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Effect of light quality on the growth of in vitro seedling of ‘Qiuhongbao’
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Abstract: [Objective]Light is one of the environmental factors affecting tissue culture for propagation.
Light quality plays an important role in the growth, physiology and metabolite accumulation in in vitro
seedlings. LED polychromatic light can promote the proliferation of in vitro seedlings. At present, the
research of light quality on grape growth focuses mostly on vines grown in greenhouse, but there is lit-
tle research on its application in tissue culture. Therefore, this study explored the effect of light quality
on the growth and physiological characteristics of ‘Qiuhongbao’ grape seedlings grown in vitro.[lMeth-
ods]Seven different light quality treatments were set up in this experiment. They were white light (W),
red light (R), blue light (B), and combinations of red, blue or white light with different ratios (R:B=3"
1,R:B=4.1,R:B=5:1, and R:B:W=3:1:1). The young stems of ‘Qiuhongbao’ grape were collected
from the Horticultural Station of Shanxi Agricultural University. Healthy young stem segments of ‘Qi-
uhongbao’ were collected in the morning before dew dried. They were washed with water for 2 h to re-
move dust, cut it into 5 cm stem segments as explant, and surface disinfected in an ultra clean work-

bench. The specific disinfection method was 75% alcohol immersion for 30 s, washing with sterile wa-
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ter for 2-3 times, 0.1% mercuric chloride immersion, and washing with sterile water for 5 times. The
sterilized stem segments were cut into 2 cm single bud stem segments with both ends removed, and in-
oculated on MS+0.2 mg-L"' IBA+1.0 mg-L"' 6-BA+0.2 mg-L"' NAA+30.0 g-L"' sucrose + 7.0 g- L'
agar (pH 5.8-6.0). The culture environment temperature was (25+1) “C, and the photoperiod was 16/8 h
(light/dark). 10 days after inoculation, the survival rate, pollution rate and browning rate under different
treatments were recorded. In each treatment, 10 plantlets were randomly selected to measure seedling
water content and their morphological indexes including plant height, stem diameter, leaf number, leaf
length, leaf width, root number, maximum root length and internode length. Then the chlorophyll con-
tent (ethanol extraction method), soluble sugar content (anthrone method), soluble protein content (Coo-
massie brilliant blue method), malondialdehyde (MDA) content (thiobarbituric acid method), and activi-
ties of POD (guaiacol method), SOD (NBT photoreduction method) and CAT (H,O, method) were mea-
sured.[Results]1The survival rate in R:B=5.1 and W treatments was the highest and significantly high-
er than the other light treatments, while the pollution rate and browning rate were significantly lower
than the other treatments. The plant height in R and W was significantly higher than that in the other
treatments. Among different red and blue light ratios, seedling height showed a gradual upward trend
with the increase in the proportion of red light. Under the treatment of R:B=5:1, the length and width
of leaves were the largest. The number of roots and maximum root length of plants under B treatment
was the highest, which indicated that single blue light had a strong influence on the rooting of in vitro
seedlings of ‘Qiuhongbao’. The plant height, internode length, leaf number, leaf length, leaf width, root
number and maximum root length were lowest under R:B=4:1. There was no significant difference in
water content among treatments. Total chlorophyll, chlorophyll a, chlorophyll b and carotenoid contents
were the highest in B treatment and significantly higher than in the other treatments. The total chloro-
phyll content of leaves under R:B=5:1 was significantly higher than that in the other treatments except
for B. SOD activity in the leaves was the highest in the treatment of R:B=4:1 (100.89 U-g"'-min™") and
significantly higher than the other treatments, and the second highest was found in the treatment of R
B=5.1. The POD activity of leaves was the highest (185.57 U-g"-min") under R:B=5:1, but not signif-
icantly different from that under B treatment. The highest CAT activity was 96.27 U g min"', which
was significantly higher than the other treatments. MDA content of the leaves under R: B=31 treat-
ment was the largest (54.27 U-g"), and it showed a significant decreasing trend with the increase in red
light proportion. The physiological and biochemical data were standardized and analyzed by grey corre-
lation, the order of suitability of light treatments for the growth of in vitro ‘Qiuhongbao’ plantlet was R
B=5:1>B>W>R>R:B:W=3:1:1>R:B=4:1>R:B=3:1.[Conclusion]R:B=5:1 can be used as
the optimal light quality ratio to promote the growth of in vitro cultured seedling of ‘Qiuhongbao’
grape. Total chlorophyll content, maximum root length, plant height, leaf length, and SOD activity are
the main indexes that are closely correlated with the growth of the in vitro seedlings of ‘Qiuhongbao’
under different light quality.
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Table 1 LED light quality treatment design

Ab Je JaE HL

Treatment Light quality Light amount ratio

A i White 2T (Red): ¥ (Blue):
£E(Green)=10:7:3

B 2 Red 100%

C # Blue 100%

D Z1/# Red/Blue 3:1

E Z1/# Red/Blue 411

F Z1/# Red/Blue 5:1

G 21/¥/ 1 Red/Blue/White 30101
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Fig. 1 Development of in vitro seedling of ‘ Qiuhongbao’ grape under different light treatments
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Table 2 Effect of different light quality on chlorophyll contents in ‘Qiuhongbao’ leaves

Ab R w23 w4t a) w(H£E3 b) wCEHE 3O

Treatment Total chlorophyll content/(mg-g™") Chlorophyll a content/(mg-g') ~ Chlorophyll b content/(mg- g") Carotenoid content/(mg-g™")
A 1.26+0.00 cd 0.92+0.00 cd 0.34+0.00 ¢ 0.18+0.00 be

B 0.98+0.18 d 0.66+0.31 de 0.31+0.12 ¢ 0.12+0.15¢

C 3.12+0.00 a 2.2840.00 a 0.83+0.00 a 0.43+0.00 a

D 0.54+0.00 ¢ 0.40+0.00 e 0.14+0.00 d 0.09+0.00 ¢

E 1.63+0.00 ¢ 1.19£0.00 ¢ 0.44+0.00 ¢ 0.2440.00 b

F 2.26+0.00 b 1.67+0.00 b 0.59+0.00 b 0.30+0.00 b

G 0.86+0.56 de 0.69+0.43 de 0.17+0.14 d 0.19+0.08 be
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Fig. 2 Changes in physiological and biochemical indexes in in vitro seedlings of ‘ Qiuhongbao’ grape

under different light quality
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Table 3 Characteristic vector and contribution rate of principal components of each indicator

HFAE M) B Characteristic vector

s s ELZS! FH2 EH3 FHs4 EEE
Index Code Principal Principal Principal Principal Principal
component 1 component 2 component 3 component 4 component 5
Pk Plant height k1 -0.10 -0.21 0.69 0.01 0.48
Z2H Stem diameter k2 0.53 0.39 -0.58 -0.04 0.16
I} Leaf number k3 0.07 0.70 0.56 -0.30 0.01
4 Leaf length k4 0.24 0.12 -0.06 0.83 0.33
5 Leaf width k5 0.33 0.61 -0.56 -0.29 0.21
HE41 Root number k6 0.66 0.33 0.37 0.03 -0.32
i KA K Maximum root length k7 0.63 0.61 -0.17 0.33 -0.10
11 i 4 Internode length k8 -0.10 0.66 0.41 0.27 0.15
%7K Water content k9 -0.37 0.34 -0.03 -0.28 0.31
4¢3 a Chlorophyll a k10 0.91 -0.35 0.15 -0.04 -0.02
142 b Chlorophyll b k11 0.92 -0.26 0.01 -0.25 -0.03
S 4% 3R Total chlorophyll k12 0.93 -0.33 0.12 -0.10 -0.01
K% b3 Carotenoid k13 0.80 -0.42 0.28 0.10 -0.01
SOD k14 -0.43 -0.47 -0.08 -0.35 0.57
POD k15 0.77 -0.37 -0.28 -0.11 0.07
CAT k16 0.66 0.11 0.01 0.16 0.66
MDA k17 -0.52 -0.54 -0.24 0.51 -0.04
¥ EAE Eigen value 6.09 3.24 2.03 1.62 1.41
75 ZE BTHRFE Variance contribution rate/% 35.82 19.06 11.97 9.52 8.31
Z1 UTHk# Cumulative contribution rate/% 35.82 54.88 66.85 76.37 84.68
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Table 4 Grey relational analysis of each indicator

ke JEJ5 Light quality

Code A B C D E F G
k1 100 085 058 047 047 054 053
K2 100 062 063 059 084 077 082
K3 057 047 064 052 040 084 1.00
k4 081 091 070 071 056 1.00 058
k5 072 069 084 073 055 100 0.60
k6 076 0.68 100 061 051 068 051
K7 076 0.61 100 066 035 085 0.0
k8 073 1.00 054 065 044 068 073
k9 1.00  1.00 0.63 099 084 097 0.89
k10 045 041 100 037 050 064 041
k11 045 044 100 037 051 063 038
k12 045 041 100 037 050 0.64 040
k13 046 040 1.00 038 053 062 046
k14 040 052 033 041 1.00 060 051
k15 034 039 094 046 052 100 034
kl6 041 039 045 034 034 100 041
k17 047 047 054 092 074 056 1.00
Y 154 147 183 136 137 186 144
Herr 3 4 2 7 6 1 5
Order

Tk~ 17 ARFRIRARE AR 3. y fRFRKIRE
Note: Representational indicators of k1-k17 are detailed in Table 3.

v stands for correlation degree.
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