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Effect of the Mixed Treatment of Electrolyzed Micronutrients
with Nutrient Solution and SCB Slurry on Mineral Content and
Growth of Cherry Tomatoes (Lycopersicon esculentum)

Ryoo, Jong-Won

A pot experiment was carried out to examined the effect of electrolyzed micro-
nutrients (Fe, Mn, Zn, Sr, Se, Sn, Co, Ti, and V) solution treatments with nutrient
solution and SCB slurry on the mineral content and growth of tomato in cherry
tomato (Lycopersicon esculentum). The treatment of nutrient solution (NS)+
micronutrients solution (MS) significantly increased the concentrations of Li, Zn,
Sr, Se, Ti as compared with that of NS alone in the cherry tomato fruits, and SCB
+MS solution treatment significantly increased Li, Zn, Se, Co, Sr, and Ti contents
as compared with SCB treatment. The micronutrient contents of MN+SCB+MS
treatment were significantly higher in Li, Zn, Se, Co and in Ti than those of SCB
and NS treatment, respectively. The growth and yield of cherry tomato fruits was
highest with NS treatment. The yield indices of cherry tomato treated with NS+MS
treatment and SCB+NS+MS were 97% and 94% of NS treatment. In conclusion, it
seems to be possible to produce micronutrient-fortified cherry tomato by the mixed
treatment of electrolyzed micronutrients.

Key words : cherry tomato, growth, micronutrients solution, mineral content
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A5 fsto] AR vy ge] Basitt. M@ AES 7H BE A4
Aole & dag a0tk AARIT T WRl=7ket A5 A= AgrEo] vEFes Ay
F217 9lTH(Linder, 1991). 1994 A A|-23(The World Bank)S] E.ile] <]
st Pl A Aol whE AR ZANF Bl gl SR 5%l 2dtta B skl
(Schauss, 1988).

s 4, FA gt B wu>do] nZdHIYL, dUEHL rEs xR
StaL QlolA & & m| e o] AF]o] o] FojAA] o} mFa vt uAHI T E
Fo] Ul Aol HHlY ZtsER 5 #7142 iR oA FAH=H, setEHe
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A7} 7ol AAMAA 3l e A o nFe s
ARNS 99 =AZ 7]0}(hidden hunger)2tal GZAozTh v Fedd JFAF2 A3t A

B2 AASA AA=A JT FAH O Z = Fe, Zn, 1, Se AFo] AV Ha Ut =3
AA FEA A EF] 50%7) Zno] B3 30% e Hol A¥E Aoz RuFdnt
(Kennedy 2} Powell, 1997).

Aot G5 AL REe vuHE FU1E FHE Qofxith Ao e ofn|s)
oy & f71=Y FHE Aotk 2Eo] 878l HFdas
Fe, Mg, Mn, Zn, Cl, B, Mo7} It}. Q17+-e 2] &9 H4U4 2% Cr, |,
V, TiZ 283t Ao 2 BIEATH(Schauss, 1988).

A ulE 2EE sHACE | 457] 9t 2 E v >o] AstH AES £}
A, v E-& v 82 AJH]Ste] 4 & 1| Y] Z(phyto-minerals) T3S = 0] =(phytofortication)
WS A3l A t(Nestel 5, 2006; Cakmak, 2008; Ortiz-Monasterio -, 2007). Q2 1]
vl Z3Kbiofortification)= 22> H|-& 02 2 &4 ny gFS wo nuP FFHFLS

A

S7HAZIEE 7P a3l e s dEA AthBouis, 1996). W24 73 AWl = 4
o & 2P S AT 87 ofle}t Holake S ot QL THEe] Aol 2 I
< vzt Alloway, 2004).

2 dTe dlsEY A s EA vy >e] AstE s4HE Ailes 2AE)
7] 9&te] AP EAE nUZ 743 HE Y82 FAL Adsin ISR my
& 73} S Y EE SCB(slurry composting and biofiterration) 4 H1 & A 52 wd|& 733} A
e AABATE SCB o A n] o] SA-2 A n]ol Hlste] o4s}, #As I}t a1, oFF

7F A9 glon AR Fa5 Tl we Fe 8EA Aujojtk
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Hepd B ATNME AEA} G4 FFE 5 A 1059 o4 BHvFaLsE
A5, o] BV F Lkl ¥l SCB ‘?L‘Hl o A7kstel W ENES] Y5t Ty
v Gl MAE JFL EAAT,

L A4 E 3 F3he

= 2011d 4€5E 9971A FA NSt A fFrE2ddA 3 o}%lﬂ} A B
TEIE FFTL FUHZTETH)E ol &3t EntE 352 449 259, AASHoH
A2l 2o] ¥7] AZslE 2011 62 10800 A A5

EnlE B2FS AH 30cm, Zo] 50cme 3] HEES e T A Al ES FETI
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F71EQel AHgol 7He @ vFF mul@ & A x=8k7] 18t Fe, Li, Mn, Zn, Sr, Se, Sn,
Cr, Co, Ti, Vo] 55 H7]&al o]-§3to] ol o] 2B CB=A PR &S

He

H=
AzsE. ole4 UG Axg AVRAIAE SefolgaE zwg Afol 24%
& Q7 B, AR/E Dot ARE WYAIEF WS H O, 204 AFE AL of

48 g AT M E AA s, ARFS AT  A=H Xﬂoiﬁlig ZkETh H7)E
ol AHEHE 5o FALS Hetg oz weold Al d43 & S50 vgas A
A8kaL, F=9l o] 2BA7IVIE dite 55S HAS] &K @2t A& Jkska A
e 5wt Ads] woF A, AR EES ¥olal, 509 &E& w71 A8
dolut f7|tka 22 E2dE dafjdor Yol 5452 o3} o] FolXn), ojuf ¢
oA Fohe o] F&52 550 EEkeo] Z’E T Ao 558 JAFTE S
AYAA H7= FotE 55 o2 FASA X sto] ALHoR Foll = vEE

3. A&
B Ao A& Table 13 ZTh A& A AHEHE 7|FO0 2 SCBYH| 9} o
AAMNYE FA(FEFEA, 1997) EFvFaid 2AAYE T EFvFa LN
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A7) 8ef o) oste] HajHd o] &4 Fe, Li, Mn, Zn, Sr, Se, Sn, Co, Ti, VE 3H3l= 15 %
U2y S A zste] 3etoFd s SCBYH ) ZZE 10ppm F7F3HI T

Table 1. Treatments of experiment

Treatment No. Treatment Content
T1 NS Nutrient solution
T2 NS+MS Nutrient solution+ Micronutrients solution
T3 SCB SCB slurry
T4 SCB+MS SCB+Micronutrients solution
T5 SCB+NS+MS SCB+Nutrient solution+Micronutrients solution

2 AT J8d YA EvtEA A8 A AT 40 g H(N-P-K-Ca-Mg = 9-2-5-4-2
me/L)S SHSFHTE 2k A2l 7o FEES AVHMEEEC)E 7T = T A&
o A 270 1.6mS/em, ASF710 1.8-2.0mS/cm S5 7]0 1.8mS/cmO. 2 A5t
Hj okl o] pHE Q4kgo o2 2439 om pH 5.5~6 A% §X3ITh

vt wggeyel met 244 ARe] WRPEE

E2EAY TS WPPE] JUWAZ 44T PFHore

dnje] FAYHLS HrE FAHAIEHA Standard Methodoll weh #A5HHT pHE
ORION model 420A& AF8-3F ©]- 271 = (lonic electronic method), EC(Electronic Conductivity
:mS)= TOA model CM-7BE AF&-3} T} X3 T-N(Total Nitrogen)< Ultraviolet spectro-
photometric screening method, T-P(Total Phosphates)i= Ascorbic acid methodS AF&-3} T}, ]
24 a4 B2 AA(Perkin Elmer model : 5100PC)E AF&31%1.©™, EPA Method 3050B2]
ZAX 2 EPA Method 200.99] &A1& 283ttt

5. SCBHu], b, Sgm|e soje] 48

SCBYH| = ofFF 7P Aldg] 182-2 Aol X3t o5 FEF7lolA 2 waw
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i s SCB“‘—‘"H]E A& SCB E Bthe] s}l n] o] o]&}8ka 542 Table 29 2T
SCBHH] o] H-3-EZ(suspended solid) g2 152mg/lZ v~ Sro} 392~ Fu] Ajul A] =
aEﬂWP*@Hﬂi%f#éﬂ%ﬂ:amﬂﬂwl@i%l%%@%ﬂZﬂqws8ﬁmww
Ao} Qi Z4r, vl e Zh2h 344, 242, 32.5mg/E DA} BF il nHlsh

=4 R
o] AE o] REG P By AHE Jehnch

Table 2. Nutrient composition of SCB liguid manure

T-N T-P K Ca Mg Suspended solid
(mg/t) (mg/t) (mg/?) (mg/t) (mg/?) (mg/0)
608.2 34.4 885.1 242 325 15.2

Table 3. Micromineral content of SCB slurry, nutrient solution and micronutrients solution

Elements SCB Nutrient solution Micronutrients solution
Fe(mg/?) 3.5 20 10
Li(mg/¢) 0 0 10
Mn(mg/{) 0.4 2 10
Zn(mg/?) 13 0.22 10
Sr(mg/?) 0 0 10
Se(mg/() 0 0 10
Sn(mg/?) 0 0 10
Co(mg/t) 0 0 10
Ti(mg/?) 0 0 10
V(mg/?) 0 0 10
6. =AhH&

WHEAE PLELE 378 17 30808 so] 24, 27147, ANF, AYE 4R
ko)

A ]
5 AR BF 5E AN, AYS A9 AEE 2SN, Aulsh Pl £
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of &3 4= (pH)= pHUIEIZ, A 7]H =5+ ECPIEE o] &3t SHeit. 54 5
Z](SPAD reading value)= 7Fe]dS4Z% %X (Minolta Japan, SPAD-502)& ©]-8 3]-9}@. =

e 9 ANY F49) GO Sgon wBY 3FA, 177 5314 2ol BFA
) ST, 71E} AR EAF A AND FAABAT AN E(5EAED, 1995

o oj7A ZAFSITE BA X 8]+ Dancan® TOHEHA L o] &35

L WeErnel v nild 5=

FH 3} SCBAY ROl HEFm|Fasio] Mo g HEErES] vUd FE& Table 4 %
Table 59} 2ot Alg A} FA+EFw|Fa 4N M T4 = Li, Mn, Se, Tiol S7F=3A
1, SCB+EF e 4% X2l Li, Mn, Zn, Se, Sr, Ti &&o] =ol#th 7 njgFa i A
B8 AYEFAE BY Fe Ao &3+ YehA 4ith SFA+SCB+EF M FA 4=
SCBYH], NSHH] X212} Li, Zn, Se, Co, Ti ol FoAJA S/t el F A&
of & AHd gF FHFS HE2T9 0469014 A2 TollA 1.53mgkgE =5 o SCB
A FAMAE gE ol STt B lithium %2 100ppm =] Ao g2 o
HA 1, B HLo gF FHL 1470ug/gl 2 RuHAT 1539 gF TFHFS 194~
318ug/g 2 =ThHLovkova -, 2007).

W A2 A BE Aol A UEA] btk ey ofd Aol mE ol
ZF 571 B3 &Y AgFolss dEEA 4%keu SCB A g FollAE 7 a3E U
EFAATE Zn & AFHLS AR AstE okZ @7t A2 13-47%, HEOLAIOF 18~30%, &
FOoFAlo} 27~39%0l G35t A Yol me} ol K= Eofo] 4bAISEAL Q)T Bouise &, 1996;
Begner, 1997). o}d-2 21 E9] g& Ao Fao JEolth s Zn T2 80mgkg©l
TH(Cakmak, 2008). H 2] o}l &S 10~40mgke, LS 13~68mgkg S 2 R 1% ) THRashid
9} Ryan, 2004).

AEEEES) RJE]—E ool m AME FFEATE kot SCBAN] ATl E3}
7b mlElekTh A el AEEE(strontium) S WA 447 o n HES AEEE
@ B 2 PRI Ron SEEELS F4UG. FEAAL Mo} A0S TN 2
#o] YRE oA, Aol oF 320mee] 2EEFO] TR Jor, Wol 36~

W 2EEFY §940] Bol AF

140ppm F =2 S0t 19503 T8 Q1A A 7ol
Ha, 2EEF 350 AFERZAZ AFLE I ¢ tKKrutilina

oj

, 1999).
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Table 4. Effects of micronutrients solution treatments on the concentration of Fe, Li, Mn,
/n, and Sr in cherry tomato fruits

Treatments Fe Li Mn Zn Sr
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
NS(A) 34.7a 0.46¢ 27.2a 15.1b 1.51b
NS+MS(B) 35.6a 1.53a 28.4a 15.3b 2.96a
Difference(B-A) 0.9 1.07 1.2 0.2 1.45
Increase(B/A, %) 102 332 104 100 196
SCB(C) 34.5a 0.44c 26.9a 14.8b 1.49b
SCB+MS(D) 34.8a 0.97b 28.9a 20.5a 1.60b
Diftference(D-C) 0.3 0.53 2.0 5.7 0.11
Increase(D/C, %) 101 220 107 138 107
SCB+NS+MS(E) 35.9a 1.06b 29.1a 20.7a 1.63b
Difference(E-C) 0.4 0.62 22 5.9 0.14
Increase(E/C, %) 103 240 108 140 109
Difference(E-A) 1.2 0.60 1.9 5.6 0.12
Increase(E/A, %) 103 230 106 137 108

NS: Nutrient solution, MS: Micronutrients solution, SCB: Slurry Composting & Biofiltration
abc: Same letters are not significantly different with DMRT at 5% level

Adg Al e WEErE 9 Se S HET9 0.08mg/kgoll HIdt gl
7ol A= 229, SCBAH] A gl ol AE 1292 F71E 0] Se a3} A HAG. A
T STEE 50~100% BEolH 2F Wl f7] Adwo=E FuEY A 3] F5H
U 571 Ade e oY A 4P denal 3t =059 Sed EL—__J *tH
FE 60~75ug 2 A 7IFRNDY 122 RIF AT Terry 5, 2000). 2 AlA o & E
ool Al Seo] e 0.01~2.0mgkg)°] St BHENAE FEF A4 ZHHHOHH 16
mg/kg?] SeE HlE | &3 ste] A8t ot B AT FAFES] HLEUES] Se 3

Fe B FEL bt

olA 67%, SCBAMI A 44%
W, ILE A= AEA 9 NELS TAAA AFANE FAAA EnES ST 5

HFS Z7MAYI= AoE RuFEATHNadia®t Kandil, 2010). 21 E42] Co 5= HEFTS
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2 0~10pg/glE & A Utk ILEE HIEMT Bl2(cobalamin)®] BFTH AR 1154 &=
I FEO FFULE duA Qo AY uf NE S oo TH(Bakkaus 5, 2005). 3
HEE 22 thatel Az a7t e Aoz vugy ok 54 A E
gHFol 0.07mg/kgol E7Fste] 7hEe R
of ILE AFPZ WA St Alm FE el Fasith

EJElF (titanium)-> 21 & AR FFAHE S5 Aoz nuFHoy Agans u
ERbA] ergheh =& vyt Aol o3 viut F9o] e S7F s YEhA %3
o AR st EvtE AlFeA vhuHE S0ng/ml A ol A 117~418pug/ge 55
UERN T 231519 Th(Hayati®} Aksu, 2011). HPYT] (vanadium)- <1ZF, 712 1733}
2= A5 a3t Jokal B3 o (Mertz, 1986).

Table 5. Effects of micronutrients solution treatments on the concentration of Se, Sn, Cr,
Co, Ti, and V in cherry tomato fruits

Treatments Se Sn Co Ti v
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
NS(A) 0.08d 0.20a 0.025¢ 0.001c 3.42a
NS+MS(B) 2.29a 0.21a 0.026¢ 0.026a 3.44a
Difference(B-A) 221 0.01a 0.001 0.026 0.02
Increase(B/A, %) 2,862 105 104 26,000 100
SCB(C) 0.07d 0.19a 0.025¢ 0.001c 3.41a
SCB+MS(D) 1.08b 0.21a 0.066a 0.008b 3.46a
Difference(D-C) 1.01 0.02 0.065 0.008 0.05
Increase(D/C, %) 1,442 110 264 800 101
SCB+NS+MS(E) 1.29¢ 0.22a 0.028b 0.008b 3.47a
Difference(E-C) 1.22 0.03 0.003 0.008 0.06
Increase(E/C, %) 1,842 115 112 800 100
Difference(E-A) 1.21 0.02 0.36 0.003 0.05
Increase(E/A, %) 1,612 110 112 800 101

NS: Nutrient solution, MS: Micronutrients solution, SCB: Slurry Composting & Biofiltration.
abc : Same letters are not significantly different with DMRT at 5% level.
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2. MEEVIE 4§ 24

B Al X wE A T 40U WL EuES ASEALS Table 63 )
EntEe] 242 FFFAAA 185emE 7HE Hhow Fdof muld HIUMF s 2
£ UEhA eskth SCBYHIT9 242 1724cm= FAA 2T B} vt 242 &
7 SCB EFHollA] 181.6cmE SCBAHI BT =4ttt E7127 9] 79 SCB+NS+&-3F
24% TFAIETANA 16.Imm=E FAA} T} thF5stA T SCBAH] A&T-2] =717
15.8mm= 7Hg At o] # 3 A= A= AEZtol FF o] Bop Al&airt
A3 271879 SUWEAE 71 oy SCBYH] Al &= i BFgoz sl
AN AEES YA 23 Ao Bt

SPAD502E ©]83t f=i FFs AR AF= Table 63} At EvlE Q1o =4
SAA = °k°“i%a¥oﬂﬁ 5292 71 E%kow SCBAH|9F SCBYH]o EjfmgFa s 3

l‘

PN' flo
r{m

7}?4 £SHAE FAHY TR ReUTh F F0NS ErLE Ao @EaZHA
HARAY AREFFS FoY Ye Ao JRUAT Bel HEAL] YL A
w2 @ol Asstin G55 £ ATARIAE BE e 7ol B FLH A

LU= 275D SCBAU Ao 2l ABAZHAF Wobd AL SCBAMY

Yot da el datedael QIak Bo] fdlo] | Ao = ARRHETHFS A, 2009).

Table 6. Growth characteristics of cherry tomato plants at 40 days after transplanting as
affected by micronutrients solution treatment

Treatments Plant height (cm) Stem diam. (mm) SPAD
NS 185.9a 16.7a 52.9a
NS+MS 182.4a 16.9a 52.0a
SCB 172.4b 15.8b 50.1b
SCB+MS 172.0a 15.6b 50.4b
SCB+NS+MS 181.6a 16.1ab 52.7a

NS: Nutrient solution, MS: Micronutrients solution, SCB: Slurry Composting & Biofiltration.
ab: Same letters are not significantly different with DMRT at 5% level.

3. 3hY SRasst g 4%

Table 7 %Foi3} SCBH]o] B ool EFstel As sE B Sy
2 e Zolth thaTel s} Himste] ool Batulgaie H7bTNSHME
3ok frol 2ol B UERhA gkth. SCBAMIS] FEIFE 89-1022 FH T
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Table 7. Changes in the number of fruits by truss as affected by micronutrients treatment
in cherry tomato plants

Treatments 1 st Truss (No.) 2 nd Truss (No.) 3 rd Truss (No.)
NS 11.3a 13.0a 13.3a
NS+MS 11.2b 12.9a 13.2a
SCB 8.9ab 10.9¢c 10.2a
SCB+MS 9.0a 10.3¢c 10.5a
SCB+NS+MS 10.7a 11.9b 12.4a

NS: Nutrient solution, MS Micronutrients solution, SCB: Slurry Composting & Biofiltration.
abc: Same letters are not significantly different with DMRT at 5% level.

Table 8014 ez} SCBA WO Hfv]Faid s st A2t A3} F9 5 A
e FAA A 555.7g 02 7P BT SCBAH] o] FIABAFL 451.6g0. 2 F
A o] 81%2] A4dE UER T 0131 At SCBAHITE UE7I7F T3] AA
%= Aol FFEATI =Lt & HAF] AetE Aoz HAlh

Table 8. Effects of micronutrients solution treatment on fruit yield of cherry tomato
ntrated slurry of swine manure

Treatments Yield per plant (g/plant) Yield index (%)
NS 555.7a 100
NS+MS 552.4a 97
SCB 451.6¢c 81
SCB+MS 446.2¢ 80
SCB+NS+MS 520.4b 94

NS: Nutrient solution, M: Micronutrients solution, SCB: Slurry Composting & Biofiltration
abc: Same letters are not significantly different with DMRT at 5% level.
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4. AEA 718 A F

2183 7] WA ZS Table 994 B Hle} o] ofllz}l SCBYH] Alo]o= &-o)}
7F AN oY, Bt e s Al mE foake A HA gtk AEA 713
A FE FAHEF7F 170302 SCBYH] B} =30 n, SCBY B+l +8-3hm|uf| 2y
EFA T AAFL SCBAH] = AT Bk §o4 A Eokxoh

SCBYH| o]  F+&7]+8 e AT 2T &Y thHl 85%EF YErA. FHek
(2007)> AE7 AFollA Q4 AFE AT A5l AstA A HAT A=
HtEAAE SCBHH| O] Bt ol o3 QIS AR d+=7] AHE A3l
° 2 AR EY Blair 5(1970)2 U] NHy-No] & & u] s=aFo] Sttty st

3t ol ojA NHe-No| 10% o34 o A5o] A3tEthal(Gericke, 1929) 3l =H o)==
21 ZA Yol F5 = NO; : NH.2] H&o] ¢ vS_O]":]'lE e ol TRt B AT A
A& F5H o] NHyo| §HaFo]l &2 Zlo] d=E7]9 Aol AAld Ale] & Ao = A7
Rk A1, 2009).

>i b L=

tA

Table 9. Effects of micronutrients solution treatment on the growth of cherry tomato plants

Treatments Leaf wt. (g/plant) | Stem wt. (g/plant) | Root wt. (g/plant) | Total wt. (g/plant)
NS 78.2a 55.7a 36.4a 170.3a
NS+MS 77.9a 55.0a 36.6a 169.5a
SCB 65.2b 50.7b 30.1b 146.0b
SCB+MS 65.8b 50.1b 30.9b 146.8b
SCB+NS+MS 76.7b 54.5a 35.4a 166.6a

NS: Nutrient solution, MS: Micronutrients solution, SCB: Slurry Composting & Biofiltration.
ab: Mean separation within columns by Duncan multiple range test at 5% level.

N. 2 <

2] & 1)) E(phyto-minerals) &< =< vUE733} &&= (biofortification foods)= 7'
317] 9lske] A7) R3S o] &3+ 105(Co, Fe, Mg, Mn, Sr, Zn, Li, Sn, V, Ti, Se, $)&] w1l
FAAE ote EFrvEds A5kt

FH7} SCB Hulo] BEEr|Faide HLENE Xt A7 FH+EFnFa LN X
2 7= Li, Zn, Sr, Se, Tio] 75 al, SCB+E3m sk e A9 X2 = Li, Zn, Se, Co, Sr,
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Ti &Fo] FAIA F71etATE FA+SCB+EP| F a9 A 275 SCBYH], NSiH|
2] 72Tt Li, Zn, Se, Co, Ti &&Fol Fol4 AA F718tit.

ErtE] A3 FF2 A TN TP w33, B vjFe s A2 Fasil
o ErtEe] £ RFFAA Y ToF Hlu ) NS+EF Fa s A 279k SCB+d A+
5 nlgFe s é;w ST 47 97%9) 94%9] EntE #H $3E Yehid oy v
24 Aetadst dlorng EFEAE 2ASYE EvtE fujg Ffow Fgo] e

%

[=EHEY 2012, 8. 27. =EFAY 2012, 9. 17. HFE=EHSFY 2012, 9. 20]
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