DOI:10.13925/j.cnki.gsxb.20240150

AN[E] LED 4185 AL IEXT 4R 4hda & K HI S2
A", RuE"", 7k, Feel’, EFE", TERE ", KFF0T
(I 2 A R T BT 5 8T P B S TR0, Vb 410128, 2 el K2 il 2 2 B - ]
FAGS R ALKyt Kb 410128)

 E [ A B ERAANFLES LED AEXRAHAKKEREm. [HE] B E AN R
(CK) , RALAWEHEN RBL (2 (AWK 1:2, FHED . RB4: 1. RB6: 1. RB8 : 1 [U4AH
L 20 0 YR AR A i AT A e A3, R LR HE S A AR b, [ER] e 210d 5, 5
XPRRAARLE, PUANAMBAEAERR S 20 BRI, PR ER . AR5 R 5 R 2
HI4RTE, TR LU FRAC. mHCRIM 58 B R B dh, (HHAC R LUAHIT . BN, 201 B A1
HESHMAE, £ RB6:1 LT B RNOE ARSIk B K . ZEXT IR YA 4 e db 220 o,
RB6:1 ] MDA #r & &(k, B/ HBGERFIPIME. SdseabE 120d J5, WUAMFMEABRA R F 85 5 & &
BEFETAIRA; EAMEATE 90 2 210 d IlA], SPAD {HIZHIE A, WM a™ HiBH/N, HHIEFHS
HIZWEG. (8] KX, M 11 A ERExE3 A LR 3 A % 6 A B2 H RB8: 1.
RB6:1 MM %, AT DASEIUAR G AR KSR e Ak, iR B2 B K s KAk
KHEIR: M 2 LED #OGAE: AKIERS: SULBEENLE
FESES: S666.4  EMFERE: A XEHS: 1009-9980(2024)11-0001-08

Effects of different LED red and blue quality treatments on the
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Abstract: [ Objective] Citrus is the predominant fruit crop in China, with a plantation area of
2,923,000 hm? and yielding 55,956,000 tons annually as of 2021. The breeding cycle of citrus
virus-free container seedlings spans two years, from the initial rootstock sowing to grafting and
subsequent nursery cultivation. The protracted breeding cycle leads to a disconnect between citrus
seedling supply and demand, resulting in sporadic instances of inadequate availability. Therefore,
the citrus seedlings are insufficient to meet the demand of updating and iteration of citrus orchards
in China. The extended breeding period also escalates the production costs of citrus virus-free

container seedlings, impeding its widespread adoption. Furthermore, limited light exposure is
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observed during the early spring and autumn/winter seasons in most citrus producing regions. The
use of greenhouses for seedling production exacerbates the light deprivation experienced by citrus
rootstocks. The implementation of supplemental lighting stands out as a viable strategy to improve
the light condition, which may be a key initiative to accelerate the citrus rootstock breeding cycle
and promote resilient citrus rootstocks. The mechanism by which the mixed red and blue light
spectrum modulates the photosynthesis and photomorphogenesis of Poncirus trifoliata seedlings
remains unclear. The objective of this study was to determine the optimal supplemental light
conditions to improve the growth and development of Poncirus trifoliata seedlings. These results
will provide a theoretical insight for accelerating the cycle of citrus virus-free container seedling
breeding and improving seedling quality. [ Methods] Poncirus trifoliata seedlings obtained from
Dongkou of Hunan province were used as the experimental material. Five light-supplementing
treatments were designed, including RB4:1 (red to blue light ratio of 4:1), RB6:1, RBS:1, RB1:2,
and no light supplementation (CK). Seedlings with similar growth potential were selected and
transplanted in 14 rows, each containing 7 plants, thereby yielding a total of 98 plants for each
treatment. The supplementary light was positioned directly above the Poncirus trifoliata seedlings,
and its intensity was maintained at 150 umol-m?2-s”! by adjusting its distance from the average
height of the seedlings. The seeds were sown in the seedbed on August 12, 2021, and then it
transplanted into nutrient bags on September 20, 2021. Supplemental light was applied on
November 12, 2021, with a cycle of 6:00 AM to 10:00 PM, and ended on June 12, 2022. The
supplemental light cycle was completed on June 12, 2022. Plant height and stem thickness were
measured monthly between December 2021 and June 2022. SPAD and Chromatic Aberration a*
values were measured in February, April, May, and June 2022. Anthocyanin content was measured
monthly from March to June 2022. In June 2022, measurements were taken for leaf length, leaf
width, leaf area, total root length, average root diameter, root volume, root surface area, number of
root tips, LAI value, fresh weight, dry weight, dry weight of underground part, dry weight of
above ground part, root-crown ratio, photosynthetic parameters, chlorophyll fluorescence
parameters, soluble protein content, soluble sugar content, superoxide dismutase (SOD) activity,
peroxidase (POD) activity, catalase (CAT) activity, and malondialdehyde (MDA) content.

[ Results ] After 210 days of supplemental light treatment, all four treatments resulted in higher
plant height, stem thickness, total root length, average root diameter, number of root tips, and dry
matter accumulation as compared to the control. The root-crown ratio exhibited a slight decrease.
Leaf length and width displayed a declining trend, however, the aspect ratio of the leaf remained
unchanged. The number of branches increased whereas the branch height decreased. The

photosynthetic parameters were enhanced with RB6 demonstrating the highest stomatal



conductance and net photosynthetic rate. The MDA content of RB6:1 was significantly lower than
that of other treatments. Additionally, the soluble protein content, soluble sugar content and the
antioxidant enzyme activities (SOD, POD, and CAT) of RB6:1 were significantly higher than
those of the control, which may indicate the plans with strong resistance. After 120 days of
supplemental light treatment, the anthocyanin contents of RB4:1, RB6:1, RB8:1, RB1:2 were
significantly higher than that of the control in leaves. Between 90 and 210 days of the
supplemental light treatment, the SPAD values of the four treatments as a whole gradually
increased, while their Chromatic Aberration a* and anthocyanin contents gradually decreased.
This study focused on the stem thickness of the seedlings. RB8:1 showed the fastest growth
between 30 and 120 days of supplemental light treatment. In addition, RB6:1 exhibited the highest
stem thickness between 120 and 210 days of treatment, reaching 2.46 mm. At the end of 210 days
of treatment, RB6:1 exhibited the greatest stem thickness at 5.03 mm. [ Conclusion] In the
Changsha region, optimal growth and maximum stem diameter growth of Poncirus trifoliata
seedlings can be achieved by using RB8:1 and RB6:1 light supplementation from early November

to early March and from early March to early June, respectively.
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Table 1 Effects of different light supplement treatments on plant height of P. trifoliata

seedlings
¥ 755 Plant height/cm
yosiil
2022.1 2022.4 (150 2022.5 (180
Treatment 2 021.12 (30 d) 2022.2(90d> 2022.3 (120d) 2022.6(210d)
(60 d) d d
CK 11.03+0.88 a 11.03+0.81 a 11.15+£1.03 a 11.27+0.84 b 18.85+1.75a 35.09+6.02 a 48.19+6.76 ¢
RB4 : 1 11.06+0.74 a 11.07+0.80 a 11.09+£0.84 a 11.34+0.96 b 18.99£1.59 a 36.11£3.58 a 55.78+6.03 ab
RB6 : 1 10.92+1.02 a 10.94£1.08 a 10.94+1.05 a 11.19£1.05b 18.45+1.89 ab  36.98+£5.67 a 57.53+£598 a
RB8 1 11.15£1.07 a 11.51£0.82 a 11.58+0.90 a 12.17+0.56 a 19.26+£2.10 a 35.58+6.44 a 52.39+7.02 be
RBI1 2 11.09£0.99 a 11.09£0.77 a 11.22+0.74 a 11.27+0.89 b 17.21£2.49b 33.54+4.97 a 49.84+4.88 ¢
The data in the table are the means + SDs (n=14); different lowercase letters in each column indicate significant
differences between treatments (P<<0.05).
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Table 2 Effects of different light supplement treatments on Stem diameter of P. trifoliata
seedlings
ZEH Stem diameter/mm
yosiil
2022.1 2022.4 (150 2022.5 (180
Treatment 2 021.12 (30d) 20222(90d) 20223 (120d) 2022.6(210d)
(60 d) d d
CK 2.04+0.21b 2.18+0.20b 2.18+0.20b 2.34+0.24c¢ 2.63+0.29b 3.34+0.43c 4.36+0.44b
RB4 © 1 2.24+0.15a 2.42+0.17a 2.4240.19a 2.59+0.17ab 2.85+0.31a 3.78+0.54b 4.83+0.61a
RB6 : 1 2.23+£0.17a 2.39+0.17a 2.43%0.15a 2.57+0.14ab 2.96+0.22a 3.94+0.42ab 5.03+0.52a
RB8 : 1 2.31+0.1a 2.5+0.15a 2.56+0.14b 2.71£0.16a 3.04+0.22a 4.18+0.38a 5.00+0.41a
RB1 :2 2.17+0.25ab 2.39+0.27a 2.41£0.30a 2.52+0.24b 2.91+0.28a 3.93+0.38ab 4.95+0.50a

The data in the table are the means + SDs (n=14); different lowercase letters in each column indicate significant

differences between treatments (P<<0.05).
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Table 3 Effects of different treatments on branch number and leaves of P. trifoliata

seedlings
T A % IS K5 L
I TV i 5 i I
Branch Branch Leaf . Length-Width )
Treatment . Leaf number Leaf width/cm . Leaf area/cm
number height/cm length/cm ratio
CK 1.60£0.70b  8.31+3.16a 42.8+8.23¢c 3.11+0.39a 1.35+0.15a 2.32+0.26a 2.76+0.54a
RB4 @ 1 2.60+1.35ab  5.22+4.05b 57.749.57b 3.12+0.26a 1.35+0.08a 2.33+0.21a 2.71+0.28a

RB6 1 3.50+1.08a  3.66+4.01b 72.4£10.07a 2.97+0.25a 1.27+0.11ab 2.37+0.26a 2.50+0.27ab
RB8 1 3.60+£1.58a  4.91+4.32b  63.3+16.51ab 2.914+0.40a 1.254+0.15ab 2.34+0.22a 2.39+0.51ab
RB1:2 3.40+1.43a  4.26+4.09b 55.6+£11.89b 2.71+0.26b 1.16+0.02b 2.34+0.17a 2.12+0.12b

The data in the table are the means + SDs (n=20); different lowercase letters in each column indicate significant
differences between treatments (P <<0.05). The parameters measured included Branch number, Branch height(cm),

Leaf number, Leaf length(cm), Leaf width(cm), Length-Width ratio and Leaf area(cm?).
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Difference in lower-case letters indicates significant difference at p<<0.05.
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Fig. 2 Effects of different light treatments on leaf area index (LAI) of P. trifoliata seedlings
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Table 4 Effects of different light supplement treatments on roots of P. trifoliata seedlings

N R ER AR X A .

s iR A Rk BT o o
Average root Root ) Root Projected

Treatment  Total root length/cm ) ; Total root area/cm ) Tip number
Diameter/mm volume/cm area/cm

CK 146.77+64.66 b 0.35+0.01 a 0.21+0.10 b 16.19+£7.65 b 5.16£2.44 b 381.5+100.85 b

RB4 : 1 209.41+46.37 ab 0.37+0.05 a 0.37+0.17 ab 24.85+7.16 ab 7.914+2.28 ab 584.25+137.23 ab

RB6 © 1 287.37+39.49 a 0.38+0.03 a 0.48+0.14 a 34.89+7.25a 11.114£2.31 a 546.00+104.47 ab

RB8 © 1 240.50+56.10 ab 0.37+0.01 a 0.36+0.11 ab 27.60+6.89 ab 8.79+£2.19 ab 615.75+£160.69 a

RBI : 2 246.61£102.91 ab 0.35+0.04 a 0.35+0.23 ab 27.79£14.49 ab 8.85+4.61 ab 592.5+146.83 ab

The data in the table are the means = SDs (n=4); different lowercase letters in each column indicate significant
differences between treatments (P <<0.05). The parameters measured included Total root length(cm), Average root

Diameter(mm), Root volume(cm?), Total root area(cm?), Root Projected area (cm?) and Tip number.
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Table 5 Effects of different light supplement treatments on biomass of P. trifoliata seedlings

H BB
Ab R i i fE T & Hu R R Hd bt
Treatment Fresh mass/g Dry mass/g Shoot dry Root dry mass/g Root/shoot ration
mass/g

CK 12.94+4.82 b 4.14+x1.45b 3.24+1.22b 0.90+0.27 b 0.290+0.07 a
RB4 : 1 15.24+3.89 ab 5.21+1.34 ab 4.02+0.96 ab 1.19+0.42 ab 0.290+0.05 a
RB6 @ 1 21.57+2.16 a 7.24+0.81 a 5.69+0.70 a 1.55+0.18 a 0.272+0.04 a
RB8 : 1 21.12+4.89 a 6.85+1.66 a 535t1.42a 1.51£0.29 a 0.288+0.04 a
RB1 : 2 17.48+6.44 ab 5.48+1.99 ab 4.33+1.47 ab 1.14+0.54 ab 0.254+0.06 a

The data in the table are the means + SDs (n=4); different lowercase letters in each column indicate significant
differences between treatments (P<<0.05). The parameters measured included Fresh weight(g), Dry weight(g),
Shoot dry weight(g), Root dry weight(g) and Root/shoot ration.

2.3 REILLBILI A TR AR A & A E2 0

23.1 *F SPADfiA=& £ a"A 89 %vh  HIFK 6 AIAL, FACBRM SR E A S B R L
THEH . T AL 90 d J5 SPAD BRIy 2021 AEHF AR, &AL SPAD /T
CK, HH'RB6: 1. RB8 1 BT CK. A TMlELLR 150d. 180d. 210d J5 SPAD fH
R Fr oy 2022 SERAAE . ALBE 150 d 5, DU AMEALER ) SPAD fHISME T CK, TCRF1E
ZE5t. AbFE 180d. 210d 5, FAMEALEER) SPAD {H#4 T CK, RBI1 : 2 [ SPAD {H4 N
K

FH3R 6 A, S ACEL 1 22 a*H RIS FREAE BTG . T e A FE 90 d JE



7 a"H M o 2021 EEF AR, ) TIE AL BE 150 d 180 d. 210 d JE (2 a*ERIH
2022 FEHIAEIM . AREE 90 d JE, PU/MAMEARHE I 2 2 EI B E ST CK, A R4, CK
M Fmsk, RB6 1 [ a*fifc k. AFE 150d. 180d. 210d J&, 2 a"EH Nk, MR
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Table 6 Effects of different light supplement treatments on SPAD value and color index

a* value of P. trifoliata seedlings

1Ry aME/NT CK, WRREMEER: AL

SPAD {& SPAD value

{47 a*{f color index a* value

AP
20224 (150 20225 (180 2022.6 20222 (90  2022.4 (150 2022.5 2022.6 (210
Treatment 2 022.2 (90 d)
d d 210d) d d (180 d) d
CK 75.414522a 72174433 a  71.34+4.55b 75.20+£1.98 b -1.85£1.29b -4.53+1.51 a -6.30£0.99 ab  -4.69+0.49 a
RB4 : 1 69.36+5.18bc  71.63+5.15a  76.19+3.72a  76.82+2.77 ab 3.58£2.76 a -436+1.57 a -6.68+0.74 ab  -4.90+0.61 a
RB6 : 1 66.93+5.58 ¢ 71.7844.09a  75.25+4.07a  76.1442.03 ab 4334231 a -3.77+0.85 a -6.07+1.30ab  -4.90+0.64 a
RBS : 1 66.85+3.43 ¢ 70.3743.45a  77.24+296a  77.06+3.70 ab 3.86+2.76 a 3724147 a -6.95£0.62b  -4.86+£0.67 a
RBI : 2 71.64+5.13ab  71.48+2.89a  78.10+3.39 a 78.5243.96 a 3.9743.12 a -3.89+1.29 a -5.89+0.82a  -4.83+0.54a

The data in the table are the means + SDs (n=10); different lowercase letters in each column indicate significant

differences between treatments (P<<0.05). The parameters measured included SPAD value and color index a*

value.
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K. A TERE BT RB4 i1, RB6 : 1. RB8 : 1. RBI1 :2 [Fi5 64 HE CK 1 87.51%-
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Table 7 Effects of different light supplement treatments on photosynthetic parameters

of P. trifoliata seedlings

Ab R L EHE P, SALRE Gy Ja e — ALK G AR A T,
Treatment  /(pmol CO>'m-s’) / (mol H2O'm s> / (umol CO>'mol ) / (mmol HO'm s ™)
CK 10.41£2.30a 0.36+0.08a 334.87+6.84a 7.84+1.56a
RB4 1 9.11£1.01a 0.36+0.08a 342.88+5.74a 8.13+1.34a
RB6 : 1 10.524+2.69a 0.37+0.04a 337.06+10.97a 7.66£1.16a
RB8 1 8.34+0.55a 0.36+0.04a 344.6+6.56a 7.76+0.58a
RB1 2 7.92+1.44a 0.34+0.03a 345.0649.11a 7.22+0.88a

The data in the table are the means = SDs (n=3); different lowercase letters in each column indicate significant
differences between treatments (P << 0.05). The parameters measured included Pn(pmol CO>'m?2-s), Gs(mol

H20'm?:s"), Ci(umol CO2-mol™") and Ti(mmol H,O-m?:s™").
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(FJFy) ¥JMKF CK, RB4:1. RB6:1. RB8: 15 CK EEEHMHZER; RBI 21 F/F,
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Table 8 Effects of different light supplement treatments on Chlorophyll fluorescence
parameters of P. trifoliata seedlings

b7 JRAG 9 BRI LEYSd B A& I RAROGETERE ROKET A
Treatment Fo Fin Fy FulFo Fy/Fo Fy/Fin
CK 3807167 a 20 380+1357 a 16 5741301 a 5.36+0.34 a 4.36+£0.34 a 0.81+0.01 a
RB4 1 37194429 a 19 633+£2307 ab 1591442204 a 5.31+0.70 a 4.31£0.70 a 0.81+0.02 a
RB6 1 4040+544 a 20 538+1970 a 16 498+1678 a 5.1240.48 ab 4.124+0.48 ab 0.80+0.02 ab
RB8 1 3802+585 a 17 5154909 b 13 713£827 b 4.67+0.55 ab 3.67+0.55 ab 0.78+0.03 ab
RBI1 2 3809+£323 a 17 40242025 b 13 5931845 b 457041 b 3.57£0.41 b 0.78+£0.02 b

The data in the table are the means + SDs (n=3); different lowercase letters in each column indicate significant
differences between treatments (P<<0.05). The parameters measured included Fo, primary fluorescence; Fm,
maximum fluorescence; Fv, Fm/Fo, electron transfer rate; Fv/Fo electron transfer rate, potential activity of PSII

and Fv/Fm, potential activity of PSII.
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A WEMEERAST: B, WA NEFRINERRREREZE (p<0.05)
A. statistics of Soluble protein; B. statistics of soluble sugar. Difference in lower-case letters indicates significant
difference at p<<0.05.
3 FRILEX ARG E A E B ALA R
Fig. 3 Effects of different light supplement treatments on statistics of Soluble protein and
statistics of soluble sugar of P. trifoliata seedlings
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Table 9 Effects of different light supplement treatments on the content of anthocyanin

)

&

-

of P. trifoliata seedlings

o 't 1 & & Anthocyanin content/ (mg-g')
Treatment 2022.3 (120d) 2022.4 (150 d) 2022.5 (180d) 2022.6 (210 d)
CK 1.26+0.23 b 1.21£1.25a 0.94+0.94 a 0.73+0.06 a
RB4:1 3.15+0.64 a 1.66+0.71 a 0.94+0.94 a 0.76+0.04 a
RB6:1 2.78+0.64 a 2.00+1.22 a 1.13£1.13 a 0.79+0.07 a
RBS:1 2.38+0.20 a 1.47+1.47 a 1.08+0.71 a 0.79+0.01 a
RBI:2 2.84+0.55a 1.4840.94 a 1.24£1.24 a 0.75+0.05 a

The data in the table are the means = SDs (n=4); different lowercase letters in each column indicate significant

differences between treatments (P<<0.05).

253 SATAAMEEENEE MDA &&469% % & 10 AifAl, RB4:1 ffl MDA & &4 CK
f') 88.70%, RB8:1. RBI1:2 [f] MDA & &7 l/2& CK 1] 120.78%. 104.54%, o3 1% 57
RB6:1 If MDA & &K, WEMT CK, & CK 1 60.93%.

VAN E AL BR ) SOD JEPEY B3 = T CK, 205l /& CK 1 108.68%- 108.98%- 111.34%.
122.14%, RB1:2 fif=ifH. RB4:1. RB8:1 [f] CAT y& £ 5 CK LR ZE M %5 RB6:1. RB1:2
ff) CAT 357443 5l /& CK 1 108.99%. 113.80%, ZRF&E3E. MUHMEAER POD i, 5
CK i #1E% 7, RB4:1 [f] POD J&MEMAK, RB6:1 [ POD i&E M & -

R 10 AELENRGEMECEEES MDA 25N

Table 10 Effects of different light supplement treatments on antioxidase activities and

MDA content
MDA % & CAT 1% POD i1
Kb 3 8 SOD ¥ o o
MDA content/ CAT activity/ POD activity/
Treatment SOD activity/ (U-gh)
(nmol-g ™) (U-gtmin) (U-gtmin")
CK 17.61£1.32 ab 1125.73+£52.87 ¢ 3160+226.52 be 56288+11494.46 a
RB4:1 15.62+£3.35b 1223.4245291b 2788+232.17 ¢ 53 928+10090.53 a
RB6:1 10.73+£0.79 ¢ 1226.76+£13.46 b 3444+156.00 ab 58 91243 363.50 a

RBS:1 21.27+3.59 a 1 253.40+83.28 b 29204232.79 ¢ 54 928+10 305.63 a




RBI1:2 18.41+1.53 ab 1374.97+£70.96 a 3596+163.8a 58 528+13 821.04 a

The data in the table are the means + SDs (n=3); different lowercase letters in each column indicate significant
differences between treatments (p<<0.05). The parameters measured included MDA content (nmol-g!), SOD
activity (U-g ™), CAT activity (U-g"'-min"') and POD activity (U-g'-min™").
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