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Effects of LED supplementation on proliferation, and physiological and
biochemical indices of tissue-cultured banana plantlets

XIANG Leilei, LI Dan, SUN Xueli, TIAN Na, LIU Fan, FU Shuai, CHEN Yukun, LIN Yuling,
CHENG Chunzhen, WANG Tianchi ~ & LAl Zhongxiong

College of Horticulture/Institute of Horticultural Biotechnology, Fujian Agriculture and Forestry University, Fuzhou 350002, China

Abstract This study aimed to investigate the effects of LED supplementation on the proliferation, and
physiological and biochemical indexes of tissue-cultured banana plantlets. ‘Tianbaojiao’ bananas were
subjected to seven different LED treatments: ordinary fluorescence plus LED red light (R), ordinary fluorescence
plus LED blue light (B), ordinary fluorescence plus LED green light (G), ordinary fluorescence plus LED white
light (W), ordinary fluorescence plus LED warm white light (WW), ordinary fluorescence plus LED warm yellow
light (WY), and ordinary fluorescence (CK). Treatment effects on growth rate, physiological indexes, chlorophyll
content, and chlorophyll fluorescence of banana plantlets were then compared. The multiplication coefficient of
banana plantlets was found to be the highest under WY treatment and the smallest under B treatment. Plantlets
were tallest under R treatment, the largest pseudostem diameter was recorded under B treatment, and the root
length was greatest under WW treatment. The maximum root length, root number, root diameter, leaf number,
leaf width, and leaf length were greatest under W treatment. Moreover, CK, R, B, and G treatments resulted in
inhibited chlorophyll and carotenoid accumulation, while white light supplementation increased chlorophyll and
carotenoid content. Plants in the W group also showed the highest fresh weight, water content, and optimum
seedling coefficient. Furthermore, R and G treatments with monochromatic light decreased chlorophyll and
carotenoid content, while white LED supplementation increased chlorophyll and carotenoid content. In addition,
supplemental LED light, especially red, white, and green light significantly increases the parameters of F,/
F., FJF, and NPQ, but inhibits the Y(II), ETR, and g parameters. During multiplication culture processes,
warm yellow light supplementation resulted in the highest plantlet growth rate. During rooting, white light LED
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supplementation is helpful for chlorophyll and carotenoid accumulation and provides the highest chla/chlb ratio,
photosynthetic efficiency, and seedling-strengthening coefficient. Our study provides a basis for future LED light

supplementation in banana tissue culture.

Keywords banana; LED supplementation; proliferation coefficient; physiology and biochemistry index;

chlorophyll content; chlorophyll fluorescence
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Table 1 Effects of different light supplementation on banana plantlet
proliferation (Mean * SD)

o6 e i HaATH A
Y/ =} AN
G‘%)’ﬁp ﬁiUEt Light intensity  Proliferation
9 (umol/m*s™) coefficient
CK 8%t OF 40+ 1 2.94 % 0.10c
i 7 + LEDZLYE
R DA s LB 40+ 1 312+ 0.09b
@Y + LED#E
B o e 40 £ 1 217 £ 0.05e
HWimH + LEDAYE
woo SR LED 40 £ 1 2.25+0.11e
WM + LEDSE G
G or S Ebae 40+ 1 2.42 +0.05d
WO + LEDRE DG
ww S LEDI 40 £ 1 2.28+0.05¢
ST S N
wy  HIEIOE + LEDEZIE 40+ 1 3.39 +0.04a

OF + LED warm Green

[R5 B J5 AN R P RER R REEZE S (P < 0.05) .
Different small letters in the same column following the data indicate
significant differences (P < 0.05). OF: Ordinary fluorescence.

Fig. 1 Supplementary light source spectrum. The transverse coordinates are wavelength (frequency) and the longitudinal coordinates are strength.

E2 #FETEXREEEAZEHNILERR.

Fig. 2 Banana plantlets proliferation under different light supplementation treatments.
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Fig. 3 Growth of banana plantlets supplemented with different light.

F2 M AR FXFEABEEXEKIERAN M

Table 2 Effects of different light supplementation on the growth indexes of banana plantlets

503/

Rl MR (ffem) HEAREL(N) HHL (fmm) e (hicm) 22 H (d/mm) H-4(N) -8 (b/cm) K- (1fem)
Group Root length Root number  Root diameter Plant height ~ Stem diameter  Leaf number Leaf width Leaf length
CK 5.03 £ 0.02¢c 4.33 £ 0.07e 1.32 £ 0.02¢c 7.53 £ 0.03c 210+ 0.01e 6.00 £ 0.0ab 1.57 £ 0.02d 3.93+£0.02e
R 5.07 £ 0.05¢ 5.33 +0.05¢ 1.24 £ 0.01d 8.00 £ 0.08a 2.07 £ 0.05e 5.33+0.08b 1.80 £ 0.01b 4.27 £0.02d
B 4.90 +£0.14d 5.33 +0.02¢c 118 £ 0.01e 6.37 £ 0.02e 3.07 £ 0.05a 6.00 £ 0.0ab 1.87 £ 0.05b 4.63 £ 0.05¢c
W 510+ 0.07c 14.5 + 0.14a 1.57 £ 0.02a 7.83 £ 0.05b 2.55+0.04b 6.50 £ 0.71a 2.05+0.04a 5.25+0.04a
ww 6.65 + 0.04a 11.5+£0.11b 1.43 £ 0.02b 7.65 + 0.04c 2.43 £0.02¢c 6.50 £ 0.71a 1.85 £ 0.04b 4.80 £ 0.01b
wy 5.80 +0.07b 4.70 £ 0.09d 1.42 £ 0.01b 6.53 + 0.06e 213 £0.02e 6.00 = 0.0ab 1.70 £ 0.01c 4.30 +0.01d
G 4.23 £ 0.07e 4.33 £ 0.06e 0.87 + 0.04f 6.73 + 0.05d 2.23 £ 0.02d 5.33 £ 0.04b 1.27 £ 0.02e 3.17 £ 0.02f
F SR o A F 7 B s B V2 5 (P<0.05) .
Different small letters in the same column following the data indicate significant differences (P < 0.05).
R3 MATEXRMBEAEBEYENEBEREHZM
Table 3 Effects of different light supplementation on biomass and seedling strengthening coefficient of banana plantlets
Eikil = i Weight (m/g) K A R
Group 1 1l 111 \Y Water content (r/%)  Strong seedling index
CK 1.93 £ 0.0141d 0.0928 + 0.0004d 0.0806 + 0.0008d 0.0131 £ 0.0001d 0.9518 £ 0.0003b 0.0412 + 0.0002f
R 212 +0.0283c 0.1069 + 0.0001c 0.0904 + 0.0005b 0.0169 + 0.0002c 0.9495 + 0.0007c 0.048 + 0.0001e
B 1.51 £ 0.0141f 0.0832 + 0.0002e 0.0731 £ 0.0001e 0.0101 £ 0.0001e 0.9452 + 0.0003e 0.0512 £ 0.0003d
Wi 2.595 +0.0071a 0.1105 £ 0.0007b 0.0851 £ 0.0001c 0.0253 + 0.0004a 0.9578 + 0.0004a 0.0681 + 0.0001a
ww 2.31 £0.0141b 0.1149 + 0.0001a 0.0949 + 0.0002a 0.0201 + 0.0001b 0.9502 £ 0.0003c 0.0609 = 0.0002b
Wy 1.59 + 0.0141e 0.0825 £ 0.0007e 0.0629 £ 0.0001g 0.0202 + 0.0002b 0.9478 + 0.0004d 0.0532 £+ 0.0003c
G 1.485 + 0.0212f 0.08 + 0.0007f 0.0698 + 0.0002f 0.0103 + 0.0005e 0.9458 + 0.0003e 0.0379 + 0.0001g

T REEEE I P E; M1 Hb B3FE; IV: M.
I : Total fresh weight; II: Total dry weight; III: Aboveground dry weight; IV: Underground dry weight.
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Fig. 4 Effects of different light supplementation on the photosynthetic pigment (A) and chlorophyll (a/b) ratio in banana plantlets. Chl a:
Chlorophyll a; Chl b: Chlorophyll b; chl a + b: Chlorophyll a plus chlorophyll b; Ca: Carotenoid. Different small letters on the column indicate significant

differences (P < 0.05).

R4 MRFRXFRNEEAFEEHRRRASERNEZN

Table 4 Effects of different light supplementation on chlorophyll fluorescence parameters of banana plantlets (Mean * SD)

ZH %] Group F./F, F./F., Y(11) NPQ 9p ETR
CK 213 +£0.02b 0.68 £ 0.00b 0.62 £ 0.02a 0.03 £0.00c 0.91 +0.02a 5.41+0.19a
R 3.52 +0.40a 0.78 £ 0.02a 0.53 £ 0.02¢c 0.14 + 0.05b 0.82 £ 0.01d 4.63 £ 0.19bc
B 3.23+0.17a 0.76 £ 0.01a 0.57 £ 0.06abc 0.22 £ 0.13ab 0.90 £0.01a 5.08 £ 0.50ab
W 3.20 £ 0.05a 0.76 £ 0.00a 0.53 £ 0.02c 0.27 £ 0.05a 0.87 £ 0.02bc 4.72 + 0.13bc
wWw 3.28 £ 0.23a 0.77 £ 0.01a 0.56 + 0.01bc 0.17 £ 0.01ab 0.85+0.00c 5.00 £ 0.09abc
wyY 3.28 £0.17a 0.77 £0.01a 0.60 £ 0.01ab 0.17 £ 0.02ab 0.89 £ 0.01ab 5.26 £ 0.12a
G 3.50 + 0.28a 0.78 £ 0.01a 0.53 £ 0.03c 0.24 + 0.03ab 0.82 £ 0.01d 4.60 + 0.24c

[ 5 B4 5 AN ) R R OR i 1 22 57 (P < 0.05) .

Different small letters in the same column of data indicate significant differences (P < 0.05).
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Fig. 5 Effects of different light supplementation on chlorophyll fluorescence parameters of banana plantlets. A: Chlorophyll fluorescence imaging
result generated by the standard of F,/F,; B: Chlorophyll fluorescence imaging result generated by the standard of NPQ; C: Chlorophyll fluorescence
imaging result generated by the standard of Y(ll).
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