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Influence of Fertilizer Type on Physiological Responses during Vegetative
Growth in ‘Seolhyang’ Strawberry

Hee Su Lee', Hyun Ho ]angl, Jong Myung Choi"’, and Dae Young Kim®

' Department of Horticultural Science, Chungnam National University, Daejeon 305-764, Korea
ZVegetabIe Research Division, National Institute of Horticultural & Herbal Science, Suwon 440-706, Korea

Abstract: Objective of this research was to investigate the influence of compositions and concentrations of fertilizer solutions
on the vegetative growth and nutrient uptake of ‘Seolhyang’ strawberry. To achieve this, the solutions of acid fertilizer (AF),
neutral fertilizer (NF), and basic fertilizer (BF) were prepared at concentrations of 100 or 200 mg'L'1 based on N and applied
during the 100 days after transplanting. The changes in chemical properties of the soil solution were analysed every two weeks,
and crop growth measurements as well as tissue analyses for mineral contents were conducted 100 days after fertilization. The
growth was the highest in the treatments with BF, followed by those with NF and AF. The heaviest fresh and dry weights among
treatments were 151.3 and 37.8 g, respectively, with BF 200 mg-L". In terms of tissue nutrient contents, the highest N, P and
Na contents, of 3.08, 0.54, and 0.10%, respectively, were observed in the treatment with NF 200 mg'L'l. The highest K content
was 2.83%, in the treatment with AF 200 mg-L'l, while the highest Ca and Mg were 0.98 and 0.42%, respectively, in BF 100
mg-L'l. The AF treatments had higher tissue Fe, Mn, Zn, and Cu contents compared to those of NF or BF when fertilizer concentrations
were controlled to equal. During the 100 days after fertilization, the highest and lowest pH in soil solution of root media among
all treatments tested were 6.67 in BF 100 mg-L" and 4.69 in AF 200 mg-L", respectively. The highest and lowest ECs were
5.132 dS-m™ in BF 200 mg-L'1 and 1.448 dS-m™ in BF 100 mg-L", respectively. For the concentrations of macronutrients in
the soil solution of root media, the AF 200 mg-L" treatment gave the highest NHs concentrations followed by NF 200 mg-L"
and AF 100 mg'L’l. The K concentrations in all treatments rose gradually after day 42 in all treatments. When fertilizer concentrations
were controlled to equal, the highest Ca and Mg concentrations were observed in AF followed by NF and BF until day 84 in
fertilization. The BF treatments produced the highest NO; concentrations, followed by NF and AF. The trends in the change of
P04 concentration were similar in all treatments. The SO; concentrations were higher in treatments with AF than those with
NF or BF until day 70 in fertilization. These results indicate that compositions of fertilizer solution should to be modified to
contain more alkali nutrients when ‘Seolhyang’ strawberry is cultivated through inert media and nutri-culture systems.

Additional key words: dry weight, EC, fresh weight, pH, tissue analysis
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Table 1. Compositions of treatment solutions used to investigate influences on growth and nutrient uptake of ‘Seolhyang’ strawberry”.

Treatments NH, -N  NOs -N PO, -P K Ca Mg SO, -S EC
(mg-L) (mg-L) P (ds-m?)
Acid 100 50 50 10 100 0 0 21 7.36 1.12
Neutral 100 25 75 10 100 25 12.5 17.5 6.21 1.12
Basic 100 3 97 10 100 50 25 1.5 5.81 1.17
Acid 200 100 100 20 200 0 0 42 7.45 1.98
Neutral 200 50 150 20 200 50 25 35 5.69 1.96
Basic 200 6 194 20 200 100 50 3 5.49 2.08

“All treatment solutions contained equal amount of micronutrients (mg-L'l): Fe 2, Mn 0.5, Zn 0.05, Cu 0.02, B 0.05, Mo 0.01.

Table 2. Influence of the compositions and concentrations of fertilizer solution on the growth characteristics of ‘Seolhyang’

strawberry 100 days after fertigation.

Treatments Pl-ant Pl.ant No. of Petiole -Crown Chlorophyll Fr?sh D-ry
(mg- L) height width leaves length diameter content weight weight
(cm) (cm) (cm) (cm) (SPAD) 8 ®
Acid 100 39.3 b’ 380 a 582 ¢ 274 c 3.50 d 413 ¢ 97.1 d 229 e
Neutral 100 40.0 b 375 a 67.2 bc 28.0 bc 530 b 454 a 1173 ¢ 280 d
Basic 100 415 b 34.0 bc 79.2 a 26.0 c 5.00 b 42.0 ¢ 1380 b 327 ¢
Acid 200 355 ¢ 325 ¢ 66.0 bc 23.5d 425 ¢ 45.1 a 88.0 e 189 f
Neutral 200 453 a 385 a 63.6 ¢ 313 a 6.25 a 435 b 145.5 ab 355 b
Basic 200 46.0 a 36.5 ab 75.0 ab 29.5 ab 525 b 414 c 1513 a 378 a

“Mean separation by Duncan’s multiple range test at p <

significantly different.

0.05. Values followed by the same letter within columns are not
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Fig. 1. 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 ‘Seolhyang’ strawberry.

Table 3. Influence of the compositions and concentrations of fertilizer solution on tissue nutrient contents of ‘Seolhyang’ strawberry
based on whole above ground plant tissue collected at 100 days after fertigation.

Treatments T-N P K Ca Mg Na Fe Mn Zn Cu

(mg-L™) %) (mg-kg™)

Acid 100 227 ¢ 035¢c 274ab 032c 0.26 ¢ 0.05 bc 136 b 852 c 262b 35 bc
Neutral 100 265 b 034 c 256 ¢ 0.78 b 037 b 0.04 c 116 bc 429d 252b 470D
Basic 100 2.05d 020d 183d 098 a 042 a 006 b 94 cd 203f 192d 29c

Acid 200 253 b 045b 283 a 0.73 b 036 b 0.09 a 221 a 3957a 295a 64 a
Neutral 200 3.08 a 054a 257bc 080D 036 b 010 a 9 cd 2793 b 293 a 72a
Basic 200 261D 044 b 254 c 082 b 041 a 006b 88 d 324 e 217c 49D

“Mean 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. 2. 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 ‘Seolhyang’ strawberry (A, NH,*-N; B, Mg®; C, K'; D, Na'; E, Ca®").



1, A 5620 F3E e A
H] 1002 3 oF 700mg L' 0] =& HAEQ]

F5F HIEE 200mg L0 $EE 2] ANE AP
A7) 569 THE PR NO; $=7F F28] A5steo
o, Ak ek Skl e TR wot e @]
of| A A9 H(Choi et al., 2010; Sonneveld and Voogt, 2009)
R e o N N
ahqict.

QUF Frl A Wl 2L 200mg L' 08 s 2A
slo] AJu|gt He| Rt $e] 200mg L' 0 FEE 2
stof AJH|SE 22 QUAE F=rb Wekom grofA ArgSt
HRe} o] Ca 9 Mg} Ztsto] 5831 ¥ Qlike] ofo] &
7V 7) wj&FEolgkal Eestc(Lindsay, 2001). A W2 E
AR AE|o] LR SO F=7F /oIy dAEAd BlR

A 4000
—&—— Acid 100
........ Q-+ Neutral 100 /D
——-w—— Basic 100 :
8000 1| _.—g—s Acid200 //
— —& —  Neutral 200 /,
e —-—0O——  Basic 200 . ]
14 asic / _
- ~
& 2000 V2
E P e
S 2 N
Z i
1000 -
0 4
03 14 28 42 56 70 84 100
Days after treatment
C 600
—e——  Acid 100
500 4 | O Neutral 100
——-w—— Basic 100 m
— =g —- Acid 200 -
400 1 | — = —  Neutral 200 f'-\v_\
— —O—-—  Basic 200 Y

SO, (mg'L™)
w
8

N

o

o
!

100 4

Days after treatment

2 Aujgt HelS o
ulz5e) SO, =} Eokd Aol Uslo] Btk
‘5= 9A] Sonneveld and Voogt(2009)0]
o Jolnt Rorov], AulsEs Wi} g3

237} SevrElofof o
o 23k Qs chgs e, &
B0z TEAS/} T3E I Ca U Mg
Tk AE| R E

o} 2@E2] SO, =
/K-l X4‘5

E ]‘C
oA}
oA pH 4

o] 54 ‘:Z_%

1

o

pH7} I=sHA] &

PO, (mg'L™)

o] g3t 9
& ol AE Sl
7} uteraste, ooy

Aoz wekstart

AlBIRE 7

obAI A Y Aslet Ca 2

210] wgick. uebA] P

45
=orow, o]l H|RQ] ZRAA A
ekt

T =AY

SHF9]
Mg

20] <A
=

AlH]= AP 2 H o} ez A] B &

Tl Qo] 7ol Aelael o

o] HES 24& WstAlAck gtk Yzt
80
— & Acid100
........ O-------- Neutral 100
——-w—— Basic 100 -V
604 | — g — Acid 200 {
— —& —  Neutral 200 / ~
—-—0O——  Basic 200 / .
40 4
P y 4
./- V//
a

O

HCO, Conc. (mg'L™)

03 14 42 56 70 84 100
Days after treatment
250
—&—— Acid 100
l'_"\ ........ Qe Neutral 100
200 - / \ ——-w-—— Basic 100
/ \ — g —-- Acid 200
/./ ,"\\ \ — = —  Neutral 200
— — agic I
150 - E ! /_ \\. —0— Basic 200
\
100 A
50 4
0 4

42 56 70 84 100

Days after treatment

Fig. 3. Changes in the concentrations of macro-anions in soil solution of root media as influenced by compositions and concentrations
of fertilizer solution during the vegetative propagation of ‘Seolhyang’ strawberry (A, NOs 'N; B, PO,”; C, SO,%; D, HCO3).



46 Kor. J. Hort. Sci. Technol. 33(1), February 2015

x =

R @)E A 5ot Mo FRek FEE st
AIA AHISITL A AT} R B4 wislo] njX| o
& Fgsto] AulE 91 712ARS st £ @78

=
Sttt SRS YR A, S48 € ¢FEld viRE
ZAB &N 522 7]1%202 100mg-L" 2
ag3 He)goo] pHE oF 6.0-63202 A 10047t
AlHEEGITE FUEE ARl A AlH] 100 & AgF g
719 BAF D dEsS AMuRE AHRE A7 7
TP AL dZbeH| R A 27F EAR B3 gz eH| R
100mg- L™ ® o} 200mg-L" & AJu|3t 2] o] BA5at A%
ol Tl AR AEA Fr)da ks B4 43N,
P 2 Nal ZAJu]E 200mg-L" A g]oA] z+zF 3.08, 0.54
g2 0.10%=2, K& AHAJ8]E 200mg L 2e]of|A] 2.83%=,
Ca¥} Mg2 &Z+aju]& 100mg-L" A 2]oflA] 0.98 2 0.42%
2 o2 Asiot fYsHA A=A W el =81t Fe,
Mn, Zn Y Cu T2 AMJHIRE AJHSE A 2oflA] 9k,
dZeu|RE AlR|RE A2lolA F3lskH] Wkt LEs pH
L 2bgH|E 100mg L' 2 200mg-L", 712]3 Z4du]= 200
mg-L' o2 Au|g Aejol A &Aooz dolHr ZER
D794 el AH|E 200mg L, 2441 & 200mg-L,
123 AHH]EE 100mg-L' o2 AJH|§t H2] 402 NH,
FE7t o SR K T AH] 29 THE BE A
ZloflA] A|&EH 07 AFpatglon, Ca W Mg = AlH] 84
A & 7= GRS AR Ao wert 7P WAl
24 H= 9 A B 02 eolx]E o]tk NOs=
Abgu| oA W9k, 4 9 dAEH|R Y o' =obd
ok Al T HIRE $Ys T2 AME F9- POy H&E7t
AR A Holu HiSletaL, SO AlH] 70U $714]
A vl mTE FAolv dElAd viRE AMIEE Aeskot
=) ojAFe] A= AP @] AufolA el
H| 25 AH[alof §-2 |, dzte] Y49 FErt s
SHes Tu|goo] xS HStA|AoF ghttal Hetstelct

37 F00] : 18%, BC, AAF, ph, 4274 24

e
Ao

&%
Argo, W.R. and J.A. Biernbaum. 1996. The effect of lime,
irrigation-water source, and water-soluble fertilizer on root-zone

pH, electrical conductivity, and macronutrient management

of container root media with impatiens. J. Amer. Soc. Hort.
Sci. 121:442-452.

Choi, J.M. 1994. Increased nutrient uptake efficiency by controlling
nutrient release in floral crops. PhD Diss., North Carolina
State Univ., Raleigh.

Choi, J.M., A. Latigui, and C.W. Lee. 2011. Growth and nutrient
uptake responses of ‘Seolhyang’ strawberry to various ratios
of ammonium to nitrate nitrogen in nutrient solution culture
using inert media. Afr. J. Biotechnol. 10:12567-12574.

Choi, J.M., A. Latigui, and C.W. Lee. 2013. Visual symptom
and tissue nutrient contents in dry matter and petiole sap for
diagnostic criteria of phosphorus for ‘Seolhyang’ strawberry
cultivation. Hort. Environ. Biotechnol. 54:52-57.

Choi, J.M., SK. Jeong, and K.D. Ko. 2008. Influence of NH,"NO5'
ratios in fertigation solution on appearance of ammonium
toxicity, growth and nutrient uptake of ‘Maehyang’ strawberry
(Fragaria * ananassa Duch.). Kor. J. Hort. Sci. Technol.
26:223-229.

Choi, J.M., M.H. Nam, and D.Y. Kim. 2012. Characterization
of toxicity symptom and determination of tissue threshold
levels of boron for diagnostic criteria in domestically bred
strawberries. Kor. J. Hort. Sci. Technol. 30:144-151.

Choi, JM., T.I. Kim, S.K. Jeong, M.K. Yoon, D.Y. Kim, and
K.D. Ko. 2010. Causes, diagnosis, and corrective procedures
of nutritional disorders in strawberry. Mirae Gihock, Suwon,
Korea.

Lim, S.W. 2005. Fertilizers. Ilsinsa, Seoul, Korea.

Lindsay, W.L. 2001. Chemical equilibria in soils. The Blackburn
Press. Caldwell, NIJ.

Marschner, H. 1995. Mineral nutrition of higher plants. 2nd ed.
Academic Press Inc., San Diego, USA.

Nelson, P.V. 2003. Greenhouse operation and management. 6th
ed. Prentice Hall, Upper Saddle River, N.J.

Saikoku, K. and T.S. Sanho. 1995. Nutritional physiology and
fertilization of floral crops. Rural Culture Association. Tokyo,
Japan.

Sonneveld, C. and W. Voogt. 2009. Plant nutrition of greenhouse
crops. Springer, London.

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 seedlings. Bull.
Chiba Agr. Exp. Stn. 29:37-47.

Waisel, Y., A. Eshel, and U. Kafkafi. 2002. Plant roots: The
hidden half. 3rd ed. Marcel Dekker, Inc. New York.

Warncke, D.D. 1986. Analyzing greenhouse growth media by
the saturation extraction method. HortScience 21:223-225.



