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Abstract: [Objective] Light significantly influences plant growth and development. LED light sources are frequently
employed in plant lighting due to their energy-saving property and high efficiency. Consequently, the present study
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employed LED light sources to examine the impact of distinct LED light qualities and light combinations on the growth
of citrus seedlings, with the objective of identifying the optimal parameters of efficient light formulations conducive to
the growth of citrus seedlings. [ Methods] In this experiment, The total of 9 light qualities including white light (W),
red light (R), blue light (B), and polychromatic light(WR1:1,WB1:1,RB4:1,WRB2:1:1,WRB5:4:1,WRB5:4:1+FR)were
selected. The impact of varying light quality on the growth of seedlings was investigated. The changes in plant height,
stem diameter, leaf area and biomass were quantified and analysed. The spectral proportions suitable for optimising
seedling growth were identified according to the growth indexes. The experimental results indicated that a three-factor,
three-level orthogonal experiment would be the most appropriate methodology used to investigate the effects of
different light combinations on the morphology, biomass, chlorophyll content, photosynthetic characteristics, and
chlorophyll fluorescence characteristics of the seedlings. The orthogonal experimental factors and levels are
specifically described as follows: photoperiod (12 h/12 h, 16 h/8 h, 18 h/6 h light/dark cycle), light quality (WR1:1,
WRB2:1:1, WRB1:4:1) and light intensity (100, 150, 200 pmol-m=-s™). Finally, the synthesis was carried out by
applying the affiliation function. [ Results ] The results demonstrated that different light quality treatments had a
significant impact on the growth of Citrus reticulata ‘Chachi’ and Red limonia seedlings. Specifically, the RB4:1
treatment significantly promoted the growth of plant height, leaf number, leaf area, fresh weight and dry weight of
Citrus reticulata ‘Chachi’ seedlings. Conversely, the WR1:1 treatment significantly promoted the growth of plant
height, stem diameter, leaf area, fresh weight and dry weight of Red limonia seedlings. In comparison to
monochromatic light, the combined light quality was more conducive to the growth of seedlings. Furthermore,
increasing the proportion of red light in the composite light can significantly promote the vegetative growth of
seedlings. The results of orthogonal experiments demonstrated that an extended period of light exposure could
effectively promote the vegetative growth of Citrus reticulata ‘Chachi’ and Red limonia seedlings. The plant height,
stem diameter, fresh weight, dry weight, chlorophyll content and actual photosynthetic efficiency photosystem II
(®PSIN) of Citrus reticulata ‘Chachi’ seedlings significantly increased under L6 combination (light period 16/8 h
light/dark cycle, light quality white:red:blue 1:4:1, light intensity 100 wmol-m=-s'). The Red limonia seedlings
exhibited the highest plant height, stem diameter, leaf number, leaf area and fresh weight at L7 combination
(photoperiod 18 h/6 h light/dark cycle, light quality white:red 1:1, light intensity 200 pumol-m2-s'). The results
demonstrated that the light combinations treatments had no promoting effect on the photosynthesis of Citrus reticulata
‘Chachi’ and Red limonia seedlings. The duration of illumination and the proportion of red light had a negative impact
on the stomatal conductance (Gs), transpiration rate (7;) and photosynthetic electron transfer rate (ETR) of seedling
leaves, as well as the photosynthetic efficiency of the seedlings. [ Conclusion] The study found that the growth of
Citrus reticulata ‘Chachi’ and Red limonia seedlings could be effectively promoted through photoregulation. It is
evident that different varieties have specific light quality, light intensity, and photoperiod supplemental light needs. The
identification of these differences can provide a theoretical reference for the rapid breeding of seedlings. The RB4:1
and L6 treatments can be used as a reference for the light supplement of Citrus reticulata ‘Chachi’ seedlings, the
WRI1:1, and L7 treatments can be used as reference parameters for Red limonia seedlings to supplement light. By

reasonably supplementing light, the growth of citrus seedlings can be accelerated and the nursery cycle can be



shortened. This study can provide theoretical and practical references for rapid nursery.
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CK (12/12) W) (150

L1 1(12/12) 1(WI1R1) 1(100)

L2 1(12/12) 2(W2R1B1) 2(150)

L3 1(12/12) 3(WIR4BI1) 3(200)

L4 2(16/8) 1(WIRI) 2(150)

L5 2(16/8) 2(W2R1B1) 3(200)

L6 2(16/8) 3(WIR4BI1) 1(100)

L7 3(18/6) 1(WIRI) 3(200)

L8 3(18/6) 2(W2R1B1) 1(100)

L9 3(18/6) 3(WIR4BI1) 2(150)
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Table 2 Effects of different light quality on growth morphology and biomass of Citrus reticulata ‘chachi’ and red
limonia seedlings
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Cultivar Treatment }’lant height Stem diameter Leaf number Leazf area Leaf miss area Fresh weight/g Dry weight/g
cm /mm /em / (gm?)
TR w 33.00+1.63 d 2.89+0.17 be 24.25+1.50 cd 217.3843.89 ¢ 52414553 ab 7.70+0.45 be 2.45+0.20 be
rceifi’;u:la:a R 31.33+2.86 ¢ 3.040.21 abe 23.00+0.00 d 228.02424.23bc  46.45+2.68 b 7.62+0.74 be 2.31+0.18 cd
chachi” B 25.45+1.67 2.74+0.18 ¢ 23.00+1.73 d 147.90+12.46d  53.33+2.53 ab 6.87+0.88 ¢ 1.8340.25
WIRI 38.171.61 ¢ 3.1120.12 ab 28.33+1.15 b 275.97+19.57a  48.45+1.89b 9.46+0.16 a 2.53+0.14 be
WIB1 29.00£1.22 ¢ 2.90+0.21 abe 2575171 bed  171.55+14.03d  51.42+2.23 ab 6.99+1.12 ¢ 2.00+0.16 de
R4B1 43.2543.95 2 3.23+0.31 ab 32.00+4.36 a 292.15+14.93a  52.25+1.49 ab 9.32+1.66 a 3.4240.44 a
W2R1B1 37.78+0.48 ¢ 3.230.15a 28.00+1.15 b 231.06£10.55bc  52.72+5.99 ab 8.95+0.61 ab 2.7120.16 be
W5R4B1 39.43+0.98 b 3.07+0.03 ab 32.00£1.00 a 247.88+21.80 b 60.49+12.47 a 8.85+0.48 ab 2.86+0.36 b
WSR4BIFR  34.88+3.37d 2.95+0.22 abc 27.00+3.00 be 230.67+21.52bc  52.13+1.53 ab 8.24+0.06abc  2.56:0.06 bc
AR a4 w 20.9240.95 ¢ 3.30£0.15 ¢ 14.60+1.14 b 121.96+10.97b  60.30+8.43 a 5.2040.38 f 1.58+0.11 d
Red limonia g 24.16+0.90 ab 3.64+0.50 be 15.00£2.00 b 158.06+14.42a  61.58+5.62a 6.03£0.53 de 2.00+0.38 cd
B 24.76+1.31 ab 3.6940.17 b 18.60+1.67 a 160.00+15.58a  70.2149.19a 7.63+0.74 be 2.3540.27 ab
WIRI 25.22+1.56 ab 4.0840.21 a 15.60+2.51 ab 173.80+27.69a  65.63+10.52a 8.97+0.79 a 2.80+0.26 a
WIBI 25.04+2.16 ab 3.84+0.18 ab 16.60+2.30 ab 167.91+16.89a  65.23+3.31a 7.74£0.77 b 2.35+0.29 ab
R4B1 23.00£1.42 b 3.49£0.37 be 16.60+2.88 ab 146.40+35.65ab  63.62+6.12a 5.9240.91 ef 2.05+0.51 cd
W2R1B1 25.90+2.47 a 3.6940.29 b 16.60+1.95 ab 167.96429.05a  70.26+17.09 a 8.7140.22 a 2.58+0.42 ab
W5R4B1 23.24+1.05 b 3.54+0.35 be 16.25+1.26 ab 161.23432.43a  60.68+4.00 a 6.6940.66 cde  2.24+0.49 be
W5SR4BIFR ~ 24.16+1.40 ab 3.67+0.08 b 15.75+1.71 ab 150.13421.84ab  65.20+4.11a 6.94+0.44bed  2.16+0.21 be

i KPR CPYESHRMEZE) ARFRREREE (p<0.05) . TH.

Note: The values (mean + standard deviation) different letters are significant difference level (p<<0.05) . The same below.
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A. Citrus reticulata ‘chachi’; B. Red limonia
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Fig. 1 Growth of Citrus reticulata ‘chachi’ and Red limonia seedlings under different light combinations
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Table 3 Effects of different light combinations on growth morphology and biomass of Citrus reticulata ‘chachi’
and Red limonia seedlings

N Exil Al
b = = 5 LRTHEA i =
i e W Stem i A A Leaf mass IRk A
. Treatmen  Plant height . Leaf area . .
Cultivar diameter Leaf number B area Fresh weight/g ~ Dry weight/g
t /cm Jeme 2
/mm / (grm?)
A CK 12.26£1.18 b 1.74+0.14 ¢ 13.00£1.79 abe 65.68+12.95 ab 49.97+0.40d  2.434+0.33 cd 0.58+0.08 e
F’:‘”;w reticulata | 10.15¢1.15 ¢ 1.75+0.09 e 11.83+3.49 ¢ 52.57+15.60 b 55.63£1.31 2.05+0.38 d 0.50+0.07 ¢
chachi od
L2 11.16£1.36 be 1.78+0.09 de 13.83+2.79 abc 61.27+14.02 ab 55.87+0.27 2.55+0.55 bed 0.6340.12 de
cd
L3 9.84+0.90 ¢ 1.73+0.07 ¢ 14.83£2.64 abc  59.60+6.04 ab 48.11+0.34d  2.20+£0.18 d 0.51+0.03 ¢
L4 12.1740.92 b 2.08+0.21 b 16.80+£3.63 a 70.32+1526 ab  66.27+1.13 3.10+0.35abc  0.8440.03 be
be
L5 11.36£1.64 bc  1.83+0.13 16.33+2.50 ab 57.39+11.33ab  81.85+2.68a  2.69+0.56 0.77+0.05 cd
cde abed
L6 13.84£1.62 a 2.02+£0.18 b 15.50+3.27 abe 73.47+£5.30 a 59.18+0.51 3.42+0.67 a 0.94+0.16 ab
cd
L7 12.35£0.51 b 2.27+0.17 a 13.50+2.43 abc 57.13+8.56 ab 76.57+0.92 3.39+0.44 a 1.01+0.18 a
ab
L8 11.924£1.17 b 1.93+0.12 15.50+2.51 abe 67.45£16.15 ab 66.48+0.56 3.26+0.73 ab 0.86+0.20
bed be abc
L9 11.38+1.54 be 1.99+0.10 be 12.67+4.41 be 61.92+21.23 ab 66.65+1.03 2.97+1.08 abe 0.81+0.17 be
be
AW s> CK 21.16£2.10 a 2.25+0.20d 11.83+1.17 bed 121.80+8.39 ab 46.02+0.55d  4.72+0.73 ab 1.30+0.24 cd
Red limonia L1 17554276 ¢ 2.43#022cd  10.67+1.86d  96.54+17.18b  51.290.42  3.72+0.46b 1.00+0.27 d
cd
L2 19.76+2.13ab ~ 2.47+0.21 ¢ 11.67+1.03 cd 124.63+26.82 53.48+0.43 4.66+0.96 ab 1.35+£0.35
ab cd bed
L3 18.1343.76 bc  2.64+0.26 bc  11.33£1.63d 134.72+16.92 52.83+0.24 5.35+1.14a 1.58+0.33
ab cd abc
L4 21.15¢1.34 a 2.63+0.28 be 14.834+2.71 140.05+24.19 57.37+0.68 5.89+0.84 a 1.76+0.30
abed ab be abc
L5 20.58+2.27 a 2.81£0.25 ab 15.67+4.27 104.02+15.19b  66.05£0.41 a 5.54+1.55a 1.74+0.40
abed abc
L6 20.48+1.59 a 2.45+0.15 cd 12.33+2.50 135.03+£35.07 50.69+0.40 4.94+0.73 ab 1.50+0.18




abed ab cd abc
L7 21.44+1.74 a 2.85+0.26 a 17.00+5.40 a 152.81442.89a  53.45+0.80 6.26+1.32 a 1.82+0.41 ab
cd
L8 19.88+2.60 ab  2.48+0.16 ¢ 16.50+6.28 abc 126.89+39.88 58.05+0.33 5.16+1.65 ab 1.53+£0.43
ab be abc
L9 19.55+2.38 2.84+0.30 a 16.83+6.11 ab 131.66+48.92 63.76+1.20 6.11£1.92 a 1.96+0.59 a

abc

ab

ab
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A~D. Chlorophyll contents of Citrus reticulata ‘chachi’; E~H. Chlorophyll contents of Red limonia. Different small
letters represent significant difference (p<<0.05).
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Fig. 2 Effects of different light combinations on Chlorophyll contents of Citrus reticulata ‘chachi’ and Red
limonia seedlings
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Table 4 Effects of different light combinations on the gas exchange parameters of Citrus reticulata ‘chachi’ and
Red limonia seedlings

i ise! AR ISR M A COL ¥ B

Cultivars Treatment Py/ (umol'm?-s!) Gy (mol'm?-s) T/ (mmol'm?-s!) Cy/ (umol-mol™!)

P i CK 2.8540.69 ab 0.10+£0.02 a 1.45+0.31 a 328.16+56.24 a

Citrus L1 1.34+0.24 ¢ 0.03+0.01 d 0.54+0.09 ¢ 318.31+28.78 a

reticulata

‘chachi’ L2 3.56+1.18 a 0.07+0.01 abc 1.08+0.13 abc 285.79+27.61 a
L3 2.48+0.44 abc 0.07+0.03 abed 1.03£0.43 abc 299.23£17.66 a
L4 2.11+0.70 be 0.06+0.03 abed 0.85+0.43 bc 303.57+21.42 a

L5 2.53+0.97 abc 0.07+0.03 abed 0.94+0.39 abc 294.39+31.41 a



L6 2.90+0.87 ab 0.10+0.05 ab 1.30+0.62 ab 309.87+14.41 a

L7 1.9140.54 be 0.04£0.01 cd 0.60:021 ¢ 282.63£32.01 a
I8 2.24+0.19 be 0.06£0.02 bed 0.8240.38 be 311.62446.98 a
L9 1.60+1.29 be 0.0520.01 d 0.75:0.20 be 332.10450.52 a

R CK 45240272 0.0940.01 abe 1.8240.63 a 316.02:47.82 ab

Red limonia | 2.1240.19 cd 0.0820.03 bed 1.1120.35 be 343.72425.04 2
L2 43040.56 0.1040.01 abe 1.340.12 b 319.2419.20 ab
L3 3284101 b 0.1140.01 1.51£0.19 ab 343.16£12.85 a
L4 2.05:0.58 d 0.04£0.02 f 0.51:025 d 283.84£10.07 b
Ls 3.1040.64 be 0.1040.02 ab 1.41£0.23 ab 343.59+71.18 a
L6 2.46:0.22 bed 0.05£0.01 ef 0.54:0.14 d 306.24+16.24 ab
L7 2.26:+1.08 bed 0.04+0.01 ef 0.55+0.13d 308.50+31.75 ab
L8 2274021 bed 0.0740.01 cde 0.84£0.14 od 344.31433.04 2
L9 3.1740.61 b 0.0620.02 def 0.71:0.28 cd 300.66£14.23 ab

2.5 AN[ADIG R AL B S B AN LT AT 6 S v e R R R

ANTEG AL B 5 2 B D ZLAT IR 4 e 4 R PO SR AR i3 5 o, L6 b3 R 35 52 m 2 B it v 1Y
HRGNEFRIARE (Dpsn) 5 BR L2 AR AR T OpsnfEK. L1, L7, L8, L9 45 i Lg% (ETR)
BERAR, A TARRCRZ BN, L3, L5, L7. LOALBE T ¢P (41K, NPQ S5xtEM L ERANEE, 1F
ARSI, BT L2444, AL N opsufffK, ETR. ¢P FR L2 ALFRAMAR R 4, NPQ 5 4bH H] JC W it 2
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Table 5 Effects of different light combinations on chlorophyll fluorescence of Citrus reticulata ‘chachi’ and Red
limonia seedlings

ey b FR MR GNP AR LA HeAb K RE IS FI
Cultivars Treatment Dpsiy ETR qP NPQ
Rt CK 0.43+0.11 be 27.43+7.17 ab 0.79+0.08 ab 0.33+0.04 abcd
Citrus L1 0.16+0.05 f 7.91£3.96 ¢ 0.70+0.03 be 0.39+0.16 ab
reticulata
‘chachi’ L2 0.51+0.14 ab 32.3448.92 a 0.85+0.05 a 0.25+0.03 bed
L3 0.25+0.05 ef 20.88+4.31 bed 0.67+0.04 ¢ 0.47+0.10 a
L4 0.32+0.08 cde 20.38+4.90 bed 0.72+0.07 be 0.2140.04 cd
L5 0.29+0.08 de 24.07+6.68 be 0.68+0.08 ¢ 0.37+0.17 abc
L6 0.56+0.10 a 23.49+4.41 be 0.85+0.08 a 0.21£0.06 cd
L7 0.23+0.07 ef 19.3345.78 cd 0.65+0.04 ¢ 0.34+0.16 abcd
L8 0.39+0.04 cd 16.38+1.50 cd 0.70+0.06 be 0.19+0.05 d
L9 0.22+0.02 ef 13.85+1.57 de 0.64+0.05 ¢ 0.19+0.03 d
AR R CK 0.50+0.04 a 31.59+2.48 a 0.78+0.02 a 0.22+0.05 ab
Red limonia 0.38+0.12 be 15.9344.96 d 0.7140.27 a 0.25+0.13 ab
L2 0.50+0.05 a 31.70+2.95 a 0.79+0.03 a 0.24+0.04 ab
L3 0.37+0.07 be 31.08+5.96 a 0.62+0.11 ab 0.25+0.03 ab
L4 0.27+0.10 cd 17.10£6.55 d 0.47+0.24 be 0.24+0.04 ab

L5 0.33+0.07 ¢ 28.00+5.97 ab 0.64+0.17 ab 0.32+0.14 a



L6 0.46+0.13 ab 19.53+5.57 cd 0.76+0.07 a 0.18+0.07 b

L7 0.20:+0.06 d 16.76+5.00 d 0.36+0.10 ¢ 0.21+0.04 ab
L8 0.45+0.09 ab 19.05+3.69 cd 0.74+0.11 a 0.17+0.05 b
L9 0.38+0.07 be 23.92+4.20 be 0.69+0.08 ab 0.21+0.10 ab
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Hortr. HIR 6 AIAL, ZEECMIZE Lo abFE ~-FHA s Rk B i &, O 0.87, KON L8, L4, L7, fEL1ALEF
PR RE RBUE RS, 9 0.0l WK TR, LOATRAE L7 A3 N PSR BB R m, N 0.70, HikZ L9,
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Table 6 Comprehensive evaluation of Citrus reticulata ‘chachi’

B EXil 7 % AR 57 T . o PR
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Plant Stem Leaf Leaf Fresh Dry A Ja of B HEE
Treatment Chl Py J B R Dresu

height diameter number area weight weight =)
CK 0.60 0.02 0.23 0.63 0.28 0.16 0.80 0.68 0.69 0.45 5
L1 0.08 0.04 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.01 10
L2 0.33 0.09 0.40 0.42 0.37 0.25 0.31 1.00 0.88 0.45 6
L3 0.00 0.00 0.60 0.34 0.11 0.02 0.00 0.51 0.21 0.20 9
L4 0.58 0.64 1.00 0.85 0.76 0.67 0.04 0.35 0.40 0.59 3
L5 0.38 0.18 0.91 0.23 0.47 0.53 0.09 0.54 0.31 0.40 7
L6 1.00 0.54 0.74 1.00 1.00 0.86 1.00 0.70 1.00 0.87 1
L7 0.63 1.00 0.34 0.22 0.98 1.00 0.31 0.26 0.16 0.54 4
L8 0.52 0.37 0.74 0.71 0.88 0.72 0.64 0.41 0.57 0.62 2
L9 0.38 0.48 0.17 0.45 0.67 0.60 0.34 0.12 0.14 0.37 8
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Table 7 Comprehensive evaluation of Red limonia

=t EX:| A% Mmg EERE TRE . . . FH#E
i3 HEE ENAEE BRKNKR p

Plant Stem Leaf Leaf Fresh Dry A & B
Treatment . . . 1 Chl Py & Dps X

height diameter number area weight weight &
CK 0.93 0.00 0.18 0.45 0.39 0.31 1.00 1.00 0.99 0.58 3
L1 0.00 0.30 0.00 0.00 0.00 0.00 0.43 0.03 0.59 0.14 10
L2 0.57 0.37 0.16 0.50 0.37 0.37 0.47 0.91 1.00 0.52 7
L3 0.15 0.65 0.11 0.68 0.64 0.61 0.49 0.50 0.56 0.48 9

L4 0.93 0.63 0.66 0.77 0.86 0.79 0.11 0.00 0.24 0.55 5



L5 0.78 0.93 0.79 0.13 0.72 0.77 0.00 0.43 0.44 0.55 6

L6 0.75 0.33 0.26 0.68 0.48 0.52 0.48 0.17 0.87 0.50 8

L7 1.00 1.00 1.00 1.00 1.00 0.86 0.35 0.08 0.00 0.70 1

L8 0.60 0.38 0.92 0.54 0.57 0.56 0.56 0.09 0.84 0.56 4

L9 0.51 0.98 0.97 0.62 0.94 1.00 0.20 0.45 0.59 0.69 2
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