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Effects of different LED light sources on the growth of citrus seedlings
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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. Conse-
quently, in the present study LED light sources were employed 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 and WRB5:
4. 1+FR) were selected. The impact of varying light quality on the growth of seedlings was investigat-
ed. 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 in-

dexes. The experimental results indicated that a three-factor, three-level orthogonal experiment would
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be the most appropriate methodology used to investigate the effects of different light combinations on
the morphology, biomass, chlorophyll content, photosynthetic characteristics, and chlorophyll fluores-
cence characteristics of the seedlings. The orthogonal experimental factors and levels are specifically de-
scribed as follows: photoperiod (12 h/12 h, 16 h/8 h and 18 h/6 h light/dark cycle), light quality (WR1:
1, WRB2:1:1 and WRB1:4:1) and light intensity (100, 150, 200 umol - 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 li-
monia seedlings. Specifically, the RB4: 1 treatment significantly promoted the growth of plant height,
leaf number, leaf area, fresh weight and dry weight of C. reticulata ‘Chachi’ seedlings. Conversely, the
WRI1:1 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 pro-
mote the vegetative growth of C. reticulata ‘Chachi’ and Red limonia seedlings. The plant height, stem
diameter, fresh weight, dry weight, chlorophyll content and actual photosynthetic efficiency photosys-
tem II (®PSII) of C. reticulata ‘Chachi’ seedlings significantly increased under L6 combination (light
period 16/8 h light/dark cycle, light quality white:red:blue 1:4:1, and light intensity 100 umol-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, and
light intensity 200 pmol - m™-s"). The results demonstrated that the light combinations treatments had
no promoting effect on the photosynthesis of C. reficulata ‘Chachi’ and Red limonia seedlings. The du-
ration of illumination and the proportion of red light had a negative impact on the stomatal conductance
(G,), 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 C. retic-
ulata “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 C. reticulata ‘Chachi’ seedlings, the WR1:1, 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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Table 1  Ly(3°) orthogonal test design scheme
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CK -(12/12) (W) -(150)

L1 1(12/12) I(WIR1) 1(100)

L2 1(12/12) 2(W2RIBI) 2(150)

L3 1(12/12) 3(WIR4BI) 3(200)

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

LS 2(16/8) 2(W2R1BI) 3(200)

L6 2(16/8) 3(WIR4BI) 1(100)

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

L8 3(18/6) 2(W2R1BI) 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 C. reticulata ‘Chachi’
and Red limonia seedlings
i e LT o o ot BT Bt FRE
Cultivar Treatment Plant height/ Stem diameter/ Leaf number  Leaf area/cm’ Leafr;lass area/ Fresh mass/g Dry mass/g
cm mm (g'm™)

AR w 33.00£1.63d  2.89+0.17bc  24.25+1.50cd 217.38+3.89¢  52.41+5.53ab  7.70£0.45bc  2.45+0.20 be
chzz;ﬁ"“m R 31.33+2.86 ¢ 3.04+0.21abc 23.00:0.00d  228.02+2423bc 46.45+2.68b  7.62+0.74bc  2.31+0.18 cd

25.45+£1.67f 2.74£0.18c  23.00:1.73d  147.90£12.46d  53.33+2.53ab  6.87+0.88 ¢ 1.83£0.25 ¢
WIRI 38.17+1.61 ¢ 3.1120.12ab  28.33+1.15b  275.97£19.57a  48.45:1.89b  9.46:0.16a 2.53%0.14 be
WIBI 29.00£1.22 ¢ 2.90£0.21 abc  25.75+1.71 bed 171.55+14.03d  51.4242.23ab  6.99+1.12 ¢ 2.00+0.16 de

R4BI 4325£395a 3.23+031ab  32.00£4.36a 292.15:1493a  52.25t1.49ab 9.32%1.66a 3.42+0.44 a
W2RIBI  37.78+048c 323+0.15a  28.00=1.15b  231.06£10.55bc 52.72+5.99ab  8.95+0.61ab  2.71+0.16 bc

W5R4Bl  39.43+0.98b  3.07+0.03ab  32.00£1.00a 247.88+21.80b  60.49+12.47a 8.85+0.48ab  2.86+0.36 b
WS5R4BIFR 34.88+337d  2.95+022abc  27.00£3.00 bc 230.67421.52bc  52.13+1.53ab  824+0.06 abc  2.56+0.06 be

AR ER 73 w 20.92£0.95¢  3.30+0.15¢ 14.60£1.14b  121.96+10.97b  60.30+8.43a  5.20+0.38 f 1.58+0.11 d
Red limonia - p 24165090 ab 3.64+0.50bc  15.0042.00b  158.06+14.42a 61.58+5.62a  6.03+0.53de  2.00+0.38 cd
B 2476+131ab 3.69+0.17b  18.60+1.67a  160.00+15.58a  702149.19a  7.63:0.74bc  2.35+0.27 ab

WIR1 2522+1.56ab 4.08+021a  15.60+2.51ab 173.80427.69a  65.63+10.52a 8.97+0.79a 2.80+0.26 a
W1B1 25.04+2.16ab 3.84+0.18ab  16.60+2.30ab 167.91+16.89a  6523+3.31a  7.74+0.77b 2.35+0.29 ab
R4BI1 23.00£1.42b 3.49+037bc  16.60+2.88ab 146.40£35.65ab 63.62+6.12a  5.92:091ef  2.05+0.51 cd
W2RIB1  2590+247a 3.69+029b  16.60£1.95ab 167.96£29.05a  70.26£17.09a 8.71£0.22a 2.58+0.42 ab
WS5R4B1  23.24+£1.05b  3.54+035bc  1625£1.26ab 161.23+32.43a  60.68+4.00a  6.69+0.66 cde  2.24+0.49 bc
WS5R4BIFR 24.16£1.40ab 3.67+0.08b  15.75£1.71ab 150.13421.84ab 65.20+4.11a  6.94+044bed  2.16+0.21 be

T R PR CPIHAAREZD AN PR R 2 7 35 (p<0.05). KA.

Note: The values (mean =+ standard deviation) different letters are significant difference level (p<<0.05). The same below.

A
B

&1
Fig. 1 Growth of C. reticulata

A BB, 4885 .
A. C. reticulata ‘Chachi’ ; B. Red limonia.

FEIF BB TR AHMLIITENENEKER
‘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 C. reficulata ‘Chachi’
and Red limonia seedlings
i S L T e B o S FRE
Cultivar Treatment Plant height/ Stem diame- Leaf number Leaf area/cm’ Leaf mass 2 Fresh Dry mass/g
cm ter/mm area/(g-m?)  mass/g

R CK 12.26+1.18b  1.74+0.14 e 13.0041.79 abc ~ 65.68+12.95ab  49.97+0.40d  2.43+0.33cd  0.58+0.08 e

CC;ZZ;LI"“W L1 10.15+1.15¢  1.7540.09¢  11.83+3.49¢ 52.57£15.60b  55.63+1.31cd 2.05£0.38d  0.50£0.07 ¢
L2 11.16£1.36 bc  1.78+0.09 de  13.83+2.79 abc  61.27+14.02ab 55.87+027cd 2.55+0.55bcd  0.63+0.12 de
L3 9.84+0.90c  1.7340.07¢  14.83+2.64abc  59.60+6.04ab  48.11£034d  2.20+0.18d  0.51+0.03 ¢
L4 12.17£0.92 b 2.08£021b  16.80£3.63 a 703241526 ab  66.27+1.13bc  3.10£0.35 abc  0.84+0.03 be
L5 11.3621.64bc  1.83x0.13 cde  16.33£2.50ab  57.39+11.33ab  81.85:2.68a  2.69+£0.56 abed 0.77+0.05 cd
L6 13.84+1.62a  2.0240.18b  1550+327abc  73.47+530a  59.18+0.51cd 3.42+0.67a  0.94+0.16 ab
L7 12354051 b 227+0.17a  13.50+2.43abc  57.13+8.56ab  76.57+0.92ab 3.39+0.44a  1.01x0.18a
L8 11.9241.17b  1.93+0.12bed  15.50+2.51 abc  67.45+16.15ab  66.48+0.56 bc 3.26+0.73ab  0.86+0.20 abc
L9 11.38+1.54bc  1.99+0.10bc  12.67+4.41bc  61.92421.23ab  66.65+1.03 bc  2.97+1.08 abc  0.81+0.17 be

ARSEY CK 21.16+2.10a  2.254020d  11.83+1.17bed 121.80+8.39ab  46.02+0.55d 4.72+0.73ab  1.30+0.24 cd

Red limonia 17554276 ¢~ 2.43+022cd  10.67+1.86d  96.54+17.18b  51.29+042cd 3.72+046b  1.00£0.27 d
L2 19.76+2.13 ab  2.47+021¢  11.67+1.03cd  124.63+26.82ab 53.48+0.43 cd 4.66+0.96ab  1.35+0.35 bed
L3 18.13+3.76 bc  2.64+026bc  11.33+1.63d  134.72+16.92ab 52.83+0.24cd 5.35+1.14a  1.58+0.33 abc
L4 21.15+134a  2.634028bc  14.83+2.71 abed 140.05424.19ab  57.37+0.68bc 5.89+0.84a  1.76+0.30 abc
L5 20.58+2.27a  2.81+025ab  15.67+4.27 abed 104.02£15.19b  66.05:0.41a  5.54+1.55a  1.74+0.40 abc
L6 20.48+1.59a  2.45+0.15cd  12.33+2.50 abed 135.03£35.07ab  50.69+0.40 cd 4.94+0.73ab  1.50+0.18 abc
L7 21.44+1.74a 285+026a  17.004540a  152.81442.89a  53.45+0.80cd 6.26+1.32a  1.82+0.41ab
L8 19.8842.60 ab 2.4840.16c  16.50+6.28 abc  126.89+39.88 ab  58.05+0.33bc 5.16+1.65ab  1.53+0.43 abc
L9 19.55+2.38 abc 2.84+0.30a  16.83+6.11ab  131.66+48.92ab 63.76x1.20ab 6.1141.92a  1.96+0.59 a

26.67%. Xt T M AR, L7 AbHE R ik A 5 8 25 1
%, KA B A 0 AR L 2 R A B 3E L4 LS.
L8.LOAbFH R 58 1 ALk #E . L7.L9 4B
EYnTREREE K. BARE, XM TE
L6 Ab 3 N Pk i A 5T & A K, £E L7 AL FE R 2SR A
TR B RK s AT ST (E L7 AR EE B ik i 250
B e THIAR B O A B K, U A Y A K R
] $ e 06 LB AT Ui b 4 v s TR AR K
23 AEABLEIFLHMAITEDEITRR
0

XA [R] 6 HE AL B J5 B A AT LUAT R 4 v v ot
SR G EIAT N WK 2-A~D T A1, L6 AL HE B 2%
P RBA A 4R R a H SRR b DL i
sz e, Hm AR B R SRR A B RAIG, 4R R asb
P TE 53548 k. MBI 2-E~H Haf %1, 5% IEAR L,
B A BRI AT T 20 Fr G i 4 25 1A B, 4%
Fa MR b SRS EY P, L3 Lo T
4¢3 a/b LUAH B B BRAK . AR, #H R 6
T BARSE IR B SN B, 6 R M A4 bris
SRR ARG

24 AEIBAEIFZBHMIITELEM FX
BRI

ARG AL B G i ot & SRS e i kAT
G0, B R R AR, "B AE LT LB R P,
0 A, AR A B B TG B E R LS
L7.L8.LOAFE T, G T B (R . EL M 4T
W, 5 CKAREL, B T L2 b HE Ak, A2 AbEE I - P, 46
i PR, L4 L6 L7 LY A FL R G i 2 5%, L1
L2.L4.L6.L7.L8.LYALFE T T2 2 F %, C 5%
FHECAR AN B35 o TE Z B AN Z0 A7 A5 4 i T
L, ARG AT 6B WIRL (4L G TR, 7
HEEEC IR A FEK: , 18 h YIRS KR i A G TR#
K. GRRUIPTA A EMHIIIARE R ER ST
AR, I B A A R SRS 2 1, SRR [E]
K 20 E il v A B TR SRR R LD R I S AL
FEHSZ BH , 32 T 5200 P
2.5 AEEBAAIEX FHA AL ATIE S8 R HF
i opA10)

ANFEDE R AR B J5 A B RN LD AT ) i e R R
HSHI AN ZR 5 FT7s L6 Ab B IR 35 32w AR b
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A-D. Chlorophyll content of C. reticulata ‘Chachi’; E~H. Chlorophyll content of Red limonia. Different small letters represent significant differ-
ence (p<<0.05).
B2 FEEBLERFREMLITERSE A SRR S 200
Fig. 2 Effects of different light combinations on chlorophyll content of C. reticulata ‘Chachi’

and Red limonia seedlings



5104 2% 45 AIF LED 6 RO MR 4l i AR AR (K R0 2045
F4 TEPERLEMNFRHEMLATESEI R A ESEZRES R
Table 4 Effects of different light combinations on the gas exchange parameters of C. reticulata ‘Chachi’
and Red limonia seedlings
Hi b3 IS ept e AL ZRM AR Jia i) COK
Cultivar Treatment P,/Cumol-m™-s™) GJ/(mol-m*-s™) T./(mmol-m*-s™) C/(umol - mol™)
FBAH CK 2.85+0.69 ab 0.10£0.02 a 1.45+0.31 a 328.16+56.24 a
Cc; Z’éﬁ"“m Ll 1.34+0.24 ¢ 0.03+0.01 d 0.54+0.09 ¢ 318.31+28.78 a
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 be 303.57+21.42 a
LS 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 1.91:£0.54 be 0.04+0.01 cd 0.60+0.21 ¢ 282.63+32.01 a
L8 2.24+0.19 be 0.06+0.02 bed 0.82+0.38 be 311.62+46.98 a
L9 1.60+1.29 be 0.05+0.01 cd 0.75+0.20 be 332.10+£50.52 a
AR CK 4.52+0.27 a 0.09+0.01 abc 1.82+0.63 a 316.02+47.82 ab
Red limonia LI 2.12+0.19 cd 0.08+0.03 bed 1.1120.35 be 343.72425.04 2
L2 4.30+0.56 a 0.10+0.01 abc 1.34+0.12 b 319.2+19.20 ab
L3 3.28+1.01b 0.11£0.01 a 1.5140.19 ab 343.16+12.85a
L4 2.05+0.58 d 0.04+0.02 f 0.51£0.25d 283.84+10.07 b
L5 3.10£0.64 be 0.100.02 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 2.27+0.21 bed 0.07+0.01 cde 0.84+0.14 cd 34431433.04a
L9 3.17+0.61 b 0.06+0.02 def 0.71£0.28 cd 300.66+14.23 ab
=5 AEERLEMNFREMLITENE RS BN
Table 5 Effects of different light combinations on chlorophyll fluorescence of C. reticulata ‘Chachi’
and Red limonia seedlings
il A3 T RGNL PRI E R HLF s T Tl SRR R B E R R B
Cultivars Treatment Doyt ETR qP NPQ
P35 CK 0.43+0.11 be 27.43+7.17 ab 0.79+0.08 ab 0.33+0.04 abcd
CC;ZZELI‘Z”W L1 0.16+0.05 f 7.91+3.96 ¢ 0.70+0.03 be 0.39+0.16 ab
L2 0.5120.14 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 0.3240.08 cde 20.38+4.90 bed 0.7240.07 be 0.210.04 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 19.33+5.78 cd 0.65+0.04 ¢ 0.34+0.16 abed
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
AREES CK 0.50+£0.04 a 31.59+2.48 a 0.78+0.02 a 0.22+0.05 ab
Red limonia LI 0.38+0.12 be 15.93+4.96 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 0.460.13 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 ¢ 0.2120.04 ab
L8 0.450.09 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 0.2120.10 ab
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Table 6 Comprehensive evaluation of C. reticulata ‘Chachi’

e R BE VR R ST TR HREAR B o THRRERE
Treatment é.mt S.tem Leaf Leaf Fresh Dry Chlorophyll  J#% 2R Doy Avere.ige affiliation Rank
height diameter number  area mass mass content P, function value

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

LS 0.38 0.18 091 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

®T ATERGENEEITN
Table 7 Comprehensive evaluation of Red limonia
e Bl BE A R SR TRE TREER BRE o g TOREREE
Treatment ént SFem Leaf Leaf Fresh Dry Chlorophyll  J#*% SR Dy Avergge affiliation Rank
height  diameter number  area mass mass content P, function value

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
LS 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
Ao Z ISRtV R GRS il 7 =TIy TR AR b 152 S =
TR 3 B B 0 B 3 P AT 4 A b

e AR KB K E B T, 2000

RELTIN T iR A cE R e N v vl S RN B
VISEYERY VAW A 2 ST AN sy - S LA
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