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Effects of transparent film of different colors on photosynthetic charac-

teristics and fruit quality in Chinese bayberry

LIANG Senmiao, ZHU Tingting, ZHANG Shuwen, ZHENG Xiliang, QI Xingjiang’
(Institute of Horticulture , Zhejiang Academy of Agricultural Sciences, Hangzhou 310021, Zhejiang, China)

Abstract: [Objective]Light affects many processes of plants including morphogenesis, growth and de-
velopment, metabolism and nutritional quality of fruit. Construction of transparent film shed above fruit
trees can affect mineral absorption and fruit quality through its effects on light quality and the tempera-
ture and humidity within the shed. This experiment explored the effects of transparent films of different
colors on the photosynthetic characteristics and fruit quality of Chinese bayberry. Comprehensive evalu-
ation was carried out by calculating the comprehensive score of the main components in order to find
out the film suitable for high-quality production of Chinese bayberry. [Methods] Six treatments includ-
ing red, blue, yellow, green and white transparent filming and open-field (CK) groups were set up, and
the spectral transmittance, photosynthetic characteristics of leaves and fruit quality of Chinese bayberry
were measured. The data of seventeen related parameters such as light intensity, net photosynthetic rate,
intercellular CO,, transpiration rate, water content, N, P, K, single fruit weight, length, width, soluble
solids, soluble sugars, titratable acids, sugar-acid ratio, contents of flavonoids and polyphenols were
standardized, and the effects of different color transparent films were evaluated by principal component
analysis. [Results] The spectral transmittance of different color transparent films varied greatly from
380 to 780 nm. The visible light transmittance of white film was the highest, while that of red film the

lowest. The light intensity in the film shed decreased significantly after covering with colored transpar-
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ent films, and the order from high to low was CK > yellow > green > red > blue> white. The intercellu-
lar CO. concentration in the leaves in white and red transparent film sheds were significantly higher
than in CK. The transpiration rate of leaves under the yellow transparent film was the highest, and the
net photosynthetic rate under the yellow and green transparent films was significantly higher than CK.
After covering the colored transparent film, leaf water content increased. The contents of N, P and K in
the leaves treated under the red film and the content of polyphenol in the fruit were the highest. The sin-
gle fruit weight and fruit length and width under the treatment with blue film were the highest, and the
titratable acid content of fruit was the lowest. The soluble solid content, soluble sugars and sugar-acid
ratio in fruit treated with yellow film and the flavonoid content in fruit treated with green film were the
highest. Based on the result of principal component analysis, 5 factors were extracted from the convert-
ed data matrix with their cumulative contribution approximated to 100%, and the eigenvalue of the 5
factors ranged from 1.637 to 6.464. The first factor was fruit quality factor, with variance contribution
of 38.024%. The second factor was photosynthesis factors, with variance contribution of 25.707%. The
third factor was sugar factor, with variance contribution of 16.496%. The fourth factor was fruit nutri-
tion factor, with variance contribution of 10.146%. The synthetical score of the 6 treatments in descend-
ing order was blue > red > green > yellow > CK > white. [Conclusion] The comprehensive scores of
blue and red transparent film treatments ranked the first and the second, respectively, which improved
the absorption of minerals and fruit quality. They can be used in facility cultivation of Chinese bayberry
for high quality and efficiency production.

Key words: Chinese bayberry; Transparent film; Photosynthetic characteristics; Quality ; Comprehen-

sive evaluation
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Table 1 Visible light transmittance of transparent films

with different colors
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Treatment Visible light transmittance/%
W4 {5 Blue 438

2, Green 48.6

A Yellow 54.2

ZL4 Red 21.4

F1 4 White 58.4
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Fig. 1 Spectral transmittance of different

colored transparent films
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Fig. 2 Light intensity and photosynthesis in different colored transparent films
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Fig. 3 Water content and contents of various elements in leaves under different colored transparent films
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Table 2 Effect of different colored transparent films on fruit quality

Kb 3 Treatment

PEIR Trait xR CK /I White 2L Red HH Yellow #5155 Blue ZEJE Green
L 18.52+1.25 16.72£1.70 ** 18.87+1.63 19.4342.00 21.51+1.81 ** 19.37+1.30
Single fruit mass/g

Wiz 31.29+1.42 30.01+1.48 * 32.07+1.34 31.32+1.03 32.78+1.33 * 31.85+0.97
Length diameter/mm

Tz 31.70+1.48 30.24+1.26 * 31.46+1.05 31.09+1.48 33.12+1.31 * 31.34+1.09
Width diameter/mm

wCATE B TE D 12.04+0.85 11.22+0.88 * 11.2040.79 * 12.73+0.34 * 10.6140.38 ** 10.58+0.53 **
Soluble solids/%

wnl T PERD 7.67+0.23 7.52+0.82 8.79+0.49 * 10.53+0.84 ** 8.14+0.44 7.91+0.32
Soluble sugars/%

w AT € R 1.10+0.04 1.12+0.04 0.90:0.06 * 0.93+0.02 0.88+0.04 * 0.92+0.03 *
Titratable acids/%

PEER L 6.99:+0.14 6.71+0.92 9.83:+1.11 ** 11.35+1.03 ** 9.28+0.41 * 8.62+0.63 *
Acid-sugar ratio

w(Z ) 2.03+0.08 2.17+0.06 2.64+0.11 ** 1.93+0.13 2.14+0.05 2.32+0.15 *
Polyphenol content/(mg- g")

wH D 3.11£0.10 1.83+£0.22 ** 2.56+0.10 ** 2.7340.25 2.14+0.25 ** 3.45+0.14 *

Flavone content/(mg-g")

TE R RORAE 0.01 KPR A # RO TE 0.05 KF IR AR

Note: ** stands for the significant difference at p < 0.01; * stands for the significant difference at p <0.05.
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Table 3 Eigenvalue and contribution rates of leaf traits and

fruit quality evaluation factors

, . TR B TR
T MEE QOOURE SBURESEE
Factor Eivenvalue Variance contribution Total contribution
& u rate/% rate/%
1 6.464 38.024 38.024
2 4.370 25.707 63.732
3 2.804 16.496 80.227
4 1.725 10.146 90.373
5 1.637 9.627 100.000

®4 ERPEFRMR E8IEFHAETER

Table 4 Rotated component matrix of the principle

components
PEIR F ) Factors
Trait 1 2 3 4 5
HOLF & Single fruit mass  0.809  0.341 -0.292 -0.268 0.271
Y\1% Length diameter 0.875 0.097 -0.374 0.034 0.291
Hif% Width diameter 0.626 0.151 -0.428 -0.229 0.592
AL E T -0.251 0.559 0.739 0.219 0.173
Soluble solids
A §f% %€ BX Titratable acids 0.981 0.086 -0.076 -0.011 -0.155
Al VERE Soluble sugars 0.489 0449 0.725 0.058 -0.173
PEIR L Acid-sugar ratio 0.804 0321 0.464 0.026 -0.184
EZUies s 0.383 -0.745 -0.174 0.486 -0.182

Polyphenol content
# il & Flavone content 0.076 0.593 -0.411 0.663 -0.185

JGMEBEE Light intensity -0.383  0.528 -0.108 0.521 0.539
Ja ] COL ¥ S5 0.089 -0.892 0.365 -0.155 0.196
Intercellular CO,

ZE 510K Transpiration rate -0.036  0.733  0.375 -0.562 -0.077
ot am 0.484 0.742 -0.332 -0.105 -0.307
Net photosynthetic rate

4 7K & Water content 0.808 -0.066 -0.224 0.067 -0.537
N N content 0.675 -0.401 0.516 0.341 -0.017
P & & P content 0.754 -0.592 0.119 -0.196 0.171

K % # K content 0.723 0.118 0.421 0.301 0.442

4 5 7 2 TTHREE N 10.146% , B A 5K 3 {8
PR A B A 2 T & &, NEFRE . B5EM
ST ZETTERE N 9.627%, T AEREM AR b A B
EAAR W EZE RGN E R NEERIAR
fEH .

PA S AN 2 53 A LREAS 32 B2 Biox B AR AIE B
o A R AE AR P B A9 A, 3 ST T R AF A I AR
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0.096Fs, BN AL PR (1) 25545 73 W3R 5 B A A ab 2
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Table 5 Ranking of different colored transparent films

sl He 4
Treatment F F: Fs F, Fs Fa Ranking

Wi JiEX Blue 1.706 -0.428 -0.811 -0.533 0.361 0.385 1
ZLJBE Red 0.038 1.017 -0.536 1.687 0.006 0.358 2
2k Green  -0.066 -0.657 1.502 0376 1.155 0.203 3
FEME Yellow -0.384 1.499 0.322 -1.287 0.109 0.173 4
Xt iR CK 0.095 -0.513 0.651 0.027 -1.863 -0.164 5
FHME White  -1.388 -0.917 -1.128 -0.269 0.231 -0.954 6
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