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Influence of the Composition and Concentration of Fertilizer Solution on Growth
and Nutrient Uptake of ‘Maehyang’ Strawberry during Vegetative Growth

Hyun Ho ]angl, Hee Su Lee’, Chiwon W. Lee?, and Jong Myung Choi"”

"Department of Horticultural Science, Chungnam National University, Daejeon 305-764, Korea
2Department of Plant Sciences, North Dakota State University, Fargo, ND 58108, USA

Abstract: We quantified the effects of the composition and concentration of fertilizer solutions on the growth and nutrient
uptake of ‘Maehyang’ strawberry at the vegetative growth stage. Acid fertilizer (AF), neutral fertilizer (NF), and basic fertilizer
(BF) with concentrations of 100 or 200 mg'L" based on N, were formulated and applied during the 100 days after transplanting,
at which point crop growth and tissue nutrient contents were analyzed. The soil solutions were sampled every two weeks
to measure the pH, EC and nutrient concentrations. BF was a more effective fertilizer compared to AF and NF for growth
of ‘Maehyang’ strawberry when fertilizer concentrations were controlled to 100 mg-L'l. By contrast, the fresh and dry weights
were greatest in the NF treatment when fertilizer concentrations were controlled to 200 mg-L". The tissue contents of N,
P, and Na were 2.20, 0.51 and 0.10%, respectively, in the NF 200 treatment, and these were the highest among all treatments
tested. The highest contents of K, Ca and Mg were 2.60% in AF 200, 0.95% in BF 200 and 0.45% in BF 100, respectively.
During the fertilization period, the highest and lowest pHs were 6.13 in BF 100 and 4.92 in AF 200. The lowest EC was
1.376 dS-m™ in BF 100 and the highest was 4.936 dS-m™ in NF 200 treatments. The highest NH," concentrations in the
soil solution occurred during the AF 200 treatment, followed by those with NF 200 and AF 100. When fertilizer concentrations
were equal, AF treatment gave rise to the highest Ca™ and Mg+2 concentrations, followed by NF and BF, until day 84 of fertilization.
The BF treatments had the highest NO; concentrations followed by NF and AF. The trends for PO, concentrations were similar
in all fertilizer treatments when the fertilizer concentrations were equal. The above results indicate that neutral and basic
fertilizers were most effective to promote ‘Maehyang’ strawberry growth when fertilizer solutions were controlled to low or
high concentrations, respectively. These findings are useful for planning fertilization programs for vegetative propagation of
‘Maehyang’ strawberry.

Additional key words: bicarbonate concentration, dry weight, fresh weight, tissue analysis

A A 7| AAko] o]Eol R A|ak 2000t o]5 AJASFOA jH
H

2000y ool = EZAH] ¥y e2 suio] Al Heog "@7|E Ailshs Walo]l gFskal Q.

*Corresponding author: choil324@cnu.ac kr
% Received 25 January 2014; Revised 20 March 2014; Accepted 2 April 2014. This work was carried out with the support of “Cooperative Research
Program for Agriculture Science & Technology Development (Project No. PJ907039)”, Rural Development Administration, Republic of Korea.

(© 2014 Korean Society for Horticultural Science



AT, o8, olxY, AEY 485

AES AuistaA Aeol IgE 771 flst] B B
Fe| ofeh4 ®lstE FEY R 2 Fgtke vEe 1
2ol w2t A, $4 9 dEE e R Hhgo] EEpitk
olggt a2 HIRE =l & RS W Yelue ofet
A Hkgat Afnlel Bl2rE ZHFA SeiE & Hee o
O7]aL Amo] Tt 5ol TR gol EEA =
Frtert wstEs Aeerd vheo 2 e o QIeHLim,

2005).

= o] elubAlel Alulgoleh, Lefub Qkoip
o] %9 B4l FolLat Lol o] BeheoR AR
Tl E50] 0] FES WA sl LAz

|y

T goe ABe] BEFOEN ABo] WA Fi BE
15208 FFIACh tehd Aulo] uet o] 24
] o

AV, F4, B el uE AR WEkA)Y] 43 AR
o H2 4 Ao AR hHsHs Aol i ol

r}o1|
5o
Ul
il
e

=
Ca E= Mgo| EZFEA| oo} 7|u]7} 234

§5to] 222 At pH7F ol f o) 23] 9]
s ol o $Hck wely e F9 244 PO S
7holg G glom, F A F NOse| Hl&o] 11 Ca
3} Mgo| g EAJste, 2Eke] AErh W o o)

ol7] $I3IA4 Aulgck
et AR AshEA ANE S Fo BAe AR
RS 943170 GAIAA AAS St $isteln,
V4 kg v RS AlEsia o)
[}
AT Sl AgEo] SAN A, B4 L A4 u

A =
A GBS sfotshs A

o
1
T
')
ol

xR

o

o

H
o,
ol

B

Ilm

ox,

tlo
k1

i)

ok

Y

i)

ot

>

i)

webaA wfiF @7)E Aufshs 5<F AHA(acid fertilizer),
ZA(neutral fertilizer) F= &Za]Ad u|=E(basic fertilizer)
T RS TR vE WA AWt AE At

Hste] mEm AL Halo]ES 7:3(viv)e] HER
ZABlAL, pH 228 $J3f 3= 3][CaMg(COs).]
JE 1kgd 50g9] Hl&E JEXA dolA &3t &
E(§4 1600mL)of| F43F3Th o] & 2AuF
S| 3L AA 2 E o AR Y] wigF BrHE $3
D7 =AM FF R e R]sto] A s}

>
n (
filo

]

T ook
i Hm
» il

3@ o oot e ot o
£
i

=3

% 2]-8M-E Argo and Biembaum(1996)2] HhHol &3] %=
Astgitk. A HIE(AF)o|n] N2 100mg-L' o2 223
g gbo(o]st A E]gf ] o= mg-L'¢)) 50 NOs-N,
50 NH4'-N, 10 PO,-P, 100 K, 0 Ca’, 0 Mg', 21 SOs-S&
EF5HITE 4 HIENF)o|H NS 100mg-L' o8 233t
2] 2] 8HL 75 NO5-N, 25 NH,'-N, 10 PO,-P, 100 K, 25
Ca’, 12.5 Mg', 17.5 SO,-S& x3ghsiqict. 1a)a &zhe)A]
H|E(BF)o|n] N2 100mg-L" o2 243t goe 97 NOy-N,
3 NH,-N, 10 PO,-P, 100 K', 50 Ca’, 25 Mg', 1.5 SO,-S&
2Fee S AegdS A5t AF, NF 9 BFo|A] N
2 200mg-L'2 FES A A A7|F v
20 G3AIA AEgAE 2AIEIE BE A 2]E 9] v
A Erl ujefA=51A|(Nutrichem Kombi-F, NU3 N.V.,
Industrieweg 20 B-2280 Grobbendonk, Belgium)E &3 A|
7 FdslA zdstgon, g g FE(mg-L)
L Fe 2, Mn 0.5, Zn 0.05, Cu 0.02, B 0.05, Mo 0.01%]t}.
HE A2 FFSE deE Ao, vE8H 6
e, ZF Al 59k, T1E]an ZF gHEE 441 EA| =, F 120
ZEE HijA| oI

A4 5 5027F NF 100mg L' 02 sws 283l Alw
o HE AEAT}F FYS 20 E2E 5 Uk
5 31931, o] 7|7k Bt dERe] pHE °F 6.0-630% 24
otk 1 F 72 A=A Al9E 71 & 3ulgl @l A

-

b}

4

31919S I A AL, 10047 2 A28HS A
sl Al Al & 5097k = 2 B 3Y 7HEH o R
i 33], AR Aol wolxl A4 2009 o] o= v

% 43) Aulstelch e Aul AR S02RE 8027t
X 2R ¢ Swrt s obAlrk Bestel A7)
3 AJHIERO) SO%E SRS o] A R Alulske



486 Kor. J. Hort. Sci. Technol. 32(4), August 2014

ok o AJH] A] AR o] HRHAE WASH] flste] &

AlHE 849 40%7t HlE =R wieas 25 o,
Ao At wF Wtks 2R fde AR Al
A3kt

2 AYE Sdthstaol fAIgh freAoA 35kl
o 7|7t F Bt == FF20°C, o 9°Co 1AL,
AEE 50-70%, H-L7d 15-h, 283 F3HA-G-a 304}
242 434- 642umol 2y

A]l:l] ARF B
wouﬂ ) AT 10090 ol A

F 4BAE 485kl 171904 T
o] sfsty wsh B4S 918 v 25wl
T HEES Agle] ZE o] SEE 2%
ML Choi(1994)9} oA A1ys)9lo ]
2315 phenyl mercuric acetate(18g-mL™")E
7stel A7 Fobel WS BAsE A
oo pHe} EC(EC/pH Meter WM-22EP DKK-TOA,
Z43}31, Ton chromatography(Waters 432 conductivity
director, Younglin, Seoul, Korea)E& A}&35}o] Na, NH,, K,
Mg, Ca, NOs, PO, SO; 5 F7]94 =w #lste Bashlct

AR AEZAE QI8 AWbA el WHLS Choi et al.(2000,
2008)2] ol kTt

2] 1502 Feof) 433 A=A o] 57
8 ASle A S o B
71 oFgE Choi(1994)7F 4=88qt Wj o= %’%3}
v, 77]904 B0l 245471 AA-T000, Shimadzu,

ri
ﬁ
S
It
ox
¥
N
off

omt 3@ fo Hi

Rl

1/

T
o
qT o

N
0%

B H
Ol
ol

m%
> 1x

}_

H]

=]
L

A

p o oh i oo mfu
e 3@ K
[ rd
R )
I p
rIO ﬂ-l'l)" —{0{[
[

—_—

-2

oL
o o
!

i)
e

mlm o
O

=1
g

BES ﬂakg;_L
=4

Japan)Q} £330 % A(UV MINI-1240, Shimadzu, Japan)7}
AbgE| 9

wlze) 24 W 5ok o Wole] A, R1% el
E9F pH 2 ECof| n|X]&= 93RS Duncan?] tlsaAoz B
A5IAc) A XS Costat A2 13(v. 6.3; Monterey,
CALR Sl

Xr

4 WL

i)
)

H 20 24 9 55 HSH[A AHSHLL, AlH] 100
5 AZAe] A AP 2ABH] Table 10] Uersi
100me L& SEE 2sto] AT 29 BFE] A4k A
A% W EZo] /Y RAYT, AR Alulgt HeloA] 7}
2 74 9ick 200me L2 HEe z;go}oq AJH]3t 72 BF
Hr} NFE AH[ZE A2 9 *ﬁxﬂz A A=Fo] F3EHA
719k AFE AH|3E 9 NF 2 BFE AJH[SH A2 Hc}
DAY pHE T8 4 £o2 WshiY|T, 4HgstE &
3l Z@E Ca 9 Mg2] E-83KLindsay, 2001; Nelson, 2003)
o} B4 Asi} Aol Azgk Uslo] Elcka A
NF 100 2 BF 100 Ha]o] Ax% 9 A%zo] EA40z
013 AolE WA 4 PAA, NF 200 H219) A4S
u 7JEZo0] AF 200 2! BF 200t} HA 9tk

P2l ik Defet o) B2 TR O] ST U
GEF W)L 100mg L Roks 200mg- L AR
gstol Al 29 A o] $sigion] 24
O] pH H3le} 2|/

o
ES
a e 1T o i 2=

Table 1. Influence of the compositions and concentrations of fertilizer solution on the growth characteristics of ‘Maehyang’

strawberry at 100 days after fertigation.

Plant Plant Number Petiole Crown Chlorophyll Fresh Dry
Treatment” height width of length diameter content weight weight

(cm) (cm) leaves (cm) (cm) (SPAD) (g) (g)
Acid100 46.0 ¢ 40.0 b 36.0 b 285 d 426 a 43.2 cd 84.4 c 20.0 d
Neutral100 54.3 a 425 a 51.0 a 34.0 a 425 a 44.7 bc 1093 b 26.4 bc
Basic100 44.0 c 395 b 48.0 a 31.3 bc 375 b 42.1 de 1155 b 274 ab
Acid200 44.8 ¢ 38.5 bc 360 b 293 cd 375 Db 485 a 789 c 17.6 e
Neutral200 52.3 ab 36.0 cd 48.0 a 335 ab 425 a 463 b 126.1 a 282 a
Basic200 48.3 bc 355 d 48.0 a 31.3 bc 450 a 414 e 1084 b 251 c

“Treatments: Acid, Neutral, and Basic indicate the acid, neutral fertilizer solutions; 100 and 200 indicate the 100 mg-L’1 and

200 mg-L" fertilizer solution based on the N concentration.

YMean separation by Duncan’s multiple range test at p < 0.05. Values followed by the same letter within columns are not

significantly different.
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Table 2. Influence of the compositions and concentrations of fertilizer solution on tissue nutrient contents of ‘Maehyang’ strawberry
based on whole above ground plant tissue at 100 days after fertigation.

Treatment” T-N P K Ca Mg Na Fe Mn . Zn Cu
(%) (mg-kg")

Acid100 217 ab® 042 bc 240D 0.68 ¢ 039 ¢ 0.04 c 157 b 3357 b 394 a 54 Db
Neutral100 1.73 e 0.40 c 192 d 092 ab 042 Db 0.05 ¢ 135 bc 795d 313b 46 c
Basic100 1.85 d 031d 193 d 0.94 ab 0.06 bc 115 ¢ 354 e 264c 3.7 d
Acid200 211 b 0.50 a 2.60 a 0.84 b 037 d 0.08 b 251 a 356.7 a 404 a 69 a
Neutral200 2.20 a 0.51 a 250 ab 090 ab 039 cd 010 a 108 cd 2589 c 323 b 6.3 a
Basic200 1.96 ¢ 045 b 221 c 095 a 039 cd 0.06 c 84 d 359 e 236d 46 c

“Treatments: Acid, Neutral, and Basic indicate the acid, neutral fertilizer solutions; 100 and 200 indicate the 100 mg-L'1 and

200 mg-L" fertilizer solution based on the N concentration.

YMean separation by Duncan’s multiple range test at p < 0.05. Values followed by the same letter within columns are not

significantly different.
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Fig. 1. Growth and development of nutritional disorders in ‘Maehyang’ strawberry at 100 days after fertigation as influenced
by kinds of fertilizers (Acid fertilizer, A and D; Neutral fertilizer, B and E; Basic fertilizer, C and F). The concentrations
of three fertilizers were controlled to 100 mg-L'1 (A, B, and C) and 200 mg-L'1 (D, E, and F) based on nitrogen concentration.
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Fig. 2. Changes of pH (A) and EC (B) in soil solution of root media as influenced by compositions and concentrations of fertilizer
solution during the vegetative propagation of ‘Maehyang’ strawberry.
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Fig. 3. Changes in the concentrations of macro-cations in soil solution of root media as influenced by compositions and concentrations
of fertilizer solution during the vegetative propagation of ‘Maehyang’ strawberry.
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Fig. 4. Changes in the concentrations of bicarbonate and macro-anions in soil solution of root media as influenced by compositions
and concentrations of fertilizer solution during the vegetative propagation of ‘Maehyang’ strawberry.
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