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Abstract: Fertigation system is useful to reduce labor and enhance crop productivity.
Before implementing the fertigation system in open fields, it is necessary to compare
the economic advantages between fertigation and conventional fertilization. This study
assessed the yield and fertilizer use efficiency of eggplant when fertigation and granular
fertilizers were applied, and when phosphorus was supplied either as a basal fertilizer
or through fertigation. Treatments were granular fertilizer application (S) and fertigation
(F). In the fertigation treatments, the ratio of basal application and fertigation for phospho-
rus was treated to zero (F0), 100:0 (F1), 50:50 (F1), 0:100 (F3), and nitrogen, potassium
was fixed at 20:80%. Fertilizer amounts were applied equally to all treatments according
to fertilization recommend by soil testing. The yields of eggplants in F1 were increased
by 46 tons/ha (8.0%) compared to S. And the yields of phosphorus fertigation treatments
(F2 and F3) were increased by 1.2 tons/ha (1.0%) compared to F1. The nitrogen concen-
tration in eggplant leaves decreased to 2.5% during the later growth stages with granular
fertilizer, whereas it remained in the range of 3.4~4.3% with fertigation. At harvest,
the phosphorus concentration in eggplant leaves and fruits were higher as the increase
of phosphorus fertigation ratio. Fertilizer use efficiency was higher with fertigation com-
pared to granular fertilizer. And fertilizer recovery efficiency of phosphorus fertigation
treatments (F2, F3:14%) were higher than basal application of phosphorus (F1:4.6%).
Therefore, fertigation is more advantageous than granular fertilizers for cultivating egg-
plants in open fields. Also, it is recommended to supply phosphorus through fertigation
with nitrogen and potassium.
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QYuIEE EEC FFLH, o] Yk AeolH EFH MRS BIT FHN] olF7] W] RE 54A Fo
Fslo] 2489} Msolgagel SoiaA doi

L B 0|RE P T PHOBA B AMIZ B FEE F/1HOR tiro] FFFLE FRIGALL £
G SITHaL SR OIS A 2K A A B B Ak W o] BRelel ALY SEE BT A7)
QUEH(3). HZol AMAHHA Bk okt wA A A Al B B A G P9 SHER FHoT Anjey

2e R ARIS AT Yom], ARE FAAES FHOE ] AxEe BT Uek ML T F8 BF F S
*1 LA Ao A B AfEiE AL AL, AfEE A 2023\ 7]E2R A 437 ha, Al 277 haf]tH4]. 7HAl= oF 47l o}
&35}k0] 223}5}7] WRo|| A £3ly|o Zr|Fo g H|ge ZFo] WQSlHs5]. A 7FA] AEl A] T AAH £
7415._-5}7] AL 7|12 A E A|LT TH]) Ao w2 YAYT v FZolL a8 ts] A=E WUt k.
YUl R ALgTF ] Bl T e YAl g AFATE B, A A% IS B o SFS oF 12~18%
A= ST sl on(67], AHTHRE HRE FUS O £FS 20%, FEOIEEL 26% = S/FUTHI 3HATHS]. kA
EnlEL H|8 AHE Iz TS o o] 19.9% Zriglon, AAAA0 88 9tk s TH9).

ol 2ol ot Ao 2 33T & W "ol ol 8Eel W2 HlR4dEe] 58S 49 & ok Wil diRE
Aaot ZES AFE TFoh EYCl €A 24 HE dike aA dvz SFohd EST vESo] A AEe] dA ik
ol& 4= ol FE9 ol gRES Y F U0l FAQIO] W2 EFOIA EntE A A Qike BAFCE & A2

BH|Z F HUTE v IS 0 B AAIFS oF %7t Z7RAT, QAT HAH POl WAZ QAL Hel 7Y OF 60% FZRA
] X A] QAR ol §8o] B9ou (1], 7h E3 Entee} bR QAR TR 3ET U AAklE F3He
ang 03 gow dug.

B AT ] AR A A QAR RS} Tl Hel wwsti, Aok ZEHS TR FE Aol 4t A WA,
WASI ] 5050, AF THE AP 0] FB FEES, 1R ol SAE, AE YA Wristel ] T2 A A

ol

o] 2F ¥ AXSLA S

M Y

=X 7HX] 2| TEfAIE HL

w=A] 7H] 9] ] FEle, Y] SET A HIE ARSel mE BlRol 8RS WUIsl] fste] AR Al HEH 55
oA 2023\ 4GRE 9U7IA] AEAEE IR AlH EYL] EFT2 A, EE BEAL A FEO|L, EY o2
pH 6.4, f71= 30 g/kg, FAUA} 489 mg/kgC 2 W EoF 27 9] tlofl st Glth(Table 1). 2 AJ&72] AL 200 m*o],
EHLXﬂ?: HIAISEAL, ZF - oflA Qej2 3 om FEste] A T 60, 77, 110, 135, 170U} Al RAHE SHL, 129 HHC R

FERALE sto] & 35 7okt vEE 2= HRARA Y] et EFEA Bl w0l AStArt(s]). 7HA]
W—l A A3]ILE 200 kg/10a, ER7FEEFH] 330 kg/10aS AET F FLotFch €AFS 4] 15U 3ol 84, 8410,
FAdEE R0, WHle 84, AAAPEE)(0-52-34), BAHEE|E 2 A S whro] ARSSIIH(Table 2). 7HA]
A7 & Bt 7122 20.8°C, }4; 7.9°Col| A} 30.2°CY] mH% o, & 7F0-2k2 1415 mmo|Q, 6ELRE 79 E471K
% 620 mm9 797} AQUtH(Fig 1). 714 HolH= thr] &% AA(ATMOS14, METER, USA)Q} 792 AlA(ECRN-100,

O

Table 1. Physical and chemical properties of the experimental soils

Soil texture (%) pH EC NOs-N oM Av. P,0s Exch. Cations (cmol./kg)
Sand Silt  Clay (1) (dS/m)  (mg/kg)  (g/kg)  (mgrkg) K Ca Mg
EXpe(rgs;‘;ﬁ; olls 108 746 146 64 06 105 30 489 045 41 13
Optimum range? - - - 6.0~7.0 <20 - 20~30  300~500 0.50~0.80 50~60  1.5~2.0

 Optimum range of chemical properties in the upland soils [8].
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Table 2. The amount of fertilizer for eggplant cultivation recommended by soil testing

- . Basal application rates Fertilizer application rates during crop growing
Fertilizer application methods Treatments (N-P,05-K°0, kg/ha) periods (N-P;05-K;0, kg/ha)
FO (NK8O : Pyero”) 48-0-68 192-0-271
F1 (NK8O : Ppgsa™) 48-119-68 192-0-271
Fertigation b

F2 (NK80 : P50 48-59.5-68 192-59.5-271
F3 (NK80 : P100") 48-0-68 192-119-271

Surface application S (Fertilizer recommendation?) 103-119-125 137-0-214

9 Fertilizer amount was set by soil testing equations of fertilizer application recommendations [5].
b Fertilizer application rates (%) through fertigation during the eggplant cultivation.
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Fig. 1. Temperature and rainfall during the eggplant fertigation experiment of Sangju in 2023.

METER, USA)Z 35}t
Hel T e QAN RTE FRAL, BITE FYSAASUNH BT HYATA et ok BES B
B8-S 80%E TP, QAT RIT(R0), QAT HF WASTED, QAL WA 50%sh TH] 50% HeTE), QAL HF Tl 7
(£3)2 Heistoick. 20239 49 2890 7S AL, B TE KASFL F B
ZEoE vag FFot YT EFUY MRASHYA /18 2 UAZL
B 302 24 0.2 38] o] 771 Aolo] A §3lelet. /AL 68 2005 E 129 A0 FB5tg0n, 9% 23U 582
FEslgch BUIE AGE VIRE O, A, FAelw, BuIZFS U5 2 Hed V5o v2E Yol EFRAL
B4 71 EPFRRUY 25 ke 71202 Slo] AATS Bo) A5 B shoik Bk BT} YT SYHA

A2 = Ut

d

B £k W A2l ol 0-15 am Lo 104H0NA AFotol BIARE AZAT B BA5] 2 mm A2

A 240] AESYOm, FEATHY BF RAMOl 4RO, BHS MBAUOE RHIAOH[13), £F pH} ECE

1:59] v &2 Z&slo] pH, EC meter (Thermo scientific, USA)Z S35IH T 77182 04 N K,Cr,0; - H,S0, EH8HE W1

587 71435 & AA st G71E TS ol SR QUARS Lancaster O &2 720 nmOf|A] UV Spectrometer (Hitachi, Japan)
H Aottt AAteldAaE BT 2 M KCE 1:59] HIERE 3E5to] A4 A5+ 7] (BRAN+LUEBBE, Germany)= 4]

oFal, WS ol 1 M NH,OAc (pH 7.0)2.2 % &3lo] ICP (Thermo scientific, USA)Z £45}t}.

79 A7 FEREFH FEESTES o] flst] A T 604, 779, 1109 1359, 170942t A5 AFSHA 4,

27, BAE o] BABLGOM], SEo] B IAL A Fek 4L A% F 9, E719% W s0°ColA 48X17F Ft Az
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AE5S S5 AEAle FEE 24ste A& AR 0.5 g& 377 mM H,S0.3 36% HCIOE &9kRt &9 5 mLE
O

taL, o3t Zojd S Sl4ste] A4, il AF AFE S0 4] AEA FESTTS A €71 I 42

H|Z 0|2TE, 512 MRS, 74| 24
A ZRR) A A ], QAER o] BE v o §age HEsly] Yste] 7Y FRFS
H|RA8FOR 247 Lirglrhls).

o
i)
B>

Fertilizer use efficiency : U/F (kg/kg)
U: crop nutrient uptake with applied fertilizer (kg/ha), F: amount of fertilizer applied (kg/ha)

QUi H] g ] Fo] w2 H|RIS8L WIS gslo] St M TolH BXTO) QAT Bk WL, QA u] RO
2 UegleHs).

Phosphorus fertilizer recovery efficiency (%) : (U - Up) / fertilizer P x 100
Ut crop nutrient uptake with applied fertilizer (kg/ha), Ug: crop nutrient uptake with fertilizer untreated (kg/ha), F: amount

of fertilizer applied (kg/ha)
7HA AEi71ZE 5 AT A ARES 192 7IEeR AEA 15T 18 7R AR Aol k3l 16

In( W, — W)
—t

Relative growth rate (RGR): (g/g/day)

W: dry weight, t: day
FAEAS SAS 7.13 (SAS Institute Inc., NC, USA)< O]%*}Oﬂ o, A 7o} FH| TFo] W= 71K 45 B|Fo| 388

2 t-tests PSR AAF Fu|ZF v WE QLM R J4E, 7HA] %2 Duncan’s multiple range test (DMRT)E 4~3)5}
Fom, 7HA] g 4R 3t Aol A, QAL ZE R T AWIAE Pearson’s correlation @ & A5}

2| 331 LY A0 HE SE0|ERE

U G 7 PFBRGRIS Bl FF YR AT BE R Mol glglonh, 8% 2l Yol oF 03 giyday,
797} Yord 793 7180] 9 8Ol 015-017 ggiday, A& TR 9ol 02 ggiday A% Zutel] vle) U ol
Fashe %S BeArkFig. 2).

QapulEet AL, 2F B o) W2 H4BAY FEES Aol YA HAs7] Sistel AT F 3t WA
FEAFS HILHAHEig. 3). BF U A T 7 Azt S5t Holk giglont, A% FURE T
HolE4= ] AYLENANA Fao 2F Foo] YRR £ RS TS WTF A Fa GolA
s4-4 e YIS 9 U, PPILOE 4§ 2UAE 14 oIl ST 2591 GOl Ao ekt
B9 A YHS FI S BE SFFI|R 24F Pashs Fgolglont, B Hel A dyHRS A8 A Beh o
0.6% A% B Uekgth 90 28 BE E 10BARE 12%9% B A 7oA B KA HEE S A

o

=
A4 T 0UANA WA} BF 2ASL AGHOH, 13580l EF AR L S} 1ppm o5, TAY TEL 013
cmol/kgZ BolA 7HA7t B4T 4 Uk Wae ZFol Bl RTe] vs) MY FEA Aoz WLt
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Fig. 2. Relative growth rates of eggplant according to fertigation ratio (F) and surface application of granular fertilizer (S).

FO (NK 80%, P untreated); F1 (NK 80%, basal application of P); F2 (NK 80%, P basal 50%:fertigation 50%); F3 (NK 80%, P 100% fertiga-
tion application). Means with standard deviation (n=3).
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Fig. 3. Nitrogen and potassium concentration of leaf (a, c) and fruit (b, d) of eggplant according to N, K fertigation (F1) and surface ap-
plication of granular fertilizer (S).

Means with standard deviation (n=3).
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ol QAR AR 7ol el 7ha 9, TAC] NPK Tt 3HAIO] SR JEEA S A B9 A, 9 FEvt
FA9] Sakat §olg Aol Gl A0 UrehdthTable 3). 1S FFHUE 93t TH9] HBFo] 5L,

o2 Qs) 7h] YIS £Y & Ak A L 4 Ach

Table 3. Correlation coefficient between fruit yields and nitrogen, phosphorus, potassium concentration of leaf and fruit in the
eggplant cultivation

Nutrient concentration of leaf Nutrient concentration of fruit
N P K N P K
Fruit yields 0.487 0.468 0.326 0.570* 0.523* 0.352

Pearson’s correlation coefficient, *p<0.05

roF B = ARGO] mE Ea, AL ZEE ¥R 1 kg 7HA]9] FEe vIn RS W, T A oA das 018
kg/kg, Ak 0.06 kg/kg, ZE]= 0.29 kg/kgol = TH(Table 4). wekr] HVE SFHS W AR W= ol-&aE&0] FoI5H

B2 AL € AT

Table 4. Fertilizer use efficiency of eggplant by fertigation and surface application of granular fertilizer

. o Fertilizer use efﬁCienCy (kg nutrient uptake / kg applied fertilizer)
Fertilizer application methods

N P,0s KO
Fertigation (F1; NK8O : Ppasal) 0.78+0.01 0.59+0.005 1.22+0.01
Surface application 0.60+0.01 0.53%0.01 0.96+0.02
tvalue (p) 22.89(*) 11.1(%) 22.08(*)

Means =+ standard deviation (n=3).
t value is the result of t-test statistics (*p<0.05).

8

S ] I vl mEt A2 A F Aelrk lEAl #Rlsh] flste] Qat wHde] ]l S Blast

Ch(Fig. 4). AEi717E 5 3t A Ql 32 fARE P2 Bon, £a7]o= it B S3vl80] S5 o3 Fie

Al &gl A Eot A= A7t T RAFTLE i TFUS W AEAY A T IS Ve A2 ¢

ATt ol EvtEC|A NK #H[o] H|g] NPKE #HH|E 3% W 4t 571 oF 15% =t AF+23e} FARSFATHI].

Ui EAFEDT BHZH(F2, F3)o mhE it SF2 F1o] HIsf F29F F304 11 kg/ha7} @WoktH(Table 5). H49F 2+

FrEE Ak FEIFHE0) B 4ke TERE WEL-F3) At FEI A ST A, il AE2 M= AUA
e e dazAM17], ik S50l et A4, 28k $Hste] FEe] S7it Aoz Eln.

QA Ao A QlAF FHALo] S4grs w1, Q4 e FOo R U Q4 HIE IS Bl S o QA 9AE A&
Al 46%°] Sl Hel W, WHz QMRS 50% SH(F2), AL WS WY SFE)FS 1 oF 14% == Hl= °8-EC]
EUT A2 BlEC|EEC] W2 YARA pHYt 2 A9 B FF A FHE ik SEchd AdE AaAA
Hl& ol§a&o] ¥ 4 Jor18], & Aol E A HH| Tl A=) it &g ol H Al A & ¢

AATE.

4 Lo

O‘I

foi

o H1 e
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Fig. 4. Phosphorus concentration of leaf (a) and fruit (b) of eggplant according to fertigation ratio of phosphate fertilizer. F1 (NK 80%,
basal application of P); F2 (NK 80%, P basal 50%:fertigation 50%); F3 (NK 80%, P 100% fertigation application).

Means with standard deviation (n=3).

Table 5. Nutrient uptake and phosphorus fertilizer recovery efficiency of eggplant by phosphorus fertigation ratio

_ i Nutrient uptake (kg/ha) Phosphorus fertilizer recovery
Fertigation ratio i ()
N P,0s K,0 efficiency (%)
FO (NK80 : Pero) 165+3.5b 64+1.7¢ 378+7.4b -
F1 (NK80 : Ppasa)) 188+2.0a 70+0.6b 415%4.2a 46+1.2b
F2 (NK80 : P50) 186+4.9a 81+1.9a 425%10.0a 143x24a
F3 (NK80 : P100) 188+6.8a 81+3.9a 432+15.3a 14.1x2.0a

Meansz+standard deviation (n=3).
Within each variable, means followed by the same letter are not differ significantly at p<0.05 (DMRT).

| 20l CH2 =X 7RI2| AR

Bl B30 wet 7ha o] B7FHER] SRIsk] iste] Wash 25 T A (FI-F)S AR Hel TS
e Mg s, BAOE ST Aol HATHp<009) (Fg 9. FI7} 58] 717] 4 Aol ha 46E 800192
5% F7MES 57t 2502 Al 714 1kgd 2,1849(23)[19] 71EO.E had oF 1,0009H0] sRslILE.
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Fig. 5. Fruit yields of eggplant according to fertigation ratio (F) and surface application of granular fertilizer (S).

FO (NK 80%, P untreated); F1 (NK 80%, basal application of P); F2 (NK 80%, P basal 50%:fertigation 50%); F3 (NK 80%, P 100% fertiga-

tion application). Means with standard deviation (n=3). Within each variable, means followed by the same letter are not differ sig-
nificantly at p<0.05 (DMRT).

| SMEE AR IR FERE 0 b LTS IR R, U VY YATOR E P13k UAS S0, B 5048
R % ASPL Gl I8t U8 AR W2 330

b E39} F1, F29] 7HA] %2 WA S W B304 had oF 1.2F
(I‘V ) A= Eolth & AFelA Al A B FaAt F2 Aol sigste] s ko] Qlite] B3t 2330] ofy |
i, Qlite] ] Z2ke] AjRIAF ofy7] wiize] EAFLR hke FA Al WHI= AF Fe S
FEEG A B FaQAt o] WA g2 2HCIME et 9 23t A7]of BH|R Q4ke SE5HE
Zgol g oz woE et
oot = ARGl e AE S-S vl A7 2ol oJshd, 7HAe HA HHE SEWe W Aa ¥R

—

20% &= HPAB|e} vlage o = S Zel7t glleH 20l FHEE dAHERS € B¢ HHY 1L5ME SasloF
LY T Y AATH21]. B 2 dPHRI ‘ﬂ] OH ﬁr‘ﬂi Foe o 9] 227 gL shth22). B9
2B A8 EREY e Aol ofshd, A4 =9 o] 8E &S 34.3% o] FE YIS ol 7lofith23]. 99

=
ATES E0) 2 v BulE QAH|R] HlF) x| AX9 xm*g olir] ffat wholet WekeT 1eh} 1A 2o
] AAEE B8] eAE Srbdom gl Aad A v gwt g g0 1E w5Y 97 av 5 A4S S04
o= B4sio] weksiof ¥ Holch

Data Availability: All data are available in the main text or in the Supplementary Information.
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