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AB STRACT: The ef fect of LEDs was stud ied to in duce flower un der ar ti fi cial long days (LD) in
Chry san the mum morifolium cv. Zembla plants, us ing light emit ting di odes (LED) @ PAR m-2 s-1

80% Red / 20% Blue  main tained @ 100 µ mol m-2 s-1 us ing royal blue light @ 455 nm and red
light @ 640 nm wave lengths and com pared with  short day (SD) length. Dif fer ence in growth and
flow er ing re sponse were also in ves ti gated. Stem length is de ter mined as a func tion of internode
length which could be the func tion of at tain ing min i mum num ber of leaves re quired for
ex press ing the di ur nal re sponse us ing LEDs. Chry san the mum plants ex hib ited a strong di ur nal
re sponse at tained in leaves and trans mit ted to the apex and took min i mum (28 days) and
max i mum time (61 days) with an ex po sure to LEDs with (15h) and with out (11h) ad di tional blue
spec trum, re spec tively. How ever, bud in duc tion was pos si ble ear li est due to low red/far ra tio in
the ex tended ex po sure of plants with blue LEDs. 
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Chry san the mum in duces flow er ing as a short-
day plant and re quires long, un-in ter rupted dark
pe riod for flow er ing. It will not flower un til the
day-length is above crit i cal value (Furuta, 5). Un der 
ar ti fi cial con di tions, flow er ing can be in duced by
short en ing the day length to 11h. How ever, the
plants grown un der long-day con di tions has been
shown to pro duce the gen er a tive ter mi nal meristem
but with aborted flower buds even when the stem
growth was at tained with cer tain num ber of leaves
along with for ma tion of side shoots (Cockshull and
Kofrank, 3). Chry san the mum has a de ter mi nate
growth pat tern (Pearson et al., 11) with a basipetal
pro gres sion of flower ini ti a tion (Langton, 9). The
ap pli ca tion of ar ti fi cial PAR (photo-synthetically
ac tive ra di a tion) is re stricted be cause of SD (short
day) pe riod. Var i ous ex per i ments have been
con ducted to see the ef fect of spec tral qual ity by
ap ply ing LED light ing in sev eral hor ti cul tural
plants in clud ing the role of red light on
ac cu mu la tion of starch through pho to syn the sis
(Saebo et al., 14) and blue light on in di vid ual cell
length (Fukuda et al., 4), phytochrome ac tiv ity
(Ca they, 2), chloroplast de vel op ment, chlo ro phyll

for ma tion and stomata open ing (Senger, 15). The
plant growth is sig nif i cantly in flu enced by light
in ten sity (Khattak et al., 7) and qual ity (Appelgren,
1) in terms of spec tral dis tri bu tion. Sev eral stud ies
in ves ti gat ing how the light qual ity in flu ences plant
growth and de vel op ment us ing dif fer ent colours
in clud ing blue and red (Runkle and Heins, 13;
Shimizu et al., 16) have been reported. This
ex per i ment was at tempted to de ter mine, if the
plants ex posed to long days (LD) with red and blue
LEDs alone or in com bi na tion, can sup port the
nor mal growth and flower bud in duc tion with out
af fect ing the dark pe riod in chry san the mum. To
in duce flower a sig nal is achieved in leaves and
trans mit ted to let the emerge a bud at apex of the
stem. There fore, the aim of this study was to see the 
ef fect of smart LEDs treat ments on growth
dif fer ences for flower bud in duc tion in

Chrysanthemum un der ar ti fi cial PAR light ing.

MA TE RI ALS AND METH ODS

In the ex per i ment con ducted on
Chry san the mum morifolium, plants of cv. ‘Zembla’  
were grown in 14 cm pots us ing pot mix and
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fertigated on al ter nate days in a growth cham ber
(1.2m x 1m x 1m) in a mi cro cli mate, main tained
with an op ti mal tem per a ture (20-22°C) and rel a tive
hu mid ity (60-65% RH), en sur ing a per fect air
cir cu la tion in side the growth cham ber and out side.
20 plants per treat ment were grown un der dif fer ent
growth cham bers with four dif fer ent light
treat ments us ing light emit ting di odes (LED) @
PAR. m-2.s-1 80% Red/20% Blue viz., short day
(SD) for 11h, long days (LD) for 15h, SD+B (Blue)
i.e. SD for 11h + B ad di tional 4h and B (Blue) for
11h. A light in ten sity was main tained @ 100 µ mol
m-2 s-1 us ing royal blue light @ 455 nm and red light 
@ 640 nm wave lengths for all the treat ments. To
main tain the plants with sim i lar il lu mi na tion ef fects 
of light in ten sity in side growth cham bers their
po si tion was changed from side to cen tre ev ery
fourth day. The light in ten si ties were stan dard ized
ev ery week since all the plants reached to higher

lev els of in ter cepted light.    

Growth dif fer ences were mea sured for the
treat ments and stem sam ples were taken af ter three
weeks of growth as sum ing that the plants may be
achiev ing the sig nal of bud in duc tion. Ter mi nal
shoot apexes were dis sected and put un der elec tron
mi cro scopic ob ser va tion to see if there is any bud
emerg ing in side the stem. Ob ser va tion was
re peated ev ery day ex cept for LD treat ments. Plant
growth mea sure ments were taken at first vis i ble
signs of flower in duc tion at 28 days in all the
treat ments at the time show ing vis i ble sign of bud
in duc tion in more than 5 plants in each treat ment if
emerged buds are de vel oped nor mally un der the
in flu ence of LEDs. Ten plants per treat ment were
har vested for fur ther mea sure ments on growth
(stem length and leaf num ber) in clud ing
mi cro scopic eval u a tion of end meristems. The same 
ob ser va tion was re peated with 5 plants at 41days
and 56 days ((plants un der long days with LEDs)
based vis i ble sign of bud in duc tion was ap par ent
based on the pre vi ous ex per i ment. The whole
ex per i ment was re peated in time (ex cept for
treat ment B) for morphogenetic dif fer ences for
growth and flower bud in duc tion and data was

sub jected to anal y sis of vari ance and T-test (P £

0.05). 

RE SULTS AND DIS CUS SION

Stem length (cm)

There was a sig nif i cant ef fect on stem
elon ga tion and internode length in the plants
ex posed to the dif fer ent light treat ments (Fig. 1)
re corded 28 days af ter start of the ex per i ment. The
max i mum plant height (57.37 cm) and internode
length (2.96 cm) was at tained in the plants ex posed
with blue (B) fol lowed by plants in SD+B (53.4 cm
and 2.38 cm, re spec tively) and LD (46.18cm and
1.98 cm, re spec tively). How ever, the plants
ex posed with SD pe riod had the least elon gated
stem (41.06 cm) and short est internodes (1.89 cm)
to reach the stage of bud in duc tion ex cept in case,
the plants ex posed un der long days. It was noted
that the pe ri ods of 100% B dur ing the 24h cy cle
in creased stem length at 11h day length (SD) and at
15h day length (LD) as com pared to the other
treat ments. The dif fer ences in the stem length and

elon gated intenodes were due to low red/far red
ra tio in an ex tended ex po sure with blue LEDs in the 
plants ex posed to SD+B and B com pared to those
ex posed with LD and SD hav ing an ef fect to in duce 
more lat eral branch ing (Rosario et al., 12)
re flect ing the shade avoid ance phe nom e non at
SD+B and B treat ments as con sis tent (Shimizu et

al., 16).  

Leaf num ber 

The sig nif i cant dif fer ences were ob served for
the leaf num ber and leaf area at tained in the plants



ex posed un der dif fer ent treat ments (Fig. 2). Un til
the pe riod of first vi sual bud in duc tion (28 days) it
was no ticed that the leaf num ber re corded were
high est (34.4) in LD plants (with out bud in duc tion
stage achieved) fol lowed by the plants ex posed
with SD+B (31.1) and SD (28.2) ex posed. Whereas
the low est leaf num ber was re corded in the plants
ex posed with only B (19.9). The com par a tive
in crease in leaf num ber and cor re spond ing leaf area 
ex pan sion was prob a bly higher due to the higher
net photosynthetic rate un der ex tended ex po sure of
blue light com po nent (Kim et al., 8) in the en tire

du ra tion of the treat ments. 

Time taken for bud in duc tion (days)

Based on vi sual sign ob served for bud
in duc tion in at least 5 plants per treat ments, a
mi cro scopic eval u a tion of the end meristem was
done (Fig 3 & Plate1) and it was ap par ent from the
re sults that the bud in duced was prom i nent in plants 

ex posed to the SD+B  and took 30.8 days as long
day treat ment with LEDs as com pared to the plants
ex posed to short day treat ments i.e. SD (80 % red +
20% blue) and Blue (100%) tak ing 28 and 30.5
days, re spec tively to in duce the flower bud.
How ever, it was in ter est ing note that the plants
ex posed un der LD (11h SD with ad di tional 100 %
blue LEDs for 4 h) ex po sure, could in duce flower at 
61 days only af ter at tain ing the fi nal leaf num ber
43.The re sults ob tained in the ex per i ment proved
the hy poth e sis that the dark pe riod was not
dis turbed by long day treat ment us ing LEDs (and
in duc tion of flow er ing un der short day plants can
still be pos si ble af ter at tain ing the cer tain num ber

of leaves (Mc Dan iel, 10; Irish and Jegla, 6). 

SUM MARY AND CON CLU SION

The ex po sure of the plants with com bined
LEDs (red and blue) kept at @ 100 µ mol m-2 s-1  for 
long days (SD+B) did not dis turbed the flower
in duc tion (dark pe riod) and proven the prin ci ple of
reach ing at cer tain stage (min i mum num ber of
at tained leaves) a short day plant can in duce flower
bud. There fore, it was im per a tive that the in duc tion
of flow er ing in the SD-plant Chry san the mum is
pos si ble un der LD con di tions with smart LED
treat ments. Sim i lar ity with shade avoid ance
phe nom e non was ob served as in case of ex po sure
of the plants with B and SD+B re mained con sis tent
to grow with elon gated stems. It if fur ther
con cluded that there is a pos si bil ity that flower
in duc tion may di ag nosed to know the re ac tion time
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  Fig. 2. Number of leaves per stem.

Fig. 3. Time taken for bud induction (days)

Plate 1. Bud induction under different light treatments.
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to bud in duc tion pro cess with help of elec tron
mi cro scopic ob ser va tions.
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