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Abstract

The present study was carried out to investigate the effects of spermine treatment on the growth, yield and quality in strawberry
under low-temperature condition, and thereby develop a chemical method to minimize damages by low temperature in
greenhouse cultivation. Spermine treatment significantly improved the growth of strawberry in terms of leaf number, leaf area,
leaf length, leaf diameter, plant height and plant weight. The highest effect was observed in the 250 uM spermine treatment and
the effect tended to be maintained during the entire growth period of 90 days. Fresh weight and dry weight were significantly
different depending on the concentrations of spermine. Strawberry plants treated with 250 uM spermine showed higher fresh
weight and dry weight compared to untreated control plants during the growth period. Fruit weight, fruit length and fruit diameter
were relatively higher when treated with 100 pM spermine compared to other treatments. The fruit yield was the highest with 14
fruits per plant at 250 pM spermine treatment and the coloration of the fruit was the best at this treatment with the Hunter a and
b values of 46.56 and 28.75, respectively. The hardness of strawberry fruit tended to increase higher than 2N at 250 uM and 500
1M 250 uM spermine treatment. The sugar content of strawberries treated with 250 pM spermine was 9.5 © Bx which was 1.6 ° Bx
higher compared to that in untreated control. However, spermine treatment did not affect the acidity of fruit and it remained
0.68-0.76% regardless of treatment concentrations. These results suggest that spermine treatment has a positive effect on the
growth and productivity of strawberry fruit under abnormal low-temperature condition. The positive effect was the highest at 250
1M spermine treatment and gradually decreased in the order of 100 pM, 500 uM, and untreated control.
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7](Fragaria ananassa Duch.)+= £-4of AJAlo
2 o] AJFIoks A9l Yol2HE 2 A(Cho et al.,
2013) a24-9] Bk} oF7) 12jar vjekyl CE v|st &
4tet 2/go] Sl HleAd SlRtE ol FRe A
Fo|t(Zhang et al., 2008). B7|+= R 100] |7H-L
TR AR E71EFY A, Aul7]=e] BlefAQl
A 9 A9 o] Hatm g7] A w5 S S
a1 AJALRS 12843910 o|231 QTHMAFRA,
2016). =3+ A AJH H7]= S 2 STt
2 AS R JAE Arr AE 97| Eshdol
Z71=) 31 QJtiKim et al., 2013).

2| 715t FRrom A @7 IAblE B
240 =FE= A97F Wbkl QUth(Lee et al,
2017a). 53], AR oA ALH ol dA& TS
97)0) A1 RA, Akl Sk, Bt 9 o
upule] TR S 5 2E 20102 2HEIHLee o
al., 2017b). W7]9] LA 2L 27} 17-20C, ot
10C Welolm, 7i3k7] 2] Zolut g7t 2= ¥
stol 1175tk 5T olske] oA A7t s =
ZRby] Fto] A Wdh= WellE WL, 35T o]
A-2of| A= StolrF BRFsto] 713 B B
ko] elo] FHrkJung, 2012). Ajulj7] 2] o4 A0
2 Qlsl wr]o] F4o] Askd 7, 714 sheto] A
S 7} = o= & B7] Ak Antol] FAA Q1
FaFo| Az o] A2 th-3ste] MY A o= T
= Al 4 Qe 71e7ide] dFASHA aqtErt
(Kim et al., 2013).

Polyamine (PA)& 4=, 52 X nAE] EA)5t
o, AEollAe= A, WA, E3t] Tolstal =35
AAA|A]7]+= S{(Pistocchi et al., 1988) A& o= t}
et A2 ok Ae= dHA Utk Smith, 1985;
Evans and Malmberg, 1989). Polyamined] &F2+=

__1

%

putrescine, cadaverine, spermidine, spermine5©| 3}
Tt Cho and Cho, 1989).

Polyamine & 7.8 A3H2-S 7171 41204 W]
91 3(Saradhi, 1991), A1Eo] AEF 20| thedl] <
3 A== B2 o]7] % Shti(Galston, 1989). whahA]
A1 ZAo]] PolyamineS * 28t A3 H& AEH)

=

Hge - AP - s

2o tigk AgteS S7kA 71t Allaway, 1968). 2]
20| AL AEHAE WO AlEZYo prolines %
2217 Aol 2Rl SRS St As
220]| th--5HA| E=H| polyamine> th-5-22 I3}
= 54 &2 U4HA Qck(Park et al., 1996; Cho, 1999).

0]9} Z+o] polyamine #| 2] AF3(Oh et al., 1994),
7Hd|©]4(Son and Chae, 1993), YZ-ZHKwon et al.,
1994), o717 tl(Yamaguchi et al., 2007), I]2EFX]
2 (Baninasab and Rahemi, 2008), Eu}&E(Cheng et
al., 2009), o] 2 Kramer and Wang, 1989), F(Cho,
1999), Hj(Choi, 2004) ¥ <=0} Cheon et al., 2006)
FolAe F-8a 7t Hare v glck

2 A7e ALE AE D7IAE A AdYLe
2 olah 2] ARRAT A4 Ak oS Ha
slel7] 9igt Sjakd hSwehe BAlskA aloich
o|F I8l A A S AL LA QU=
polyamine 7 5ol 4] spermine2 7 Hofl A 2fsto] G
719 B 5, FH o) vX= 2 gAskaat

shsiek
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211, SAZE & e

H AJgo]| ARE-E @7|(Fragaria ananassa Duch.)
F52 A oldrh AlF-2 20151 5YFE 2016
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2.2.2. MHI=A L Spermine X2
W7l SHato] 2Y0] 44 AN RS
(Chambujs, Farmhannong, Korea)”} $%1% ¥XE
HAIS T, AT G Suksolglon, A2l
F 67119 SZEE vl %|3}aL 3EE(Z 0] 60 cm x Z 0] 25
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A 2o thEslo] H710] QPR 714 el
919l 1% Eels Zztol EaHolekal ke 3)
+= Polyamine 21 Spermine&- 100 pM, 250 uM, 500
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kol A Sepgo] T ufj7hA] 4ok kS 4
StgL}. W) Seeke D4 7]7) g o|Ako] T, 2w}
FAT S PO R ST 223 B 4o,
%, 39, S 2SI TS A A
(AX2202KR/E, OHAUS Cor., USA)S 0]&5}o]
Aot o, 117, 1173-2 vernier calipers (CD-15CP,
Mitutoyo Cor., JAPAN) AMg8}0] 243l %ict. st
©7)0] EAo] A M, HE AHE, G, b
2 kb, MEL AxbA(CM-3500d, Minolta,
Japan)E AR8-5}o] Hunter L, a, b g1& S743F 7] Hat
ez YeJit) L value+= 0(black), +100(white),
a valuex= +a(redness), -a(greenness), b value=
+b(yellowness), -b(blueness) .2 4=%]3} 3}ct 4
= BAEA7|(TA-XT2, Stable micro systems,
U.K)o| 5 mm probe 5 “g2Fsto] 7H4 0 5 U} £.9|
of 7 mm Zlo|2 =5}t T =(PR-201a, Atago,
Japan)= B =5 ST A oS 5 mm 7HFE

=
ehdl § 25sto] S48 At Titratable

i

Iy o KL

acidity H 0 2 12|31 A E ZASFITh

2.3, SA2N

A% Aulo] EAEALL 24 G-O)%)(Least Significant
Difference) A4S 3191, ©]S $J3l] SAS Z= 13
(Statistical Analysis System, Inc., Version 9.4, NC.
USA)E o] sl it

A&d A7 Aol A A@dS 2o
3 Q15 ol WS zefotol Ak
29 152 Gr] AAke] Aok Qlo] E]al QIekKim
tal., 2013). WebA] =315 A5, A|azo] 7 A
e HaIAA Aol A7EE A polyamine i+
o] spermine(Allaway, 1968)E #]-2(15TC)ZAl A
At 2719] AGol Agfsto] A7 BEE A
3l A= Table 1~2 9 Fig. 13} 2t}

Spermine A 2= FA 2ol HIs| G4, A,
7 BAE, 24 5 AEER Q] o] FAFE I o]
+= spermine©| A E2A] O] A|ZEH-S SIS} A7
Az 373S =gt Zes sf4Eti(Ponappa and
Miller, 1996). £3] o|&|3t F a2 250 uM =] 2| A
ARk ol TAEA| 2 A=A A polyamine
9] putrescine, spermidine, spermineE *2|3}1H ¢
o] AL Q] O 1 G 3= Spermine 0.1 mM 2]
AzlollA] 77 Fokehs Aol SAe Ak
(Baninasab and Rahemi, 2008). & A3 of4+=90d
Zr A w7] G e] A FA A= 747.72
cm’o]] E1}45191 01} Spermine 250 uM | 2]of|A]
844.85 cm’ & 71530tk 24 oA % 250 uM 2
7}29.57 cm= Fx2]¢] 21.53 cmo] B|3l 8 cm =7}
5}3itk. Spermine Fk=of Wl AT AESol=
T ZolE Hel=dl, 250 pM A2t FA] 2]5tof|
off A 570 AA BATH HEFol = ol¢t
o] W7] AEA|9] A5 spermine A 2o 5] &F
eaabdad

A A AAF SR gibeal Q= EdeHdS ¢
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Table 1. The effect of spermine treatment on leaf number, leaf area, leaf length, leaf diameter, plant height and root height
of ‘Sealhyang' strawberry plants at different growth stage at 15C

Spermine Leaf number Leaf length Leaf diameter Leaf area Plant height Root height
(uUM) (mm) (mm) (cm?) (cm) (cm)
30 days after transplanting
100 6.67 8.35 7.40 392.47 23.27 22.98
250 10.00 9.73 8.93 435.97 27.87 26.27
500 8.67 7.33 7.40 382.47 21.33 23.80
Untreated 6.67 7.60 6.33 368.74 19.93 21.70
LSD NS 0.51 1.60 29.21 NS NS
60 days after transplanting
100 7.67 8.67 7.50 666.95 24.43 26.87
250 10.33 9.73 9.00 683.67 28.47 29.20
500 9.00 8.20 7.43 645.90 22.67 27.23
Untreated 6.67 7.7 7.00 615.77 20.53 26.83
LSD NS NS 1.17 21.43 NS NS
90 days after transplanting
100 14.33 9.10 7.67 638.34 24.50 25.60
250 14.67 9.83 9.10 844.85 29.57 28.87
500 13.33 8.97 8.23 747.39 25.97 29.03
Untreated 14.67 8.97 8.03 747.72 21.53 21.53
LSD ? NS NS NS NS 423 NS

Y Means in columns within each growth day are seperated by Least significant difference(LSD) at P = 0.05.

Table 2. The effect of spermine treatment on fresh weight and dry weight of strawberry plants at different growth stage

at 15T
Fresh weight Dry weight
Spermine (g/plant) (g/plant)
(uM) Shoot Root Total Shoot Root Total
30 days after transplanting
100 16.73 5.67 22.40 2.93 0.67 3.60
250 18.87 6.47 2533 3.43 0.88 4.31
500 16.67 5.23 21.90 293 0.66 3.59
Untreated 13.73 5.37 19.10 2.67 0.60 3.27
LSD 2.48 0.47 2.36 0.47 0.17 0.38
60 days after transplanting
100 24.67 8.07 32.74 4.83 0.83 5.67
250 27.02 8.93 35.95 5.20 1.17 6.37
500 25.79 8.53 3433 4.73 0.83 5.57
Untreated 25.02 7.80 32.82 4.60 0.70 5.30
LSD 1.42 0.72 1.88 0.27 NS 0.61
90 days after transplanting
100 33.94 14.53 48.47 4.87 2.53 7.40
250 47.70 23.38 71.08 11.61 6.88 18.49
500 37.19 12.78 49.97 5.00 3.37 8.37
Untreated 43.07 18.93 62.10 6.41 3.63 10.04
LSD ? NS NS NS NS NS NS

“'Means in columns within each growth day are seperated by Least significant difference(LSD) at P = 0.05.
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Fig. 1. Changes in growth as affected by spermine treatment of strawberry plants at 90 days after transplanting.
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FOo R At TPk AR Bk ol=g dut
+ polyamine-& vl IHilof] A 2|ot9S o] 159 A
s7h 2| A= Yok 2ol U5 TH Choi, 2004).
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Table 3. The effect of spermine treatment on on number of fruits, fruits weigh, fruit length, fruit diameter of 'Seolhyang'

strawberry
Spermine No. of fruits Fruit weight Fruit length Fruit diameter
(uM) /plant (g/plant) (mm) (mm)
100 10.8 7.29 27.24 24.38
250 14.0 6.39 26.96 22.86
500 12.3 6.27 25.34 23.20
Untreated 12.0 5.96 23.76 22.82
LSD” NS NS 2.51 NS

? Means in columns are seperated by Least significant difference(LSD) at P = 0.05.
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Table 4. Effect of spermine treatment on hunter value, firmness, sugar content and acidity of fruit in strawberry

Hunter Soluble solid Titratable

Spermine Firmness L SSC/TA
(M) ™) content acidity ratio
# L a b (°Brix) (Acetic acid %)

100 40.43 46.38 26.95 1.731 8.6 0.71 12.11
250 4221 46.56 28.75 2.178 9.2 0.75 12.27
500 43.99 44.03 30.71 2.311 8.6 0.76 11.32
Untreated 4331 46.27 29.78 1.852 7.6 0.68 11.18
LSD ? 1.79 2.83 0.44 1.300 NS 0.16 0.06

“ Means in columns are seperated by Least significant difference(LSD) at P = 0.05.

100 250 500 Untreated
Spermine treatment(uM)

Fig. 2. Changes in the external appearance quality of fruit as affected by spermine treatment of strawberry.
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