Received: October 14, 2016
Revised: May 2, 2017

Accepted: May 15, 2017

& OPEN ACCESS

HORTICULTURAL SCIENCE and TECHNOLOGY
36(1):20-27, 2018
URL: http://www.kjhst.org

pISSN : 1226-8763
elSSN : 2465-8588

This is an Open Access article distributed
under the terms of the Creative Commons
Attribution Non-Commercial License which
permits unrestricted non-commercial use,
distribution, and reproduction in any medium,
provided the original work is properly cited.

Copyright©2018 Korean Society for
Horticultural Science.

RESEARCH ARTICLE

V| 8| AFJH|R S| UE BLE,

ZOEEYL PSR

https://doi.org/10.12972/kjhst.20180003

=| * 1 u S .5
B35 2RY - R - BYS - BYE

Daughter Plant Growth, Flowering and Fruit Yield
in Strawberry in Response to Different Levels of
Slow Release Fertilizer During the Nursery Period

Hae Suk Yoon™", Ju Young Kim', Jae Uk An, Young Ho Chang, and Kwang Pyo Hong

Gyeongsangnam-do Agricultural Research & Extension Services, Jinju 52733, Korea

*Corresponding author: yhkhappy@korea.kr

TThese authors contributed equally to this work.

Abstract

The objective of this study was to determine the effect of fertilization dosage on seedling growth,
flowering response, and fruit yield of strawberry plants. Mother plants of the ‘Machyang’ and
‘Seolhyang’ were planted on April 5, 2013. Daughter plantlets were proliferated in seedling trays
with 24 cells. Each conical cell consisted of a 135 mL cup filled with a mixture of substrate and
commercial fertilizer (11-11-17, 6 weeks, Osmocote®) at four different ratios: 1) N, P, K was
supplied at 0-0-0 mg per daughter plantlet, 2) 25-11-32 mg, 3) 50-22-63 mg, and 4) 100-43-127 mg.
Higher fertilization levels produced plantlets with increased crown diameter, leaf area and dry
weight. Increased fertilization levels resulted in more large- and medium-sized plantlets and less
small-sized plantlets. The N, P and K contents in the leaves also increased. The flower bud initiation
time of ‘Maehyang’ plants treated with N, P, K at 0-0-0 mg, 25-11-32 mg, and 50-22-63 mg was
earlier (September 13) than the flower bud initiation time of plants with N, P, K at 100-43-127 mg.
The first flower budding time of ‘Maehyang’ plants treated with N, P, K at 100-43-127 mg was
delayed by 11 days, but the second flower budding time was shortened by 9 days. The flower bud
initiation of ‘Seolhyang’ plants occurred later when the level of fertilization was increased. The date
of flower bud initiation was the earliest (September 13) under N, P, K at 0-0-0 mg treatment, and it
was delayed by 4, 9, and 19 days in response to treatment with N, P, K at 25-11-32 mg, 50-22-63
mg, and 100-43-127 mg, respectively. The first harvesting time under treatment with N, P, K at
50-22-63 mg and 100-43-127 mg was delayed by 10 and 27 days, respectively. Both cultivars
showed earlier first harvesting time with lower fertilization levels, resulting in increased fruit yield
from November to January. For ‘Machyang’ plants, the yield under N, P, K at 100-43-127 mg
treatment was the highest in January and Febuary. However, for ‘Seolhyang’ plants, the yield was
the highest in January but the lowest in February. The total yield of ‘Maehyang’ plants (from
November to May) under the four different fertilizer treatments was not different, ranging from
3,339 t0 3,518 kg. However, for ‘Seolhyang’ plants, the total yield was the highest (5,106 kg) under
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the N, P, K treatment at 0-0-0 mg, and it was reduced by approximately 12% in the treatments with N, P, K at 50-22-63
and 100-43-127 mg. These results show that increased fertilization levels delayed the initiation time of the first
inflorescence and the first harvesting time. For cultivars that are sensitive to nitrogen fertilization levels such as
‘Seolhyang’, fertilization levels higher than 50 mg nitrogen during seedling period, could delay flowering and cause
excessive fruit load of the first cluster and result in reduced total fruit yield. For cultivars such as ‘Maehyang’ which are
less sensitive to nitrogen fertilization levels, higher fertilization levels could promote successive flower budding, thus
increasing an early yield with higher market value.

Additional key words: daughter plantlet, first harvest, flower budding, flower initiation, raising period

MA
SEutEtel ] Hol AHiE AL Q= BAS B7](june-bearing strawberry)= o5& AL -2k 7 FORA| AL Lol FolA] 7]
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(Savini and Neri, 2004). 0] ZFH-5 32| AI510] Fiof So17F2] il Bl -85 A|2tSh= 2 o] /Al 1], S5
717V S5 7FA 0] 7] whzo] sloR et W2 A f k5l ] 919t S i EEo] /I E Ak SloREabrt 7] flaiAl= 71
HA 06 2 223 T x A 0] E]ojof 51x]THManakasem and Goodwin, 1998; Fumiomi and Michael, 2006; Ruan et al., 2011;
Junetal., 2013), A=W A4 57 245 oL W 7432 51H(Sonsteby et al., 2009; Uematsu, 1998), T-H-85F
Al AR e £ a7 e 2 =2 B Hth(Takeuchi and Sasaki, 2008). L& 57|91 of 5ol A2 LA 2)E 5F
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et al., 1994; Yoshida and Morimoto, 2010), 2 57} 7445111, shHF &80 Ugtow, o2 shito) ]?:_]:"—é'ol 2N =)7| = 5
ArhKim et al., 2013).

o, A1 5] stel 2ohe 270l 10mm o} Sl 350 A2 SHBS 1] SO 540 oA 24
7}V E7 5k oM, A & 4eak Tk 11 B 15T Savini and Neri, 2004; Yoshida and Morimoto, 2010). |Zofl= A
Al 7]zo] Bk o] 27] etof theh BA1A 7FA & arekal Q17| bize] elokdet SR ohg} 7FA o] 2 Al 710
_F&LFA:O] DFo};ql— HISE Fo g jTEIj] 0 ‘_ OHo]: SH /\]xqoﬂ

)= Zof whebA] ASEA T AlH]Fof thE AJ-8HESo] nfl¢ ch2ckyl e 910 LK(Choi et al., 2009; Choi et al.,
2012) 34271 B3 A oo 4 77151 ool 2 g FTERA2 A SAT A
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c3pe Qo] Slsted +Assick

A A=
T7) mfgp 7t AR o] BF-E 2013 4 €] AR B Eofl Aot vekots FEoHA AFH-E At G
AN G A NS At B oFl-S EC 0.8-1.2dS m ! 9] I 2 F1200-400mLE 515 4-63] & Lo st 7)o
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A AAF-& 75101 T HE2 Table 20f] ERARIH. 0-0-0 #|2]ollA], ffe 2 BAIE-20g o5t 40| W&o
58.3% Th$ 9L, A% 30g o The] vl 8.3%= Wkt HlE Fago] ol dir ol ulgo] Z7lsltE
g, 25-11-32 # 2]l A] 20.8%, 50-22-63 | 2]7LA| A 42.7%, 100-43-127 Aol A= 54.2% = =oAL 50-22-63 A2
T2F100-43-127 A 2|l A= 200 HlE0] 4.2% 2 FASHA Fektt. 42 0-0-0 ZM%LOWE 5.0 H]&0] 41.7%]

o|2 I A1 O] H:8-2- 25.0%0l| Exrfal], vijek of Hls| thA = *“1%01 W dde Bt

TSRl BE R 1530719 A7 sk, ARe dUE 59 }0:1 REFRAE e SeTAT e
TPl AR 222 QS Eate] AARITE 0-0-0 M9} o] Ao Ml FRE 31K e A, BER R
T el AR ol A Aolm, ol AfelE FEE ol YR AT ARASE DL 57519
thTable 2). em—:— Aokl S Alo] RERRE oHggo] ST DR FERE A} s, A WA AR Y4E
A5o] 2Rt A7 TR AL(Table 1) AAZPE AT, T B & A9t o] BE ti ARt che S o] ol B,
2] 2201 AL AL E A3 Sof| ZAJ A H| T E 51 7o) AFH 2] Aok WIS =215 OME](Klm etal.,, 2013),
AR PG| AAE %E‘ 9k& Zolet 4ZE|

S HI|7 AR AAWN) 2] FEEFE 00114 100mg7HA] E2l6lS uff, o] T-N gk ‘Uﬂﬂ’2 1.20%°11A] 1.68%714],
AP 1.37%0A 1. 65%77} 1%7P6} SATH(Table 3). QU(P)2] S5 5 00114 43mg7HA] Eefatota of, 10| P gl ol
2 0.14%014 0.25%7H4], /3 -20.17%01141 0.23%712] S7F5HTt 90 28 (K) 9, #%'“*01 0o 127mgo = e
okt o, g2 0.94%04 1.13%, 49782 1.12%lA 1.28%744] Z7kstgick. 4, QAT ZE<] Faagol golds:
S A T A2 S0k e EAeH, 384 4w 5P dFol dHid o2 gol SU18I AL, K o 4]

il

Table 1. The effect of fertilization levels on growth of daughter plants in strawberry

Cultivars Fertilization levels Plant height No. of Leaf area Crown diameter Dry weight
(N-P-K, mg / plant) (cm) leaves (cm?/ plant) (mm) (g/ plant)
Maehyang 0-0-0 33.7b 6.6b 360.9b 11.6a 59b
25-11-32 332b 63b 404.0b 12.1a 5.8b
50-22-63 36.0b 76a 541.6 ab 123a 73a
100-43-127 40.0a 7.1a 593.7a 119a 75a
Seolhyang 0-0-0 30.1a 75b 487.8b 11.7a 6.1b
25-11-32 272a 7.8 ab 516.0b 123a 6.6b
50-22-63 315a 7.1b 555.8b 124a 6.5b
100-43-127 352a 85a 7443 a 120a 7.8a

“Mean separation within columns in each cultivar by Duncan’s multiple range test, p < 0.05.

Table 2. The effect of fertilization levels on fresh weight distribution of daughter plants in strawberry

. Fertilization levels Rate of fresh weight (%)
Cultivars

(N-P-K, mg / plant) =>30g 3020 g <20g

Maehyang 0-0-0 83d" 333c¢ 583a

25-11-32 20.8¢c 41.7b 375b

50-22-63 42.7b 532a 42¢

100-43-127 542a 41.7b 42¢

Seolhyang 0-0-0 41.7v" 333a 250a
25-11-32 53.2 ab 316a 152 ab

50-22-63 62.5a 292a 83b

100-43-127 66.7 a 292a 41b

“Mean separation within columns in each cultivar by Duncan’s multiple range test, p < 0.05.
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afjek o] o] e 0 & Btk A]7]=0-0-0, 25-11-32, 50-22-63 A 2] 7oA 9 13U & WS, 100-43-127 A

= O] HTH9U o] Z|AE| T Table 4). B 4] 3, A| 13PF0] E=[gh -2 0-0-0, 25-11-32, 50-22-63 A& olAl=10Y
27901, 100-43-127 A2 FAA = 119o] ZofFt B7E A3 585 42 0-0-0, 25-11-32 A2 7= 12 € 790191,
50-22-637} 100-43-127 A2 FLo| A= 2F2 33 11Y 0] = Fit.

5P o] FlopEa} A 7]=0-0-0 A 2]/ 9Y 132 7R MsEA1, 25-11-32, 50-22-63, 100-43-127 A2 7= 2 2 4
94, 19%90] = Flth. A1 S22 50-22-63, 100-43-127 2| 2fFLof|A] 0-0-0 A 2]} v wsto] Z}2F 59, 159 0], 712
1 FERAG 24710, 27U0] =of ATk

7] F2h AR Q= AL S Relolt A2t 240 LE3EH Yl BokE HEA S 2ol
FJE}. ‘wfjep it /deF R SH7|of Hls Fgo] Bobdas AEAW dA St ok, A Tl 2o wEA |E
S 5HA] &5 ]-OC] Q}O}TQJ} =02 = S HFH(Inoue et al., 1994; Yosida and Morimoto, 2010; Kim et al., 2013). &
@%Loﬂﬁ APE B xof| FAS 299 1281, o]uf ufiak 2] 100-43-127, “AA3F 2] 50-22-63, 100-43-127 2 2] Lol A=
Aol ﬂo}ﬂﬂﬂ} =] 2] o2 AEI STk ol 52 w2 A A AA MR EES] S ke o] Helo R E AA9
SfoEal= Table 4T EX1 2| A% GLS Aol B2 irt

AepY & AR 271 2345 AETS o, A2 vl Fgol meh & o7t glo] 37-40% HL]lT

Table 3. The effect of fertilization levels on the content of macroelements in the leaves of daughter plants

Fertilization levels Nutrient content (% of dry weight)
Cultivars
(N-P-K, mg/ plant) T-N P K Ca Mg
Maehyang 0-0-0 1.20v* 0.14b 0.94b 191a 0.62a
25-11-32 1.28b 0.16b 0.88b 1.80a 0.56 a
50-22-63 1.39b 020a 1.03b 1.70 a 0.56 a
100-43-127 1.68 a 025a 1.13a 1.95a 0.61a
Seolhyang 0-0-0 1.37b 0.17a 1.13a 217a 0.68 a
25-11-32 1.32b 0.17a 1.12a 181a 0.57a
50-22-63 145b 020a 1.28a 1.75a 0.57a
100-43-127 1.65a 023a 1.23a 1.85a 0.57a

“Mean separation within columns in each cultivar by Duncan’s multiple range test, p < 0.05.

Table 4. The effect of fertilization levels on the date of flower initiation, flower budding and first fruit harvest in strawberry

Gultivars Fertilization levels Date of Date of flower budding on cluster Date of
(N-P-K, mg/ plant) flower initiation 1 2 3 first harvest
Maehyang 0-0-0 Sep. 13 b* Oct.27b Dec. 9a Jan.31a Dec. 7b
25-11-32 Sep. 13b Oct. 28 b Dec. 8a Jan. 30 a Dec. 7b
50-22-63 Sep. 13 b Oct.29b Dec. 9a Feb. 3a Dec. 10b
100-43-127 Sep.22 a Nov. 7a Dec. 10 a Jan. 29 a Dec. 18 a
Seolhyang 0-0-0 Sep. 13 ¢ Oct. 28 ¢ Dec. 6¢ Feb. 10a Nov. 19¢
25-11-32 Sep. 17¢ Oct. 28 ¢ Dec. 3¢ Feb. 1b Nov.25b
50-22-63 Sep. 22 b Nov. 2b Dec. 12b Feb. 7ab Nov.29b
100-43-127 Oct. 2a Nov.12a Dec.19a Feb. 10a Dec. 16 a

“Mean separation within columns in each cultivar by Duncan’s multiple range test, p < 0.05.
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(Table 4). Z, Al12Po] =A| E=]5t 74, ARSI =A| S| == ke Blrh 2o ok -2100-43-127 2 2] Lol A
33U EA], T A 2] 0] 41-43 YT 9dout LI QI 5, HijP-2 S H IR HA
Sl thA A AR AN ShFEAEo] w9k ARshdo] =7t ek S8lo] AFE e

Sh, Z4H ol ¥l & Faa SFA] 23 0-0-0 Aol A 9] T-N ghefo] oF 1.2% <0 & 514 0 2 o] ] IS
(Table 3) O+, FUE ATl 89 A< o A7 = U E Folk] BF=iE GFREo] S50 AEE37] mizol2t A2t
k. Jeu o]f Aol stolsle] grtafolata Yo7l A 5k 200mg L (Inoue et al., 1994) HTH= =2 A SO
o, &2 A7 A9 AEF 7101 52 Y BAIF 7ol Atk A Aot et iRt 2lol & Bl o] | o]f
= Hol 3lopi el £35S Qfoli = Bt A S YA weloto], F st &5 Faotal Ao o= o= T E
Sk Zlo] 2 Aolet 7=, ofof theli= 55 AU HEZF Bagt A o= A7 ]k

T+ 5% BE SR/ H R 3g%0] A5 A7 ERRA, Tl 71E0] =2 1195 19717] 9] 4efo] ESk
(Table 5). “ufjak O] YH 472 0-0-0, 25-11-32, 50-22-63 Z| 2|7 A H]=SH A2 H AT} 100-43-127 & 2] A
7F=S7) 2ol 128 2 A Q) ot 1 9t 2 o] -5k AR 5] Mok, 3 o] Soll= ThE Aot & Ao 7t glSint the
off 5L7HA] TR HE AollA 3,339-3,519g = 2 2o 7t g1l

T2t AP o] 9ol 100-43-127 A2 7Le] 4-50] 0-0-0 A2} 7L} Hl wsteq, 1280f= 9%, 180l 122%, 28oll=
88%, 3Holi= 121%, 49oll=78%, 5Holli= 61% <0 & $7|2 445 A7 FAsHIt) thaol 597HA] S 0-0-0
2] Lol A 5,106kg 0 2 7P HWOET, 50-22-632F 100-43-127 Z 2] LA oF 12%7} 74513t

H] & Fago] WoH 100-43-127 A2l A, <432 A1 2P S| ot e[A 713 6] 2| AE]S17] whzell 152t A
Sl B2 solekol AL, T AT 1D F0] 0] 1,605kg 2 A F peak7HIAYSHA 0 2 U= A, HFES.
& 3Yofli= ThA] peak7F AT &, Al eHEe] THe gt A= Qlote] FapikEe] I 2 HFE 1 thE JTITHe
2] B} ZAshe] A7) oFsliA] 11 A=t ohS SPFo] Hid T oA = =(Nishizawa, 1994; Shimomura et al., 2016) A7}-5
|57 A LR ZA 2 s A

& AT A Sl E o, SHI | Sae] BordaE AR O A2 7 ok Zdakel o, AlEA W da s
7t oAl slolielet e A= @AIGHA A AT £, ek 9] slohial= vl & Fagell jIZsHA| ¥g-5ted, 2t
B A4 100mg o) 358 4ol lokRehe 199, FE7iA= 26 dolut A AE|Giet. 71 A, Al1spdol dhetslA &
A o = Qlol} 192 o] AA| 7ot gl ot 2t e 0 = Basajslet AR o]o] A P tolli= A7 UG
o} ek JA| H| 5 Fago] B2 Aol folalrt A A7 = ot o, 119 i 2 vl wa Ao, ARsl o] w27

[y

Table 5. The effect of fertilization levels on the monthly marketable fruit yield of strawberry in soil cultivation

) Fertilization levels Monthly marketable fruit yield (kg / 10,000 plants)

Cultivars (N-P-K, mg/ plant) Nov. Dec. Jan. Feb. Mar. Apr. May Total
Magchyang 0-0-0 0 400 835 826 493 306 632 3,494
25-11-32 0 328 886 828 460 230 617 3,351a
50-22-63 0 343 830 812 469 209 676 3,339b
100-43-127 0 89 1,096 974 437 293 629 3,518a
Seolhyang 0-0-0 27 492 1,449 921 727 624 865 5105a
25-11-32 25 372 1,603 875 660 546 886 4,967 b
50-22-63 32 298 1,608 943 641 365 667 4,554 ¢
100-43-127 0 44 1,761 809 877 488 525 4,504 ¢

“Mean separation within columns in each cultivar by Duncan’s multiple range test, p < 0.05.
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