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Table 1. Analysis of variance effect of different spectra of LED light on morphophysiological indexes of Ficus benjamina cuttings.
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**: Significant at 1% level, *: Significant at 5% level. ns: no significant.
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Table 2. The effect of different spectra of LED light on root growth indices of Ficus benjamina cuttings.

s e aiyy SES 05y aloy 500 Sbledil sluas iy Jsb Gop ol
Root Root dry Root fresh o Root length Light
v(c)clrirsr;e weight weight Number of cm) treatment

@ @ root branches
2.82 0.362 1422 1192 12° Ldes
White
2.1° 0.21° 0.93¢ 9.7 79¢ e
Red
2.1° 0.24" 1¢ 8.6° 141 ol
Blue
2.6 25b 1.20° 9.7b 16.82 il &
Blue + Red

Al Sls gme o5l LSD Osa3l 0 C]&w 03 6S i O = S V_Qw: Shls g Kle g2 o o
In each column, the means with at least one common letter are not significantly different (P<0.05) based on LSD
test.
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Figure 1. The effect of different LED light spectrums on rooting percentage (left) and rooting index (right) of
Ficus benjamina cuttings.
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Table 3. The effect of different spectra of LED light on aerial growth indices of Ficus benjamina cuttings.

sl bl 5055 = ool i it Slleil sl el Jsb G5 e
Y
Shoot d Shoot fresh “ Number of new branches of Shoot Light
) hry weight LA the shoot length treatment
W‘zg t (9) (cm?) (cm)
1.33 4822 10.92 2,50 21.2b -
White
1.04¢ 3.44°¢ 9.2bc 2.9b 21.1° <
Red
T
1.18bc 3.85 b 8.8°¢ 2.5b 21.7°b &
Blue
T .
1.42 459 10.2 % 36° 23.22 s
Blue + Red
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In each column, the means with at least one common letter are not significantly different (P<0.05) based on LSD
test.
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Table 4. The effect of different LED light spectra on the content of photosynthetic pigments in the
leaves of Ficus benjamina cuttings.

L5 s8 &5 ddo s b s, a s ks Sogoled
Carotenoids hITota:1 ; Chlorgphyll Chlorophyll Light
mg/g) chloropny a treatment
(mg/g) (mg/g) (mglg)
0.52 0.26" 0.16°¢ 0.09° e
White
0.19b 0.41% 0.21b 0.19 2 o
Red
7
0.18° 0.392 0.25° 0.15° &
Blue
I .
0.17b 0.392 0.3° 0.11° e
Blue+Red

Al ls e sl LSD Osa3l 1.0 cls..ﬂ 23S e O S r.;;u) bl Gl Kle O g2 o o
In each column, the means with at least one common letter are not significantly different (P<0.05) based on LSD
test.

o
op bl eols S as fol T+ Fre Sop oS5 03 el S adys sk o R sl 0L bl ! =k
§Wﬁdu¢&)>.;ﬁwQl@}fﬁ;@b’QAS.JJoMLi.A'CJWJJJﬁ@)J)bdjié.c,\.&l.ugfj)&‘;j
Eoe 08 25 M S 5 ddee ) F i (o LED lacaY o5 ady, Jsb o 2ie (Michaelmas daisy) sl
S I s edd al, Jsb il lel JJ o5 o o5 s (Schroeter-zakrzewska & Kleiber, 2014) ol i fol>
Oy s 4S5l QLIS odal Cowsas o 55 s 3l (Gabryszewska & Rudeniki, 1995) ol o3 S Slgs |, O Ere s
A el | 6 a8 adu 3has Ll oS 5 5 5 el Slau s 5 3 i 55w b e alony S Ay Sl sl
Ls 058 ol 3 B30 55 0 Seomed 5355 0 G Ogeysa e S Eol ad s S| Q)A))AVSC,.BL&«
Taizetal.,)bﬁdﬁ JJL} éL&«.L.i) .,\.iv) &.}fﬁ g_,..QL L;j Juh:da JQMS b A.i.ij L;‘jjo .,\.J:) JJJ}MML)@)

(2015
55 53 O Jlde a8 5 T o (oS5 558 53 OF 51 ey 5 Ak LED S8 55 ey o sS8 alay 5 035 o it

08 S adyy JSi oS I s Wlandls 5 8 ahiadsy A 58 B 3 a8 el sl SIS S pan S

W=t bt g S5



VALY (VY ((VE0)) s olalS 5 S

5 Syl 5 s ak, SKES 5 5 05 o tie e N Jsls o (Tyburski & Tretyn, 2004) coul sl ialS T L &
.(Bello-Bello et al., 2016) il o 5,158 L LED
Ere 08 55 0 Ol S 505 F 05 e 3 2l 05 % B el sS9 Sba aelS lses Ga L iy
5o 3 opl o el s ol S s Qij\mjtﬂ));ﬁ)\.@, e e by o3 3pse 3 Al edalie T+
25 At o s 03 e D3 53 el slsaty s slawald sluad 3 xS Ll ple w ol T+ 5w S
o s Ak K5 Oley ials Esl Obwy glaasls gl of LED 5l eslizal .(Pinker, et al. 1989) 55 op S o L5
F o o5 kS sl LED (glacaY 5 (Lim & Eom, 2013) ol s 5 glil b b alia 53 Glate slaaals 5
doss sl Sis §gaores oS ks L ocpl b (Poudel et al., 2008) cul sl lsads; 5501 gaasls I (g i sldas
oSS Ol e sy Sblatil slaas 5 055 sl Sy 55 5 (ehads, Sali) baaiy) CodS wld jbads, slaadls
el o ol basls ial; 53 5 Jad BB S bled ple 4 o A
Ul 350 Sl me Sl T 5 g b Slas s o s el s s G oS s esletle Jsb o i
el Jsb n i sl L (Hung etal, 2016) <3l (i3l sk olS 55 T+ oS 5 L8 p5 eslels
el S S e o i (Bello-Bello et al, 2016) <ol sdd Jols ol 55 5 () ol 45 (oS 5 5 0
05 SADE 53 el 0l IS 03 S edalie ol 55 52 OF e cp a8 5 a1+ G oS5 5 s Ak Sy 2
L Sy SO s  Ced (LS S sl D3 4 S phe) S ooy pae RISl ol 45 e oSS
dglio 3 15 S pslans 5 S el s b 550 s ol en 4 Ere o5 S ol sk lgbl (Samuoliene et al., 2010)
S glsh pll S 5 5 055 o it mes (Chung et al, 2010) das e (1 S5 SO T L5 L e L b
5>l S U35 5 5 03 ot A edalie & 5 53 OF JMie 1 e85 ol 48 CS 5 5 A 558 55 sl
Bello-) b ol o, ls oV 5 ol o i 53 6l Il L s (V) o+ Fr =S5 LED 55 s Ll
& S Ao + gl 45 0 LED S5 55 4l Ay 588 pla ol St 5 5 055 SRl ooomes (Bello et al, 2016
o ool s S 035 5K ol 5 iasn s (Linetal, 2013) coul sl 1S o, b 45 'cﬁﬂ;j oS5
Lal b 53T e gdenens S ) 3 (Mortensen, 1990) <l talS ol 55 b anglis 3 g oome 3 elS S 5 5
039 g5 @ 2l 5 e Glog 5 R LED & Y0 4+ TV glay s S 5 s SlalS Sz 5 5 055 gladed 0500
(Tanaka, et al. 1998) .|

by S D B IS n e ek D5 3 JMs (2S5 e s 3 el S B B IS e 1 20
b sa Jbs S Jle opriy & Wlesls 0L WS 3 sdalie b 50 53 Olee (%S 5 al + Fw (oS5 L 3
£0) G2y 5 Gaglb £80) (ol (Cioglh 070) e Gl VI ) s 3 oyt o (sl V0D 5 b
+ Ere S5 08 03 S S Olse ols OLL Tripterospermum japonicum s ia s ((Lefsrud et al., 2008) 55 (25U
R (Moon et al., 2006) 55 e i Sk 5 5 el (V) LT 4E Gl 4 s (00:00)

Slr s Foe o 8 JEN s sl A sl i H5 0 O oS 5 F 05 03 el e S3 JS by ISl

Cymbidium -v Betula pendula ROTH -y Vanilla planifolia Andrews -A

W=t bt g S5



VALY (VY ((VE0)) s olalS 5 S

s (T b #5502 E) e (o Tl 53 olS s o 5 w0l ol sl e 1 T s b IS e
JB NS s & Ml 5 Gl 08 S5 00 alen fM A s Gl S e S oS s 1 S LIS
w53k J2e olS s T s 3 4 Ol a1 Cilies slas s 5 OLLS sy sl s al b Ll sl by e S
L5508 Slhae op i uld Gl cadls Las e L glacid @ las e (SO5sns sla Sl s s beaiss,s Ol
LS55 5,08 e it Jils azealS 3 edalie bjles S0 a0 o 3L DN L 5 ks 555 53 mslniy o sS
25 ,) 5> izmen (Ramrez-Mosqueda et al., 2017) ol odd ol (V1)) ol 46 o (oS 5 5 Ldow (I LED L5 5
FLED &) S5 4 oo P Er S FLED 55 5 53 A5 5,08 s oLl 3T e 5 Doritagnopsis
I RCRN R Fe S ld 55 5 ealS S a5 S lade (Shinetal., 2008) b il e, 5 Y s
J3 58058 5 ool 55T 2 555508 Olson (CheN, 2014) ol anls | Slie 58 Aok iy 5 e LED 3 5 o i
Li & ) ol 4l il oot s iy 5l glac¥ L alis 53 T 55 55 (L. sativa ‘Red Cross’) ;a8 b
el il 65 Janl 1 3 (gt st Gakn ) pme s Cilises OlLS &l sdiasOlis @L:j o »L .(Kubota, 2009
b 51 aS sl 0las bl syse (o Glasles 25 meln oS0 glaaals lea ol i)y gla ety ) p
Gl axls 5l omen g zp ol + s oS 5 osletls S 5 5 055 5 Dbl sl oSl ol ls
350 s pmn Sl ddee 5 5 G e S5 55 e sl e S 5 05 5 S e

& S domi

Pl 5 alyy gad 5 Ady p Ssn e HiSB SO L e SlaldS o sy opl S SialesT cnl 5l edel s =l
(SN Dl 3okl e (os sbedi S anly 4 OLLS s &S das e OLE pl 5 el OLLS ol
oS S iy Sl S S ol A L8 b e 5 3l (Ko 55 kS 55 Ol e sl (S35
el &

2l s on Shisb ol + 5w LED oS5 55 00 & aluy Jsb (Shs i b S 55 (bl s el
sl sl ls I lsm el iy slaparls Sl og diie 55 4 by blie o iy ady; A3 sbaanls
5 S Gl B 5l el S s e T4 F L8 oS5 s sletla S 5 5 05 s bl sl (S
saty; glaasds g 6l cnlpls ps s e S Ak 5 ol Fe oS5 g e sl S5 5 5 055
sl o Cele VU olE )50 5 4l me 2o 2 Jse Ko VO Sl b i LED 0 cosllae kS L by 05500
Wt ey gn iy Ak 55 Lol 5 s ol Sl 3,008 alsn ol Ay & by ol eled il a5 LG
Sy 3 g 1 ool s L) 5 pliade, (S s e

@tﬂ

Bantis, F., Ouzounis, T., Radoglou, K. (2016). Artificial LED lighting enhances growth characteristics and total

phenolic content of Ocimum basilicum, but variably affects transplant success. Scientia Horticulturae, 198,
277-283.
Bello-Bello, JJ., Martinez-Estrada, E., Caamal-Velazquez, JH., Morales- Ramos, V. (2016). Effect of LED light

quality on In vitro shoot proliferation and growth of vanilla (Vanilla planifolia Andrews). African Journal of

Biotechnology, 15, 272-277.

W=t bt g S5



VALY (VY ((VE0)) s olalS 5 S

Briggs, W.R., Olney, M.A. (2001). Photoreceptors in plant photomorphogenesis to date, five photochromes, two
cryptochrome, one phototropin and one superchrome. Plant Physiology, 125, 85-88.

Chen, X., Guo, W., Xu, X., Wang, L., Qiao, X. (2014). Growth and quality responses of ‘Green Oak Leaf” lettuce as
affected by monochromic or mixed radiation provided by fluorescent lamp (FL) and light-emitting diode
(LED). Scientia Horticulturae, 172, 168-175.

Chung, JP., Huang, C.Y., Dai, T.E. (2010). Spectral effects on embryogenesis and plantlet growth of Oncidium

‘Gower Ramsey’. Scientia Horticulturae, 124, 511-516.

Clouse, S.D. (2001). Integration of light and brassinosteroid signals in etiolated seedling growth. Trends Plant
Science, 6, 443-445.

Criley R.A. (2011). Rooting Cuttings of Tropical Plants. In: Beyl C.A., Trigiano, R.N. (eds.). Plant Propagation,
Concepts and Laboratory Exercises. CRC Press, Taylor and Francis Group, New York, London, pp. 213-224.

Currey, C.J., Hutchinson, V.A., Lopez, R.G. (2012). Growth, morphology, and quality of rooted cuttings of several
herbaceous annual bedding plants are influenced by photosynthetic daily light integral during root
development. HortScience, 47(1), 25-30.

Darko, E., Heydarizadeh, P., Schoefs, B., Sabzalian, M.R. (2014). Photosynthesis under artificial light: the shift in
primary and secondary metabolism. Philosophical Transaction of the Royal Society B: Biological Sciences,
369(1640), 20130243.

Denbaars, S.P., Feezell, D., Kelchner, K., Pimputkar, S., Pan, C.C., Yen, C.C., Tanaka, S., Zhao, Y., Pfaff, N.,
Farrell, R., 1za, M (2013). Development of gallium-nitride-based lightemitting diodes (LEDs) and laser diodes
for energy-efficient lighting and displays. Acta Materialia, 61(3), 945-951.

Gabryszewska, E., Rudnicki, R. (1995). The influence of light quality on the shoot proliferation and rooting of
Gerbera Jamesonii in vitro. Acta Agrobotanica, 48(2), 105-111.

Gabryszewska, E., Rudeniki, R. (1997). The effects of light quality on the growth and development of shoots and

roots of Ficus benjamina in vitro. Acta Horticulturae, 418, 163-168.

Ghasemi Ghehsare, M., Kafi, M. (2015). Scientific and Practical Floriculture (Volume II). Author Publisher: 313p.
(In Persian).

Ghasemi Ghehsareh, M., Khosh-Khui, M. (2019). The effect of cutting type, leaf area, leaf number, putrescine and
indole-3-Butyric acid on the rooting of Ficus cuttings (Ficus elastica Roxb. ex Hornem.). Advances in
Horticultural Science, 33(1), 3-11.

Hung, CD., Hong, CH., Kim, SK., Lee, KH., Park, J.Y., Dung, CD., Nam, MW., Choi, D H., Lee, H.l. (2016). In

vitro proliferation and ex vitro rooting of microshoots of commercially important rabbit eye blueberry
(Vaccinium ashei Reade) using spectral lights. Scientia Horticulturae, 211, 248-254.

Kevin, W. (2000). ‘Photo-manipulation-boxes’: An instrument for the study of plant photobiology. Plant
Photobiology. 26(3), 15.
Kim, H.J.,, Lin, M.Y., Mitchell, C.A. (2019). Light spectral and thermal properties govern biomass allocation in

tomato through morphological and physiological changes. Environmental and Experimental Botany, 157,
228-240.

Kim, K.J., Kil, M.J.,, Song, J.S., Yoo, E.H., Son, K.C., Kays, S.J. (2008). Efficiency of volatile formaldehyde
removal by indoor plants: contribution of aerial plant parts versus the root zone. Journal of the American
Society for Horticultural Science, 133(4), 521-526.

Lee, N.N., Choi, Y.E., Moon, H.K. (2014). Effect of LEDs on shoot multiplication and rooting of rare plant
Abeliophyllum distichum Nakai. Journal of Plant Biotechnology, 41, 94-99.

Lefsrud, M.G., Kopsell, D.A., Sams, C.E. (2008). Irradiance from distinct wavelength light-emitting diodes affect
secondary metabolites in kale. HortScience, 43, 2243-2244.

Li, H., Tang, C., Xu, Z. (2013). The effect of different light qualities on rapeseed (Brassica napus L.) plantlet growth
and morphogenesis in vitro. Scientia Horticalturae, 150, 117-124.

Li, Q., Kubota, C. (2009). Effects of supplemental light quality in growth and phytochemicals of baby leaf lettuce.
Environmental and Experimental Botany, 67, 59-64.

Lichtenthaler, H.K. (1987). Chlorophylls and carotenoids: Pigments of photosynthetic biomembrane. Methods in
Enzymology, 148, 350-382.

Lim, Y.J., Eom, S.H. (2013). Effect of different light type on root formation of Ocimum basilicum L. Cuttings.

Scientia Horticulturae, 164, 552-555.
\/\Y‘ i

W=t bt g S5



VALY (VY ((VE0)) s olalS 5 S

Lin, KH., Huang, M.Y., Huang, WD., Hsu, MH., Yang, ZW., Yang, C.M. (2013). The effects of red, blue, and

white light-emitting diodes on the growth, development, and edible quality of hydroponically grown lettuce
(Lactuca sativa L. var. capitata). Scientia Horticulturae, 150, 86-91.
Liu, Y., Roof, S., Ye, Z., Barry, C., van, Tuinen, A., Vrebalov, J. (2004). Manipulation of light signal transduction as

a means of modifying fruit nutritional quality in tomato. Proceedings of the National Academy of Sciences,
101, 9897-9902.

Lopez, R.G., Runkle, E.S. (2008). Photosynthetic daily light integral during propagation influences rooting and
growth of cuttings and subsequent development of New Guinea impatiens and petunia. HortScience, 43(7),
2052-2059.

Mitchell, C., Both, A.J., Bourget, M., Burr, J., Kubota, C., Lopez, R., Morrow, R., Runkle, E. (2012). LEDs: The
future of greenhouse lighting. Chronica Horticulturae, 52, 1-9.

Moon, H.K., Park, S.U., Kim, Y.W., Kim, C.H.S. (2006). Growth of Tsuru-rindo (Tripterospermum japonicum)
Cultured in Vitro under Various Sources of Light-Emitting Diode (LED) Irradiation. Journal of Plant
Biology, 49(2), 174-179.

Mortensen, L.M. (1990). Effects of temperature and light quality on growth and flowering of Begonia-hiemalis

Fotsch and Campanula isophylla Moretti. Scientia Horticulturae, 44, 309-314.

Nassarawa, S. S., Abdelshafy, A. M., Xu, Y., Li, L., Luo, Z. (2021). Effect of light-emitting diodes (LEDs) on the
quality of fruits and vegetables during postharvest period: A review. Food and Bioprocess Technology, 14,
388-414.

Nelson, J.A., Bugbee, B. (2014). Economic analysis of greenhouse lighting: light emitting diodes vs. high intensity
discharge fixtures. PLoS ONE, 9(6), €99010. doi:10.1371/journal.pone.0099010.

Opdam, J.G., Schoonderbeek, G.G., Heller, E.B., Gelder, A. (2005). Closed greenhouse: a starting point for

sustainable entrepreneurship in horticulture. Acta Horticulturae, 691, 517-524.
Pinker, 1., Zoglauer, K., Coring, H .(1989). Influence of light on adventitious root formation in birch shoot cultures in

vitro. Biologia Plantarum, 31, 254-260.

Poudel, P.R., Kataoka, I., Mochioka, R. (2008). Effect of red and blue-light emitting diodes on growth and
morphogenesis of grapes. Plant Cell, Tissue and Orang Culture, 92, 147-153.

Ramrez-Mosqueda, M.A., lglesia-Andrea, L.G., Luan-Sanchez, 1.J. (2017). Light quality affects growth and
development of in vitro plantlet of Vanilla planifolia Jacks. South African Journal of Botany, 109, 288-293.

Samuoliene, G., Brazaityte, A., Urbonaviciute, A., Sabajeviene, G., Duchovskis, P. (2010). The effect of red and
blue light component on the growth and development of frigo strawberries. Zemdirbyste-Agriculture, 97, 99-
104.

Schoefs, B. (2002). Chlorophyll and carotenoid analysis in food products. Properties of the pigments and methods of
analysis. Trends in Food Science and Technology, 13(11), 361-371.

Schroeter-zakrzewska, A., Kleiber, T. (2014). The effect of light color and type of lamps on rooting and nutrient
status in cutting of Michaelmas daisy. Bulgarian Journal of Agricultural Science, 6, 1426-1434.

Shimazaki, K., Doi, M., Assmann, SM., Kinoshita, T. (2007). Light regulation of stomatal movement. Annual

Review of Plant Biology, 58, 219-247.

Shin, K.S., Murthy, H.N., Hue, J.W., Hahn, E.J., Paek, K.Y. (2008). The effect of light quality on the growth and
development of in vitro cultured Doritaenopsis plants. Acta Physiologiae Plantarum, 30, 339-343.

Tanaka, M., Takamura, T., Watanabe, H., Endo, M., Yanagi, T., Okamoto, K. (1998). In vitro growth of Cymbidium

plantlets cultured under superbright red and blue light-emitting diodes (LEDs). Journal of Horticultural
Science and Biotechnology, 73, 39-44.

Taiz, L., Zeiger, E., Mgller, 1. M., Murphy, A. (2015). Plant Physiology and Development (Ed. 6). Sinauer
Associates Incorporated. 761p.

Tyburski, J., Tretyn, A. (2004). The role of light and polar auxin transport in root regeneration from hypocotyls of

tomato seedling cuttings. Plant Growth Regulation, 42, 39-38.

Wozny, A., Miler, N. (2016). LEDs application on ex vitro rooting and acclimatization of chrysanthemum
(Chrysanthemum x grandiflorum Ramat. / Kitam.). Electronic Journal of Polish Agricultural Universities,
19(4), 1-7.

W=t bt g S5



Flower and Ornamental Plants (2023), 7(2):173-184
Research article
DOI: 10.61186/flowerjournal.7.2.173 Flower and Ornamental Plants

The effect of different LED light spectrums on rooting and growth of
benjamin fig cuttings

Zohreh Aslami, Masoud Ghasemi Ghehsareh”, Saeid Reezi

Department of Horticultural Sciences, Faculty of Agriculture, Shahrekord University, Shahrekord
mghasemil352@gmail.com
Received: 19/8/2022, Revised: 3/9/2022, Accepted: 3/9/2022

Abstract

Sunlight is the only source of natural energy for the growth of plants. Natural light is a cost- effective
source for commercial agricultural production for economic reasons. But according to the environmental
conditions, artificial light can also be used for cultivation of plants. One of the important horticultural
activities is vegetative propagation of plants by rooting of cuttings. Due to the short length of cuttings and
the economic nature of propagation throughout the year, it is possible to use multi-tier growth chambers in
which optimal conditions are provided for rooting. One of the widely used indoor ornamental plants is
Benjamin fig, whose commercial propagation method is by rooting of cuttings. In order to optimize the
light conditions necessary for the rooting and growth of Ficus benjamina 'Starlight' cuttings, the effect of
different LED light spectrums (red, blue, red + blue and white) on root regeneration and growth of its
cuttings was studied. Three months after planting, rooting percentage, rooting index and morphological
indices were measured. The results showed that except for the root length trait which was the longest (16.8
cm) in the combined light of red + blue LED, the highest number of root branches (12), root fresh weight
(1.42 g), Root dry weight (0.36 g) and root volume (2.8 cm3) were related to white light. In terms of shoot
growth indices, the highest leaf area (10.9 cm2) and shoot fresh weight (4.82 g) were observed in white
light and the highest shoot dry weight (1.4 g), shoot length (23.2 ¢cm) and shoot number (3/6) were
observed in blue + red light. The highest rooting percentage (100%) was observed under red light and the
highest rooting index (4.5) was related to blue LED light. Based on the results of this experiment, the
white light spectrum has a better effect on the root growth of the cuttings, and for the growth of the aerial
parts of the cuttings, the combined red + blue light has a better effect than the blue and red monochromic
LEDs. In general, white LED light is recommended to produce rooted Benjamin fig cuttings with good
quality.
Keywords: Artificial light, rooting index, root regeneration, growth chamber.
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