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Abstract

This research was conducted to investigate the influence of different kinds of acids added to
irrigation water containing high levels of bicarbonate on the growth and daughter plant production
during the propagation of ‘Seolhyang’ strawberry. Fertigation solution was prepared with equal
concentrations of essential nutrients as found in Hoagland solution, plus 240 mg-L" HCO;". The
concentrations of HCO,  in the treatment solution were decreased to 60 mg-L™" by the addition
of HNOs, HsPOs, H2SO4, HNOs + H3POs, or salicylic acid. The mother plants transplanted to
raised beds were treated with a specific treatment solution for 126 days and growth and daughter
plant productions were monitored. The fresh weight of mother plants in the -control treatment
(240 mg-L" HCO,') was significantly lower than those in acid containing treatments. The number
of daughter plants produced per mother plant was 13 in the -control treatment, but 19.4, 20.1,
18.6, 22.4, and 18.9 in the treatments of HNOs, H3PO4, H2SOs, HNO3 + H3PO4 and salicylic
acid, respectively. The substrate pHs after 126 days of treatment were 8.2 and 7.3 in the -control
and salicylic acid treatments, respectively, but 5.5, 5.4, 5.3, and 5.5 in the treatments of HNOs,
H3POs, H2SO4, and HNOs + H3POs treatments, respectively. The tissue Ca and Mg contents of
mother plants were significantly higher in +control (90 mg-L" HCO;") and various acid blending
treatments compared to the —control treatment. By contrast, Ca and Mg contents were not
significantly different among treatments with acids. The Fe, Mn, Zn, and Cu contents in plant
tissue of —control were also significantly lower than those in all other treatments.
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97| 73S Q1R WoO] 8-S ko= of2] 891 5 FEHto] sk & EAfohH T ER L] pHE A7, 4
5 pHol| ool 7+ 57| 940] B8t =l o] 2= o] ExFalixItk(Styer and Koranski, 1997). SEHF olof= HH
202 x| Hof|A| gro] WA, S-E|ute Hithof] QIS 37| 11k, S =4t 9l Hof, HE o4k =3 A A
4 5} 5 of2] 2]9o] Aol FRM STt A shA ot BY| 7 Aol A B wsr i st= A o = A A k.
a2 13 ) ) 5 e s e i) e (S g P A S Y e s B I = s S S 1

Hellzkz 7 2ol A T h-2] S5 7160-80mg L' = wf 2= AY-50] 24~ HNelson, 2003 ; Peterson and
Kramer, 1991). FH4to] 2155 2 EA5HH 7i4-0] 5o Wobd 5 pH7 | H| a2 dof A ks Tl gt
T PHesH] o ] £ Hr o] SEMHHCO: )T} §EgS1o] H209F CO22 W5}, o] TgollA] pH7F 214
2 0 = Asotia 2 Aefdalio] @91o] EItkNelson, 2003; Styer and Koranski, 1997). T-#7-2] pH A6~ Thge4a?]
QAT a2 A 3 Fe, Mn, Zn, Cu 2 B2] -850} 52k 7k 2 2 alj6}o] (Lindsay, 2001 ; Nelson, 2003) B2 9] AAfo] A1
SHA A THLee, 2015).

WGl FEto] Wt 2 EAR - et 0 2 SRS AR & 2R IR A H7oto] e 2AJok=A
o] Higt st FAof| FEHES A AL Sl HHA 0 2 A-gohd HiHo] ZAE, QI Ei= B4t 5 2154k Zd7Folol Hr +
HCOs 9] ¥h-g-& ZX00k= Zloloh, 1o Ak 37K 79 Akl I3 NOs (F4h) HoPOs™ B4= HPO4 2(Q14h), SO+ (%
4h ol HlmEH 2 A5l kS v|Xt). 55| B7 )= EnfEY 2Pt S

s AAlShE THE 2kl Hlsh AV A
Rt SHlFo] Hof Fallo] o -E ol RIS Rt ee, 2015). whebA] Fhito] 2 A[sleE 27| 7 Affe] ©]
S A TS T ol BRF oVl Blardw S0 Yol b 4= QLo ojefet @2 AV A
ol A2 g7]o] el & &= I 7Fs/dol =
OV 2 AR AlEtte] FRTo] As ] Wl TRt S0l Ahe SRkt & S Aokl YA BT B
£ At B, AR A, )3l AEA 7714 ol viAlE Sde 2451 sk SRt sl Al ¢
=S FHeAA 2 AAE 53T

“d% B7|(Fragaria X ananassa Duch)& 2tz so] Fetietaol ¢21et el el £ 45 aasi3lt. 2
olo] HAELL Helo| EE 7:3(v/v) 0 & Eototo] XA EFMIES 7H= 300cm, A= 25cm H 0] 20em Q] 1H| =] &
A8 53%719] 08 o] Ak 5 A F 6027 AskeR pste] SRl s 2@ S,
AEA 794 TS A 02 WG = AES IRt AJok==pH 6.7, EC 0.23dS'm™, HCOs~ 90mg-L ™", 12|11
210l = (mg L )NOs N 102,Na 11.8, K 0.5,Ca22.8 Mg 22 W S04 12.62] 3fs+4] EAJ-L ZH=7) o 2 B AT|ot

24 602 T 413 30t 4121 A o191 S B AL wiefots B3] AReIiE RS Fiat viegel Ao
HCOs™ 55 240mg'L ™' © 2 435t Hoagland 298 (Hoagland and Arnon, 1950)-2 — T 212 A9, A5kt 5Ust 5
T o] TS 2t A2 E +tEFO0mg L )= AQkeh thE A8 ZAll e — 2Tl 240mg L' o] gHof]
HOOs 35128 60meL 1 © 2 278 4 9= 2% QUE Tk ZAHel 9l A28 EeaI9on], 200 Pk 71
© =2 60% ZAHHNOs; Samchun Pure Chemical Co., Ltd., Korea) 68mL, 85% ¢14HH:PO:; Samchun Pure Chemical Co.,
Ltd., Korea) 32.7mL, 95% -1 H2S04; Samchun Pure Chemical Co,, Ltd., Korea) 16mL, 60% ZAF34mL + 85% 1A4F16mL,
=11 424 HCH6Os; Junsei Chemical Co., Ltd,, Japan) 60g $Att. o] oA ILE 2|2 8-ho]| gF == thaFed et v
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AT 4] 126U 3 ZARSIITE 0] A RARYS-S 27, 25, 3, 4%, o
A9k TEA7, AR A D ARSI AAR Al em &) T2 73S 246191 1, ABAIE RS 247 $80°C
AZ710 A8ARPAZRA] §- 23252 S0k A2 710 = 39 9 9] 54 (A= 4- 5747]: Model SPAD-
502, Minolta, Japan)-& Z75}3117, Aol A At g1 oo} 7l T12| a1 ol 2Pge Aot s 2w of Al
T AESS TS 22771 Bl S sholrh Z49FA © =2 Choi and Lee(2013)7F 8o RS wheh AJ5-2 ZAISHSIH

TR 2loMd BAS loto] T 24 & AR AR E AFI6IHAL Al wE EoH5-EH (Warncke, 1986) 05 3517t th
HL2-001N 40 & pH7F4.50f| e w7hz] 2745131, 4 @ it -8l 5
SHAF AR 6.1 H510] FEH 5T (mg L) E 16} HStyer and Koranski, 1997).

T AL 126 Fof] AEA| O] AV FF A gtste] 7794 ftegol] it 24 A== Al AHEA= Jeong2008)
O I FUSHA| & oA, A% H 242 AR 240 A== Kjeldahl B (Eastin, 1978) 0 & A A(T-N) @
=, 11231 500°C 2] BletzoflA ZA12]etA]7]aL, 001N HC1 -89 0 & BJobH A wg 39§ K, Ca, Mg, Fe, Mn, Zn %!
Cu SRS BA-a}olct T3t 249 A2 o] 23k Qs = Chapman and Pratt(1961)2] B wet EAdekict 5719
A SFeke SE AA(AA-7000, Shimadzu, Japan)2F - E3453 = A|(UV MINI- 1240, Shimadzu, Japan) & ARg-5}0] E415191
Om, F7]E 740] AHFA] T2 Choi(1994) 2] W2 whzitt.

A s B AEAU 57 1= el PRt 2AF 2 2447 Duncan®] TS 0 =2 2277t 2ol 5 Hl sl 0w,

CoStat =2 T3 (Ver, 6.3, CoHort Software, CA, USA) 0 2 EA 485190t

WEIE0) TS FN717] Sfsl ol Thefet ke A=Istal ofof Fe U2 4 BY| B0 AV S-S A

2] 126 & A5} Table 1of] LyERH ST

Table 1. Influence of the addition of acid into irrigation water on the growth of mother plants after 126 days of treatment during the vegetative
propagation of ‘Seolhyang’ strawberry.

Plant Number of Leaf Petiole Chlorophyll Fresh Dry
Acid treatment” width leaves length length content weight weight

(cm) (each/plant) (cm) (cm) (SPAD) (g/plant) (g/plant)
90 mg-L" (+Control) 3074 22.0ab 123a 234c¢ 449a 102.5ab 20.1 ab
240 mg-L" (~Control) 173¢ 163¢ 99d 219d 237¢ 76.0b 14.7b
HNOs 284 ab 230a 114bc 22.7cd 440b 100.9 ab 19.9 ab
H3POs4 26.1 ab 233a 11.7b 22.1d 43.8b 97.6 ab 20.0 ab
H2SOs4 229b 22.0ab IL.lc 229cd 43.7b 952 ab 194 ab
HNOs+H;PO# 303a 250a 11.7b 278a 450a 1185a 228a
Salicylic acid 24.7 ab 19.6b 11.7b 254b 445 ab 96.9 ab 19.5ab

“The treatment solution of +control and —control contained 90 and 240 mg-L™ HCOs, respectively and each of the acids added to the solution of —control lowered the
HCO:s concentration to 60 mg-L™".
*Mean separation within columns by Duncan’s multiple range test at p <0.05.
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FEHt 57 240mgL 1<) — 10] vlh B0l 2 Helat mE Aol A 230 Je2lo 2 Helxu 4t el
5 Al AL etk § 0l @Fo] ESte. 940 B — AR+ ETO0mgL ! HCO) E
A48 A 7oA BIRE), AT e 750 v ol salicylic acid S JelE-70] @47 ThE 4 el Hek 2ol

=S
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4 S AR A QA AR TRE A AP B - YR B AR 0 2 fofolA wokom,
At QU4 RO A AejTtofli= 2ol 7} QI E|R] et —th 2= ThE HE A2 E Bk fofohA Relth B50] 2124
AL AL Z 2] 118 5g, +THZRT- 102.5, 2411009 1211 Q14197 6g 2 ZAFE|0] — HiZ2] 76, 0g KL=
oA AR 284 Q1 o7} QIS0 E AL Al et + T2 Thof=BAE Q1 Ao 7} QI =] 2] ¢kt o,
— it SAA 0 2 folebA 7P it o] AEAY AES T AAAIE I -FARE A B

ol 4t 23to] “deF E7) b HAY 9 3ol 2= kS Table 20 FERAQITE #1U Zojet Ay 4= BEAE A
2l oA - o R AU ko W, +tiR = A AR ST - GARRE Ao 2 ZAbE|o] BAA Q] Zpo 7} Q1A ] ] Aok
CEARS A2 120D B9 B 1 AEA G EARM A A= — 27 I3ZRA| AR AT, QU4 St AAk+Qlit g AT
AP AR E=2E2119.4,20.1,18.6,22.4 B 18.9 7HA| = ZARE UL, I7lof] thghAkx 2] 7k Ap i A8 o] S5t axprt QL
22 U Ak 1A AR YA F-2 Akl 2] Lol A 68 6g 0 & 7P FA K 0 m +TiEAE HAE Q1AL 8t D salicylic
acid 2|7} 247}+53.3,572,56.3,57.9 J12]11 56, 1g 0 2 ZAFE| AT o5 A E-2 FAEI 2lo]7F 1A =|7] Ioket. 19
U - g2 12 AR A 0] 45.7g. 0 2 AR TR A2lE Hrt-fofstA 7hH ik

Table 2. Influence of the addition of acid into irrigation water on the growth and occurrence of daughter plants after 126 days of treatment
during vegetative propagation of ‘Seolhyang’ strawberry.

Number of Number of Fresh weightof ~ Fresh weight of Dry weight of Dry weight of

Acid treatment” Rm};:gﬂl runners daughter plants st daughter plant  2nd daughter plant  1st daughter plant ~ 2nd daughter plant
(each/plant) (each/plant) (g/plant) (g/plant) (g/plant) (g/plant)

90 mg-L" (+Control) 760 a" 543a 200a 535b 45.1bc 10.6b 89bc

240 mg'L" (~Control) 5441 386b 130b 457¢ 390¢ 91¢c 80¢c

HNOs 7452 543a 194a 572b 46.5be 112b 94b

H3POs4 747 a 557a 20.1a 563b 46.0bc 114b 93b

H2S04 719a 529a 186a 579b 49.1ab 114b 9.8b

HNOs+H3;PO4 828a 6.14a N4a 68.6a 556a 13.7a 109a

Salicylic acid 709 a 529a 189a 56.1b 484 ab 112b 9.8b

“The treatment solution of -+control and —control contained 90 and 240 mg'L" HCO, respectively and each of the acids added to the solution of —control lowered the
HCOs" concentration to 60 mg-L™".
*Mean separation within columns by Duncan’s multiple range test atp < 0.05.

A A7 A o) L Ao G0 2 WAt Z171] Aol MAlSKe 3 i) ARE 12} AR, o
& Q4B WAISHE 242 27 AL W 33} AL ARtk AU v Qb 0 2 2] Aol $4ste], S8
Z AR0] APgo] S2slol T A70] FE 739 A F 7] 420 BEHCho etal, 2010). Table 2] Lie v} o] o
270] s BE A Hel 7oA AHEe] ARl S4slgon], S5 Wikl HeFelA 7K 94T A4S Bk
Marschner(2012)2= A}2o] ofe] 31 A ATeH el vf -0} QUi E-ego] Bhom, o} 7 AT} ALE Ao 2 93
oIk ke, b B719] G F ST sohS Aot T AR S Z7H1717] Slee A

’

610

Korean Joumnal of Horticultural Science & Technology



POl A tel= A SR IPHY S LS T 10| ST LIS F80| 02 = et

QUL BT 5] AH B 0 2 Ao 2 B ool Ak Aeh & Etelel Aefshe Ao i Asick wetals
9% 7] B0 S WA BARS Fig. 19} 2, +l AT} vl ms) BE AL Hel 7 A %S slgont,

)& FAAT= Choi et al.010)0] B3k Fe, Mn, Zn 9 B 29 F400] SIS, 24, A4 5 2140 %] A%
Lk AT AR TS FolAT 2 QT el o] 3 Aol b S4alalek, ‘g 87 %

(Fig, 2) ~H2:74 Choi et al 2010)0] 21 chFeh nlaRel 21 o] Lebtort A1 Ael ol i Sgh 34o] 2
APSHA) QISEO], Tkl Hel o] 2t APe] 7K $ghe ek gl

HNOs + HsPOs Salicylic acid

Fig. 1. Influence of acid addition into irrigation water on the growth of mother plants after 126 days of treatment during
‘Seolhyang’ strawberry propagation. The treatment solution of +control and -control contained 90 and 240 mg-L" HCOs,
respectively and each of the acids added to the solution of -control lowered the HCOs™ concentration to 60 mg-L™.

=
i
240 mg-L"

(+ Control) (- Control)

HNQ:+ H3POs Salicylic acid

Fig. 2. Influence of acid addition into irrigation water on the growth of 1st daughter plants after 126 days of treatment during
‘Seolhyang’ strawberry propagation. The treatment solution of +control and -control contained 90 and 240 mg-L" HCOs,
respectively and each of the acids added to the solution of -control decreased the HCOs™ concentration to 60 mg-L”.
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Fig. 3. Changes of bicarbonate concentrations in soil solution of root media as influenced by the addition of acid into irrigation
water during vegetative propagation of ‘Seolhyang’ strawberry. The treatment solution of +control and -control contained 90
and 240 mg-L" HCOs', respectively and each of the acids added to the solution of -control lowered the HCO3 concentration to
60 mg-L". Vertical bars represent standard error of the mean of 5 replications.

S o] pH S Fig 40] Egick 4 4] 25 -6 Aok Aol eR ] Aelse s He] 1269 F -
S} AR el 82517302 AR AT, U B QI Fel T 4255, 54,53 9 552
OF3ict. 4} Ael o] SN pH7L ol o] Qkol] AR ksl o] Hsl HCOx 9] 13l Z161gt A0 Mkt
Styer and Koranski(1997) Z12]11 Nelson(2003)0] H 115 H}Q} Zro] ZebARS. 71 21| 2] mjs Kot 2EH Eokgolo] pHE
&5 A71aL, o pHo| sl 1, A, 7, ofdd, ] B 54 T A4 7|94 £ 82 FAIE 0, o5 eA0] S A
SHE R AT F-a st wal ¢glo] k. 2 AoflA] Hanan(1998)} Nelson(2003)0] A|A§H 2P E 2] 217 pH 9
(5.6-6.2) Hrhqkz A2]et 50| pH7F SR HRAQIAIRE W Af-sart 2p o] HAY Bl Ao — oz W95l ik mhebA]
T ELEE 60mg L' 02 RAIT 4= A= AtV HE AR et Alttote] A2l B art o3-S on|ghct. 4
el A A Te SRS S3A717] 91 At o Aol 2SS ole Etotal pHZ HES SIS, o= HHE At
HJal] Q1 Q1 Al dite] At 3-8 ofm|ith et A Q1 lof] el Het 7 @ shrtal whdRih

ol Ak 29to] ¥ G719] AlEA]| F71E kel vIX] = GRS Table 30| R SITE AMEA] P g2 2] 417t &
APARI 2te] 7 QI w2 2okt K @ FAE + QU Aol A 7R AN — T2, AT, QAE S 4t 22 ollA] H]
Sl o AR Aihr +e Aol A SAA 0 & [-oJeHA WSkt AlEA| Ca gFg- +H 7ot EAk A 2] Lol A =980, Q1T
Gt ALY, e AR A2l Ztolle fArRE o & ARl oH, —ti 2ol 71 WgtTh Mg S+
Z A, T1ar A At AR AL, U R] Aol e vt o 2 FAH I

612

Korean Joumnal of Horticultural Science & Technology



T

[

POl A tel= A SR IPHY S LS T 10| ST LIS F80| 02 = et
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Days after Treatment

Fig. 4. Changes of pH in soil solution of root media as influenced by the addition of acid into irrigation water during vegetative
propagation of ‘Seolhyang’ strawberry. The treatment solution of +control and -control contained 90 and 240 mg-L" HCOs,
respectively and each of the acids added to the solution of -control lowered the HCOs concentration to 60 mg-L". Vertical bars
represent standard error of the mean of 5 replications.

Table 3. Influence of the addition of acid into irrigation water on the tissue nutrient contents of ‘Seolhyang’ strawberry mother plants based on
the dry weight of above-ground plant tissue after 126 days of treatment.

. . TN P K Ca Mg Fe Mn Zn Cu
Acid treatment 5
%) (mgL)

90 mg-L" (+Control) 1.68 2" 0.36a 2.79d 178 a 048a 232b 143d 504 ab 8.88ab
240 mg-L" (~Control) 0.64¢ 027a 345bc 0.77 ¢ 032b 91c¢ 46¢ 262¢ 470¢
HNOs 1.70a 039a 3.52bc 177a 042 ab 280a 145d 41.7 abc 744 ab
H3PO4 1.55ab 038a 3.76 ab 1.57 ab 042 ab 254 ab 183a 51.6ab 8.90 ab
H2S04 1.48 ab 034a 3.68 ab 1.63 ab 041 ab 259 ab 181 ab 384 bc 7.03b
HNOs+H;PO4 1.69a 039a 403a 1.67 ab 049a 253 ab 172bc 494 ab 940a
Salicylic acid 122b 033a 323¢ 1.26b 045a 266 ab 166 ¢ 577a 7.72 ab

“The treatment solution of +control and —control contained 90 and 240 mg-L™" HCOs, respectively and each of the acids added to the solution of —control lowered the
HCOs concentration to 60 mg-L".
*Mean separation within columns by Duncan’s multiple range test atp < 0.05.

o T FEHE R Q1o o] 7 A1 P P 4), 280l 4G Cah Mgo] HCOs B CO?
(HCOs+=pH7} =oFd 79 COs 22 HaPe)2} Aftsto] Ca(HCOs ), Mg(HCOs )z, CaCOs, Fi= MgCOs = HISHHA] 8-
3}=]91 37 (Lindsay, 2001 ; Sposito, 1994), A4 Ca & Mg $FFo] ZhAGH R10] T ictar AZFstct Fe, Mn, Zn Y Cu 2]
AW g ke SRt s AR oflA Blssgl ot —tiztol A 7 A o m RAE QI — i s
FEATO Qo] L] pHIF 5SS Fig. 4), 5 pHOIA Bl pl4-2] 83 2715lo] 4B Bl 24st
Z]7H(Lindsay, 2001; Nelson, 2003 ; Sposito, 1994), A2 531510] pH7 | YA -S4 =] E A2 5L o) & YAio] B892 1)
ZJ5te] ARl S ] Eetrtar wdith
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