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Application of Subsurface Drip Fertigation System to Increase Growth and Yield of

Maize

Jong Hyuk Kim', Yeon Ju Lee?, and Il Rae Rho®*'

ABSTRACT This study was conducted to investigate how maize (Zea maize L.) growth and yield were affected by irrigation and
fertigation using a subsurface drip system. The system consisted of a buried (40 cm underground) drip pipe that can be used in a
semi-permanent manner without affecting agricultural work on the ground. The amount of water required for the fertigation
treatment was determined to be 24.3 tons 10a™ for the sandy loam soil used in this experimental field. Fertigation treatments based
on the previously calculated 24.3 tons 10a™ were carried out as topdressing applications. They were applied through the subsurface
drip system with the following fertilizer concentration (nitrogen only, written in kg 10a™: N 4, N 6, N 8, N 10 ). The other
treatments were irrigation only and control (non-treatment). The results indicated that the N 8 treatment was the most effective,
increasing yield by 30% and 14% compared with the control and irrigation treatments, respectively. These results highlight the
effectiveness of fertigation (N 8 kg 10a™) at V6 and R1 stage as a form of topdressing fertilization using a subsurface drip system

for achieving a high yield and stable maize production.
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Fig. 1. Diagram of the experimental setup using subsurface drip system. The underground drip pipe (30 cm interval of emitter)
facilities were buried at 80 cm intervals from each other, 40 cm underground, and placed at 15 x 80 cm intervals. The
subsurface drip system consists of a water tank (blue), pump (green), liquid fertilizer mixer tank (yellow), solenoid valve

(red circle), and controller (gray).
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Table 1. Soil chemical properties of the experimental field.

| XS HE 199

pH EC P,Os T-N O.M. Ex. cation (cmol kg™)
(1:5) (ds m™) (mg kg') (%) (2 keg'h) K" Ca’ Mg Na*
7.15 0.08 265.0 0.09 0.22 7.25 0.58 0.44

Table 2. Soil physical properties of the experimental field.

Three phases of soil

Soil characteristic

Solid Liquid Gas Soil hardness

Sand Silt Bulk density Soil

(%) (mm) (%) (Mg m™) texture
56.5 14.0 29.5 7.2 56.7 32.2 1.5 sandy loam
2ol EoF pHE: 7.158 FA4o|al, A7) HAEEL 0.08 dS m™, chloride, N-P,05-K,0: 0-0-60, Farmhannong, Seoul, Korea)
B U $& QAR 265.0 mg kg, B AAFES 0.09%, 2 o]gsto] F7b AH|SIATE FH|E B AaHEE ®
97)E RS 133 g kg, 2T ool KT, Ca*', Mg™, = 584 v EE 3R E(Ammonium sulphate, N-P,Os-

Na': 7+z} 0.22, 7.25, 0.58, 0.44 cmol kg'& 383}l 9]
9ItHTable 1). ESF Be]A9] AL 114} 56.5%, HA} 14.0%,
714 29.5%0] 11, ESF A% 72 mm, €8I % 1.5 Mg m?,
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271 20229 3-79 ¢t & AuE sk

A M= H xHHl T

AT w2l R 3 REEo R Asiglon Y2
4o AAHAL 100 x 12 mo= AAslaL, 2F A+
Atolof A2 1€E Fol A A7t 1.6 m7} H=%
AAsto] ] A 7F A aIE wjAskel dolElE
210 a WHOE Ao ehfglon], ‘A2 E52
Holagol 80 x 15 em ZHAOR WEsA) TFFL 2022
|39 162, Tl 592 (V 6L 2 68 6NN
SEe 79 490 AT

A2 Aot A 443N 4, N 6, N 8, N 10),
H<=(irrigation) @} T 2] F(control; <=, 7|H|TE A]
o)) 28 % 67] 212 sk BE Aoj 125 =] 15
ton 10a™ (Seung Green Tec Co., LTD, Miryang-si, Korea)
£ Al&skaL, ] APl S99 EABFHN-P05-K,0:
14-3-6 kg 10a")& 7|20 = 3to] 7|H]2 ¥R 231 U]
e FHlE Vo R wE[AY skl BHA s B
AJH|TL 42]2], N 4 (4 kg 10a"), N 6 (6 kg 10a™), N 8 (8
kg 10a™), N 10 (10 kg 10a)Z V 6 % 7|3}7|(ZA17], R1)
of WHA upiro] FH| 2 HFokqleh 7|82 AREE EY H]
3= 2444 g E3H| E(Chamsedae, N-P,0s-K,0: 22-
7-9, KG chemical, Ulsan, Korea)E& A4 402 AJH|3}aL
olAky} Ze]o] HEH o 8 XlH|(Fused phosphate, N-P,0s-
K,0: 0-17-0, Pungnong, Seoul, Korea)@} &3}7}12](Potassium

K,0: 20.5-0-0 Capro Corp, Seoul, Korea)= AJH|=Fo] gk
of Eatalo] Aljalolet. Tu] Aal 7+ Aale] Alujeko
sk HIRE 243 Lo Eof o] An|&37|(Mixrite 2.5
m? h!, Tefen, Kibbutz Nahsholim, Israe) 2 1% 5== 10
AZE EQE A5 ] APkt dapte () glel
ZIRl(EFAIH Y] Aubhk Algstal 2S5BS AAs)
R, FA g control)= 7|H] 2 EEAHFS AF AlH]
Skal o PE| A e ohA] stk

[e)

=Y
)= 8 A7]o) ARSI LR 2AL ek o
Ao weh 149(12 m) & 1055 1 ¥h5e
3 HHE 3055 AR SRS st UEr i

EY 48 U FHy|HEE #Hat FAL

AZHH Dol WE BoF 290 B AL W3]
918} |3k -40, -30, -20, -10, ZFEHO cm)ol AA(Watch
dog SEMC 300, Spectrum technologies Inc., Chicago, USA)
£ ujdste] glo|g 2 A (Watch dog 2400, Spectrum tech-
nologies Inc., Chicago, USA)E o] &3l Hlolg & 4735}
Ak FHIA Y| e EY W A7|HEE HIE 2AFSH
7] 98l A ®H FH0 cm)ol] EC AlA(Watch dog SEMC
300, Spectrum technologies Inc., Chicago, USA)E w43}
of A7AELE S5tk oo Ao UE Egri
o W3l A= 5 03U RE 69 16Y7HA] BESF =S
F A AEE A 918l flok &2 WRle R H7HE
o] AAJE A@A e} &2 ZA A M= FH|(N 8)



200 SHEHX|(KOREAN J. CROP SCI.), 68(3), 2023

A2)g slo] BUYSR TS 2ABYTHFI. 7).

SH 24

A&l g|o|El&= SPSS program (SPSS version 21, SPSS
Inc., Chicago, IL, USA) T2 I13-& 0|83} ZF glo]H+=
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Fig. 2. Comparison of the average temperature and precipitation
during experimental season. The lines represent the
normal (red dot line) and average temperature (black line)
for 2022. The bars represent the monthly cumulative
precipitation.
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Fig. 3. Changes in soil moisture content as a result of irrigation
treatment using a subsurface drip system as well as
changes in soil moisture content by soil depth after
irrigation during maize growth using a subsurface drip
system.
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Fig. 4. Changes in the soil moisture content (A, B) and electrical conductivity (C, D) as a result of fertigation treatment during
V6 and flowering stages under a subsurface drip system.

Table 3. Changes in growth parameters as a result of fertigation treatment using subsurface drip system during spring.

Treatment Canol()cyml)leight Stem( n(lllilagneter LeafCIlrtlz;lgth Lea(fC rIv;/)idth Ear(c}llgght
N 4 259.2bc” 31.0ab 10.9ns 10.2b 127.7ab
N 6 273.1ab 31.7a 10.7 10.7ab 127.2ab
N 8 278.5a 32.2a 11.0 11.0a 131.7a
N 10 263.9ac 31.0ab 10.2 10.9ab 124.3ab
Irrigation 259.2bc 30.5ab 10.7 10.7ab 121.1b
Control 248.5¢ 28.7b 9.3 9.3¢c 101.1¢c
"Different letters denote significant differences within column at p<0.05.
AL shgich kA AFdAe T8 e BEAC wEt XISEH 2| XM2lof 0IE S Mg W o2 Y
tay, 29 g4 B BiYn B4 net gt Bl E e A T A UE ASS AR 2L
oM B wE F 3 2APF AddEojop & AP} ¥ AEtol A 7 Wk whe| A g tEolAl
Aoz ®elth. = A4 o4 Atele AAHEA AT N 804 71
2 AY BEFolA T4aH243 t 10a)S 7|0 R 7t A £ OISt (Table 3). 3= N 8 oA 7H $-4
2l A F8HE V67|et Aatrlo] AAIgt A3 2F A2 Sk AolRlal, 1 t50] N 6, N 10, N 4, ¥p19] 2o]
E o ol A2 Al 543 dsde 29T 4 AN gom FAEA 7P dekeh G A7t fofg 2}
il(Fig. 4A, B), A7 =E(EC)E Feel FA s 45 o7} Yo - FHIA P Hp FA A TP @
ECO] ¥i3l7} glAWE WE ] HejtofA= EC #3E Aol A% % A AP oA 7 Wokar
Sl 4= ol | ATt Ao A EHNee & vl A2 Ztoll= fofet Atol= flofAIut N 83 2|0l A 71
Qg 4 QI 3iTh(Fig. 4C, D). E& AFoIqth webA A S Ao uhE wE] A2A
23 BE FE7F SRl wet Aol FoiskiANE N
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Table 4. The effect of fertigation treatment using subsurface drip system on yield components of spring maize.

Hundred kernel

Treatment Ear length Ear Width RKSOLEL** weight No. kernel No. Eaf Yield»1

(cm) (cm) (%) (FW g (ea) (ea 10a™) (Kg 10a™)
N 4 19.7a° 44.9b 94.1ab 40.6b 390.7bc 3,776.0c 811.9¢
N 6 19.6a 47.2a 95.5ab 43.0a 421.1ab 4,128.0b 872.9b
N 8 19.8a 47.2a 95.8a 41.4ab 433.7a 4,256.0a 932.3a
N 10 19.7a 47.2a 94.4ab 40.3b 402.5bc 3,808.0c 835.4c
Irrigation 19.8a 48.4a 94.0ab 39.7bc 390.0bc 3,759.6¢ 803.3¢
Control 17.9b 43.3b 88.2¢ 37.7¢ 386.4c 3,061.3d 654.7d

"Different letters denote significant differences within column as a function of irrigation levels at p<0.05.

“Ratio of kernel set length to ear length (RKSLEL).

2 Treatment
~e— Control
—e— |rrigation
1 - N4
-~ N6
- ¢ N8
o
i 0 N 10
o
A
N
(O
il
= L
.
-3
-4 -2 0 2 4

PC 1 (59.9%)

Fig. 6. Principal component analysis (PCA) of the effects of
different nutrient applications on maize yield compo-
nents. EL: ear length, EW: ear width, RKSLEL: Ratio
of kernel set length to ear length, HKW: hundred
kernel weight, NK: number of kernel, and Y: yield.
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Fig. 7. Changes in soil moisture content by soil depth in the
first month after fertigation treatment. The red circle
indicates that the soil moisture content was maintained
at about 25% at a depth of 10 cm underground.
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