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Effects of infrared Added Light on Growth
and Runner Propagation in Strawberry

Chia Chyi Wu™ Shuo Ting Hsu
Department of Horticulture, National llan University

Abstract

This study was aimed at investigating the effects of light quality of Light
Emitting Diodes (LED) on plant growth and runner propagation of strawberry
‘Toyonoka’. Strawberry plants were cultured under three different light qualities of
LED, 6R2B1IR (red: blue: infrared = 6:2:1), 7TRGB (red: blue: green = 7:1:1) and CW
(full wave length, cool white), for 6 weeks to understand if the addition of infrared in
red and blue light could promote strawberry propagation. The greatest leaf number,
leaf area, biomass, photosynthesis, photosynthetic pigment content, photosynthate,
runner and ramet production were shown in 6R2B1IR treatment (addition of 10%
infrared). However, the leaf was thin. The results showed that supplemental infrared
light could promote plant growth and runner production of strawberry ‘Toyonoka’,

thus increase the benefit of seedling productivity.
Keywords: strawberry, infrared, light quality, growth, propagation
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5%f (Fragaria xananassa Duch. ) Zi B4 EE 2 EEAEY)  HEL R
{55 EEMEUALTREE /T - ER 12 AZEREE 4 H - ERETRE - S8
R BT DITEFH T —FE FEfE - LSS EEER A 0 EERERZ
{E2R > 8 ABRTCERAS I > e e 2 RS R A (@ H - RIfE
i B Ry Rk B A SR - FEEE YRR EA/ N > WA R E BB A AR
(% > 1995 ; Faby, 1997) - fE5HAVEE A GBI = EREAER - IIREREH © 12
=R E B AER - DRSS - EEEEREY S I AN EES
B PRI R B Y DS 2 B e BRI 5288 (2 > 1995 ; Pertuze et al., 2006 ) ;
[FERE A NEEEREIMNE - BB EHRENRES - IEF bR E S
B o IR A BRI T D P o] R R R R A T R B A B
EASE S, - HOUE AR EEEL A E - R R s e/
AR 26 @ 28R - B R ZE i - SN R FINSRERC GHE YR [F) 4R
BRI - SRR E GRS B IR — IR - T AEHENE -
MR EEYA RREEIRERT 2 — NEIDEEER Y KA SRt ®
R G & Al S Y AR B S PSR S B YRy AR R F 38 5 (Briggs and Olney,
2001) - AR TELRE a ~ TR E b fE4DEE (654-671 nm) BLEEKlE (435-470
nm) HEANIRUT R (FRELET - 2009) ; &5t AR RT3 i 3 Eu A A f iy A4
Y2 FAEEERE (Kim et al., 2004) ; fEALYMERVEEDG & - ARSI A 245
Il 7 FeALE2TE M (Pettai et al., 2005 ) - AL AL EELFIH AT FAGHETEY) - FERE -
KRMHEFA{CE (Yamada et al., 2009) « —fEABEMAEEFTRE LR » K2 PART RO
KRB N A RS E TG 2 SRS AILE DA MALLY ML £
& e
TENTERPEE NN TR AT BERME R 2 iR EFYIERE » 3¢
k@G (Light Emitting Diodes, LED ) [NEAGHA/N ~ e ~ A EREL A 4B ML
SETRIE RO E SRR o RIS (E R ER e == PIPEYAE EE AR (Mitchell et al.,
2012) - NEEYIEDERET IR IES A EE - — R TS5 E Y B T EE M Y
JnEgIEL (Deutch and Rasmussen, 1974 ) » SR R 1 T51EY) » RIE A EREELL
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5%F (Fragaria xananassa Duch. ) Ressfe S - W E e SRR AOAAD - Phik
R/NEAE B —5 > BLVUR SEREfER s st e - B £ A% 17.8 om ¥ERRE
EN e DEVERERT  BERG A ERBIR 111 (viv) JIRERRHE/
ROh 25/18°C ~ HITRE 16/8 /NI 2 BRP2e s PNAEL T 6 8 2 5:lB - slBedi it ki
A EEEE 1000 5T EMURHEEE —5% (& ¢ Bk © $FELGIA 20 £ 20 © 20 - EAIEEER
R AIRAT]) MR 2-3 K -
EREAEREE - B RER A UEREY - BRI E R 12 i -
ZRIEHRIE Fy 175-180 umol - m? - s™ o [HFHFE T MES ORI AIRAE > 2
) NEDEEZ R EE 1
(—)~B6R2B1IR : 413 (600-700 nm ) : B3¢ (400-500 nm) : T4} ( 700-800
nm) = 6:2:1-
(—)~7RGB : 4% (600-700 nm) : &%3% (500-600 nm) : BZ% (400-500 nm)
=7:1:1-
(=)~ CW: & 4H (400-700 nm) -
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Fig. 1. Different spectrum of
Light Emitting Diodes
(LED) light quality. (a)
6R1B1IR; (b) 7RGB:;
(c) CW.
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PRatlasd T > FEREHEAER - B BR > EEEK e lFHEsE
FARNE > EERINZEEHEERE - HEOEE ~ S5 NEZE - HIEE R B
BN ER SR ~ 2B ~ BEIE - T ARBLE R AR - BEAE R - A
AR bEYEE 2R > WHECKAVIR - BETER USRS -

=~ HEBLH A
(—)~ B
TFARERRTPEERL 3 F SeBEfERAEE - DL LI-3000 ZEHERAIESE (LI1-3000 Area
Meter, LiCor, USA) JHIE -
(=)~ x&efEH
BEH S B (s FE R 2/ e > DL LI-6400 StafERIANERE (LI1-6400
Portable Photosynthesis System, LiCor, USA) JHITEEEF JF5EA/E R « fILE
[EEAATAE PR CO2 &S -
(=) EGZEEGHHET RS E
fReESE (2010) J77AMEST » BEAN RS 3 7 (EaAE Ik S MR iE e R & 2 52 0
NBREE HIEERE R AR A 20 ml 80% PNEENHIE » P41 A PNERZ 100 ml
SR o DLy YEEET (Spectrophotometer, Thermo Electron, BioMate3, USA) 4
470 nm -~ 646.6 nm ~ 663.6 nm J% 652 nm ;& NI EE o DL REIA S HE
JEEGR
stz a (mglg) = (12.25 % Agsss— 2.55 X Asass) % V/1000 xW
#zEkZ b (mglg) = (20.31 x Asass— 4.91 X Agszs ) x V/1000 xW
FEHZEEZE (mg/g) = { (1000 x Asr0—3.27 (FE4EZE a) —104 (FE&EZE b))/
227} V/1000 x W
V : 80%NEHZEHUKAEGRE (ml) ;s W EERfFE (g) -
() ~ AR K b SR &8
27 Morris (1948) J57% < BEHUE PRI~ (alta pk 5 ok » R B 5L 53R 2L
75°C HEHZT% - PRy - FEHEL 1 sekkdn o A 50 ml 2 80% JEfs - 12 80°C /K4 30
o > OREGEEVE - AGLA Whatman No.2 SRS - FREANIA 80% JEkE 20 ml

80°C 7K 30 /i ig iaE » AN 80% JHfE 20 ml - & =B & HEHIE 7]
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B =TRREEFRER T BB #EE PVP - E& % 100 ml - fifE 25
R BUAERERR 2 ml- fi A 4 ml anthron( 0.5 g anthron ;&2 250 ml 95% H2SO.)
WIROREI A% 7L 100°CHEKE 6.5 73 » F/Ka S B#UealE » IR 625
nm JAIEIRSEAE -

S E mEEEER - HIHROUE - 5o E i w A il R A B B4R
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AR EEYIGE = MEEREEYE

SRR A LEZ - B 0.5 ZEfiIA 2% HCI 25 ml» 2 90°C 7KiA 3.5 /)N -
L Whatman No.2 JE&REE7% > F 5 M NaOH tf Al » DA phthalein A f57~7] > 1%
RELE S 1l MR ERIE - HURREER 2 ml > fILA 4 ml anthrone (0.5 g anthron
1L 250 ml 95% H2S04) 7K - JREIIAE » 12 100CHi7Kin 6.5 733 » FFHYK
B ASAl » Y EEEE (Thermo Electron, BioMate3, USA) 7 625 nm

AEOEE - FEfR D e R e - (NI AR 2 & -
BinoE = wEERE x 0.9/ FYE
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Fohk 109 ~ 20% ~ 35% ~ 55% ~ 75% Ei 100% 2 TBA Fi7KA -
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10092 TBA NEs » JIAZDET Safranin O » jRiBE ans (s - BEEIERF Y -

43246 R 100% 2 TBA JERRE % - KiikmE A 60CHAEN » &
i BN 1 1 ZIRBEDL M RIAAE R - R bR e AR
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5 - RIS B 1 1 RS R A SR AT - FEE
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%6 HAR ~ T0%FA5 ~ 859 F5 K 959 EifE §1 - FPERS 3 i - FIRIE
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Analysis System 9.1) #1785 K 2%k 4747 (Duncan’s Multiple Range
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¥
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FREEETE
PIZFEAEDYERSEE 6 1% - IRINALIMEY 6R2BLIR FREE T - F& ]
T2 7 BEMBER KR - 55 - B - Oa H R EMEMREFE  f2E (R
1) BUREALIMEZ AR e R S E il F 4 - Yamada 558 (2009) #H5T
BN = EL I 2 LN 4D A A A e B3T3 &5 BLGAAE > H o (R #E L &
( Kasperbauer, 2000 ) - Chung 55 (2010) fH5EETR » FE4LY ~ EDREAATAME 2R
BT A RSO EE R PR B BERR S REAYE - A
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MOCVERRME T - EESMNPRImEE 2R - (HIRII40/MEZ 6R2BLIR FRFHAHAR
FEA RS ZER (B 2)  CHERZEYVZREMRNECCER'E - EAECAATY
MR SRz a5 FinEE EE AT (Thomas and Vince-Prue, 1997 ) » fE4L5ME
735 nm i RBDCEEREALIM R s U E RS (Mancinelli, 1994) » R EE
AL AT BE 2 HH OB R P S EiAY S FEFT 2 - Franklin (2008 ) 545 HI{EELG
ZEL R Ryl M b B R ATER SR o B AT DA s A AR e R
(light-foraging ) fYAE 17 » I 6R2BLIR FREH T AR IIAVALS M ] BE(E [ B R T
BN - TERM R IERE A » AR AR R -

% 1. LED JYEHEE " CE RIRER - THE/NER » PRVNER - BH - B
AR ~ i B ~ i B A B R R

Table 1. Effect of light quality on leaf number, middle leaf width, middle leaf length,
leaf width, leaf length, leaf area, crown diameter, fresh weight and dry weight of
shoot in strawberry ‘Toyonoka’ mother plant

Shoot  Shoot

Light Leaf ~ Middle leaf (cm) Leaf Leaf Leaf Crown s dry
ualit number width length area diameter weight  weidht
e widh  lengh M @m  @m)  (m) O

6R2B1IR 12.53a 10.14a 9.51a 1753 a 23.44a 16854a 22.04a 65.75a 11.25a

7RGB 11.00b 887b 8.46 b 15.39b 19.33b 136.80b 15.73b 60.18b 9.81b

Cw 11.40b 9.16b 8.50 b 15.75b 19.61b 14286b 16.71b 63.16b 10.33b

Means followed by the different letters in each column are significantly different at 59 level by Duncan’s Multiple Range Test.

7<
mmm 6R2B1IR
6 1 ww TRIGIB
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|_
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0 ; ;
0 14 28 42

The days of treatment

2. B TMESEHERE SE S AN E T E -
Fig. 2. Effect of light quality of Light Emitting Diodes (LED) on runner number in
strawberry “Toyonoka’ mother plant.
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6R2BLIR e [ » &R m taFAHER - RLEEHEALEE CO.
e HEOEEEREREE S HM O E R - RALERR =D E R
B S HEEE =R o [HAAERIIR CO2 JRER 6R2BLIR B 7TRGB [ e HE [ i &
A= (R2)  AEDYERM Z BGRER BBEER - Ll 6R2BLIR R
ZHEEERGRHREL &8s - AR LEVEEAIREE ER (&
3) - #R% (2005) WZERUR A SR TERALELALLLLA N S AR S I 2
BESE A DURIISIINE Y 6R2BLIR @RIl AR S EHES EZ SR
B RRELEABLCLE Pl & iE pl e B 2 2R R R & EF (K (Li and Kubota,
2009) - FFEYDEE 240 | Z R ZOCUER GG (light harvest complex, Lhea)
Lhca 3 81 Lhca 4 K0 77T nl g R AR PR RO IR T (Ben-Shem et al.,
2004 ) - Zucchelli £ (2005) 7~ 735 nm BJEE A Lhea 4 MYRUOK £ > HhEl s
6R2BLIR fRHAH AR S R S BIVFER 2 — - AR = EEHE 1 LUK
DIELA MR A 2 S & 1F R B E > A R B A - B T RTRE R A [R1feeS
ERERE 2 Z B A BRI Z &LAMDEEERI R 10% > FIREE e Ea 2 A&
PO E R A T IE © SE s 6R2B1IR I B A S VBSR4 » e
T BAH YRGS RS 5 BLEELR R TP (Senger, 1982) - [EIRF AR (R = 55 4E
YrERRfEotAE (Kinoshita et al., 2001) - BGaFig B Z (R ERCR RFYELIME
INEGE CW R &Rt R 3820 (51 50 % ) » — sl Rsdtko e A A IE & ER
Bi4 E (Folta, 2004; Klein, 1992; McCree, 1972) » IMEZOEEEREE - AN[EE
YIRS RIS ES A A E] > M ERE T 2 4H AR (A ) i R 52 2
&t (Pettai et al., 2005 ) -
R 2. B MEOUENEE SR ERER DO FAR - AL EEEA

PR SRR < B

Table 2. Effects of light quality of Light Emitting Diodes (LED) on photosynthetic

rate, stomatal conductance and intercellular CO, concentration in strawberry
‘Toyonoka’ mother plant

. Stomatal Intercellular CO2

. . Photosynthetic rate .
Light quality conductance concentration
(Uptake COy umol - m2 - s1)

(Gs, mol H,O m2st) (Ci, pmol CO, mol air-?)
6R2B1IR 9.01a 0.34 a 331.40 a
7RGB 8.43 b 0.30b 332.60 a
CW 8.08 b 0.25¢ 320.60 b

Means followed by the different letters in each column are significantly differentat 59 level by Duncan’s Multiple Range Test.
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Table 3. Effecst of light quality of Light Emitting Diodes (LED) on contents of
chlorophyll a, chlorophyll b, chlorophyll content, carotenoid, soluble
carbohydrate and starch in strawberry ‘Toyonoka’ mother plant

Soluble
Chlorophyll a Chlorophyll b Chlorophyll ~ Carotenoid Starch
Light quality carbohydrate
(mg-gY)  (mg-g? (mg-gY)  (mg-g?) . (mg - kg*)
(mg - kg)
6R2B1IR 154a 0.64a 2.36a 0.61a 528.74 a 1682.54 a
7RGB 1.38b 0.48hb 1.86b 0.54 ab 549.97 a 1624.88 b
cw 141b 0.50 b 1.86b 0.51b 539.90 a 1583.23b

Means followed by the different letters in each column are significantly differentat 59 level by Duncan’s Multiple Range Test.

EHE LI 6R2BLIR pr 6 48 - A% 2 EEH (5.33 k) » {HAE TRGB £

W BRI E 2 R (8] 2) - MRIBEZER (ramet) BESHARSE - )
LL6R2BLIR A e % b R A K (£ 4) TRAKS OtEEERS

(£ 5) - BB EHBLEER LR > nJReE ks 2 A& - Bl - ot
ErE B & B PSR (Savini et al., 2008) - {HAEVERR /KL EVIELEN &
£ JILL 7TRGB e Nigs » 15 saT/2E 6R2BLIR e ME ZE i Bis it HA B
o BRE D I ICERER S e - RO EaYa8iy) - CW R
H R IEEROK b e R 2 B8 - Nitolic2EEm 2 a8t/ bn
7RGB EH4H -

ANIIELAMEZ 6R2BLIR e A EE | oW HoM e Bl (1] 3 Bl 4)
TRGB B CW s H[ BE 5 4508 ERIERE2 2 ([8 4) - {H 6R2BLIR i 2 5
AR SH AR AR g/ Vi Hofth DB pa - Schuerger 2 (1997) fEEHHIEER |
WEFUNNALIMDEE R R 8% - n[RER N IDREREE NG R > DI
% 2 tefEZEHERTE - ARG R BRI IIALS D 2O E R B rl (E S A
R (3R 1)~ SLEEAERES (3% 2) 0 WETREILESUE - NIAEIR GO T
NIIALSN e sy - BN EEE R R ERE - BA IR (e R -

iy
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Table 4. Effects of light quality of Light Emitting Diodes (LED) on ramet number,
crown diameter, fresh weight and dry weight of shoot in strawberry ‘“Toyonoka’

runner.
. . Ramets Crown Shoot fresh Shoot dry
Light quality ) . .
per plant diameter (mm) weight (g) weight (g)
6R2B1IR 3.17 a 5.65a 2.30a 0.35a
7RGB 3.00a 4.07b 1.66 b 0.24b
Cw 1.83b 4.23Db 151b 0.26b

Means followed by the different letters in each column are significantly differentat 5% level by Duncan’s Multiple Range Test.

T 5 ELTHISYERRE S L AR a - b SRR - HIHEE
% - MR K b E Y &R 2

Table 5. Effects of light quality of Light Emitting Diodes (LED) on contents of ramet
chlorophyll a, chlorophyll b, total chlorophyll, carotenoid, soluble
carbohydrate and starch in strawberry ‘“Toyonoka’ runner.

Total Soluble
Light Chlorophyll a Chlorophyll b Carotenoid Starch
) chlorophyll carbohydrate
quality (mg-g%)  (mg-g’) . (mg - g%) B (mg - g
(mg - g7) (mg - g7)
6R2B1IR 1.59a 0.67 a 225a 0.62a 319.23b 1284.93 b
7TRGB 1.27b 0.44b 1.70b 0.51a 347.63a 1360.43 a
cw 1.40 ab 0.49b 1.89 ab 0.55a 30347b 1297.52 b

Means followed by the different letters in each column are significantly differentat 59 level by Duncan’s Multiple Range Test.
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Fig. 3. Effect of light quality of Light Emitting Diodes (LED) on leaf thickness in strawberry
“Toyonoka’ mother plant.
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Fig. 4. Effect of light quality of Light Emitting Diodes (LED) on leaf anatomy in strawberry
“Toyonoka” mother plant. P: palisade tissue; S: spongy tissue.
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