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Lowered Substrate pH Reduced the Bicarbonate Injury during Vegetative
Growth of ‘Ssanta’ Strawberry
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Abstract. Objective of this research was to investigate the influence of lowered substrate pH on the reduction of
bicarbonate injury in the vegetative growth of ‘Ssanta’ strawberry. The acid substrate was formulated by mixing
sphagnum peat moss with pine bark (5:5, v/v) and the pH, EC, and CEC of the substrate were 4.07, 0.46 dS'm™, and
91.3 cmol™kg™, respectively. To adjust the pH of acid substrate, various amount of dolomitic lime [CaMg(COs),]
were incorporated with the rate of 0 (untreated), 1, 2, 3, and 4 g-L"!. Then, mother plants were transplanted and
grown with fertilizer solution containing 240 mg-L™" of the HCO; and equal concentrations of essential nutrients to
Hoagland solution. In growth of ‘Ssanta’ strawberry, fresh weight of mother plants were the highest in the treatment
of 2 g'L"! dolomitic lime such as 102.1 g followed by 94.7 gin 1 gL', 912 gin3 gL', 75.7gin 0 gL' and 723 ¢
in 4 g'L"! treatments. The dry weight showed a similar tendency to fresh weight. At 140 days after transplanting, 5.8,
9.8, 11.8, 8.8, and 5.0 daughter plants were derived from each of the mother plants in the treatments of 0, 1, 2, 3, and
4 g-L"! dolomitic lime, respectively. The highest occurrence of daughter plants were observed in the treatments 2 g-L"! dolo-
mitic lime. The substrate pH and bicarbonate concentration of ‘Ssanta’ strawberry seedlings in the 1 and 2 g-L"! dolo-
mitic lime treatments were maintained at a proper range such as 5.6 to 6.2. The micro-nutrient contents of above
ground tissue in mother plants were the highest in 2 g-L"! and the lowest in 4 g-L"! dolomitic lime treatment. The
above results indicate that incorporation rate of dolomitic lime in acid substrate with the pH of around 4 is 2 g-L™! to
raise the ‘Ssanta’ strawberry in propagation.

Additional key words : chemical property, dolomitic lime, pre-planting fertilizer, tissue analysis

M =2 Koranski, 1996).
FRANG ) FR FEA ol 998 4
FAANE 9 o] AP B FRAMUCO) ) BN ko magale) olEes BEvl %
o] EAlElA FRHIel BRG] WSk AUS AL ISP TR Bv} e vt 498 AekE 2

o

=
(H" + HCO; = H,0 + COy), W] 458 = & Aol o]83h= 7% Solth ESEd o)ilksleri
o= H'ol 9§t pHe| A3 ¥IglE vhe SEE A TFAEC)|EETD + 0, = CO, + H,0
Zreth WNRY AHE FERE B¥5E 60-80mg L2 + energy) TS| wliEe] olrit) 21E<] o] EALL
A YA Tt BT T WNFE AN Fo] & uwle} o] Ao] &IE uj= ¥l SFEC|
E & S, plt dssie] AEA] A vEddA 2 F43] dsdth B3 27 4 v 5580 &
A5 DA = Ago] AA|E = Ule] Hrk(Styerst  7BR=tl 0-30°C2] ti71E HYME 257 285=
dibd oz sFEC] I, 40-50°CoHlA A=A,

IF s
rlu
5y
to o

*Corresponding author: choil324@cnu.ac.kr 50°C ol H=2 2EdME oF 717 EEE <
Received February 7, 2017; Revised March 14, 2017; 3 TEE0] ZHBICH Atkin} Tjoelker, 2003). Ae} sk

Accepted March 20, 2017

Ao -A =25, M26d M2 20174 115



o AGET 2o Aol BF ASHRT AFHd| A
3ire] SRR RV E2 o o] whitolth

gl 8 ol F MY AEER EAle =
AL Na'olal, K, Mg* Z8]al Ca*'e] o8 F%7}
Sl Cad vHEAE(CaC0;)e] FEIE 35l =4
shk=dl, o sligelre] e CaCo; & Ca?t +
COs>9] W02 885l (Lucena, 2000), BAE A
(COME Tl & H olisleiiel sl FEHE
(HCOy)o. 2 WHIHCO* + H,0 + CO, © 2HCOy).
oj¢} e Hhg o= afgol] FEHMbo] FEEE EAlSIL
g7t S AekrE E8] S0l 2ZA aijbrll <l
e A HellA Askre] TRt F57F EolA|aL, Ast
FE o83 2] FAANA FER <t Fs|7)
RHEQth(Lee, 2015).

EFAE fyEE S48 B EAlske HY
© TERRL 9hgEte] 1 o] FrAgit) o] WS T
| ESTY e F57F BolAH EGTY HY E
Fol ¢Folx13 F-2loll F2e H7F BES o7 ¢
I Folexg F-9lo F2=o] Jd H7F 3o E
T2 dEu & FERH} BESSth(Ravivel Lieth,
2008; Kim 5, 2013). W&y Bl FEehibo] 1%
2 EAT A5 HES pH s dAIK7I7] SEiMe
Fol X8 F-9lol] T2 HY| o] B g &9t
BEE AREshE Aol nighE st

FES HIAEEHN S ve EES TER )
T3] Fo]H(Bailey, 1996), ©15 &4o| ¥3d TIIE
<= ZEA) Al Ca®' v Mg™ Ago] WEIEE SE
AN TENIE EFel HJE pHE 5.6-6.29]
HelE dsle Ao Y& o]tk (Nelson, 2003). Leth
A7 17tel e} 2T pHE: 517171 Yol S
= NEXN3]O o5 Zdsl] HES pHE AHT 7%
Ho} W 2E3ohd ass SRR 98iE AEATE
)l fElstAl 28 5 UtkPark?} Choi, 2014).

Ao} 2o 8-S wjEoE A EFHNES AL,
pH A& S8l 7R2 Efue IEASY] AH|lGE
< WA & REp BYIE AulsiaA St 98] 7
2ol miRlE ks Ttk B A7E kit

o o0 ok

oo

ME o

A 93l 7 221 IER 2~ (Shinsung Mineral,
Jincheon, Korea)2} AUH- <=3 (Keumjeongwon, Yeongi,
Korea)s S:5(viv)E2 33 HEE XA, 1EH
35 sl A s BAS 4% 2% EC
0.46dS'm™, pH 4.07, CEC 91.3cmol"kg'Jt}. ZAIE
FES] pH ZHE 91g IEAS][CaMg(CO;y),] S

116

EEE

< 0FAE), 1, 2, 3 # 4gL'E S tE=A 248
AL, TEAS] olele] JFYULE FHdl] A HIE
o] FF 2 %k& Lee 5(2014)0] B3l nle} o] vl
P mM: 12 NOy-N, 3 NH,-N, 1 PO,-P, 6 K', 5
Ca*, 2 Mg® @ 2 SO-S)¢} wHEA4(uM: 20 B, 0.5
Cu, 20 Fe, 10 Mn, 0.5 Mo % 4 Zn)Z Y34} H]
S5 X33 AES SEUgwe] AXg e el
AxE D7) AEE A= SAska, B 3uje]
E} &7\ (Fragaria x ananassa Duch.)S 2539t}

AAE fHE 237 HEE ¥R e Aglt
Aralaon, AskE EC 023dSm, pH 6.7, HCOy
90mgL!, 7831 FQ FU¥A FxmegLl)= K 05, Ca
228, Mg 22, Na 11.8, NOs-N 102, SO, 12.631t}. 2573¢
T F 3] A9S I A SIIES AASkAL, SRR
FEZS 240mgL'E ZH3) Hoagland -89 (Ravive} Lieth,
2008y At HATAE FFaldinh. 7P 21
w2} Efo]HE Fo S} FATFS sl on g
S #5A2)E uf wll9=&-(leaching percentage)yS 20-30%%=
FABIACE A7 F Hit FPRE L5 26°C/16°CSA
I, AEEE 30-70%, 25 A8 VSR o FEw
330-370pmol-m?s’!, HFLFL F 15h-dayATh.

R3] APHE ASZALE A% 35 2 AL HS
Lee 520145 Lee 5(2016)9] WPl &3t 2%, =
Z A, 9F, B, A= T, ARFA, AR A
g @ 1EF ot BRAHLS AAR A lemE
A9, AP AAFTES ST T AxT)6AM
80°C, 48A13F Tl & AEFS S
go ] A" A APe 1Ee
AAl(Model SPAD-502, Minolta, Japan)s A8-5}
gt AHe] AR EpolA ASE Hije] o,
due] A, B 3 S F AES, 18 AHA
2459 AT AEFS St A3t AolE H
WA

eS| e B4 8l v 25 HHoE A
ARE & FE BHS AASAL AEA 2F 7Y 3
& AFH, Est] E35=H (Warncke, 1986)0.2 3
=330t o 8efe] pHSt ECE 54 (WM-22EP,
DKK-TOA, Japan)slal, o] FZvr}E 123 (883 Basic
IC Plus Metrohm, Switzerland)E AF&3E F-7]0]2 &
5 BAEITh FE3 89 FEE T 0.0IN FF
ko2 pH7} 4.5 = wi7hA] AAEa, oluf A
8% 3 gl FERE AR 615 FHIY T=
(mg:' LS T3l tk(Styer and Koranski, 1997).

2EA Y] Frlda e A 140U o 578
3 A AAS o st BN EE Ee
AEAE AFska 1xs & sl ARgSidth. WA

Protected Horticulture and Plant Factory, Vol. 26, No. 2, 2017



EWYES] pH AP} JPYY F9 W

Z(TN) 3RS B9 AR 0.5gS AHs1ed Kjeldahl W
W (Eastin, 1978)2.2 43}l Ca, Mg, Fe, Mn, Zn
2 Cu TS BAs87] S8l 500°CY] FslRel AlRE
Azl & A2S|EA]7]a, 0.0IN HCIZ 33l A|8E
ZASET. ol dAE AXEFEAA(AA-7000,
Shimadzu, Japan)@ #2313, P= EHE A|EE o]
83l0]  Carter (1993)2] WS uwiel E3s3=A|(UV
MINI-1240, Shimadzu, Japan)s AF83F  470nmollA]
LIRS ol =
25 A 24 9 FU)E ghde] £41471= Duncan
o] geaAez Azt xjolE HlwsEith. AR
L (CoStat TZ I3 Ver. 6.3(CoHort Software, CA,
USA)C.Z F-343}3Tt.
Z3 5§ nE
FYERAS FIE 5:5viv)E T8I A A
E3gE VMR Hrke eS| 7 wsph &
Ep ©@7]9] B Kol HX= PES Table 19 UE}
ek AAET AESS T3 23 A8 |, 2
g 3L HEFF 58193, 0FAE) B 4gL! A

7.0

—®—— gL (Untreated) A E
v 1gL™ E -
65| ——m—— gp P 5
—=O—s gL 2 5 -
— A — 4oL /I/ e
=4

Days after Treatment

B7)o] Fe ls) el vixE 9%

oA AxsIHTh. IEAS] 2g L AT olA A
T HEFTE 47 102.1g 2 23202 7 FANA
o1 2 3g Lt AMIESE BAIFQD A7t 1A o
RkoH, 4oLt YT A7 723g B 15.1g0=E 7Y
b= g

23 Aulg FES] IEAS] AR Wi AR
Rl 9 Ao W= FES ARSI Table 20 UEl
AT ALEAS] 2g L AH2frellA AUt 7R A%,
07} 4gL! AgFollA sttt 253 St e}
F AESFE 1, 2 ¥ 3gL! AgFolA Bkar, ox
4g Lt ATl A FolehAl AUt 12k AR AT
I AEFTE 2gL" HEFlA FAKL 0 F 4gL! A
SRy b=

SEE 7M. EjtEE IEAS] [CaMg(CO;s)
B3] (CaCOs = Bl Sall® 3 whglk gkt
(COsMPl pHE F5Al7]aL, o]&oF W Ca*olut
Mg*& HIE2A9] dghs st} A AR A ol
EAE e FERto] AES pHE EHol=E Cat Mg
337 Y3 ArFe] NEAXIE Egslox ZHE A
ol & TAVF §IE Ae=Z dPdsta B AFS AR
SISl =, p7h W EIJER 8 e &

50

* 0 g'L”' (Untreated) B
40 4 lgL™!
- o E

—=O—s 3l s

HCO; conc. (mg-L")

Days after Treatment

Fig. 1. Changes in pHs (A) and bicarbonate concentrations (B) of root medium as influenced by the various incorporation rates of dolo-
mitic lime into peat moss + pine bark (5:5, v/v) medium as pre-planting nutrient charge fertilizer during the vegetative propagation of
‘Ssanta’ strawberry. Vertical bars represent standard error of the mean of 5 replications.

Table 1. Influence of the various incorporation rates of dolomitic lime into peat moss + pine bark (5:5, v/v) medium as pre-planting nutri-
ent charge fertilizer on the growth of mother plants 140 days after treatment in vegetative propagation of ‘Ssanta’ strawberry.

Dolpmitic Plgnt Pl.ant No. of Petiole (;rown Chlorophyll Frgsh Dg
llmﬁ height width leaves length dimeter content weight weight
(gL?) (cm) (cm) (cm) (cm) (SPAD) (g/plant) (g/plant)
0 (Untreated) 299 ¢* 16.5b 162b  21.4bc 5.4 ab 38.3 be 75.7b 15.1b
1 36.5 ab 31.0a 21.5a 245ab 5.5ab 450 a 94.7 ab 20.2 ab
2 40.1a 27.1a 22.7a 273 a 58a 459 a 102.1a 232a
3 319 be 24.2 ab 212a  232ab 62a 41.9 ab 91.2 ab 19.7 ab
4 28.0¢ 157b 135b 18.1¢ 45b 36.8 ¢ 723 Db 15.1b
“Mean separation within columns by Duncan’s multiple range test at p < 0.05.
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Table 2. Influence of the various incorporation rates of dolomitic lime into peat moss + pine bark (5:5, v/v) medium as pre-planting nutri-
ent charge fertilizer on the growth and occurrence of daughter plants 140 days after treatment in vegetative propagation of ‘Ssanta’
strawberry.

Fresh weight of 1st Dry weight of 1st

Dolomiti_cl: lime Runner length No. of runners ~ No. of daughter plants daughter plant daughter plant
(gL (cm/plant) (each/plant) (each/plant) (@/plant) (@/plant)
0 (Untreated) 180.8 ¢ 23b 58¢ 22.0¢ 5.6 be
1 320.0b 3.0 ab 9.8 ab 319b 75a
2 4178 a 38a 11.8a 44.7 a 8.6a
3 3158b 3.3 ab 88D 32.1b 6.9 ab
4 1823 ¢ 23Db 50c 18.6¢ 4.8¢c

“Mean separation within columns by Duncan’s multiple range test at p < 0.05.

2.0
Application rate (g-L1)

Fig. 2. Influence of the various incorporation rates of dolomitic lime (g-L™") into peat moss + pine bark (5:5, v/v) medium as pre-planting
nutrient charge fertilizer on the growth of mother plants collected on 140 days after treatment in ‘Ssanta’ strawberry.

Application rate (g-L )

Fig. 3. Influence of the various incorporation rates of dolomitic lime (g-L™") into peat moss + pine bark (5:5, v/v) medium as pre-planting
nutrient charge fertilizer on the growth of 1st daughter plants collected on 140 days after treatment in ‘Ssanta’ strawberry.
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Fig. 4. Changes in the macro-element concentrations of root medium as influenced by the various incorporation rates of dolomitic lime
into peat moss + pine bark (5:5, v/v) medium as pre-planting nutrient charge fertilizer during the vegetative propagation of ‘Ssanta’
strawberry (A:NO;™!, B: Ca®*, C: SO,*, D: K, E: PO/*, F: Mg™).
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Table 3. Influence of the various incorporation rates of dolomitic lime into peat moss + pine bark (5:5, v/v) medium as pre-planting nutri-
ent charge fertilizer on the tissue nutrient contents of ‘Ssanta’ strawberry based on the dry weight of whole above ground plant tissue

140 days after treatment.

Dolomitic lime T-N P K Ca Mg Fe Mn Zn Cu
(gl 73 TS V) S
0 (Untreated) 1.06 b* 0.24 bc 3.02a 1.00 cd 0.29 be 146.8 cd 94.9 cd 29.6 bc 512 cd
1 1.61a 0.34 ab 320a 1.97 ab 0.49 a 210.7b 133.7b 40.5 ab 7.96 ab
2 191a 039a 336a 211a 0.52a 260.7 a 1585 a 44.0a 9.04 a
3 1.69 a 029abc  3.10a 1.47 be 0.37b 160.7 ¢ 109.1 ¢ 32.7 abe 6.11 be
4 0.89b 0.19¢ 2.17b 0.71d 025¢ 1223d 88.6 d 21.7¢ 4.02d

“Mean separation within columns by Duncan's multiple range test at p < 0.05.
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