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Abstract characteristics were investigated at the different urea ap-

plication rates (0, 160, 320, and 640 kg ha™) and the am-
monia emission factor in the Chinese cabbage cultivation
field was calculated. As application rate of urea applica-
tion increased, ammonia emissions increased propor-
tionally. In 2020 and 2021, cumulative ammonia emis-
sions with urea 320 kg ha™ treatment were 39.3 and 35.2
kg ha, respectively for 2020 and 2021. When urea fertil-
izer was applied, the ammonia emission factors were
0.1217 and 0.1358 NH,"-N kg N kg'' in 2020 and 2021,
respectively.

CONCLUSION(S): Ammonia emissions increased as
application rate of urea increased, and the average ammo-
nia emission factor of the Chinese cabbage cultivation
field for two years was 0.129 NH,-N kg N kg™

BACKGROUND: The main source of ammonia in soils,
South Korea is agricultural emissions (e.g., fertilizer ap-
plication and livestock manure), with the recent emission
inventories reporting them to be approximately 80% of
the total emissions. Ammonia as a pollutant is originated
largely from agricultural activity and is an important con-
tributor to air quality issues in South Korea. The im-
portance of ammonia in agricultural land is also emer-
ging. In this study, the characteristics of ammonia emis-
sion from Chinese cabbage cultivation fields with appli-
cation rates of urea sere were evaluated.

METHODS AND RESULTS: The ammonia emission
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Table 1. Chemical properties of soil used in 2020, 2021
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Table 2. Treatment conditions for fertilizer application (Unit : mm/dd)
Plant Basal Additional fertilization
Year e - 7 3 Harvest
cabbage fertilization 1% treatment 2" treatment 3" treatment
2020 4/8 4/8 4/22 5/11 5/27 6/10
2021 4/10 4/10 4/23 5/8 5/22 6/17

Table 3. Fertilizer application conditions for N-P,Os-K;O

(Urut . N-PzO5-K20)

Basal Additional fertilization
Total e ] 3
Treatment fertilization 1 treat 2" treat. 3 treat.
kg ha™
Control - - - - -
Urea 160 kg ha™ 160-78-198 56.5-78-79 30-0-26 36.5-0-66 36.5-0-26
Urea 320 kg ha™ 320-78-198 113-78-79 60-0-26 73-0-66 73-0-26
Urea 640 kg ha™ 640-78-198 226-78-79 120-0-26 146-0-66 146-0-26
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Fig. 1. Characteristics of ammonia emission under different urea application rates for 2 years [(A) 2020 year, (B) 2021 year, Control

: Urea 0 kg ha', Urea-0.5 : Urea 160 kg ha”, Urea-1

: Urea 320 kg ha', Urea-2 : Urea 640 kg ha’].
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|

Fig. 2. Cumulative ammonia emission and determined ammonia
emission factor under different urea application rates for 2 years
[(A) 2020 year, (B) 2021 year].
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Fig. 3. Precipitation and water filled pore space(WFPS) during growing season of
Chinses cabbage[(A) 2020 year, (B) 2021 year].

Table 4. Effect of urea application rates on growth of Chinese cabbage

v N Leaf No Height Width Weight Yield Yield index
ear Treatment
No. -~ am - g Mg ha™
Control 68.0+10.6d” 27.0+5.0c 13.6+2.6¢ 1130.0£125.5d  27.1422.4c 100
Urea-0.5 75.0+9.8¢ 36.0+3.3b 18.9+2.5b 2698.0+176.1c ~ 64.74+4.2b 239
2020 Urea-1 82.0+17.5b 36.6+2.1ab 20.5t1.4a 3913.0£854.9a  93.9+20.5a 346
Urea-2 92.0+17.1a 37.1+2.5a 21.0t£1.1a 4346.0+323.6a  104.3t7.8a 385
Control 59.8+1.1c 29.6+3.8¢ 14.841.4c 1319.74221.7¢ 39.616.7¢ 100
Urea-0.5 76.9+4.7b 35.1+1.9b 20.2+1.1b 2468.5+242.6b 74.1+£7.3b 187
2021 Urea-1 83.1+2.3ab 35.7+1.0ab 21.1+1.3a 3362.1+287.7a  100.948.6a 255
Urea-2 87.845.6a 36.4+3.3a 21.1+1.9a 3509.94355.8a  105.3+10.7a 266

a) Treatment; Control : Urea 0 kg ha', Urea-0.5 : Urea 160 kg ha, Urea-1 : Urea 320 kg ha”, Urea-2 : Urea 640 kg ha’
b) The same letters are not significantly different (Duncan test, p<0.05).
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Fig. 4. Nutrient uptake of Chinese cabbage growth in
field treated with different urea application rates.
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Table 5. Nutrient content of Chinese cabbage growth in field treated with different urea application rates

) T-N P05 KO CaO MgO Na,O Fe Mn Zn
Treatment®
G =mmmmmmmmmmmmmm e e mg kg -
Control  2.2+0.4c” 1.2+02a 2.9+0.4a 0.8+0.3b 0.5+0.la 0.1+0.02a 339.9+44.7a 53.7+17.2b 74.8+11.9b
2020 Urea-0.5  3.5#04b 1.6t+0.2a 3.5+0.5a 1.6+0.4a 0.6+0.1a 0.2+0.03a 299.0£39.4a 63.6£19.9b 72.4+15.0b
Urea-1 43+0.3ab 1.5#0.2a 2.9+0.4a 1.840.4a 0.7+0.1a 0.3+0.1a 392.4+19.1a 79.0+185b  78.1+6.7b
Urea-2 49+04a 1.7+0.3a 3.0#0.4a 1.5+0.4a 0.7#0.1a 0.3+0.1a 400.3+52.3a 130.5+22.6a 113.7+20.6a
Control 2.7+0.2b 1.240.1a 2.3+0.1a 1.0+0.2a 0.4+0.1a 0.1+0.0la 265.5+42.1a 29.8+7.8a 34.4+4.5a
Urea-0.5 4.2+0.3ab 1.5+0.1a 2.440.1a 0.7#0.1a 0.4+0.1a 0.1+0.02a 231.5+41.3a 29.844.7a  54.5+12.6a
2021 Urea-1 43+0.3ab 1.340.2a 2.3t0.1a 0.740.1a 0.3t0.1a 0.1+0.0la 82.3+11.6a 28.743.7a  48.4t8.5a
Urea-2 45+03a 1.240.1a 2.5+#0.7a 0.4+0.1a 0.3#0.1a 0.1£0.02a 62.6+6.9a  31.1+10.6a 42.9+7.8a

a) Treatment; Control : Urea 0 kg ha’, Urea-0.5 : Urea 160 kg ha”, Urea-1 : Urea 320 kg ha”, Urea-2 : Urea 640 kg ha
b) The same letters are not significantly different (Duncan test, p<0.05)
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Table 6. Chemical characteristic in soil treated with different urea application rates
I 2 pH EC oM T-N Avail. P05
reatment
1:5 dsm?' e g kg -meoeeee- mg kg’
Control 5.2640.1b" 0.21+0.02a 16.02+1.2a 0.95£0.02a 186.54+24.1b
2000 Urea-0.5 5.45+0.2a 0.24+0.01a 14.48+0.2a 0.85£0.01b 173.14+36.3b
Urea-1 5.76+0.6a 0.2240.02a 12.87+1.3a 0.9140.01ab 192.65+37.1b
Urea-2 5.60£0.3a 0.20+0.03a 16.42+0.4a 0.97£0.01a 213.59+28.6a
Control 6.17+0.6b 0.22+0.01b 15.26+3.8a 0.87+0.01b 210.30448.1b
Urea-0.5 6.65+0.5a 0.73+0.4ab 14.31£3.0a 0.96+0.01a 255.94+41.5a
2021 Urea-1 7.1940.7a 1.58+0.3a 10.13+6.8a 0.63+0.04c 256.78+83.4a
Urea-2 6.6740.9a 1.714£0.3a 13.38+4.7a 0.87+0.05b 203.07+96.3b
T 2 K Ca Mg Na Fe Mn Zn
reatment
------------------ cmol” kg -mmemmmeemeeeeeee e Mg kg oeeeee-
Control  04610.1a 431032  1.65:0.03a  0.07:0.00la 22.18160a 27.75t10a  293:03a
2000 Urea-0.5 0.34£0.1a 5.7841.2a 1.7140.1a 0.07£0.002a 19.50+4.4a  22.56+2.4a 2.1440.2a
Urea-1 0.39+£0.01a  5.30+1.6a 1.79+0.4a 0.0840.01a 16.63+4.0a  22.59+6.2a 2.1340.3a
Urea-2 0.33£0.04a  5.06+0.7a 1.9310.3a 0.06£0.002a  24.37+2.0a  22.88+4.7a 2.4940.2a
Control 0.49+0.1b  6.06t1.2a 1.87+0.3a 0.06£0.002a  28.34+5.4a  24.27+6.7a 2.58+0.4a
Urea-0.5 1.14+0.4a 7.70+1.4a 1.9240.3a 0.06£0.004a  28.23+4.7a  25.09+5.7a 2.4740.4a
2021 Urea-1 1.29+0.3a  8.89+1.6a 2.1140.2a 0.07£0.005a  22.7049.8a  24.99+5.2a 2.67+0.5a
Urea-2 0.9940.6ab  7.38+1.9a 2.00+0.5a 0.07+0.005a  17.39+£10.2a  29.44+6.5a  2.44+0.04a

a) Treatment; Control : Urea 0 kg ha”, Urea-0.5 : Urea 160 kg ha™, Urea-1 : Urea 320 kg ha”, Urea-2 : Urea 640 kg ha
b) The same letters are not significantly different (Duncan test, p<0.05)
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