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ABSTRACT
Received: January 31, 2023 Nitrogen (N) has been considered one of the vital elements to enhance agricultural productivity. However,
Revised: February 20, 2023 excessive use of N fertilizer can deteriorate environmental quality, increasing ammonia (NHs) and greenhouse

gases (GHGs) emissions from agricultural ecosystems. The combined use of inorganic and organic fertilizers
may improve nutrient holding capacity, which can potentially reduce N losses (NH; and N,O), resulting in
high N use efficiency (NUE) and crop productivity. To investigate gaseous N losses and NUE in a maize (Zea
mays L.) field experiment, four treatments for N fertilizers were laid out: NPK (urea), compost (compost),

Accepted: February 21, 2023

Edited by NPK+Compost (urea and compost), and control (no fertilizer) treatments. As compared to the control, seasonal
Chang Hoon Lee, NH; emissions significantly increased with all fertilization. In particular, combination of organic and inorganic
Korea National College of fertilizers was effective on reducing N losses including NHj3 volatilizations and N,O emissions, showing ca.

Agriculture and Fisheries, Korea ~ 16% and 47% reduction, respectively over sole NPK treatment even though the same amount of N was incor-
porated in all treatments except the control. Maize productivity was significantly improved by N fertilizations,
but was the highest in the NPK+Compost treatment, showing no statistical difference with NPK treatment. The

ORCID NUE was the highest in the NPK treatment (35%) and followed by NPK~+Compost (27%), compost (11%),

Sang Yoon Kim respectively. In conclusion, mixing of organic-inorganic fertilizers could be a reasonable countermeasure to

https://orcid.org/0000-0003-4914-3080  reduce the loss of gaseous N and simultaneously maintain productivity and NUE in agricultural soils.
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The amount of ammonia volatilization, nitrous oxide emission and total gaseous N losses at different N fertilization
regimes from maize-growing soil.

Total N input NH;-N loss N,O-N loss Total N losses
Treatments 1 1 1 .
(kg ha™) (kgha™) (kg ha™) (kg ha™) (%)
Control - 424¢" 0.84 b 5.08¢ -
NPK 158 6.74 a 293 a 9.66 a 6.11a
Compost 158 4.50¢ 1.44b 594 ¢ 376 b
NPK-+Compost 158 5.64b 1.55b 7.19b 4.55b

"Different letters for each row showed a significant difference at p < 0.05 according to LSD’s test.

Introduction

T QT F7I0 A0 2 AR R AR F2 919 ol oh e B4 8.4 Shbch (Valinet
al., 2014). SPAIEE G220 A1§2 : =707 5

7R oA i o] 8 8ES AAAE 5= Tt (Dlmkpa etal., 2020)
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- 714 HR] £8-2 EYOA 718 v5& ol EFES FIA7IH, EGolA] ol -8 (cation
exchangeable capacity, CEC)= SZIAA HA R oA A4 248 G314 0 2 A 7P 7|+=Heto] = 4= QIt} (Pernes-
Debuyser and Tessier, 2004; Liu et al., 2021; An et al., 2022). whebA] B Ao A= 24 Al B EQFoA] - B
714 H|7 5.80] 7IAE] AALA 27t g A4 o] 8 Z o] n] 2= oJekS BHrstert.

Materials and Methods

ZEAX| A KRR - F71d HlR0) B8 auks XA SlE e A st W ATE

AL LA A A H-2 25Tt BA EFe] slshA EAL-pH 7.8, EC 0.4 dS m™, Total C 7.5 gkg™, Total N 0.6
g kg & AHATLL 5T P40 AGTLNA $HFITE (An et al., 2022). FALERE §55 (Zea mays L)E
ket o AR E] 89 20971 % 8027 AotAct. Azl 9 ol & 35k H2]s}g
o Al TXH (control), 2712 W] T8 A2} (NPK), 4712 1] T8 42} 7 (compost) %- 7]
A £§ AT (NPK-+Compost, 50:50)2 ettt Z12ke] Aelol 27154 2esivety 224 )z
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AREARF (NIAST, 2019)0f] A 2420 HEFA|H[EFRI N-P,05-K,0 (158-30-63 kg ha)& 7|52 2 425130
™, TS Alelgt A2 ollA BE -5t o] HAE Q4 (urea) Fi= E|H|E A 2lol3it) Hl== A4 2 7]
H|9} YA 45 & F0] 2 F 23] BAJt] F9lom, & A AH[RRE 7150 2 2F7} 50% 4] A2lotgint. o, EH] =
& 427|739 EHl= A 71H 2 A2l Hlm Y] $ B Bld A A& 5180 H, L4420 x 30
em®] ZHAAZ 2 R AR 874 ZE RF0 2 HASIGITE Bt AFARh Ajulvte] 2 HlE A 2 Asat
1 Anetal. (2022)9] =l 7]&5I51Th Al §714 Hla= ARSE EH]= LR AR EJH|E ARSI 0 H, 315t
2 EXS pH 7.5, Total C 268 g kg, Total N 19.7 g kg™, NH," 1,089 mg kg™ 2 A= ATt (An et al., 2022).

ATLIOF FIAZ U ORMEIA WIEY ZA 255 A/ 5 Qhmulo} AR A (static

chamber method)2- 0|85} EX5ITE (Lee et al., 2021). Yo} 714 2] TS QI3 HHZA 0.011 m* (A5 12
cm, 3£°]: 30 cm) 2] YFF T of2E HHE 7} A]of 3HHE.0 2 A5l 7k 2L 244K B4t o] Fof
o HlE AH] 2% A7 1A 13], 71 o]Foll= uiETe] T4 A aisto] 5= 1 - 23] AAIsI3IT: PR Yofe]

=2 Indophenol blue methodE ¢85t} (Searle, 1984). A7 |7t 5 MiEE = & Gy o] Bitake A8

S Zdarste] A=) ATt (Yang et al., 2020). 217] 5 obitebd A0] v &2 718 Aol A ARS= AL Q=4
HEH-S- o]-8-5to] W75 (Choi et al., 2020; Lee et al., 2020). 7 A2 F = 2+ 4| 2]of] 38HE-© 2 headspace -1
0.0047 m* (A& 17.5 cm, %=°]: 19.8 cm) 2] Y= HHE 2510, F 239] oprbeld 4 0] vl &aFo| HigkS Uer
U= 274 10 - 11A] Ate]ofl 3027+ Zgsteint. &, Aul7 17 5 vilE == oriteba Ao vilEw) B SHlEshe A1
Ao] B ATFE 51T} (An et al., 2022).
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Apparent recovery efficiency (%) = (N¢- Ny) / N, x 100 (Eq.- 1)

o AR A W 2 A4 B (kg ha)
N, : 2= (control) W 2HE A A S4=7F (kg ha™)
N, : Hl= 24 5905k (kgha)

EARM 2 A= SAS package (SAS Institute Inc., Cary, NC, USA)E AF25}0] U HARRLAS 438
STk A2t BAIA o7t QIAH 749 AR 2442 4238619 1, o] o least significant difference (LSD)E
0] 83101 5% (p < 0.05) FE2] GOl Oﬂ/ﬂ A2 7t 8-S H|wsHeITh
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Results and Discussion

QATLIO} BIAE U OMABIEIA HHEZ Ty} 55 A717H E9tdAH] R Ao B shmujol 14 7]
AV} oPISPA 4 Y Wi E RS e Ak TR} 2 (Fig 1), A4 E A& ol otmuiole] §latero] 27}
]
ol

i

0|

st em, 55] 78] 2] & 257 At A EE NPK 2 2joflA 71 2 Fo 5 S715130H o % 4] #4071

o] At AT HiE o] A E] T ol Foll= 79 HHEFM QT optebd A TR ol niRbr A 2 A
H] 2] 3257} 2 A|HHE TA STl ARS B9l on E5] NPK A2 oA 714 & Z o 2 Z71gc) &
T A7 1I7Et Aan] g 2ol mE (R yote] SR 3 okl A FHlERe WUk Avte vt
Tf (Table 1). FE L] -, Control #2]7tof] HISH AR] 2 2fatds wf ZRFA =2 f1ito] F7Istl.om, 11 g2
22| B & Z}7}4.24, 6.74, 4.50, 5.64 kg ha' o] 2{TE NPK oA 714 =8 h& Bom, Tof Hs) 5] Aas
#] 2] NPK+Compost #|2]ollA= U ote] Flatel 16%7 1 A= 1t obiteld 40] FuiE=s2 742l
Bl AlETA 2|5k = ol 2A| S5 2™, £5] NPK A 2lofA 7F &2 HilE= B3t o, Ry ool nidr}
A2 FFe g Astiaole Estal obitekd A BiEo] NPK+Compost 42|74 NPK #]2]7-: ot
47%7 Vg A=A 2 AolM e APATet mr x| & EH]er 22 f7H| = 0] 80| EG U Fol2u g
2R3 Z715191 1 (Roba, 2018; An et al., 2022), ©]2 Q15| E9F U] AuF2]0] oFRH .6 so] FjAE]o] H40] £410]
A a4 AN Ao g wekE)
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Fig. 1. Accumulated gasous N fluxes including ammonia volatilization rates (left) and nitrous oxide (right) at different N
fertilization regimes in maize fields during cultivation.

Table 1. The amount of ammonia volatilization, nitrous oxide emission and total gaseous N losses under different N
fertilization regimes during whole cultivation periods.

Total N input NH;-N loss N,O-N loss Total N losses
Treatments B R R E
(kg ha™) (kg ha™) (kg ha™) (kg ha™) (%)
Control - 424 c" 0.84 b 5.08 ¢ -
NPK 158 6.74 a 293 a 9.66 a 6.11a
Compost 158 4.50c¢ 1.44b 594c 3.76 b
NPK+Compost 158 5.64b 1.55b 7.19b 455b

TDifferent letters for each row showed a significant difference at p < 0.05 according to LSD’s test.
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2010; Liu et al., 2021; An et al., 2022). 2= A0} A A G888 o] 8ol A4 o] 8 §-8& TARHEYINPK,
Compost, NPK+Compost A2l Z¥2} 34.6, 10.6, 26.6% 2 HYEFHTE NPK A2 oA 7Y =2 G688 HA]
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Table 2. Characteristics of maize productivity, N contents, N uptake, and N use efficiency under different N fertilization
regimes after the harvesting.

Treatment Control NPK Compost NPK+Compost
N fertilization (kg ha™) - 158 158 158
Maize productivity (Mg d.w ha™)
Shoot 460b" 6.10a 5.60 ab 6.29 a
Root 0.68 b 1.04a 0.96 ab 1.23a
Grain 2.79b 475a 3.77 ab 48l a
Total 8.07b 119a 10.3 ab 123 a
N content (g kg™)
Shoot 10.0 ab 115a 93b 9.6b
Root 4.62b 7.07 a 4440 497b
Grain 14.1a 148 a 133 a 14.0 a
Total 28.8b 334a 27.0b 28.6b
N uptake (kg ha™)
Shoot 46.4 c 69.7 a 51.9 be 60.7 ab
Root 3.15b 7.26 a 428D 6.06 a
Grain 39.0b 703 a 50.2 ab 66.8 a
Total 88.6 ¢ 1473 a 106.4 be 133.5 ab
Apparent recovery efficiency (%) - 346a 10.6 b 26.6 ab

"Different letters for each row showed a significant difference at p < 0.05 according to LSD’s test.
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Conclusions

o1 = 2=
7] AGAZAL, A B 7P e o R S7AZ Aael8ael] B 71 v B Aol 7t
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