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ABSTRACT

Despite of various chemical properties of greenhouse soils producing watermelon, the standard fertigation
guideline suggests a method of supplying a uniform amount of fertilizer per week. To determine the optimal
application rate of fertilizer for watermelon in nutrient-rich soils when using a fertigation system, we grew
watermelons twice in spring and summer with four different application rates of fertilizer: 0.5 (NPK 0.5), 1.0
(NPK 1.0), 1.5 (NPK 1.5), and 2.0 times the standard guideline (NPK 2.0). The biomass production (dry weight)
and nutrient uptake were not different between treatment groups in both production seasons. The yield of
watermelon was significantly decreased in the NPK 2.0 treatment, whereas it was significantly increased in
the NPK 0.5 treatment. Based on our observations, we suggest the recommended fertilizer application rates
for watermelon in nutrient-rich soils under a fertigation system are 47.8(N)-15.4(P,05)-88.1(K,0) kg ha at
spring and 77.3-15.6-115.8 at summer. Further studies are needed to subdivide standard fertilization methods
with soil nutrient status for customized nutrient management in fertigation systems.
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Fruit yield of watermelon were significantly low when treated with twice of the standard appli-
cation rate (NPK 2.0) in soil containing high nutrients. In the summer period, the maximum yield
was shown at half times of the standard application rate (NPK 0.5).
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Introduction

1

Tl BetH) R0 ol 2, Eof HIRE o] 9| = Al ook, @A S-2uat Al A4 24 1A 52
Z ha - °F 56%°1 Slidoh= 297 haollx] T AdE o]-85te] 2HE AHIE SEL ITH(MAFRA, 2020). ¥ Al
o-§ A| oFe Te|7F HWelopH A& H|g o 8-80] 2ol EY AR HA AL Y A= A8 TS EuT 910
(Miller et al., 1976; Hagin et al., 2002), THH] AHIA] T2 A18]5H 38 Auljof] v]5}o] Q] 1Al o] ARZ ko] Z7}
SFA.2 1 (Jun et al., 2012), Z=0] 413 AJ5o] == 52 o] 2tk (Kang et al., 2011).

Tl Hajo] Z7tel wheh YA S o] 83t A FREEFE A S R Tkt A X8| ek, Enf

2,
0

gl Hlol 7HE antAlo] o™ (Lee et al., 2007), 2
O] 7% EFHA Aadw39] 50%E | F55F TR ol 7 =34t (Jung et al., 2010). 25
H|2] AN B EAaEe] 50%E THIEg oFokS wl T i AR (4 + E7) O HESol 7 B
TF (Kwack et al., 2017). ThRt 2Fzof teh ¥ AHiA] EF A4 HlmARS o 212 ¢Fo] F-go] A=2] Ast
aofol] a7} Q= Zl 07 B E HE QT (Ha et al., 2015; Lee et al., 2021, 2022).

AVIARR e AR W2 TR | EB 0 2 Qlo) £ 5 @R o] wslel 48 A2 Fe bt
1k (Kim etal., 2012). WEPH AV 45 12 222 915 A9 R pel/t Bashe, B o 1 £
7ol wh2 g Ph] e A A G AAolck, ), vh] B BT Eeelsbd e viol o
S Bl et 7120 24 ESIHY AARSIE Zutsks Eofel il ] B 24T Bt gl
o}, ufelA, B AT o] A8, FRES U St EOpe] R YRS RAst] AN ke A

A28} A EOFol| A S-EPIARS: S5t XA T REeRe A Ast At 4a5} )
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Materials and Methods

HIE £ 2| ¥ X2 1o 2 G2 AV pEFAN] 57HEE Folat e 2Af)ellA 20229 +2F
7] (&, A2l AA sttt B271= 20221 19 10L0] A5l 59 2P o) 1861990 H, o227 59
1490] g Alste] 74 22l ot Al A E<F 2Fed2 Table 13} 2t} ZATe] 24 (484 mgkg'), F-8
QAL4H(889 mg kg ™) H B ZHE (0.99 cmol. kg )2 Al 58 A EFe] AAH Q1S Z3loETH(NIAS, 2019).
H|ZE= G2 T AS 5510 15 (week)JHE 2R 84, QAL ZHE, S ZHE-S FF019c) Tk 1 43
40 Mg ha™! 7|5 B217] B3 THH])2F (N-P,05-K,0 = 95.7-30.8-176.1 kg ha) ¥ oJ5 E& ¥H]2F (N-P,05-K,0 =
154.6-31.2-231.6 kgha)©] 0.5, 1.0, 1.5 ' 2.08] 2 A5} 1L (Table 2), A 2|7 H&-234.2 m*o|™ A oJul%]
H 3uEE0 2 18]S AAstelTh

Table 1. Chemical properties of soil before spring cultivation.

pH EC’ NO;-NT oM’  Av. P,0Os' Exch. cations? (cmol, kg™)
(I35 (dSm’) (mgkg") (gkg’) (mgke") K Ca Mg Na
Experimental soils 6.2 7.1 484 31 889 0.99 12.7 6.4 3.0

Optimal range’ 6.0-6.5 <2.0 50-150 20-30 350-450 0.7-0.80 5.0-6.0 15-2.0 -

TEC, electrical conductivity; fNO;-N, Nitrate; *OM, organic matter; TAv. P,0s, available phosphate; Exch. cations, exchan-
geable cations; J Optimum range for watermelon cultivation in greenhouse (NIAS, 2019).
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Table 2. Weekly fertigation schedules at spring period (a) and summer period (b) (kg ha™).

(a)

Week NPK 0.5 NPK 1.0 NPK 1.5 NPK 2.0
3-4 0.9-0.3-1.4 1.8-0.6-2.8 2.8-0.9-4.2 3.7-12-5.6

5 3.5-1.0-5.5 7.1-2.1-11.0 10.6-3.1-16.5 14.2-4.1-22.0
6 4.7-1.0-7.1 9.4-2.1-14.2 14.2-3.1-21.3 18.9-4.1-28.4
7 2.8-0.7-4.2 5.7-1.3-8.4 8.5-2.0-12.6 11.4-2.6-16.8
8 2.8-0.7-8.0 5.7-1.3-16.0 8.5-2.0-24.0 11.4-2.6-32.0

9 2.8-1.6-8.6 5.7-3.3-17.3 8.5-4.9-25.9 11.4-6.5-34.5
10-12 5.0-1.6-8.6 10.0-3.3-17.3 15.0-4.9-25.9 19.9-6.5-34.5
13-16 3.6-1.2-6.5 7.1-2.4-13.0 10.7-3.7-19.4 14.2-4.9-25.9
Total 47.8-15.4-88.1 95.7-30.8-176.1 143.5-46.2-264.2 191.3-61.5-352.2
(b)

Week NPK 0.5 NPK 1.0 NPK 1.5 NPK 2.0
2-3 4.6-1.0-5.5 9.2-2.1-11.0 13.8-3.1-16.4 18.4-4.2-21.9
4-5 9.2-1.6-10.6 18.4-3.1-21.2 27.6-4.7-31.9 36.8-6.2-42.5
6-7 15.6-3.5-24.8 31.3-7.1-49.5 46.9-10.6-74.3 62.6-14.1-99.0
8 10.9-1.7-20.3 21.9-3.3-40.6 32.8-5.0-60.9 43.8-6.7-81.2
9 5.0-1.1-9.2 10.0-2.2-18.5 15.0-3.3-27.7 20.0-4.4-37.0
10 2.5-0.5-4.6 4.9-1.1-9.1 7.4-1.6-13.7 9.8-2.2-18.2
Total 77.3-15.6-115.8 154.6-31.2-231.6 231.9-46.8-347 4 309.2-62.4-463.2

BMubH  EoF B0 oF Tl A5 BAH (NAAS, 2000)0] Z510] Hai=|Qlct. B9 pHeF ECE B9 &

F4E 1:59 HIGE 2Aslgon, ECY) 249 24l 52 T3t § wejehisto] Algsiart. EY 418S

Tyurin ¥, 8 QAR Lancaster H, 2Hd o] 2-2 1 MNH,0AC (pH 7.0) 0.2 FE5}1] R agEet=nt 233
LA (ICP-OES, GBC, Integra XL Dual, Braeside, Australia)2 24510 tE EF A4 AAEFE S5 g2 HE
ol (2 M KCI) 25 mL2} &7 3027 21es 5 ofafsto] 440 nmollA AAAFEE47] (Auto analyzer 3, BRAN +
LUEBBE, Germany)= 245} t} (Lee et al., 2017a).

FHF AEA| O] 2AVFRE At A, E71, W= U] 0] HESa A4, il AE e 24, ©f
£ 5ot FEgrde At # 6”‘}0}04 AEA R S Ee APselt). Axste] EAg AR 0.5 o= FE
84 (377 mM H,SO4 + 36% HCIO,) 5 mL=E 52] F5lgh § 100 mL kA3 0] o3} (Whatman No.6)5to] =4
7] SRTE G (Lee et al., 2017b). THE17 oS 742 108) S]Aote] A4y, QiHH Qo] Sk
24519t Aas A4 A5-EA47] (Auto analyzer 3, BRAN + LUEBBE, Germany) & 660 nmoJlA] Q14ES- UV-
Spectrometer (Hitachi, Japan)Z 880 nmof|A4], Qo232 ICP (GBC, Intergra XL, Australia)2 Z75Fith.

EAEAM %ﬁlv‘i@% Excel SAZZ 18 (Excel 2016, Microsoft)2 551 ANOVA test= =35}t
p-valueZ}0.05 e} 2R 795 G-olgh 7 © & Aols1¢] om EA1A -f-olAo] Q1A= 739 SPSS EE:LE]E (SPSS

statistic 25, IBM)= 0]%0]'04 AR A7 (Tukey)S S=Yo3ict.
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Results and Discussion

MARE A4 QUi 2P| BF 4ol mE Sao] 457 %)

K 1.08] A2]77}6.8 Mg ha' 2,

HIZ ArSEo| M2 AR S 2 4t
AR 21T W PR ST Table 33 2tk & A7]9] HF AR AESS
oI5 27191 74-9-0.58) A2 HollA 5.6 Mg ha' 2 7P 230 ™ F 27] K NPK 2,08 A2}l Z+2F6.09} 5.1
Mg ha'' & 7P 9k oLt A2t THo] SAIA] o) 32 QIgleh w217 eHFe] QR S NPK 1.04l] A 2]toflA
A4, it ZHE 22 153.2, 65.8,350.4 kg ha' 2 7P =9Lo U AESTH v A 2 A2 7 -Frofgh 2fol= ¢l

At

Z

Table 3. Dry weight and nutrient uptake of watermelon shoot with different fertigation levels at spring period (a) and
summer period (b).

(a)
Treatment Dry wei%ht Nutrient uptake (kg ha™)

(Mg ha™) TN P,0s K0
NPKO.5 6.1+0.5ns" 117.5+12.5ns 51.4+9.5ns 294.6 + 53.9 ns
NPK1.0 6.8+0.6 153.2+22.4 65.8+10.6 350.4+73.9
NPK1.5 6.7+1.3 148.9+25.8 62.7+18.6 296.4+52.2
NPK2.0 6.0+1.1 124.4+43.5 53.8+10.9 246.5 +50.8
(b)
Treatment Dry wei %ht Nutrient uptake (kg ha’l)

(Mg ha™) TN P,0s K,O
NPKO.5 5.6+0.5ns 142.2 +24.7 ns 61.2+5.5ns 329.8+43.6 ns
NPK1.0 52+0.5 143.7+9.2 56.5+10.2 304.3+21.9
NPK1.5 55+02 142.1 +£3.7 64.6+2.9 285.2+23.9
NPK2.0 51+04 1459+ 12.2 57.8+10.1 296.6 +35.3

Data were the means + SD.
Ths, not significantly different (ANOVA test, p < 0.05).

H| = ARGl g 44 A4S Fig. 137+ 2ot w2417 08F 7 AAIS-2 NPK 0.5812} 1.08 #{2]=LollA] 64.6,
64.5 Mgha™', 1.58] #|2]7Ll14] 63.7 Mg ha™' 2 56.0 Mg ha' 2] A58 H T NPK 2.08]] 2|2}t H]5}o] -f-2f5}
Al =4t} o2 A7) 0] AL NPK 0.54) 22727} 68.2 Mg ha' & ZF2} 58.2 Mg ha™!, 53.5 Mg ha'' Q1 NPK 1.54]19}
2.08}] 2] o] Hlsto] A o = - LRSS H 3l O™, NPK 1.08] 2 2]71ele 7012 ZjolE Holz] glol AH]
FS SolH e 2 RS Aok AUE H I} Gondwe et al. (2020)2 YFE-o] Ao}t EQFo| A NPK 1<)
S AR AR STt RS Hol7] ggkom, @53 gh Fol 9l 4| o] ST & oofitha ShgiTt E]E,
Kwack et al. (2017)2 B HZARSFC] 50% oV 352 A& s 2le)7H gAY Aashe RS e,
200% A2l 2ol dolf AE A F/go] AR Siginh wEbA Jat o F 279 5 Tl s Ee
2.08) A== 2HE0] 7o) R Aelol whE Agate At vEhd Ao 2 wiekETh
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Fig. 1. Fresh fruit yields of watermelon with different fertigation supply levels.
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Table 4. Chemical properties of the soils after summer cultivation.

pH EC NO;-N oM Av. P,Os Exch. cations (cmol, kg")
Treatment 1 0 0 1

(1:5) (dSm™) (mgkg™) (gkg™) (mgkg™) K Ca Mg Na
NPKO.5 59+02ns" 52+1.7ns 357+182ns 21+1ns 700+ 18ns 0.95+0.27ns 9.5+1.1ns 53+1.0ns 2.5+0.5ns
NPK1.0 6.1+04 45+22 422 + 68 21+1 695 + 57 0.96 +£0.29 10.2+0.2 5.7+0.8 26+0.2
NPK1.5 6.2+0.2 3.0+14 413 +93 21+0 677 + 31 0.84+£0.13 102+1.2 5.5+0.7 2.7+04
NPK2.0 6.0+0.2 48+2.0 432+ 44 24+6 731+185 1.24+0.50 103+0.4 5.8+0.6 2.6+0.5

Data were the means + SD.
Ths, not significantly different (ANOVA test, p < 0.05).

U2 Y EYQ| HH|E St HE I 4% A=Y SR ST HIECE A /SIS st
= AVAER R A TE] A ARLS: o] 8oto] S=EF APAA] e H] B B ES Aot BB 5540 Mg ha! 71
B Z17] TSRS N-P,05-K,0 = 47.8-15.4-88.1 kg ha™!, 032 Z7] H8]2RS N-P,05-K,0 = 77.3-15.6-115.8 kg ha’!
=, 727 B5 ] 350 dito 2 AAsleloH, o AlH[ERE FE0lo . S RS GAT o Sl
Al @olo] tigh it dAa A7 9] 2t EFC] PH|E Bt Bl R S v BEdHT A2 S 555t
=5 ARSI (Kim et al., 2022). THPA] RE 44 EFolA= 2 Al | AJB]EE T}

X
=2
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poy
2l
o
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M
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Conclusions

2 QP B R Fgo] 52 B 71E HE THIRe] HUE AZ6T A] Sut sl o P

T o HT
7 S UEU = 2015 Aot & 53 Bl 3 28RS AAst izt -afstqint. sfd EG-2 date] A4
o -Faelto] ZH7 AW 91 0] 3 24, 2.081Q1 EFell oM, 87 AEF 2 Aa, QUL AR S T A7 B
T AT 7 -Fol2Ql Aol & Kol ghgtont, 4=uk it Aejgh dlego] WhES-5 Hoj2]i= HFS Kt
5 2171 25 NPK 2.08 A 2] Lol f-ofobA| ito] B AntE Bl om, AlH]ge E21NPK 0.58) #2]+2]
T} 2F0] 7-9-NPK 1.08] #2712k -7-0]2 2ol & Ho|z] glot 25 4-8k-& fAloh= AaE HAlrt 2= A5,
e T Y S EU=R o 1A B0 Al 44 ] AJH[ERS 4, of & A7) R ] 3550 50%¢]
47.8-15.4-88.1, 77.3-15.6-115.8 kg ha! (N-P,05-K,0)2 F-goh= Ao S}l 21 0 2 ekt o 3] AJH]
e 2-8oto] 2HE Aeste o B dAte At & ik 357, 189 mg kg 7| o], o] Tt EQF
of| i A2 Fol Hlg Fa= Foll T SelkS St ot i HAS HAE 4 S A0 R yhekEm gho 2tk
S Eo] R A Aof| whet AHEE AAoke 57 A7 28 S A o= A7t h
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