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Abstract

Nitrogen fertilizer is an essential macronutrient that re-
quires repeated input for crop cultivation. Excessive use
of nitrogen fertilizers can adversely affect the environ-
ment by discharging NHs, NO, and N,O into the air and
leaching into surrounding water systems through rainfall
runoff. Therefore, it is necessary to develop a technology
that reduces the amount of nitrogen fertilizer used without
compromising crop yields. Fertilizer deep placement could
be a technology employed to increase the efficiency of ni-
trogen fertilizer use. In this study, a deep fertilization de-
vice that can be coupled to a tractor and used to inject fer-
tilizer into the soil was developed. The deep fertilization
device consisted of a tractor attachment part, fertilizer
amount control and supply part, and an underground fer-
tilizer input part. The fertilization depth was designed to
be adjustable from the soil surface down to a depth of 40
cm in the soil. This device injected fertilizer at a speed of
2,000 m?/hr to a depth of 25 to 30 cm through an under-
ground fertilizer injection pipe while being attached to
and towed by a 62-horsepower agricultural tractor. Fur-

* Corresponding author: Sung-Chang Hong
Phone: +82-63-238-2501; Fax: +82-63-238-3825;
E-mail: schongcb@korea.kr

44

ORCID

Sung—Chang Hong
https://orcid,org/0000—0002-9042—1284

Min—Wook Kim
https://orcid.org/0000—0001-8262-5909
Jin—Ho Kim
https://orcid,org/0000—0002—5266—1586

thermore, it had no difficulty in employing various fertil-
izers currently utilized in agricultural fields, and it oper-
ated well. It could also perform fertilization and plowing
work, thereby further simplifying agricultural labor. In
this study, a newly developed device was used to inves-
tigate the effects of deep fertilizer placement (FDP) com-
pared to those with urea surface broadcasting, in terms of
rice and soybean grain yields. FDP increased the number
of rice grains, resulting in an average improvement of 9%
in rice yields across three regions. It also increased the
number of soybean pods, resulting in an average increase
0f23% in soybean yields across the three regions. The re-
sults of this study suggest that the newly developed deep
fertilization device can efficiently and rapidly inject fer-
tilizer into the soil at depths of 25 to 30 cm. This fertilizer
deep placement strategy will be an effective fertilizer ap-
plication method used to increase rice and soybean yields,
in addition to reducing nitrogen fertilizer use, under con-
ventional rice and soybean cultivation conditions.

Key words: Fertilizer deep placement, Nitrogen, Rice,
Soybean, Yield
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Table 1. Nitrogen fertilizer dividing treatment contents in rice pot experiment

Treatment Remark
NF No fertilization
SS N 100 Surface spray of 100% nitrogen application ratio according to amount of standard fertilization

FDP + SS N 100
FDP N 56

FDP N 100 all at once

Basal fertilization by FDP + tiller fertilization, panicle fertilization by surface spray, 100% nitrogen
application ratio of amount of standard fertilization

Only basal fertilization by FDP, 56% nitrogen application ratio of amount of standard fertilization

100% nitrogen application ratio of amount of standard fertilization by FDP as a basal fertilization

NF: no fertilization, SS: surface spray, FDP: fertilizer deep placement
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Table 2. Chemical property of rice paddy soil used in field experiment

Experiment pH  EC OM  Available P,Os T-N mg kg Ex. Cations (cmol kg™)
Site (1:5) (dS/m-1) (gkg1) (mgkg") (%) NOyN NHN Ca K Na Mg
Hwasung 63  2.29 403 122 027 74 163 753 053 146 265
Gongju 64 187 914 3,817 070 1055 189 1187 159 035 343
Wanju 64  1.30 432 844 030 464 155 612 116 024 135

Table 3. Nitrogen fertilizer dividing treatment contents in soybean pot experiment

Treatment Remark
SS N 100 Surface spray of 100 % nitrogen application ratio according to amount of standard fertilization
FDP N 50 Only basal fertilization by FDP, 50 % nitrogen application ratio of amount of standard fertilization
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Table 4. Chemical property of upland soil used in field experiment

Experiment pH EC OM  Available P,Os T-N mg kg Ex. Cations (cmol kg™)
Site (15 (dS/m”) (gkg")  (mgkg) (%) NOsN NH-N Ca K Na Mg
Hwasung 68 332 39.7 692 029 2944 160 772 207 036 336
Gongju 74 075 46 121 002 316 252 559 062 038 075
Wanju 67  1.08 53.7 3,135 033 531 194 619 234 017 333
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(Newly developed FDP device)

(Treatment to place fertilizer at 25cm in the soil)

Fig. 1. Newly developed fertilizer deep placement device and treatment to place fertilizer at 25 cm in the soil.
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Table 5. Effect of fertilizer deep placement on rice growth in pot experiment

Treatment Fresh weight (g) Dry weight (g) Panicle number
NF 45.6 b 148 b 10.0 b
SS N 100 67.5 a 220 a 143 a
FDP + SS N 100 73.0 a 231 a 16.7 a
FDP N 56 65.7 a 211 a 153 a
FDP N 100 737 a 251 a 173 a

NF: no fertilization, SS: surface spray, FDP: fertilizer deep placement, DMRT (P<0.05)
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Table 6. Effect of fertilizer deep placement on rice yield and yield components

Panicle Spikelets Ripened 1,000 grain  Grain yield

Variety Treatment number per panicle  grain (%)  weight (g)  (kg/3.3m?
Ss 31.3 76.7 82.6 25.0 230
o FDP 31.3 78.8 81.1 25.0 2.60
Koshihikari
LSR** 6.5 37 43 2.7 0.1
LSD*(P<0.05) NS NS NS NS *
SS 28.3 85.9 72.2 25.6 2.80
FDP 27.7 91.1 67.2 25.6 3.40
Saenuri-byeo
LSR 8.9 26.4 18.9 22 1.40
LSD(P<0.05) NS NS NS NS NS
SS 18.6 86.2 66.6 31.7 3.10
FDP 15.8 104.9 67.7 33.3 3.00
Chamdongjin-byeo
LSR 4.6 15.3 6.0 3.7 0.9
LSD(P<0.05) NS * NS NS NS

SS: Surface spray, FDP: Fertilizer deep placement
*Least significant difference test, **Least significant range

B9 AHFE AT 5 U TS et 39l Zo% otk olohe Auukg-S ol ekl o] 4
olgige] BPYA, BN, FFTY I AN TN B 2k Qlo] F ANE A AR ABFES BRT >
o, e, BB E o) EF B AUE A0E 98 Ao wdwr)
Fgabm el oA 2718% AA0E Aot o]
R B SR 0% F/1he TS ehlsl AEAHIRR| 0lf AlHIXal
web] AEA Aol o aARe E3E 27 ekl F HEANAAE o-g35to] AR 20224 68 1623
7150] Gl ) ola g RUF Bk ol FAKE 20019 1 B AHE ELEIS o) Au|asle] A
£ A% el goz B A% FREUL A3l ABeA £ 7o) 25 emel vz
w3, 710 N, P, K EEANGY 20,8 Zo] AMBIE 8 F9U% 4 Utk 44N A A4F 26y 490 3
RSP 0] adhA Gob WFAME AR AHE BAYL sglon 1 59 F 34F Aol ofedgol glalck
% AWIER o18F F 9 TRsAe] drka eksgin
2 2YTYRA U 4
2 u8 WY ARERIA o) meiel A5A0] Aist A
9%g Zeol BRe TRYES B} 2ol 5 amel A # F 2 T £ 9 FYPHRAE Table 83} 2k
ZAI) Aot 3% meo] A T AN A Table  FARFERY mET B 4 159 T FAL 254 A
79} 2k WA A2 N 50% ATE ERAE AelTe 2o} muaw Aurun ol S, 3 e
o 39 W, wFY g P R ARIAD 4, 1009 T, T SRS KO Aol giglont mHE

15[_
1009150} 79 FUe PAE BALCR fospl S/l ATuck 45 At 7k AES debich 3
ok o714 BS BRAE ATuck AFAN AT e WA Mok R el 219 S48

AANES 50% AA AMSIE O FA} 4 0w & Agelglh
Hok Al A2 £48 Foln Y ErES AT 1008 P, AR ARF, S BRLE A

Table 7. Effect of fertilizer deep placement on soybean yield and yield components at pot experiment

Treatment Pod number per plant Grain number per pod 100 grain weight (g) Grain weight per plant
SS N 100 38.6 3.1 24.6 27.1
FDP N 50 48.6 3.7 28.8 49.6
LSR* 21.7 1.9 2.7 16.1
LSD** (P<0.05) NS NS * *

SS: Surface spray, FDP: Fertilizer deep placement
*Least significant difference test, **Least significant range
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Table 8. Effect of fertilizer deep placement on soybean yield and yield components

. Pod Crain 100 grain ~ Grain weight Whole crop Grain yield
Variety Treatment b number per ight (2) lant dry matters (ke /3.3m?)
number pod weight (g per plan (Kg/3.3m?) g/3.3m
SS 61.3 1.25 13.9 9.8 2.00 0.70
FDP 97.6 1.73 14.4 22.6 2.00 0.85
Pungsannamul-kong
LSR** 54.1 0.38 0.97 10.3 1.16 0.24
LSD* (P<0.05) NS * NS * NS NS
SS 50.8 3.42 334 49.0 1.48 0.50
FDP 56.7 3.24 41.1 71.1 2.40 0.99
Cheongja-kong
LSR 48.5 2.69 4.25 27.0 0.79 0.36
LSD (P<0.05) NS NS * NS * *
SS 56.7 1.91 323 35.0 1.48 1.05
FDP 722 1.77 31.1 38.5 1.18 0.93
Duruall-kong
LSR 37.9 0.40 1.79 13.9 0.68 0.38
LSD (P<0.05) NS NS NS NS NS NS

SS: Surface spray, FDP: Fertilizer deep placement

*Least significant difference test, **Least significant range
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