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Effect of Chelated Organic Minerals Liquid Fertilizer on Growth

and Fruit Quality in ‘Jukhyang  Strawberry

Noh, Hye-Ji - Chae, Hyo-Seok - Cho, Hyang-Hyun - Lee, Cheol-Gyu

TThis study investigated the influence of AGH-Ringer (chelated organic minerals
liquid fertilizer) on the growth, yield, and fruit quality of ‘Jukhyang’ strawberry in
a hydroponic system. The results revealed that AGH-Ringer group led to signifi-
cantly higher plant length than that of the control group, and that leaf length and
leaf width increased with increasing leaf area. In addition, the fresh and dry weights
of leaves and SPAD unit, which measures leaf color also showed a significant
increase with AGH-Ringer. However, the length and dry weight of roots did not
show significant differences when compared to the control group. In the fruit
quality analysis, AGH-Ringer group did not show any difference in fruit length
compared to the control group, but it increased both the fruit weight, which, along
with the simultaneous increase in fruit width, increased the yield per strawberry.
Furthermore, AGH-Ringer group strengthened the red skin color of the fruit, and
resulted in significantly greater hardness than that of the control group, but did not
have any effect on the soluble solid content and acidity. As shown in the results,
the AGH-Ringer group resulted in lesser mineral content and lower to medium EC
(electrical conductivity) in comparison to the inorganic mineral hydroponic fertilizer,
which was used as a control. However, it increased the leaf growth, fruit weight,
and yield, and improved the fruit quality by increasing the soluble solid content in
the hydroponic system of ‘Jukhyang’ strawberry. Therefore, based on this study,
AGH-Ringer is thought to be a more effective hydroponic fertilizer than the inor-
ganic mineral hydroponic fertilizer. Moreover, the field experiment demonstrated
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that AGH-Ringer is a useful hydroponic fertilizer convenient for application in
farms. This study also proved that AGH-Ringer is a fertilizer that can promote
plant nutrition by controlling the salinity of the soil and facilitating the absorption
of necessary minerals in future soil cultivation, thereby providing basic data for
organic farming.

Key words : chelated organic minerals liquid fertilizer, elevated hydroponic
system, fruit quality, growth, strawberry
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B7|(Fragaria x ananassa Duch.)= W34 AujxjLE Aul Al e o] Fgho] Zof A
Aol FeElg ZHEolth AlEAN] EYL AT F= AHlE Aot sish s A7) of
Zh7|oith AAFS A3 ete SE HHlE AHEToER Fibe A o EF 9 A5t
T £9(Choi, 1996)7 2= W] AAtel] Aao] P o= kg AR Aiks 2t 3l

CHMiyajaki, 1977). @71 M= Al 5487 A4, 23 3 3ol o)A doek 2+ A

7F #AE FEHI =T, 200009 o] & AJEE-2 Yol nAHWMEES EAsta &9
BES THT T SR PHoZ BYE ALetE FAANIE EYEI o AL
iAo AR E ASH FHo] AtEI Ye AAolth Bre] FAAMAAN g
FAL THEE} FAn R o AR "o nFEe AAE dFsHA Ao
AEFES AT A dYALE FHshe 22 B3 o] th(Sharma, 2002).

HI7HA 9] ATl A BIIAHE S FES] TR 2 A g AFE %L%ﬁl Zl
3 21 4 O WKJun et al., 2006; Lee et al., 2015) ©7]2] =4 A

o

& 913 gYnl s 1980
tiof] e JEAA|, ofppaby], 7k} 9 XubEAl9f 22 7] A § uj ko]
A AM8-E a1 Q) TH(Yamazaki, 1982; Udagawa et al., 1988). =7 Aol Al FHu| S5 = %]
g 58td EA4S awfste] e %—/FEH s AgstA oo mjdd e =4, F
S5 AHSH AR&stoof AEA S F53 AF 2 AY FFH FES S F Uk
(Yamazaki, 1982).

AA AHEEHE FAHIRY 2L A4S 9 SekES doA X Eo] WAS=T,
& Eo] Zgol 239 A o} Qlite] X3 S AW Aol A7A At ot
gA @A) A A Al 2Hdll= =
dfjokst= 74-¢-7F DAY SHAl HaL o BAg o]zl A 2F o] AAEA
Hoh HIZ7HA FAHI R AHE Hedd vlE 243 o] dAekR] fomA A=
Ao LI A ES S T T Us A SN R o] & AT &
I HE g dF dFo] dFsith
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2 AFoA = A olE f7] vuld A dB] S(chelated organic minerals liquid fertilizer) 3]
AGH-RingerE ©]-&3t 1A FAAN7 =S &Hst7] fste] oA S50 A
HH o] F58= AFFA F(Jukhyang) E7](Lee et al, 2016)E Ul o2 H7]o] A5
I Ao FHS HUbstATh £3, ol23 A3E Sl 2] A A g A Q) A=t
ERA oA o] AxAs] A Sl 1AM A8 Ths s AES] fg 712 A
5= &&staa stk

L Adul g 8l i 2E

M A olE 7] vju|Z A48 89 AGH-Ringer= ¥l & 24 (7] vul@) ke A A
o] WA BEF vitamin CE ©]&3st] /7] U Z=E A olE o (FHWUFE
SR, =)ol Az Aitet] Aol ARSSEATE T2 F7HA AR S ¥
EAA AgA e AFESIG THTable 1). & Ao AFESE FAIZES =28
(F-8)& o] &8st wulgh AEFF ‘S (Jukhyang) B7]1E AHE3SIATH AP X SUdT &
A7 o Aldek-e-2~ W A2 TN A 2'lS o] &8t At on BY] Be
2016 109 4ol ZIATE 64.9%, T ERZ 15%, Al LTo|E 7%, BIolE 10%, =20}
OlE 2.6%, oA 0.03% L & 047%S FXT 22FAA v AFTFF 10574
3 dkE o7 A3k

_’ﬁ
2
099

Table 1. Macro and micro element contents of nutrient solution for strawberry

Macro element (me~L'1) Micro element (me-L'l) EC (dS m’) pH
Hydroponic N ] ] ] ]
solution PO;| K | Ca |Mg|SOs| Fe| B |Mn| Zn | Cu| Mo Flowering |Harvesting| Flowering |Harvesting
NO;-N | NH:-N stage stage stage stage
Control 491 0.99 0.73]5.03]2.40{0.21{1.61]0.09] 1.94{0.37]0.06{0.06| 0.005 |  1.04 1.04 6.53 6.53
AGH-Ringer | 3.84 1.00 10.37|3.69]1.56]0.15{0.23]0.05] 1.00{0.03{0.02{0.03| 0.002 |  0.70 0.89 6.04 6.51

2. AT 74 9 vlE HHE

ATl AGH-Ringer A&l A= 2,5008] 3]4ste] F2 SRE 787|704 b
&l EC 0.70 dS-m” (pH 6.0) 2 A 3te] FFatgl o 71817] FHE = EC 0.89 dS-m’
(pH 6.5NZ ZA3AT AT FA4L A2 ZS(Netafim, Israe) S A8t Elo|H 2 F
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3ot gAdFs 2H3G e FdFe 2] 159 14 33 F dF%0] 220 mL7t HE
2 259t dxTE 971318 JEUA wSA L EC 1.04 dS-m” (pH 6.53)Z 7] 1
B 1€ 33 & #FFo] 290 mL7t =5 At A A@7IZE S 2] AupE
FFE 7] Aol Fsked Bt
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dS 7102 3HA €& Chlorophyll meter (Model SPAD-502; Minolta Corp.,
New Jersey, USA)Z ZA43}H ).
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Hue angle = tan”' (b/a)

a : A S(redness, a*), b: &2 Z(yellowness, b*)

NEE AE TFoE 12 A3 ts ddd S A= A i AR
FE-& texture analyzer (TA-XT Express; Stable Micro systems, Surrey, UK)E ©]-&3}<]
sttt oluf &3 9 AE 3 mm flat probeS AHEtI o] FLEEE 50 mm-min' 9 3
o] 5 mm= A3l dojx HUStE S g/ 05 mm=E FASt] HEE HIEIAY &=
719 BEv HaH AZRE o83t ARE FAES AFoE VA 1 E FEFH
Fe ZABIAEY 7184 18 E T 2H I EA(PAL-1; Atago Co., Ltd., Tokyo,
Japan)2 73} oBrix2 ZEAISIF I 4F TS IF 5 mLol S/ 35 mLE 7HgE ¥ 0.1
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ZYolE f7] mdZ Hu7} 53 2r]e] A5 B FAFA A= FF 729

N NaOHZ #4st7 7Aso s shaatar.
7] AA W w2 g % H7retr] St #ER 1 g& AFA A 70% FAHHNO) S
718kl Microwave Digestion System@ 2 3|33t ©o]|% Z¢&d SHRTE 43t

inductive coupled plasma-mass spectrometry (ICP-MS, PerkinElmer, CT, USA)E ©]&3}o Z+

iy Es £
5. A4

BE BAEA-2 SPSS (statistical package for the social sciences version 15.0; SPSS Inc.,
Chicago, IL, USA) B4 ZZ 135 AHESIATE A 273+ B9 *}o]= Student t-testE
o] &3t p<0.05 FFANA T Hlwste {Fo4d AFE FASAT

. Z= & 03

1. AGH-Ringer9 &4

M A olE f7] g H4HIEQ] AGH-Ringer= F-7] vU| &<l 271 <Fo] o]
vitamin C¢} 128 ZAZEo] {F7] muEe] FeHE ZHolE st or, & {FASHA
Ghosh 5(2013)2] B oA % vitamin CE ©]-8¢F A o] E v|W Z(Zinc-chelated Vitamin C)
o 5% A7k Had vk Stk A2 ZEClE vulRd2 F=e] YA SHi(biofortifi-
cation)E 93 WHOE FHEoko| AL TtH(Herencia et al., 2008; Lee et al., 2012a).
AGH-Ringer= Z#°1E 7] ujul@ &2AH24 o] AT (Noh et al., 2016)E 53l &%9]
A7 v 5 1#ste HZ o vl Y w25 st Axsiyth =3
AGH-Ringer= 7]&2] 5o HAA EA(Fig. 1A)Z /MAste] 7dd 4849 Bl@xﬁ
AP E(Fig. 1B)YS ettt dxz72 AMSH JdEAA AdAa A< AGH-

Fig. 1. Comparison of the occurrence of sediment in nutrient solution of Horticultural
Research Institute in Japan (A) and nutrient solution of AGH-Ringers (B).
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Ringer®] F71% &2 Table 191 YER)ATH
2. AGH-Ringer #3ol u}2 8 w3}

Table 29} Table 32 AGH-Ringer®] #F7} S &7|9 A& A EA HAES #H
X = 9SS 2ARE Ayolty 23S AGH-Ringer 2] 77} &7l vls] folFo=
F7etR o AN dE-FAE o Y Aol7 fllth =8 AGH-Ringer A 279 4
A G2 2ol Hal 22 047 em, 0.7 em¥ SV Wt GEHo] fojHo g A
o™ (Table 2), 53] Ao HEFTES HET thil 243% S7FsIA . ¥HH 77419 Ao+
tfxTeke] ApolE HolA| it AR ASFZHAIE By HolE Bk AAolA=

T ZHY] ApolE HolA] grom HEle] HEFTS AGH-Ringer A 2|77} ti &l Hl3l] 7+
A5 B

Table 2. Effect of AGH-Ringer on growth characteristics of “Jukhyang’ strawberry at 120
days after transplanting

Plant | Petiole | Stem | Leaf | Leaf Leaf Leaf No. of Chlorophyll | Root

Treatment | height | length |diameter |length| width area thickness Leéves contents | length
(cm) | (cm) | (mm) | (cm) | (cm) (cmz/plant) (mm) (SPAD) (cm)

Control 54.5 11.0 14.8 8.40 | 7.47 517 0.25 6.00 49.5 31.1
AGH-Ringer | 553" [11.7°| 137" | 887 |8.17 | 632 0.23"™ | 6.00™ 54.1" 30.4™

Y . Significant difference at p=0.05 probability level.
? NS: No significant difference at p=0.05 probability level.

Table 3. Effect of treatment of AGH-Ringer on dry weight of ‘Jukhyang™ strawberry at 120
days after transplanting

Leaf Petiole Root
Treatment Fresh weight | Dry weight | Fresh weight | Dry weight | Fresh weight | Dry weight
(2 (& (2 (g (® (®
Control 15.9 3.65 5.89 1.05 23.1 4.05
AGH-Ringer 19.7°" 5.00° 7.73° 1.19™? 295 430™

D . Significant difference at p=0.05 probability level.
? NS: No significant difference at p=0.05 probability level.

Chun 5(2003) W&Fde] w57t AeEhths s EdTE gHAFo] AT a4
T FEe] A FE EC 1.0-3.0 dS-m oA = vjgY e w7t 2SFE Ysa ko)
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+ B7b A h(taki et al, 1995). o2& AFR e} G B AFAANA A
YA A GH BT vk AGH-Ringere] Yl ECEE GEUA] APAHT Qo] A5
AN A FF(Lactuva sativa L)} 2-01(Cucumis sativus L) 2F=ol 71€S o] &3
O|E muZe] AlHlE FA=(WA) U Pu™ F S7HE T3 A= AP, 45, A
As F AEF)S S7HAIIT L BaE vp7) JTHSuh et al., 2006). B A @A E 2E9
AA W mul g S ST7HAA Aso] S7H3F Ao E AdET

o

2 BE A F AdEE AAske duAe] FrUt S QRS S
SPADE 454 s FAHse AREN B AFZAFo A AGH-Ringer AT+ hET
of s F=2 FFol FolF o FUFeHAT. o]2’t AGH-Ringer 5ol 23} o] Gk
AL A= Aol dvkal AT ATt SPAD A= A=) 9 FHE
U = ZHH A E(Ryoo, 2014)2H4 HAN) $E9E o FHAAS 7HEIth(Peng et al,
1993). & AFolA ZeolE nu@ 7] ddl| whe} EF o] dide] dao] Foh da
TEAEES STHAA AEe A 2 Aol AR 9% vdva 2ad b o

(Barneix and Causin, 1996). ©|#1¢ AFZA#AE 18T v) AGH-Ringer®] #5+= 2HE o 2

20 AFT FFE T G5 FF UM VB E AoE AddEn. FeRd
AGH-Ringer= ZH#°|E 7] vlv|Ee] 74 & 541 A&A4 W g §F 371 &
3 AFHel A, 53] o) S-S B A7IAL o] AL F W Fio A7 FF
Gl

g% oz HRY + AUrk
3. AGH-Ringer ol u}2 =315 gl 3 37] W3}

AGH-Ringer®] #3o] B2 %7] 823 Hale] 27 Wt Br1e Ae Fg 29
Table 40 YER|ATE Ex 42 & 1819 4=317]o AGH-Ringer * 2|2 33 27] 1
BT 16702 tiz79 7] 153 870 vls] 200% <71t th(data not shown). FEgh,
AGH-Ringer 2] 7= th27-9} vlaste] o] sl QIAARE 3 Fo] 1 mm F7l8kal
HAde] FATE 1.5 g S7FFATH(Table 4). ©] 21> AGH-Ringerell o|3+ 27| 45 27| F4|
o F7be 3 Zo Fbel 71Q1F Ao BHH

@71e] shE A A e s g1, 3 A7 T Ue] eAd w2t 2
AEH, Y s YoM = 49 Aol k9o 2atd AR Ih(Janick and Marshall,
1960; Janick and Eggert, 1968; Khanizadeh et al, 1993; Jun et al, 2006; Lee et al, 2012; Lee
et al, 2014). °|¢} FLY3A 13577 B7] 15T 785 = 2719 3% 34 279 Mg
FAE B71e Ao Al AGH-Ringer A 2] 7+ 13573F €7] 1853 2671 @71& T3t
ow iz 22.87§ 2 AGH-Ringer A 2|77} 27RO 13573 7] 1HY 32709 7]
£ O s thFig. 3A). £, 135730 83 @7]o] FAV @7 17 FA Aole
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Fig. 2. Comparison of strawberry fruit cultured with nutrient solution of Horticultural Re-
search Institute in Japan and plant cultured with nutrient solution of AGH-Ringer
for ‘Jukhyang’ strawberry at 120 days after transplanting.

Table 4. Effect of AGH-Ringer on size and weight of ‘Jukhyang  strawberry fruit at 120

days after transplanting

Treatment Fruit length Fruit width Fruit weight
(mm) (mm) (2
Control 534 30.7 20.7
AGH-Ringer 54.4™Y 317" 22

D, Significant difference at p=0.05 probability level.

? NS: No significant difference at p=0.05 probability level.
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Fig. 3. The effect of AGH-Ringer on total yield (A) and total weight (B) of strawberry fruit

during the experiment period.
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D7]= AR A Aake fdste] YA AT FFS FAskE
F 83 TH(Lee et al., 2014). F714HS o] &3 LAY O|E v & AHl= 159
< T A Soiet 2] Wl mul o] SUHE B8 #Y
3% v} JtH(Norman et al., 2006). ¥ A oA = ZFEo] A W &

ol @] S a7|(FA 9FS FAS AR Add

4. AGH-Ringer 5o w2 w7 £4537}

(<]

Table 5+ E7] B 82 120¥ 9 27| &4 Ao A, B, 7184 138 & 4
AF 3 2248 E3) AGH-Ringer #5-0l W& ©r]o] 28 Hr3k Axjoln) Aol L*
e x4 zpolE Holx| ot MAAR FRIE = hue angle #°] F=T5F red
purple 21-S YEN =4 AGH-Ringer 2|77} thZT7 X2} hue angle #k°] ol o 2 Ube
o @79 A XFQJ] HEE AGH-Ringer A8 77} 298 ¢/ @5 mmE 258 g/ @5 mm2)
zTEo F920 7 Btk 2719 gbs #H9ste 7H8A 1 FES A dEe 3
- Zke] o] ARl bol= HolA| eFkA T AGH-Ringer A 2]+

g
hz=Toll vs) 7H8Ad ndE FHol SIskAL 4 FFol Hasks AEFe ETh

rulo

Table 5. Effect of AGH-Ringer on skin color, firmness, soluble solids, acidity and mineral
contents of “Jukhyang' strawberry fruit at 120 days after transplanting

Hunter’s color values Firmness | Solids | Acidity Mineral concentration (%)
Treatment ® TR o
L* a* b* |Hue angle| (& @5 mm) | (°Brix) |~ (%) Ca Mg S P
Control 363 | 329 | 229 34.8 258 11.3 0.60 | 0.0374 | 0.0208 | 0.0153 | 0.0151
AGH-Ringer | 362" | 334 | 202 | 313" 298" 11.9™ | 0.57™ 10.0320™]0.0274"|0.0223"| 0.0220°

D . Significant difference at p=0.05 probability level.
? NS: No significant difference at p=0.05 probability level.

Roh 5(1995)3 Winsor 5(1962)2] A2 o] w2 EvlES] A u]ol| A Hlj 2
TE7F wolAW HA o dxrt ST ST YRbH o2 A Fol A mgA ] FE
e e FEERAEE B9 7|7t FotA A B SR 718 1B ES o] FobA
4571 Bt 237 99 th(Jang and Nukaya, 1997; Chun et al., 2003). 3FA|RF & A+
o AH8¥ AGH-Ringer®] #F+= LEUA vjFdr} vre el s== fFetuA 34
7] F7KTable 4)¢F B7] FH(Table 5)= Al 24T + oS AT Aot
AGH-Ringer®| #5+ 7] AA W oruul=Ql Z<(Ca), vFIHlEMg), F(S) E U(P)
< BUrst AolA ZEs AT ntavls, & F A o] gixrRt foHoR
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=it} o]#3 A3= AGH-RingerZb 77] mld|@ Rt A &4 ) v & 7K Table

S~ =
=T o
55 Fall AE9 ASE FUNHCEA HFHY FAS AT AHT + T

V. A <]

B A7E FAAMA =" A ZYolE 7] vud H4dH 59l AGH-Ringer®] #57}
‘5P Gr)o] A A FF D FH vX e GFE 2AR] 8t e AT 1
ZA¥ AGH-Ringere thx&woll HIs] 27e] F7tet A 43 4Fo] 27 047 cm, 0.7
cm 713kl Wl G Fo] §-o2 07 222% F718A T =3, AGH-Ringerol] &3 <9
AAFH AEF D dNEE SA3H= SPADE F9420 S7FHe EAh kAT e 24
o|¢} B HEFTE thx799 ol HolA Futt H4d FZH 1ol Al AGH-Ringer

+ ExTEY 3o Wsle HolX GUAAR 3} £ SIS T ALY FAVE A
1703 1.5 go] F718ki ). 8o = AGH-Ringeroll 93] @7 189 S8 eFo] =+
of nisl 3270 O FgetRom 337 ¢ O FANT B7] FEH7T 2ol A = AGH-Ringer

T ol o] A2 B B MEAAD AT 155% SR ST 71
X DRED A Gl GUS A LT AV 2 AR B w F @]9 5
ZAMA 2ol A AGHRinger®] 3 HETE ASH T WU FAuaRrt 2
ulF gt o) ECE FRIATE Qo) AR Fie] o] TAsh FIFS 37}
AL A 1RE 27HE BY FAGHS YT duHos B A7anE ¥

5

3:-_]__
3] AGH-Ringer7} &3 7] vjd|& JUn|5 By A3} 5o E3}2o|a s7te]
e 3

Aol ML U7 FE FARYS B 4ZS B3 FAstych
[Submitted, June. 16, 2017 ; Revised, August. 28, 2017 ; Accepted, September. 27, 2017]

References

1. Barneix, A. J. and H. F. Causin. 1996. The central role of amino acids on nitrogen
utilization and plant growth. J. Plant Physiol. 149: 358-362.

2. Choi, J. D. 1996. The effluent characteristics of pollutants of non-point sources at agricul-
tural basins. Proceedings of the Korean Rural Environment Council Seminar.

3. Chun, Y. T., K. C. Cho, and W. S. Kim. 2003. Effect of nutrient solution management by



10.

11.

12.

13.

14.

15.

A olE f7] vivlE dur} S 27| S 9 HAFHe nA s T 735

growing stages on the development of hydroponically grown cucumber plants. J. Kor. Soc.
Hort. Sci. 44: 17-22.

Ghosh, C., S. H. Yang, J. G. Kim, T. I. Jeon, B. H. Yoon, J. Y. Lee, E. Y. Lee, S. G.
Choi, and S. G. Hwang. 2013. Zinc-chelated vitamin C stimulates adipogenesis of 3T3-L1
cells. Asian Australas J Anim Sci. 26: 1189-1196.

Herencia, J. F., J. C. Ruiz, E. Morillo, S. Melero, J. Villaverde, and C. Maqueda. 2008. The
effect of organic and mineral fertilization on micronutrient availability in soil. Soil Science.
173: 69-80.

Itaki, T., K. Sasaki, and Y. Udagawa. 1995. Practical Technique for Hydroponics. Japan
Association of Agricultural Electrification, Tokyo (in Japanese). 93-101.

Jang, H. K. and A. Nukaya. 1997. Relationship between concentration of nutrient solution
and uptake of nutrients in Muskmelon grown in rockwool. J. Japan. Soc. Hort. Sci. 66:
307-312.

Janick, J. and D. A. Eggert. 1968. Factors affecting fruit size in the strawberry. J. Amer.
Soc. Hort. Sci. 93: 311-316.

Janick, J. and G. E. Marshall. 1960. Yield-size relationship of strawberry varieties. Fruit
Var. Hort. Dig. 15: 29-32.

Jun, H. J., J. G. Hwang, M. J. Son, M. H. Choi, and M. S. Cho. 2006. Effect of substrates
on the growth, yield and fruit quality of strawberry in elevated hydroponic system. J
Bio-Environ. Control. 15: 317-321.

Khanizadeh, S., M. Lareau, and D. Buszard. 1993. Effect of flower thinning on strawberry
fruit weight and its relationship to achene number. In International Strawberry Symposium.
348: 351-356.

Lee, C. G.,, P. H. Jang, J. B. Seo, G. H. Shin, and W. M. Yang. 2014. A new strawberry
‘Jukhyang’ with high sugar content and firmness. In: XXIX International Horticultural
Congress on Horticulture: Sustaining Lives, Livelihoods and Landscapes (IHC2014): 111117.
p. 39-44.

Lee, H. S., H. H, Jang, J. M. Choi, and D. Y. Kim. 2015. Influence of fertilizer type on
physiological responses during vegatative growth in ‘Seolhyang’ strawberry. Hortic. Sci.
Technol. 33: 39-46.

Lee, J. Y., I. S. Nou, and H. R. Kim. 2012a. Current status in calcium biofortification of
crops. J Plant Biotechnol. 39: 23-32.

Lee, S. W. and Y. S. Chae. 2012b. Changes in fruit weight and soluble solids content of
‘Seolhyang’ strawberry by fruit setting order of the flower cluster. J. Agric. Life Sci. 46:



736

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

105-111.

Lee, S. W.,, G. C. Hwang, J. G. Yun, J. K. Hong, and S. J. Park, 2014. Effect of various
fruit-loads on yield, fruit quality and growth of ‘Seolhyang' strawberry. Protected Hort. Plant
Fac. 23: 205-211.

Miyajaki, A. 1977. Nitrate problems in food. Studies on Food Hygiene. 27: 45-58.

Noh, H. J., H. H. Cho, C. K. Lee, and H. K. Kim. 2016. Development of chemical fertilizer
substitute type organo-minerals fertilizer field effectiveness evaluation of organo-minerals
fertilizers produced based on vitamin for lettuce (Lactuca sativa L.). J. Chitin Chitosan. 21:
149-157.

Norman, Q., C. A. Edqards, S. Lee, and R. Byrne. 2006. Effects of humic acids from
vermicomposts on plant growth. Eur. J. Soil Biol. 42: S65-S69.

Peng, S., F. V. Garcia, R. C. Laza, and K. G Cassman. 1993. Adjustment for specific leaf
weight improves chlorophyll meter's estimate of rice leaf nitrogen concentration. Agron. J.
85: 987-990.

Roh, M. Y., J. H. Bae, Y. B. Lee, K. W. Park, and Y. S. Kwon. 1995. Effect of the
concentration of nutrient solution on early yield and fruit quality of tomato (Lycopersicon
esculentum Mill.) in substrate culture. J. Bio. Fac. Env. 4: 68-73.

Ryoo, J. W. 2014. Effects of application rates of liquid pig manure on rice growth, quality
and soil properties. Korean J. Org. Agric. 22: 667-682.

Sharma, R. R. 2002. Growing strawberries. International Book Publishing and Distributing
Co., Lucknow, UP, India. p. 164.

Suh, J. K., B. G. Jeung, B. W. Moon, and M. Y. Jeung. 2006. Manufacturing process
technique of absorption accelerator of natural minerals and determination of its effect.
Bio-Environ. Control. 15: 238-244.

Udagawa, Y., C. Dogi, and H. Aoki. 1988. Studies on the practical use of nutrient film
technique in Japan. (3) Concentration of nutrient solution and quality of strawberry seedling.
Bull. Chiba. Agr. Exp. Stn. 29: 37-47.

Winsor, G. W., J. N. Davies, J. H. L. Messing, and M. 1. E. Long. 1962. Liquid feeding
of glasshouse tomatoes; The effects of nutrient concentration on fruit quality and yield. J.
Hort. Sci. 39: 166-169.

Yamazaki, K. 1982. Management of pH in nutrient solution in hydroponics. Agri. Hort. 57:
711-717.



