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Introduction

Light is recognized as a vital factor for plant growth and development. Plants convert light energy into
chemical energy through photosynthesis, which is then used for growth and development. Quality, intensity, and
photoperiod are among the factors that directly affect plant growth and development processes. In recent years,
Light-Emitting Diode (LED) technology has gained significant popularity in agriculture due to its numerous
advantages over traditional light sources. These advantages include the ability to produce various light spectra,
low energy consumption, long lifespan, and reduced heat emission. These characteristics have made LEDs an
ideal light source for cultivating plants in controlled environments such as greenhouses and growth chambers.
The primary objective of this study was to investigate the effects of different LED light qualities on the
morphological, physiological, and germination traits of marigold (Tagetes erecta) seeds. Given the importance
of light in plant growth and the benefits of LED technology, this study can provide valuable insights for
improving crop cultivation and production.

Materials and Methods
This experiment was conducted in the Biotechnology Laboratory of Horticultural Plants in the Academic
Center for Education, Culture and Research of Khorasan Razavi. F1 hybrid seeds were used in this study. The
experimental treatments consisted of five light qualities: white light (100%), blue light (100%), red light (100%),
30% blue light + 70% red light, and 70% blue light + 30% red light. All treatments were subjected to a 16-hour
light and 8-hour dark photoperiod using LED grow lights. The photosynthetic photon flux density (PPFD) was
maintained at a constant 100 umol.m™2s* for all light treatments. Seed germination parameters (seed
germination percentage, mean germination time, germination rate, radicle length, plumule length, lateral roots
number, plumule fresh weight, radicle fresh weight, plumule dry weight and radicle dry) were initially measured
in Petri dishes under the growth panels. Subsequently, seeds were sown and grown under the growth panels, and
physiological and morphological parameters including plant height, first internode length, stem diameter, node
number, leaf area, leaf length, leaf number, lateral shoot number, shoot fresh weight, shoot dry weight, shoot
fresh/dry weight ratio, root fresh weight, root dry weight, root fresh/dry weight ratio, dry matter, root length,
electrolyte leakage, relative leaf water content and chlorophyll content were measured every 15 days for a total

of four measurements.
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Results and Discussion

Seed germination indices showed that the lowest mean germination time, highest germination rate, longest
radicle length, hypocotyl length, number of lateral roots, and fresh weight of radicles were observed under 100%
red light treatment, followed by the 70% red + 30% blue light treatment. The application of 100% red light
improved germination rate, radicle length, hypocotyl length, number of lateral roots, and fresh weight of radicles
by approximately 14%, 29%, 48%, 100%, and 67%, respectively, compared to the control. Plants grown under
100% red light exhibited the greatest plant height at both the beginning and end of the growth period. At the end
of the growth stage (75 days after sowing), plants under 100% red light showed increases of approximately 37%,
6%, 33%, and 31% in stem diameter, length of the largest compound leaf, number of leaves, and number of
branches, respectively, compared to the white light treatment at the same growth stage. Additionally, the fresh
and dry weights of plants increased by approximately 56% and 9%, respectively, compared to the control at the
same growth stage. A study of the fresh and dry weights of roots showed that the application of 100% red light
increased these two indices by nearly 3 times compared to the control. The lowest fresh and dry root weights
were observed under 100% blue light treatment, followed by the 30% red + 70% blue light treatment.
Furthermore, plants grown under 100% red light exhibited higher relative water content and lower electrolyte
leakage in leaves compared to plants grown under other light treatments.

Conclusions
The research findings indicated that the application of light-emitting diodes (LEDs) with various light
qualities enhanced the growth conditions of Tagetes erecta Antigua orange. Comparisons among the light
treatments showed that application of 100% red light resulted in increased germination percentage and rate in
marigold seeds. Furthermore, the application of red light under controlled conditions led to an increase in plant
growth indices compared to other experimental treatments. Therefore, application of red light at different growth
stages of maigold under controlled conditions is recommended.
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Figure 1- Different treatments of LED light quality used in the experiment
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o3 ol e Job Job ddgydlaad - 5 (59
slosi il i dpady,  dadilw ol %@
«) . i
treatment Mean Germinati Radicle Plumule lateral Radicle
h . ermination .
germination length length roots fresh weight
. rate
time (cm) (cm) number (9)
(305 sy 1.44bc* 0.69 3.06% 1.16¢ 4.65¢ 0.21¢
White (control)
(o> Vo) 558 1.25¢ 0.792 3.95 172 9.408 0.352
Red (100%)
(vor2 Ve ! 1.46P 0.68° 2.60° 1.45P 4.75be 0.29°
Blue (100%)
(bopp ¥e) ol (80,2 V+) 5053 1.25¢ 0.80 3.56% 1.16¢ 6.58 0.324
Red (70%) + Blue (30%)
(vopp Vo) @l (80,7 5053 1.68° 0.59 3.66° 1.11° 5,240 0.28

Red (30%) + Blue (70%)
(LSD test, p<0.05) wisb oo yd gre ciglis pas Sl gy 43 dlie gy %
* Similar letters in each column indicate no significant difference (p<0.05; LSD test)
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Voo o9 e > aBlady GlalS 5 sl oS ple Jsb cul 2 (Y Jgis) (P<0.01) cunl 039 p50 (g5 izo ygbots olS
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Table 3- ANOVA for the morphological traits of marigold in response to different light qualities of LED
W Wy J?{’ L 1 Slaxs s } Slass Adlw s
) JUVE S 3P IV e olE Jol o5 obe Sl ;b8 5,5 & Srdsb & il
) &3 i i Stem % Leaf »
SHOAY * Plant First i Node Leaf Leaf Lateral
df height internode diameter number  area length number shoot
g length number
s 4 BT 074" 1.2 s10@ 13306 95+ sga” 2607
Light quality (L) 4
CutS 5l gy S 18589"
Days after 3 338™ 0.72"* 16.8™ 224 - 37.7 3153™ 76.6™
cultivation (D)
595 3143 X3 CoptsS
i8S 3 12 3.33" 0.09" 0.14™ 0.84" 1557** 1.46™ 48.8™ 1.18™
LxD
ks
40 0.345 0.05 0.06 0.36 65.7 0.14 1.75 0.18
Error
B3 PO Oiy Ol
o el S0 Susa 79 i Sisay
Q‘M‘éﬁ&'ﬁ - ! 151 : A.awul) . ) : oobe M)Jsb
v Gl sl e wstlgp oll Root ) e3) Sk Root
e df  Shoot  Shootdry  ghootfresh/ ey~ ROOt  Root fresh/ br length
fresh  Weight  dryweight  \gejght  dry  dry weight mattyer
weight ratio weight ratio
. %< 4 134" 0.88" 0.90" 17.5™ 0.38™ 16.74™ 0.90" 27.3"
Light quality (L)
CulS 5l ey 59y Sl
Days after 3 544™ 5.07" 0.76" 245" 1.73™ 437" 0.76" 130™
cultivation (D)
395 35 X 95 CudS
uiS § y 12 15.3™ 0.13* 1117 1.39™ 0.08™ 15.60™ 1117 3.79™
LxD
s
Error 40 0.62 0.02 0.45 0.09 0.003 2.87 0.45 0.73

2oy S Jlais] e )0 5 gime glas e faoyd gy Jlain] pdas )3y gixe glas 1 )y pixe gl pas NS
ns: non- significant, *: significant at the 5% of probability level; **: significant at the 1% of probability level
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duglie )3 (203 Ver) 3o )8 595 5> Bl jlab (13 iS5l g g,
ORIl 2o YVl i (gl alspe plen )3 i )98 sl L
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Figure 2- The effect of LED light quality on the plant height of marigold during the plant growth (LSD, p<0.05)
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Figure 3- The effect of LED light quality (a) and days after planting (b) on the first internode length of marigold (LSD,
Pp=<0.05)
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Table 4- The effect of different LED light quality on some plant morphological traits of marigold

. 3‘)&: oy a -
)5: il b slass J“’% . slagy | Lol chw o3l doyd
19 CudS o Stem o5 ui)-‘"-’)f. Sy 7S Sy Swis
Light quality s diameter  Node Sy Leaf Shoot Leaf Dry
Days after (mm) number  Leaflength . mper  lateral area matter
planting (cm) number (cm?) (%)
e 2,240 4.00¢ 6.96i 5.66' 0.000 57.0k 9.33be0
White (control)
(;::; (‘10()) 0’/‘; 3.04¢f 5.33 10.76% 8.00k 0.000 108N 9.08be0
0
(o)) oo 30 2.399" 5.33 6.93i 7.66K 0.009 55,1k 9.30bed
Blue (100%)
(o) ol * (102 V°) o 3 2500 5.00i 8.63 8.33k 0.00¢ 92,8 9.998bc
Red (70%)+Blue (30%)
(o2 V) ol # (202 1) o3 2.06" 4,33 6.93 8.00K 0.009 103 8.98%e
Red (30%) + Blue (70%)
| e 2.97f 8.009 11.00¢ 14.001 0.009 98.7i 8.81¢
White (control)
(;: f; (\10()) ;/‘;5 3.66¢ 8.009 12.830c 15.660 0.00¢ 183 10.08b
0
(o)) oo 45 3.420 8.009 9.239hi 16.669" 0.339 104i 9.9820¢
Blue (100%)
(o) ol # (203 V°) 53 3.300f 6.33" 9.260" 13661 0.009 1200 9.53%¢
Red (70%) + Blue (30%)
(o3 V) ol # (2037 53 3,260 6.33" 9.73N 13.00i 0.00¢ 45,2k 9.20be0
Red (30%) + Blue (70%)
e 4.13° 12.6bcd 12.43¢ 20.66° 3.33¢f 2260 9,824
White (control)
(o3 Ve ) 3053 5.01b 13.0% 12.23% 19.33¢ 5.33% 284b 9.80%¢
Red (100%)
(o2 Ve+) o 60 4.15¢ 12.3% 9.731 19.33¢ 3.33¢f 1619 10.56
Blue (100%)
(o Vo) ol (20, V+) 503 4.45¢ 11.3¢ 10.70¢% 18.66¢10 2.66' 2108 9.62¢4
Red (70%) + Blue (30%)
(o Vo) @l (20,7 5.3 4.09¢ 11.0f 9.5610 17339 2660 1579 9.53%
Red (30%) + Blue (70%)
e 4.21° 14.0° 13.03% 41.00 433 2760 9.74ad
White (control)
(hoppVee) o2 5,788 13.3% 13.83° 54.33 5.66° 3450 7.91¢
Red (100%)
(o)) oo 75 4.47¢ 13.00 10.16¢f 33.66¢ 3.66¢% 2108 9,904
Blue (100%)
(o3 ) ol # (203 V+) 53 5.18 12.3% 11.06¢ 40.33" 4.66" 3322 9,624
Red (70%) + Blue (30%)
(o3 V) ol # (2037 53 437° 12.0d¢ 10.06' 36.33° 3.33¢f 260 10.18%

Red (30%) + Blue (70%)

* Similar letters in each column indicate no significant difference (p<0.05; LSD test)

(LSD test, p<0.05) wisb oo yd gre ciglis pas Sl gy 43 dlie gy #
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Figure 5- The effect of different LED light quality on the shoot fresh and dry weight, root length and root fresh and dry
weight of marigold

sopolams PO S 0d . 019 OIS Oj9 Comd
A Al db T K Sasay Sisay
C L :~ ity . "
0P CulsS iS lop sl SR Rt Myl el Ay
Light quality Davs Shoot Shoot Root o h Root Shoot Root
aﬂgr fresh dry length weight ~ dry  fresh/dry fresh/dry
lantin weight weight (cm) © weight weight weight
panting (g © ) ratio ratio
Wh'teAzz;ntrol) 270 0250 786¢ 118m 0124  Q0.6ed  89.73%
|
(;’e); (\10())(;‘/‘; 5.25i 0.479" 9.36i 2.36i 0.24hii 90.97bcd 89 4qbed
0
(E;;); (\10());)‘ 30 2.50 024" 640' 096" 0075  90.79%¢  92.15%
()
(:é; ‘;7)();'):&‘:5 (\;'O)ry};’s 438 044 706K 19Uk 0A7K  90.00% 9062+
() 0
(:é; \23)051);(;;:;’ (‘;'0)0/};’2 2,40 0.211 7004 091™ 0068  91.01%c 92.46°
() 0
White?i‘;mrol) 5.06i 0.44%% 10830 155 016K  9118® 8973
(;;g (\10())0’; ;B 9.709 097¢  1373%f 3960  042f  g99l%e g9 33
0
I(?:\:J)e) (\10())07 ; 4 455 0520 1326* 238" 033" 90.01* 88,04
()
(;’;; ;7)0;/"');(;:: (;'0);)’5 5.78i 0550 9630 254 025 go4gbe 89,83
() 0
(;’é; \23)0;/"'):;:: (‘;'0);)’5 5.150 047" 9631 192k 016K  9o79%d g1 .2abe
() 0
White?;mrol) 12156 119% 1090 268 028"  00.17°¢  89.30
(;;’c; (\10())0’/" ; 20.19 198 1533 640> 0669  90.19%¢  89.70%
0
) bc
(E;fjg (\10()J°7 ; o0 9467 roor M go o300 89.43¢ 87.86¢
(1]
(:’;; ‘;7)0;'):&: (\;;))0/};’5 1057 1026 1176 2.89%h 031  0037b¢ 8925w
(1] 0
(JI‘;;; \23)051);(3)":5 (\;'0)0/";’5 7.73h 073 12830 2181 010k  904ebe  91.17%°
(1] 0
White‘é‘; ol 16440 187b  1176% 2929  0.76°  90.25b< 73.779
(Fz:i; (\10()30)/‘, ;3 2567 203 1633  7.200 155  9208° 78.461
0
(BTJ ;’ (\10())07)‘ 75 1186  1.17%  16.16® 357% 053¢  90.09> 85.02¢
0
(;’;; \;7)0;;'):;‘:: (\;3 0/";’3 17.88° 1726 12830 523 104>  90.37°¢ 80.141
() 0
(o2 V") ol + 2 V) o8 12.46¢ 126° 1443 324 066l 89.81% 79.08°

Red (30%)+Blue (70%)

(LSD test, p<0.05) il o o ize ©glis pas )by gt p ) dliio Bgy>
* Similar letters in each column indicate no significant difference (p<0.05; LSD test)
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Figure 4- The effect of LED light quality on the growth of marigold
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Table 3- ANOVA for the physiological traits of marigold in response to different light qualities of LED

Sl ed gl Jagls by ls S5 Judg 5

JCA JOVeS O o5 as Mgl g,
gg\?w ¢ e S a b Total Carotenoid
" EL RWC Cla Clb chlorophyll
P s 202" 36.9" 285"  8.82" 56.6™ 1.30™
Light quality (L)
CulS 5l s gy Slass
Days after cultivation 3 565" 54.8™ 202" 98.0™ 530" 22.3™
(D)
LxD 12 46.8" 16.77 225" 15.4™ 545" 274
s 40 11.7 2.87 1.09 1.51 2.31 0.31
Error

oy N Jleis] o 3 o gime glds i o )d O Jlain] pdaw )3 5 gime glas i D bize Ciglas pas NS
ns: non- significant, *: significant at the 5% of probability level; **: significant at the 1% of probability level.
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Table 6- The effect of the different LED light quality on the electrolyte leakage and RWC of marigold

. o d‘?b“’ . J.dg,ls .
e 3 o 9y das Copsll Pl i i el sgoys IS
.’9) - cuss . 5 Cla Clb Carotenoid Total
Light quality ) Electrolyte » (mg.g*t (Moot (mog FW) chlorophyll
Days after planting leakage RWC FW) 9.9 949 (mg.gtFW)
(%) (%) FW)
fuald) s 243N 78330 14.98" 4840k 3,630 19,82
White (control)
(102 1-2) 508 18.62 79.56%"  13.18  4.24ik 3.41N 17.434
Red (100%)
(o)) ool 30 24.96" 7097 944 3.0 2.33 12.46"
Blue (100%)
(b ¥e) ol + (20 V) 508 26.39% 69.82¢ 13370 4.12ik 3.36h 17.49¢
Red (70%) + Blue (30%)
(b02Ve) @l + (102 ¥+) 503 24,55 78289 11530 371k 2.981 15.25'"
Red (30%) + Blue (70%)
(22Ld) i 32.320¢  7699M  17.56% 561" 5,24 23.17M
White (control)
(bo)2V0+) jo b 20.74i 92.842 17.13¢ 3.19k 3.679n 14.32m
Red (100%)
(o)) ool 45 2625% 80300  11.13% 466" 4.46°0 21,801
Blue (100%)
(103 ¥2) (il + (103 V) 308 2843%  8698° 2182 673 535 28 550
Red (70%) + Blue (30%)
(bo2V2) @l + (102 ¥+ 503 30.20¢ 797040 18.26%  5.73F 5.03¢f 24,009
Red (30%) + Blue (70%)
(2215) 2 25,25 82.42%%  2589%  11.64° 4,870 37.53
White (control)
(103 V0 +) 308 24,4190 8469  17.91%  587¢ 3.740h 23,789
Red (100%)
(o)) o 60 22550 8133% 2035 G320 4.250 26.68°"
Blue (100%)
(Ao ¥e) ol + (2oy Vo) 50,8 31.24¢de 79.39fah 18.63¢de  .63¢h 3,779 25.27fgh
Red (70%) + Blue (30%)
(1o Vo) ol + (202 ¥+ 50,5 37.08° 76.000  21.63>  7.09% 4.18f0h 28.73%
Red (30%) + Blue (70%)
(22L3) i 44.98° 7499 21.09° 597" 5 550 27.06%"
White (control)
(02 1) jo)8 27.87¢" 8393 21320  8.96% 5.38¢e 30.29¢
Red (100%)
(2o Vo) & 75 37.23 81.70%  18.78%  10.68t 6.282 29.46¢
Blue (100%)
(102 ¥0) (ol + (33 V+) 33 4467° 8180 17.33%  g.40% 6.32% 25.749
Red (70%) + Blue (30%)
(222 ¥e) 2l # (202 ¥0) 503 36.00% 79.48%h 19029 1475 6.78° 33.78°

Red (30%) + Blue (70%)

(LSD test, p<0.05) wisb oo yd gre ciglis pas Sl gy 43 dlie gy #
* Similar letters in each column indicate no significant difference (p<0.05; LSD test)
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