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Abstract: Nitrogen fertilizers must be applied repeatedly during crop cultivation. The
agricultural sector has set a goal of reducing nitrogen fertilizer usage to 23%, from
2022 to 115kg/ha, 2030. Currently, fertilizer is spread on the farming fields and then
mixed with the field soil using rotary operations. Deep fertilization treatment entailed
injecting basal fertilizer 25-30cm deep into the soil using a deep fertilization device
attached to a tractor. For onions, added fertilization using nitrogen fertilizer was omitted
once out of three times, and for wheat, once out of two times. For forage corn, added
fertilization was reduced by 50%. After crop cultivation, the yield of the deep fertilization
treatment significantly increased by 52% for onion, 26% for wheat, and 29% for forage
corn, respectively, compared to the conventional surface fertilization treatment. Therefore,
deep fertilization could reduce the amount of nitrogen fertilizer used as fertilization
by 22% for onions, 25% for wheat, and 25% for forage corn. It was concluded that
deep fertilization of basal fertilizer in cultivating onions, wheat, and forage corn can
reduce the amount of nitrogen fertilizer used to increase production. The deep fertilization
technology is expected to be a low-carbon agricultural technology.
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Zl&/ o] a7-gel w2t 20308714 AR 115 kg/ha® 20220 H T 23% A5 SRS ¢S w1 At

= [e) ;é']_
RS Atk A2 2A7EA] oM AE Atele Ada 7leolth Aara AR o] okt AEa w19 gHE
AsiME sdJAY ALAR] HoIE FET 5 A=F 229 +EF A4 Qe AN AT 4 Ve @
Hgo] dasitt. dA FegolMe HRE EY B A3 & 2] A} 508 EYH EE FE AR HEE
AESEAL QLo o] A2 AR o 14%7F YEUYOKNHy) 7IA7F &=l HlEo] o3 #d=e ZA-l At

Yyt A A= F83t 157 =X Al 229 AAH| R AMSFS R 83(Brassica rapa L.), s (Allium sativum
L.), ¥1H(Allium cepa L.), F-(Raphanus sativus L.), 33(Lactuca serriola L.), A-EM(Perilla frutescens L.), 1L5(Caspicum annuum
L) &0 7 o] AREsit) ESE o]& Ay 77 ZEQ] AA ARETF £ 7)Y (basal fertilizer)2} 3H](added fertilizer)Q] H| &S
HH 7147} 33~50%, F:H]7} 50~67%5 AFAI5to] R AMGEE d40] AMEE €9 & Qe AAI7F BrhEEE HmA
S 52} AR, 2022, FHEAAETY). FuHe] EFAH|FZ 250-77-154 (N-P,05-K,0) kg/hao|w, H40] 7]H|F-Z 80
kg/ha, B2 170 kg/hao]t}, WO HEAJH|TF 91-74-39 (N-P,0s-K,0) kg/ha 5 ZAALA|H|FFE 7|H| 2 46 kg/ha, F-H|Z 45
kg/haS ARSSICE &, ZAMR 2540] HFAJH|FF 200-150-150 (N-P,05-K,0) kg/ha 5 AAAH|ZFS 7|H]Z 100 kg/ha, S£H|Z
100 kg/ha® AHEET. olg} o] aAlNIo] e Mo Hoke o, FAR S, We] AAuE ALSF A7 v|RAE
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Nongwoodaeho)E 45ttt Futo] AJH|RFS HEA|H|FF 250-77-154 (N-P,05-K,0) kg/haof|

2o vlgE HAfote] EF & 25~30 cmol] FYSIA L, HHAH] APl QIFoR EQF HHo| Axgt & HE Z HA Y
08 EdYAtet & THEES ket FHl= A4 170 kg/hat 22| 96 kg/has 38|12 Wro] BSAA7IQ 20249 2, 3,
4ol gt B8 Sl d EHo] wjF-4] H]ZAET](BK 7000, £, $=HE ol&oto] AESHTt 20244 69 6
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U (Triticum aestivum L.)2] A|@RZAL HAE AF ol A Ho|| AR P A5Fstd ESAA| Lo AXJstct. Zo|AESF
719k HAH] A= 20239 109 17Y90] SFHT 10Y 2380 FFY F5(Var. Hwangumal)S 1HE5t3I T U AJH[RFRS HEA]
H|ZF 91-74-39 (N-P,05-K,0) kg/haol] &oF3iTh. 33Y9] HHAIH] H2jet Zo|AEF7] el 5Ue 71H] Al8[=F 46-74-39
(N-P,05-K;0) kg/has A 2[55It Zo|AEF7] A= AolAES7] ZAo| HIZE AAst] EYF & 25~30 cmo]] FU5HA
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Table 1. Method of basal fertilizer and added fertilizer treatments depend on several crops

Crop Treatment Basal fertilization Added fertilization Nitrogen reduction ratio
SS Basal fertilization by SS Three times -
Onion
FDP Basal fertilization by FDP Two times 22%
SS Basal fertilization by SS Two times -
Wheat FDP1 Basal fertilization by FDP Two times -
FDP2 Basal fertilization by FDP One time 25%
SS Basal fertilization by SS One time -
Forage corn
FDP Basal fertilization by FDP 50% of amount of add fertilization 25%

SS: surface spray, FDP: fertilizer deep placement at 25~30 cm depth

20249 69 3o ATE WET 3.3 m*Y $sto] EHF & Y Y FFFHRLE A

ZAMR P (Zea mays L)9] ARG AE HIA FLH AAE Q] s7t27o] At 2ol AEF719 HAH]
A= 20249 4 2790) SHRUIL 5¥ 4o AR Sp4 FF5Q FES(Var. Khwangpyoungok) & 3HE5I1th £AMR S5
AR EFZABT 200-150-150 (N-P,05-K,0) kg/haoll =5H3ieh. #F 2] EHAH] 22|et Zo|AEF7] A= 54T 714
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2 Ado] ALE B Al A o]alsH g2 Table 29t ot fa Q14 o2 Al gt 350~450 mg/kg, B
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Table 2. Chemical property of soil used field experiment

Crops pH EC oM Available P,0s TN Ex. Cations (cmol/kg)
(1:5) (dS/m) (9/kg) (mg/kg) (%) Ca K Mg
Onion 5.1 0.22 26.7 537 0.14 342 0.35 0.72
Wheat 6.5 0.52 325 774 0.18 731 1.00 217
Forage Corn 6.8 0.77 443 619 0.22 143 7.69 374
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Fig. 1. Device for deep placement of fertilizer.

HIo|E SAHIA=

=24 9 ZAARRE B4 #7]A] RS o]8dlo] FARFR A (Least Significant Differences Test)S 4ot

ant g &

Qol7A8527] X2) & o] Serg 2AVG AT Table 37 2tk 4:3k0) SRl U 1709 AABL HEAH] A2l
7} 226 g ROABFT] AT 344 gOF 5206 Z7HSIAL BAHOR FI3t Hol(p<0.05)Z LAk ko] Ut 71
BAZFS 8% S71SAL B, U, B7] 5 A AR HBAY GAFL s6% ZH90m FAHOR D= A7t Hol

(p<0.0)Z LrERRITE.

Table 3. Effects of fertilizer deep placement on yield of onion

Treatment Bulb V‘zii)ght @ Leaf, ster?B\;veight (9) Totazlc\i/ziﬂgt (9)
SS 226.3+32.5% 33.7+2.1 260.0+34.5
FDP 343.3+48.1 68.0£14.0 411.3+43.5
LSD (P<0.05), (P<0.01) * % .

SS: surface spray, FDP: fertilizer deep placement at 25~30 cm depth, *: standard error, LSD: least significant difference test

i

Qo1A8%7 A2 T 0] FYTHAL D FFL 2AT AT Table 49} 2k, W SFFHRA F Lol ABF
A2l o|ak, oA B, 10008%0] 715tk W] See o|A8] FDPL, FDP2 H2lToIA 26% Z7H5HAT
EAHOE foI% Aol(pe0.09F thehfelch

LolABRY] He] T AR 2ode] S3S ZARE ZINE Table 59 2Tk YOI ABRY] Helz 2AR S4ao] 27,
Gort EAHOE SOk ZAAL(p<005), U, B7], olate] BAFo] Z7bstel SBke] RS A St A
HAFE 29% SIS BARCE I8 Aol(p<0.05)E AT

QolAEY] AT o, W, 2R S4de] AAHE BT ATHE Table 67} 2k Pk BT 54 F7h
B 10) o8] ofg wEulel Bz 7o 267801 ha ST, W 26AANL ha, RAR ShpL
28379/0.1 ha S715h= A o2 27 EAE I 53], HolASF7] A Fute #3570l 23t U577t 2678749/
0.1 haZ EAE3tH(Table 7).
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Table 4. Effects of fertilizer deep placement on yield and yield components of wheat

Treatment Panicle nuzmber Grain number 1,000 grain weight Straw weight Grain yiezld Harvest index
(3.3m") per panicle (9) (9/3.3m") (9/3.3m")

SS 1,946.3 31.0 36.3 2,877.3 1,851.0 0.39
FDP1 2,213.0 37.2 375 2,904.0 2,334.6 045
FDP2 2,197.3 31.2 38.0 2,769.3 2,341.0 0.46

LSR 459.5 9.2 34 888.1 451.8 -
LSD (P<0.05) ns ns ns ns * -

Harvest index: yield/yield+weight of straw

SS: surface spray, FDP: fertilizer deep placement at 25~30 cm depth, LSR: least significant range, LSD: least significant difference test

Table 5. Effects of fertilizer deep placement on yield of forage corn

- Plant height Lol Fresh weight (g/plant) Total fresh weight
(cm) leaf stem ear (g/plant)
SS 214.616.6* 13.24£0.5 68.6+5.3 302.0+39.7 191.2+£34.5 561.8+53.4
FDP 228.1+5.0 14.310.1 93.2+17.5 416.4+4.5 216.1+£21.3 725.7+22.9
LSD (P<0.05) * * ns * ns *
SS: surface spray, FDP: fertilizer deep placement at 25~30 cm depth, *: standard error, LSD: least significant difference test
Table 6. Economic analysis of onion, wheat, and forage corn treated with fertilizer deep placement
Crop Income Loss factor Benefit factor
(B-A, Won/0.1 ha) (A, Won/0.1 ha) (B, Won/0.1 ha)
Onion 2,678,775 352,148 3,030,923
Wheat 226,640 338,330 564,970
Forage corn 283,813 298,487 582,300

Economic analysis: Division of Technology Services, Institute of National Agricultural Science

Table 7. Detail economic analysis of onion treated with fertilizer deep placement

Loss factor (A) Benefit factor (B)

o Increasing costs
- Device for deep placement of fertilizer depreciation expense
1,500,000 * 0.3 * 0.37 = 166,500
- Device for deep placement of fertilizer repair costs
: 900,000 * 0.3 ¥ 0.37 = 99,900
- Fixed capital service cost
:750,000 * 0.3 *0.37 = 83,250 -
- Current capital service cost
199,900 * 0.5 * 0.05 = 2,498 -

o Increasing benefit
- Increase in total revenue: 2,554,399

o Decreasing costs
- Tractor etc. depreciation expense
11,900,000 * 0.3 *0.37 = 210,900
Tractor etc. repair cost
11,140,000 * 0.3 * 0.37 = 126,540
Labor costs
116,727
- Photothermal power cost
113,000
- Fixed capital service cost
: 950,000 *0.3 *0.37 = 105,450
- Current capital service cost
13,907

Sum (A): 352,148 Sum (B): 3,030,923

o Estimated revenue (B-A) = 2,678,775 Won/0.1 ha
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Fig. 2. Effects of fertilizer deep placement on nutrient content of onion (A), grain of wheat (B), and leaves of forage corn (C).

HoAETY] AE® o= 2AE 33 AF F 13] BFor A7t § F a8 AT 22%5 a6ty ¥
FHOIAFF7] A= 4] 23] Xiﬂl 18] ko2 7|7t F & DavE AREFY] 25%E AYUSIA &, RAR S55E
HolAGT7] A& FH] AT 50%E A sto] Aui7Izt &5 davg AREFY 25%E 44T 4 AT

AlgAE] 9 2 & RY1ERS BASHL AEF S wIste] 1R I e A2 Fig 29F Atk ke
7|5 ke Z1o|AEZY] AE|7t EHAIH|ETE N 39%, P 45%, K 48% 2711 U2 N 23~34%, P 29~33%, K 33~39%,
FALRE S5 N 101%, P 45%, K 48% Z12F 5716l dtHFig. 2). tebd, 2 A2 2AF2 R AREohs A4 AMSES
=0 Azstol= ZHo|ASF7| AEle By HUAM] A2 H} Juke] 425F0] 52%, WO F=7F0] 27%, FAME S0] o]
FrolstAl 29% —7}%} A2 olAEF7] Al AT FE2 ol 8FTE°] BW| HE2r FHET. o|e} o] Zo|AEFY]
27| Juf, ©, AR Zp40] Bakgo] SR AL EFEO] 10 cm AA4H|E HSAHE A54 A BAR, ol
£ S7HA WY $7E STIZITAL 7 [4]9] AFATel fARE At HHE. [5le ASAM] 25 cm A2 HAErE
¥} QiOl%flEOl EOHAH S55 T 13.8% F7FRITHL Shoith

1S B2]9] 95%7F BXEFH= (d95) EY Zol= =ol 103 cm, 245 88 cm, HY 77 cm, 28] 99 cm#} i FjE X
7;20]—‘5 T 150 cm, 245 118 cm, HAF 97 cm, B8] 14 cm}2 3}9ich ESH HREQ H HYEE Zol= 141 cm, 50%
23 Zo17F 14 em, 95% &I Z1ol= 10 emPFal H ST whebA, EF & 2lo] 25 emo]| Zo|AEF7I5Hd ks Hel o]
HE G2 F5E S 5 e 202 dotEn) 7= AHIZolE AldolA ASAIH] 25 eme= &7 5382 13.8% S7H

] 25

m

1 A0l E(NUE)o| 43.6%% 7Pg &ttt fch. [8]2 NUEZ} BHAE 25%KTH ASAH|7F 61%2 &t o
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2, 2 AFIN QolABRY] M2l 2ol ABR] o) $aslel gl Qol2ol(H7) A/1E ol Sotel EFS 25~

o % BEdlnz Way, 5718 5 B B4l 9FS 712 + AT 24T 2 Ak (1012 10 an 2ol
H 2|5 SHYA|H](side-deep band fertilization)= - (Brassica napus L.) 2@ d7} Fe|o] 37+ X E ZVHA7|IL EYF
ST EFTEATS ST 7HISS AT Jth wEbA, ZojASFTIR AA ARGRE 22~25% E0] A2}
oI o, W, AN SS0] Aol Z71 AL U ARS] B WA, $714 AN A9} FRGSE 27 AT

Aa sibE JISAIE sYRCk 2A7EE A5 Hs) A s5iE av8dse A v 52
Azolct. AR Aeta sA7le2 w9 A ARt FUE= vg, AEEoA, A | ovA] 2HE F

Eole I8N 9 7leR 20249 128 FA] 1870 AASHAL Atk doAEFYI00 oSt Aanm AR R V1Ee
Ak %‘ﬁﬂ%ﬁ AS3t Z-83hd sPRAL] HoIE ST + AUe AR 7IHEH. AoAEF] 7le
A7E ARARI LR 2024878 HgFolH 20253 R E= Zo|ASFY] o8 vhadt g5t w35 ZleAdes
HEd Agol %101 Oge 2=l 28] 7didn
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