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Abstract These results indicate that the application of SC improved

L L the growth of strawberry seedlings and could replace LC.
A liquid-type chlorella (LC) produced by self-cultivation

is used for strawberry cultivation by farmers in Korea.
This study aimed to investigate seedling growth in two
strawberry cultivars ‘Soraya’ and ‘Haruhi’ after applying
solid-type chlorella (SC) in the greenhouse for 30 d. The

Key words: Eco-friendly agriculture, Growth perform-
ance, P availability, Photosynthesis, Solidified chlorella

treatments were as follows: Control, LC (0.2% of 1.0 x M E

107 cells/mL), % SC (12.5 g/m?), 4 SC (25 g/m?), and SC

(50 g/m?). Compared to the control, in the ' SC treatment, At fi A71%E<t $-7174 1] E(inorganic fertilizer)= %
dry weight of the seedlings increased at 30 days after treat- AL AE AAEE 22 W 2] SALS o] Ho] gton, B3]
ment (DAT). Phosphorus content in the leaves of ‘Soraya’ = -O—o}t AA Qo] thulste] A2k (food security)E

seedlings of the SC treatment increased compared to that BAet=d 2 A2 1w Ii1]. sHAuL ks okt
of the control. At 10 and 30 DAT, photosynthetic pig- tj2o] ¥7)4 Hgo oyheo Tk A3l ok Ay o
ments including chlorophylls and carotenoids in the seed- Hby Z=22 9ol METIORY 7ha ul eAlbA ubyg S5
lings of both cultivars increased with the % SC treatment. gukslo] E7%) FH o] 7L oksla|7) T glon o] % ol
e T £ A% A4 Tela AEe] Aol A gleH2].
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fungi), ZF(algae) % °|Z5E Fov= A &
28 A 7R, AAaad, Q1 718 Al S3
2 g g WA T 2 '?Jr } °L34X4 ATH3,4]. &5
714 vlER BAFe|an g ‘ﬁx}?‘ﬁi 37}
AN, *ﬂ%‘ﬂ]efﬂ %‘8‘% &L ]')—.57%“7?} SHE A st
Zrjoz Bl olcH4l.

=HZFQ! ﬂie“ﬂ(Chlorella)‘* ohFst e i(eg.,
Ca, Mg, K, Fe, P, etc.) W o2} thdi(polysacchar-
ides), A& (lipids), ¥F¥A(proteins), Mi(pigments) X &
2FeHE4(e.g., phenolic, flavonoids etc.) 7 22 2|4 3}
SHEZ LA E o] 011:].[4 5]. o] E{s]— o ol A7 AE F
2Hzh= A4 FAF B ol AR HIHIE o] &5 gle
™[6,7], QIXFE] AR ZAE AREE AREH AL QITH5]. Al
ot Hols F29E AEHEE Adste] sl w4
Fofol| g3k ITH8,9]. FZ e} AH]of| o3t HEF YA
2 F4 el #HE A d = YW(Triticum aestivum),
En}E(Solanum lycopersicum), W5 Brassica oleracea),

ki Fo g é

*HRaphanus raphanistrum), Nwa*|(Spinacia oleracea), *&
FH(Lactuca sativa), YK Allium cepa) ‘s TFFst “=< ol
Ayoz 13 TH10-14].

AA| =€) W& B7)(Fragaria x ananassa) AW 57}
oM olelst SZ e} AR FHo] A8 glom, H7|e]
AES7 9 B AR opg}t B0 B W e
S & 24 g Qe @r)srte] SelAo] Zrkekar )

tH4,11,15]. L3 27] 2F el F=det ARlE 59
TR A% 2 ag %XJE st vk F2det s
Feehs Ut TtelAE T2 SEdeE AL s
of F2k=ell A4 Albletal QARE EF=Aks, 25 2 5 T
2 wiok S S g7t ofels] 2t wi Al o
o] Wrk olefgh 7|&e] Ay SEUe} A RS B
&al7] flsh digker vy S} AlF 9 d8velo] 1
Qb= a1 Gtk 2 Aol S 1y SEAEke] A2 $ E7]9]
AE5S AR ARIA A, (AR oM 27go] F7tete] 1L
@ 2RI F8T7FsA S ERlsIGith webA & Al A
18 F29E 97|48 ‘Soraya’ ¥ ‘Haruhi’ o]l A8]3}
o] A= A5 B HAHel A= FEE skt ¢

Aspsic.
Mz Uy

TE RHHHA|R

B ATE T 8 aWRER 7 7 @7 (Frag-
aria x ananassa Duch.) %% ‘Soraya’ (4&2teh)9} ‘Berry
Pop Haruhi’ (3}738))E AAs3ict. B7]frHe SAPgo}
T AV o7k ¢F 5 em®l MWAE FFHEE AHsto] o
SAE(ZIIE 72%, BeO|E 9.5%, JEE 8.5%, A4
6%, ALTFCIE 3.7% ) EE°| 77 6054 A8tk

o ZFZAeliquid chlorella, LC)&= wE:EH 795
A 571 5dT25E Chlorella fusca CHKO0059 cell=

Algitol, 22 2] M3 (the optimal cell density, OCD)
21 1.0 x 107 cells/mL =02 A7} kgt 3 5000 34
(i.e, 0.2% OCD)3}to] ¥ A7tel| o] &=3ick. 1y =<}
(solid chlorella, SC)&= GIFNBREH-E Fofilo} ZHHHME*—%
FsITE 1y 2P F292HC fusca CHK0059)
Hjekel 100 55 &elg)el AlgolE, WE 5o &3s
o] A&stict

A AT 22 TR 9 Akl wet oz
(control), LC (50 mL/m? 0.2% OCD), % SC (12.5 g/
m?), % SC (25 g/m?) % SC (50 g/m’) = -J3t3ict. Vg
et Al v 13] Aejehs v 1y SRdehs ¥

A& A A Ao 82dEe EFste] Aelekalek st Aul

A¥ % Hoagland £-[2M KNO;, 1M Ca(NOs),*4H,0,
Fe*EDTA, 2M MgSO,7H,O, 1M NHNO; H;BO;,
MnCl,*4H,O, ZnSO,*7H,O, CuSO,*5H,O, Na,MoO,*
2H,0, 1M KH,PO; (pH 6.0)]& F& A2+ ¥Ed| F 1
3] ATt RS FUsH Fasielen, WalF(3t
T 52 Bacillus subtilis QST 713 S3HA1E o451 13]
HA skt

+ AEiATES 20239 99 ATt fref el
3001 &} TR AT BVHE AEF(dry weight)> 2]
% 109 71408 E 33 ZAFEgoH, »l—z}sjlﬁ%l,} A=A
(chlorophylls) 9l 7}2 B 0] =(carotenoids) $H> 4 3
10 " 30kl SHF AL 24 T RS 309U

TH NS oz B850t BE AETte] AmjAIES

AHHE 0 2 Qi)

ot

-

SEHE & AEH A

1y R Y 7R E Y AEdYieg., P, K Ca,
Mg, Fe, etc.) 55 ZAHHNO;) 2% F24] el gt - ICP-
OES (OPTIMA 5300DV, PerkinElmer, USA)E 01%6}0%
SAslth16]. A4 ] A9, AEE FAdXE T CN
#471(EA IsoLink CN IRMS System, Thermo Fisher
Scientific, USA)E °]&3ate] A @af3ict.

@] AEAL FEe FE FEAMINI-PAMAL,
Heinz Walz GmbH, Germany)Z Z%3¥ o] A8
(the maximum PSII quantum yield, Fv/Fm)& 413}
o} 954 W 7kRH o= S A1 ¢ 0.1 g 80%
oplEC R FE% § UV Spectrometer (UV-160 A, Shi-
madzuy, Japan)E ©]g-3to] 2AJ8IGITH17]. & 95 4x(chlo-
rophyll a + b) @ 72 H 0] = g2 Kim et al. [1]01] ]
Al FAe] w470, 645 2 663 nm I S
= 235 e o3t AEsISith

Ej B2M
F2dz gt D7) 5491 2o Bl a8t
7] 138l YRt (One-way ANOVA)Z AFEAS(Tu-
keys HSD, p<0.05)& Fa3ISich B tlolee] A4
& Minitab16 (Minitab Inc., USA)S o]-&ao] =331qict
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Table 1. Characteristics of cell in liquid-type chlorella and solid-type chlorella used in this study

Type N P K Ca Mg Fe Cu Mn Si B n

YPE %) (g/kg) (g/kg) (g/kg) (g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

Cell 9.12 9.38 2.62 1.05 5.85 0.49 61.8 29.2 96.0 54.7 211

Solid 376 991 10.12 6.49 6.08 2.70 - - - - -
"Not detected.

Zdn} 2! pE O] AP AEFTE 1084} ZAF Al 146 SC Y SC A2lHollA,

o

oA 21 TS F2H} HIE HEEN
2 Aol A A WY FEYE F cell? 1F FEY
H] 59 542 Table 13} gt) W S22} cell Weoll=
P, K, Ca, Mg ‘& Tt #7147t 239 ASith
& SFEHTR= 5 x 10° cells/go] EFHH o glom, a) &
debnt; A2 TR0 F719%ATE HEEHAARE P (9.91
g/kg), K (10.12 g/kg), Ca (6.49 g/kg) ¥ Mg (6.08 g/
kg)s} & vk Al shv o] w30t o= 1Y 24t
Az AL 7 B Aol oal] 719lE Ao AR Eth
A W Rt Aol s FYHEE cell> A F E
HafjElo] o] F Gl 2al

oA WE S
Fedol seiis]. whel w18 2welete] A9, A

z

Rt R

o
B

ofy

o2

i)
e

2047} 30Uaf A Al 14 SC Aol A TR} 57t
A p<0.05). W ahfol= thx9h vlwd uf, 1044 %
AR Al %4 SC, ¥4 SC B SC A Trellx], 30UAF Z2AF Al 14 SC
A2l grol| A A AEZFo] S7FISITH p<0.05). 304 77}
F ZAPIA LC A Tto}b vlmed W, % SC A ellx] A%
I A=50] F7FFTH(p<0.05). 309 A3 + &7 f152
A& AEF ZAF A3, AgfolR= 15 SC 9 SC #2]7494%
4 97%)°llA, aFF38]= SC AE|7H50%) oA =71t =
UK p<0.05).

Kim et al[4]2 9% C fusca CHKO0059 AH](0.2%
OCD) A 97] ‘54 FFolA °F 32% 4%, Kim et al[11]
£ 04% OCD A Al 75 9l Algx|9] Azl 747t 18%
9l 31%% F7FEAtaL Basigith & v oV C

)

N
!

)
o

o -

Pk

Kl i mo o2 Mz mx
kil 0}-}11 09}.‘ % L
offt @ MU “© |
g
-
Y

\_“-_1‘

17

fd

e

J

7 opyguct @A

o

] =27 wiiel A717 A&
=9] = Qlo] AEH|EEM =& 4717} 3
],
_]

S AH[o] 23t EIYIRE YIS
049 Apj7]7t St @71 Ae

A3 o Ak 1 FRd Anass
A A AkEo) ettt

ARl whet 71 g3Rs AolslgitTable 2). Z-2fok

fusca CHK0059 A[1](0.2% OCD)ell wH&

9 AP ST aIT} Bl A

.

[eXe)
AL,

o] 34 EIb AN o= R

Sz Tdst YENEE T2 A%l et o
(N, P, K, etc.)S a8l Fo24 22 AT} F4ES
SPIAIZITH4,8,11]. Kim et al.[4]2 C fusca CHK0059 *]
2 § B712=A9] biomass7t S7FeIoH, A=A & T2
YUA(N, P, K ¥ Ca)= biomasse 159 A#dAE 1}
EFATHr=0.42-0.80, p<0.05). C. fusca CHK0059 *2| ¥

N

Aefof 4l s3]
o]|HT}= 15 SC AJH]

Table 2. Dry weight of strawberry seedlings of two cultivars, Soraya and Haruhi, grown under different chlorella
treatments at 10, 20, and 30 days after initial application

. Day 10 Day 20 Day 30
Cultivar Treatment
Shoot Root Shoot Root Shoot Root

Control 1.27 (0.02)b 0.14 (0.01)b 1.41 (0.06)b 0.18 (0.03)b 4.73 (0.73)b 0.36 (0.05)b

LC 1.30 (0.04)b  0.16 (0.01)ab 2.18 (0.24)ab 0.28 (0.04)ab  5.07 (0.19)b  0.42 (0.02)ab

Soraya Y4 SC 1.50 (0.12)ab  0.16 (0.01)ab  2.68 (0.35)ab  0.38 (0.07)a  6.98 (0.23)ab  0.65 (0.01)ab

¥ SC 1.67 (0.10)a  0.21 (0.04)ab  2.96 (0.39)a 0.40 (0.01)a 8.45 (1.18)a 0.70 (0.06)a

SC 1.87 (0.19)a 0.23 (0.01)a  2.47 (0.36)ab  0.39 (0.02)a  7.47 (0.24)ab  0.71 (0.14)a

Control 0.51 (0.05)b  0.11 (0.01)a  2.22 (0.05)a 0.22 (0.06)a  5.81 (0.73)bc  0.44 (0.03)b

LC 0.81 (0.13)ab  0.12 (0.01)a 3.34 (0.33)a 0.38 (0.02)a  6.16 (0.51)bc  0.51 (0.02)b

Haruhi Y4 SC 0.87 (0.06)a 0.11 (0.01)a 2.44 (0.15)a 0.31 (0.02)a 4.68 (0.40)c 0.50 (0.03)b

Y2 SC 0.98 (0.04)a 0.15 (0.02)a 2.78 (0.32)a 0.34 (0.07)a 8.49 (0.18)a  0.57 (0.05)ab

sC 1.06 (0.05)a 0.14 (0.01)a 2.60 (0.28)a 0.33 (0.03)a  7.80 (0.28)ab  0.66 (0.02)a

Value in brackets are standard errors of the mean (n=4). Different letters in each column indicate significant difference
among the treatments (Tukey’s HSD, p<0.05). LC: liquid chlorella (0.2% of 1.0 x 10 cells/mL), % SC: 0.25 g solid chlor-

ella, % SC: 0.5 g solid chlorella, SC: 1 g solid chlorella.
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Table 3. Concentration of macro-elements in strawberry seedlings of two cultivars, Soraya and Haruhi, grown under

different chlorella treatments at 10, 20, and 30 days after initial application

. N p K Ca Mg
Cultivar Treatment
(%) (g/kg) (g/kg) (g/kg) (g/kg)

Control 3.03 (0.03)a 7.71 (0.02)b 30.06 (1.20)a 14.33 (0.23)a 10.32 (0.29)a

LC 3.10 (0.21)a 8.46 (0.05)a 29.73 (2.40)a 13.97 (0.26)a 10.35 (0.44)a

Soraya 4 SC 3.04 (0.06)a 8.14 (0.06)ab 30.49 (0.51)a 13.56 (0.66)a 10.33 (0.23)a

¥ SC 2.85 (0.05)a 8.21 (0.32)ab 27.83 (0.83)a 13.06 (0.65)a 10.79 (0.07)a

SC 2.89 (0.09)a 8.50 (0.18)a 31.86 (2.36)a 14.22 (0.68)a 10.74 (0.43)a

Control 3.32 (0.03)b 7.32 (0.05)ab 31.41 (0.31)a 13.86 (0.29)a 11.63 (0.33)a

LC 3.49 (0.05)a 7.94 (0.22)a 30.05 (1.80)a 13.35 (0.24)a 10.80 (0.45)a

Haruhi 4 SC 3.35 (0.05)ab 7.65 (0.15)ab 33.49 (1.90)a 14.63 (0.62)a 11.90 (0.61)a

12 SC 3.32 (0.02)ab 7.21 (0.11)b 30.36 (1.06)a 13.72 (0.67)a 10.51 (0.34)a

SC 3.27 (0.04)b 7.63 (0.17)ab 31.83 (0.73)a 14.83 (0.18)a 11.21 (0.25)a

Value in brackets are standard errors of the mean (n=4). Different letters in each column indicate significant differences
among the treatments (Tukey’s HSD, p<0.05). LC: liquid chlorella (0.2% of 1.0 x 10 cells/mL), % SC: 0.25 g solid chlor-

ella, %2 SC: 0.5 g solid chlorella, SC: 1 g solid chlorella.

2= Z P 93 biomassit AT £%0H, o]= P
<] o]go] Frjjxlof 7%“3—4 AEAS Fs 707 deA
Atk oleh FAFsHA # AtellM = Wt C fusca CHKO0059
AH] A2l LC ﬂﬂ?"ﬂ/ﬂ Lol 2O P e tix
THE 7O (p<0.05), 3H73] frEAME A4 2
27 VERUEA] O]‘O]‘ﬂ'(p>0 05, Table 3). &3t SC AT 5
aefol frHeA P RS gizguo SojE ik A 2
TYYEY P oyA AE 9 A 5 A= T2 At
71es FABR= vl Fast AEE shi{19]. A1EA Ul P
@“{j A J5kd i (chlorosis) 2 A5 Asl[4]7} ob7 =)=
g S7HE PO o] 88 F 2 d5a TS S
A AR B EA S FX18h, o|= <l8) 2Ee] A
2SS A7 BHAEH A High

ol714g %3t

=i}
=

n{u

Soraya
0.9 -
OControl OLC O%SC @%SC mSC
0.85 a
a a a a 4
A —I— a =
- A HgH
B 08 A
=
F
0.75
0
Day 10 Day 30

AZIEH20,21]. ofel] Wl the AEddie 1d S22t A

2] 8 2Jol7h 1wolA| SATH(p-0.05).

AlHlofl cigt 27|RRo| 2| HS
T Aa B e Bl 1Y SREet A
of gt @752 A4 vk A= Fig. 10014 ®2l nfo}
2ot Aetord] FEE(Fv/Fm)2 A 273t Zo)7}h fle Wb
H(p>0.05) 3731 109 2k 2AF Al LC 2 % SC Aol
A, 30 2k 2AF Al 15 SC A THelA Fv/Fm #ko] tiz+
Hr} Z71eStH(p<0.05).

%Ly] o) 1:13] Cdi/k U_l 7}igﬂl—o]t zﬂak sl _T_rﬁg =22
Az} Alule] o)a) Z7hEtFig. 2). AR FEEE F A
aerakol T7HE A717Y Adolaisitt. etoks 44 - 104

Haruhi
0.9 -
OControl OLC O%SC @Y% SC mSC
b a
a
- ab
0.8 % & be ¢
ab
| b
& b
=
n
0.7 A
0
Day 10 Day 30

Fig. 1. The maximum PSII quantum yield (Fv/Fm) in leaves of strawberry seedings grown under different chlorella treat-
ments at 10 and 30 days after initial application. Data represent meantstandard errors (n=4). Different letters indicate
significant differences among the treatments (Tukey’s HSD, p<0.05). LC: liquid chlorella (0.2% of 1.0 x 107 cells/mL),
%4 SC: 0.25 g solid chlorella, % SC: 0.5 g solid chlorella, SC: 1 g solid chlorella.
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Soraya
1.6 1
OControl OLC O% SC 0% SC @SC

Chi
o 12 ab 2 a
a —— a a
=] _I_ ab
.%1: b b _I_ b
g 0s A
= c
=
E
£ 04 -

Q

Day 10 Day 30
0.8 -
OCoenirol OLC O% SC OY% SC @SC

i
W 0.6
»E/ a
g a 2 8 F1a b ®
2 ab b
o)
§ 04 4 b
b1
=
(=3
& 02 1

0

Day 10 Day 3¢

Haruhi
16 4 OCentrol OLC D% SC @% SC MSC
a  ab
. I .
W 12 b L]' a b ab :
g T
= | a
]
= c
g o0s
<
Gl
=
S 04
0
Day 10 Day 30
0.8
OCentrol OLC 0% SC @% SC @SC
T 0.6
é a
—=—
2 [ 1w
R I - 0
Zo
= c
o
=
£ 02
0

Day 10 Day 30

Fig. 2. Total chlorophyll and carotenoid contents in leaves of strawberry seedlings grown under different chlorella treat-
ments at 10 and 30 days after initial application. Data represent meantstandard errors (n=4). Different letters indicate
significant differences among the treatments (Tukey’s HSD, p<0.05). LC: liquid chlorella (0.2% of 1.0 x 107 cells/mL),
%4 SC: 0.25 g solid chlorella, % SC: 0.5 g solid chlorella, SC: 1 g solid chlorella.

A BE 18 SR HETelA] 454 2 7FRH o]
T oo, 3H78]= 309 W - A4 FHRe] giRgrRt F
7FI e p<0.05). 53], ¥ SC 4l SC Azl 3153]
B 54 9 tZHolE e gl Rt 247} 44%
4l 58% s7Ft%lal, LC Hgl7te} fAkeeleh. A C fusca
AU QI B7|4=2] 54 Tl F7HE AbelE olv
Aol wad vk 9lth4,15]. 7] 55 & wdel
0.2% C. fuscas ATk B¢ A54 o] F20% F=
Vel a[4], “Ad¥F ol 0.4% C fusca A2 A F18% A%
S7F= ATH15].

2 A7) AR & u), vy FZde} A7) Ak o s

o]

9] R Aol FAHe GS T Row nol,
O IR FEEE vE AP B 998 Dk o
b4 gtk ol obhE W) RE FEUE APETI

ojef] W i o] FE Aolell 7|1E Ao Ko G A]
ol 1y SRE] Lol o] T JFS vl Ao

2 AlEE

24 E
2 Q192 ol ALE 1Y F2debt 9] 5 A A
Ep BB EEA BEE Y-S sk v 1Y
et Ak AFEAN, 5 295 Al o

2t 2ol & HARE #F £ 7R ZEAY 30UAF W A&
gfof 9l 8173] F 5F BT AT biomass7t iR TH
0.5 g 1% SZDeH1% SC) AHlell gJall F7k= Itk o]= 1
g 2} ANE B 2N 287 N, P 59 o

olfFTE FUPL olvlE fE AR F EAR FE
Ao Eo]“ﬁ I ave W FEEet AL S} FARsEH
A 9 $5bA YERT B go] 13 SR ek Ab] Yl
By So] AETE Golaby| witel] B7] BE Akglel
ST =& AR Vgt & FF L AFA]e wf

g 1y SRk Angyr} Agolst Zlo g oAty
woll, A5 18 FEdeke] AlH] a8 =o17] Hek dT
7} Heod Zlog Alg¥rh
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