. [ Results ] Compared with U treatment, CRU
treatments postponed the appearance of peak N,O emission after basal fertilization from 8—13 days to 28-32
days, and significantly reduced peak emission flux. After topdressing, the peak emission occurred in 3—5 days
in all treatments, while the two CRU treatments reduced the peak N,O emission flux. Under the same amount of
N input, the CRUs significantly reduced N,O emission flux and NO;™ accumulation in soil during basal and
topdressing fertilizer stages. The total soil N,O emission was significantly reduced by 24.8% in CRU treatment,
and by 22.1% in —20%CRU treatment during the whole growing season; the content of NH,'-N and NO; -N and
the number of AOA amoAd, AOB amoA and nirK were significantly reduced, the number of #nirS was also reduced
during growing season. Compared with U treatment, the yield and economic benefit of tomato were
significantly increased in CRU treatment, and the yield in —20%U treatment was not changed significantly,
while the economic benefit were increased. [ Conclusions ] Replacing urea with controlled-release fertilizer as
basal fertilizer could significantly delay the appearance of peak N,O emission and emission intensity at the early
stage of tomato growth, and reduce more than 20% of total N,O emission during the whole growth period. The
reason for it is the decreased NH,'-N and NO, -N contents and the number of microbial related to nitrification and
denitrification in soil. The total nitrogen fertilizer input could be properly reduced if use slow-release fertilizer as
basal fertilizer in tomato under drip irrigation.
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Table 1 Details of nitrogen application amount in each treatment

A3 LA Base fertilizer iB AL Topdressing
Treatment A HUIE Manure ALAE Chemical 2 1 K First time % 2 ¥X Second time % 3 IK Third time
CK 0 0 0 0 0
U 120.0 128.0 76.8 38.4 76.8
—20%U 120.0 102.4 614 30.7 61.4
CRU 120.0 128.0 76.8 384 76.8
-20%CRU 120.0 102.4 61.4 30.7 61.4

i (Note) : U—JRZ Urea; CRU—5BJRZE Controlled-release urea.
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Table 2 Target genes and primers used in fluorescent
quantitative PCR

A Gene 514 Specific primer sequences

AOA amoA  Arch amoA F 5-STAATGGTCTGGCTTAGACG-3'
Arch amoA R 5-GCGGCCATCCATCTGTATGT-3'

AOB amoA amoA-1F 5-GGGGTTTCTACTGGTGGT-3'
amoA-2 R 5'-CCCCTCKGSAAAGCCTTCTTC-3'

nirS nirS4 F 5'-TTCRTCAAGACSCAYCCGAA-3'
nirS6 R 5'-CGTTGAACTTRCCGGT-3'
nirk FlaCu 5'-ATCATGGTSCTGCCGCG-3'

R3Cu 5'-GCCTCGATCAGRTTGTGGTT-3'
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Fig.1 Tomato yield under different treatments
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Table 3 Economic benefits of tomato production under different treatments
AEBHEA Fertilizer input

IR

L ! RS HLIE e e KR A Economic
Treatment Output Commercial Potassium Phosphorous Soluble Nitrogen benefit

organic fertilizer fertilizer fertilizer fertilizer fertilizer

CK 233016 9000 0 0 0 0 233016
U 423120 9000 1670 577 4608 696 406569
—20%U 390600 9000 1756 605 3686 557 373153
CRU 488840 9000 1670 571 4608 1067 469614
—20%CRU 463040 9000 1756 605 3686 853 445297

7 (Note) : U—JR#ZE Urea; CRU—EREIRE Controlled-release urea. i i A3 HLALHI#% The price of commercial organic fertilizer: 600
yuan/t; JREM#% The price of urea: 2500 yuan/t; #EBEIKE The price of controlled-release N fertilizer: 3500 yuan/t; /KIEHEM 4% The price of
water-soluble fertilizer: 20 yuan/kg; HLIFEAE The price of phosphate fertilizer [Ca (H,PO,) , 14%]: 1000 yuan/t; HLIRAIAEM4% Potash fertilizer
price (K,SO,, 50%): 3500 yuan/t; ZFAf{/4% Tomato price: 4.0 yuan/kg.
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Fig. 2 Dynamics changes of N,O emission fluxes under different treatments
[I¥ (Note) : U—JRZFE Urea; CRU—EFJKZE Controlled-release urea.
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Fig. 3 N,O emission fluxes and N,O accumulation emissions at different growth period of tomato under different treatments
[ (Note) : HE EAF/ING FRERIRAL B 22 5 35

Different lowercase letters above the bars indicate significant difference among treatments at 0.05 level.]
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Table 4 N,O emission accumulation and emission intensity
of N,O under different treatments

SLEL] ZRHERE (N kg/hm?) HEGRE (N g/t)

Treatment Cumulative emission Emission intensity
CK 1.62+0.11d 2924+123b
U 523+039%a 4931+251a
-20%U 4.52+0.35ab 46.15+1.83 a
CRU 4.19+£0.37 be 3427+192b
—20%CRU 3.70+0.25¢ 3333+1.64b

¥ (Note) : [FIFVEESE ARG FREF R A0 B8] 22 5 . 2%
(P < 0.05) Values followed by different lowercase letters indicate
significant difference among treatments at 0.05 level.

FEAHI, U, —20%U. CRU, —20%CRUAbLFE i 21
T AR . 2% NH-N I NO, -N & (P <
0.05), 5 UM, —20%U. CRU AbBR B E &K T
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nirS Ml nirkK Fim i —5, 2N CK <
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c 7t 37 Ao oA AR it A HLAR . 2. NH,-N
NO,-N LUK Z 554k 5 SO AV F i 5% i 3k PR T 5
Wi -3 N,O HEFK .

3 e

3.1 ERSESKFBEMESHET N,O HEMEFHE
s 3-Au]FSES

+ 4 N,O /= A MR AN 22 HIER R & i
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TR R GBI IUE 5 N,O SARHER Y Sk A
e, A RS H N,O AYHEHGHE & fifi % AUt A
S8 T 2, G e R R A
IEA S FR AR S0 220 ] I, A PR
Jiti 2R BE AT R AR AR B PR it SRR 177 5 B2 1 38 NLO Y
B AR . X AT AR — 8, A 20%
(—20%U Kb A T 13 N,O HEiE &, U H
JIEL S0 0% HE sl . X R i T AR i A S 3
NH, 1 NO, V& B s 34 I, A A 4 S8 1k Fn S il 4k
VEFRM EZR Yy, e i ok S 80wy 16 A il
At R S T A G NLO 77 A R s e, A fF
FEM A RABUESS , AL N 5 5 304 g b NH, A
NO, F 3, i U 4P+ 3 rp NH, Fil NO, % it fix

®5 TRLETHREUMER

Table 5 Soil physical and chemical properties under different treatments

Kb HH Treatment pH HHLK SOC (g/kg) 2% Total N (g/kg) NO,-N (mg/kg) NH,*-N (mg/kg)
CK 7.53+0.03a 12.59+0.65b 1.74+0.06 b 11.98 +£0.69 ¢ 0.60+0.14d
U 7.50+0.02 a 2890+ 1.88 a 339+0.16a 82.58 £2.69a 3.73+0.28 a
—-20%U 7.54+£0.02a 30.69+1.10a 3.17+0.15a 62.69+348b 275+0.14b
CRU 7.53+0.04a 31.57+1.78a 348+0.19a 55.93+3.58¢ 2.42+0.16 be
—20%CRU 7.57+0.02a 28.51+1.65a 3.19+0.18a 4847 £2.11d 2.24+0.13 ¢

# (Note) : [FFNEHEFEARF/ING FE:F£/RAPRA] 22 53 B2 (P < 0.05) Values followed by different lowercase letters indicate significant

difference among treatments at the 0.05 level.
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