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Effects of multifunctional greenhouse film on growth and yield of ‘Green
Oak’ and ‘Red Oak’ lettuces (Lactuca sativa L.)
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ABSTRACT: Recently, the trend of plant production in the greenhouse has drastically increased. The greenhouse
cover film is one of the most important factors on plant growth in the greenhouse. Therefore, National Metal and
Materials Technology Center has developed the new multifunctional film that combines the properties of UV filters,
near infrared radiation (NIR) reflection and good light diffusion. This experiment aimed to study the effects of
multifunction film on the growth and yields of Green Oak and Red Oak lettuces. The experiment was planned
completely randomized design (CRD) with 3 treatments which were greenhouses covered with commercial film,
MultiTech film and MultiTech-Ultra film. The lettuce plants were put into 8x16 inch planting bags with the soil free
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planting material consisting of coconut coir: chopped coconut bract at a ratio of 2: 1. Providing an Enshi modified
fertilizer solution with the concentration 1.2 mS/cm was applied throughout experiment. The result found that 3-
week old Green Oak grown under MultiTech cover films showed better growth than those in the greenhouse using
commercial cover film. The fresh weight values were 128.8 ¢/plant accounting for a fresh weight increase of 27.0%.
But Green Oak lettuce at 4 weeks old had the fresh weight of the plant and vitamin C content was not statistically
different (P > 0.05), with the fresh weight of the plant 296.1-301.0 ¢/plant and vitamin C quantity 21.2-24.6 mg/100
g fresh weight. Whereas, 4-week old Red Oak grown under MultiTech and MultiTech-Ultra cover films contained
weight of 178.3 and 171.7 ¢/plant or increased 15.7 and 11.4%, respectively when compared to those Red Oak were
planted in greenhouse covered with commercial film. However, Red Oak lettuce grown in commercial film
greenhouses had the highest vitamin C content of 33.0 mg/100 ¢ fresh weight.

Keywords: lettuce; growth; multitech film; light diffusion
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Table 1 Optical properties of field test greenhouse films used in the study

Treatment”  Thicknesss uv PAR NIR Light intensity Temperature
(Um) transmission  transmission reflection (umole m?s?) O
(%T) (%T) (%R)

November December November December

CF 150 334+12 89.6 + 0.2 8.9+ 0.0 896.2 757.0 22.8-36.0 24.4-35.7
MF 120 65+ 04 88.0+ 0.1 9.1+05 833.0 655.6 23.0-36.5 24.7-36.3
MUF 120 54+03 76.4 + 0.4 16.0 £ 0.7 721.8 559.5 22.9-36.9 24.6-36.6

Y/ CF= Commercial Film, MF= MultiTech Film, MUF= MultiTech-Ultra Film
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Figure 2 Greenhouses for growing lettuces covered with A) Commercial film B) MultiTech-Ultra film and

C) MultiTech film
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Table 2 Effects of multifunctional films on the leaf number, plant width, fresh weight, and dry weight of Green

Oak lettuce at age 3 weeks after transplanting

Treatment Leaf number Plant width Fresh weight Dry weight (g)
(cm) (9
CF 24.7 b” 28.2 b 101.4 b” 35
MF 258 a 28.9 a 128.8 a 3.9
MUF 24.7 b 28.8 a 113.1 ab 3.5
P-value 0.01 0.01 0.05 0.29
SEM 0.19 0.10 4.77 0.13

Note: ¥ CF= Commercial Film, MF= MultiTech Film, MUF= MultiTech-Ultra Film

? Mean values in the same columns followed by different superscripts are statistically different when compared using

Duncan’s New Multiple Range Test

Table 3 Effects of multifunctional films on the leaf number, plant width, fresh weight, and dry weight of Red Oak

lettuce at age 3 weeks after transplanting

Treatment” Leaf number Plant width Fresh weight Dry weight (g)
(cm) (9)
CF 19.4 b” 24.5 b” 66.6 2.4
MF 21.1a 25.1 ab 81.9 2.5
MUF 214 a 25.6 a 7.4 2.3
P-value 0.01 0.04 0.13 0.41
SEM 0.32 0.11 3.20 0.08

Note: ¥ CF= Commercial Film, MF= MultiTech Film, MUF= MultiTech-Ultra Film

% Mean values in the same columns followed by different superscripts are statistically different when compared using

Duncan’s New Multiple Range Test
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wadldifies 38.8% JavhlsisuinniavesiiugnlulsaFeudidy MultiTech uaz MultiTech-Ultra l9Sunasasiiasoriu denals
msasiulamsiusuasiniduinmavenivgnlulsaSouiidunisi namsvaassiiléiaenndesiu Zhou et al. (2019)
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Figure 3 Comparison of Green Oak lettuce at age 4 weeks after transplanting into roofed greenhouses with film

A) Commercial film B) MultiTech-Ultra film and C) MultiTech film

Table 4 Effects of multifunctional films on the number of leaves, plant width, fresh weight, dry weight, and

Vitamin C of Green Oak lettuce at age 4 weeks after transplanting

Treatment” Number of leaves Plant width Fresh weight Dry weight Vitamin C
(cm) (9 (9 (mg/100 g FW)
CF 43.3 35.3 296.1 7.9 24.6
MF 46.8 36.2 301.0 8.5 212
MUF a5.7 36.8 300.2 8.6 238
P-value 0.68 0.23 0.86 0.35 0.09
SEM 0.33 0.16 3.82 0.21 0.68

Note: ¥ CF= Commercial Film, MF= MultiTech Film, MUF= MultiTech-Ultra Film

Table 5 Effects of multifunctional films on the number of leaves, plant width, fresh weight, dry weight, and

Vitamin C of Red Oak lettuce at age 4 weeks after transplanting

Treatment" Number of leaves Plant width Fresh weight Dry weight Vitamin C
(cm) () (9 (mg/100 g FW)
CF 32.5 b” 29.0 154.0 b” 5.0 33.0a”
MF 350a 29.9 1783 a 5.8 26.1b
MUF 34.2 a 30.4 171.7 a 5.6 242 b
P-value 0.009 0.86 0.001 0.25 0.04
SEM 0.35 0.22 2.65 0.12 1.32

Note: ¥ CF= Commercial Film, MF= MultiTech Film, MUF= MultiTech-Ultra Film

% Mean values in the same columns followed by different superscripts are statistically different when compared using

Duncan’s New Multiple Range Test
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Figure 4 Comparison of Red Oak lettuce at age 4 weeks after transplanting into roofed greenhouses with film

A) Commercial film B) MultiTech-Ultra film and C) MultiTech film

YSuadnniiud
Han1sneaemuhUsInadmiudludnneveniugniuldaiiony 4 dUami ndsheugn Fadussesiiuifenandn

fUsHafdaniudliunneinmeadid (P > 0.05) Tngdudinniavennugnlulsaseuildunisendiniiug 24.6 un./100 n. dmin

a o

an lusaugiiduinnaneniiugnlulsaSoulldy MultiTech uazildn MultiTech-Ultra S3anfiud 21.2 uag 23.8 1n./100 A,
hwiinan audsy (Table 4) duduinnaveiugisaldadiviinaimiviunndsnaadfessddeddy (P < 0.05) Tng
dudinmavenitugnulsadeufidunsiiinfiudinniiaafio 33.0 4n./100 n. dviinan sesawnldin dudnnanesdivgn
TulsaFeufldy MultiTech uaz MultiTech-Ultra fiUSunaiandiud 26.1 way 24.2 1n./100 n. Yntinan nug iy (Table 5)
\ofiarsananutuvesuamuiFuinniavesivgnlulsaseufldunisdldSuanuduveuannnninlsusouildy
MultiTech wazflda MultiTech-Ultra mantisnisimzuan tnsluifioungainieu 2562 fnan 13.00 u. fanudauadly
seutugeanfe 896.2 833.0 uay 721.8 pmole m?s’ mudIiy wan1svaassitlddenndediu Zhang et al. (2018) finuin
doamuduuasnniuiinavhliusinadmiufifutulnedudnniaeuiildsunas LED finnaduuas 200 250 uag 300
umole m?s fuavhlsUSaadniudvestuinnaveustug Ziwei ity Ao 35.6 383 uay 40.1 1n./100 n. ARy
UsgnoufulsaSoufidunsiiinisdosinuuesisdsanshaloanliunn (33.4%) TuvueilsaFoufidu MultiTech uagiidy
MultiTech-Ultra finsdessinuvesssdsaninlaloianlndidssiude 5.4 - 6.5% (Table 1) Teanudunas wazssd

danshilawanfidesinuiaudinelulssseutanitviinadeanneesunvesiivdwihlisuinninveniugnlulsus ouilay

@ o

AIANPILASUANMILTUYB LAY LarSIdsans tlaanuInnINFTAAnN1ILASER @0AAAINUSI8IUYRY Fu et al. (2012) 71
wudndleUgndnnaveuiinauiduueas 100, 200 wag 400 pmole m?s™ Lifinavinlidudnniaviesiinanuasen uifinanu

LIHLES 600 tay 800 umole m?s™ AUNNAIANDILANAIIULASIANNNINTUANAMITULETLALT UL NN UAUBILABANT

a = ) 2 & =

adansiueysadaszunTudinludiilunilduiy nan1meaesaenaqediusenuves Akam et al. (2017) vy

Fndudluigdunuinlunisresiueyyadasydgnaiiwniuluiaiiin n1elasen Wags1euYas University of Exeter

(2007) wuaIndudsianudfynenisiasyiiulnvesiiglneieuled GDP-L-galactose phosphorylase Fninldinas

[

FUAT1EMIMAUTNS 0 ascorbate TuiwtIglANwIANISAUAMULASEAIINABLAY 9887 wazdnAudvietostunat1aufeed

kY

WU URT18U0 Il UTENININITHWATIZITLLA

Gl

s a

HaYBaY MultiTech wag MultiTech-Ultra sianisiaseyiiulauasiandnvasinniaveniugniuldn wagiugisn

2

18a nuin dudnniavesiugniulda a1y 3 dav ndsdeugnivgnlulsuseuiidu MultiTech Snsiasgdulamedusind

Y o A

suinnavennugnlulsaseuiidunism lneihhvdnandu 128.8 n./fu vseliuminaniiudu 27.0% WelUSeuliieuiudu

Anniavenfivgniulsaseundunisdn wifieny 4 dUani dudnniaveusiugnuldainisasayiulanieiu wasiivsuiu



UnUN®HS 50 atiufl 6: 1655-1665 (2565)./d0i:10.14456/kaj.2022.xX. 1664

Iniudlsiuandnmeadd Tnefiiminanegluras 296.1-301.0 n/fu dawduinniavesiufisaldneny 3 dUai fugnlu
Tsa3euildsn MultiTech waz MultiTech-Ultra finistasapdiulamsiufininduinnaveniivgnlulsaieuiidunisdn Tned
Fruanilu uazmnunisweamsauannniduinnemenfivgniulsadeuiidunsdn uasiieny 4 dawi fudinniamveuiiugn
TulsaiFeuiidu MultiTech uaz MultiTech-Ultra imsiasayiulamssiufninduinnanesiiugnlulsaFeuiidunsiiguriu
Tnefidminandu 178.3 wa 171.7 n/fu viFeftminandufiudu 15.7 waz 11.4% audidu fasuiiduaqulsuiou
MultiTech Famngdmiuinaldlunissdadnnianomts 2 wus udedislsfinmuduinnianeuiusisnldafivgnlulsadon

Haumsmnduiivsinainduduniiande 33.0 1n./100 .

AUBUAN

VOUDUANNIAIYINYAIU AMTLNEAT AUNIUEN UNINGIFENYATAENT fiseieanuitdmsuinuiteluadsil
Tassnsidildsunuaanuuidornaudmeluladlansuas Tanuvisd (MTEQ) ddnauiaunineimansuasmelulad
WA (NSTDA) ssidyandnaiadl 3043180071 asduil 1 fguneu 2561

Yy a

L1ONH15919849

9301 Aavswily uardydy vuguas. 2560, lsadeulgninluusemelne. u. 7-25. Tu: 9301 Favswds, ussandms,
AlenINanlnAnNmarUaenitlulseseu. dhanwns dinnunemuativayunsiae @nl.), ngamme.

wu LetasTnding. 2559. adn n3ulsa. unasdiun: http://zen-hydroponics.blogspot.com/2014/12/green-oak-
lettuce.html, 2 FwrAn 2563.

s33uANA vieaing. 2558, Ingnmaniuasmaluladnsugninlaghilifu. nmedvifivau ansinens funadu
UGS YATANENS, UATUT.

555uANA Meann. 2559. lonansuszneunsiineusy wangms wialuladvnsuindanier. medniivaiu auzinums
AUILEY WHINGIRENBNTANERS, UATUTY.

Wil gauUsziasy. 2558. a3Tivevesisnielian1iznien. dinfiunginansalunivetde, nganne.

auygy sy, 2544, d35IME1VRINY. UNRNRINTINESENYATANERS, NTITN-.

w@3nd Judn. 2539. nsldnanafinlunisinuns: warafindmiuasndlsaSeulgnity. unasioya:
https.//www2.mtec.or.th/th/e-magazine/admin/upload/247 56-61.pdf, fudle 22 NEUAIAN 2563.

Akram, N.A., F. Shafig, and M. Ashraf. 2017. Ascorbic acid-a potential oxidant scavenger and its role in plant
development and abiotic stress tolerance. Frontiers in Plant Science. 8: 613.

AOAC. 1990. Official Methods of Analysis. 15th Edition. Association of Official Analytical Chemist, Washington DC.

Cervantes, J. 2006. Marijuana Horticulture: The Indoor/Outdoor Medical Grower’s Bible. Van Patten Publishing,
Vancouver.

Dole, J.M., and H.F. Wilkins. 2005. Floriculture Principles and Species. Pearson prentice hall, New Jersey.

Dueck, T., J. Janse, T. Li, F. Kempkes, and B. Eveleens. 2012. Influence of diffuse glass on the growth and
production of tomato. Acta Horticulturae. 956: 75-82.

Espi, E., A. Salmeron, A. Fontecha, Y. Garcia, and A.l. Real. 2006. Plastic film for agricultural applications. Journal of
Plastic Film & Sheeting. 22: 85-102.

Fu, W., P. Li, Y. Wu, and J. Tang. 2012. Effects of different light intensities on anti-oxidative enzyme activity, quality

and biomass in lettuce. Horticultural Science. 39: 129-134.


http://zen-hydroponics.blogspot.com/2014/12/green-oak-lettuce.html
http://zen-hydroponics.blogspot.com/2014/12/green-oak-lettuce.html
https://www2.mtec.or.th/th/e-magazine/admin/upload/247_56-61.pdf,%20ค้นเมื่อ

KHON KAEN AGRICULTURE JOURNAL 50 (6): 1655-1665 (2022)./doi:10.14456/kaj.2022.xx. 1665

Hemming, S., V. Mohammadkhani, and T. Dueck. 2008. Diffuse greenhouse covering materials — material
technology, measurements and evaluation of optical properties. Acta Horticulturae. 797: 469-475.
Hew, C.S., G. Krotkov, and D.T. Canvin. 1969. Effects of temperature on photosynthesis and CO, evolution in light
and darkness by green leaves. Plant Physiology. 44: 671-677.
Kittas, C., M. Tchamitchian, N. Katsoulas, P. Karaiskou, and Ch. Papaioannou. 2006. Effect of two UV-absorbing
greenhouse-covering films on growth and yield of an eggplant soilless crop. Scientia Horticulturae.
110: 30-37.
Smith, R., M. Cahn, O. Daugovish, S. Koike, E. Natwick, H. Smith, K. Subbarao, E. Takele, and T. Turini. 2012. Leaf
Lettuce Production in California. Available: https://anrcatalog.ucanr.edu/pdf/7216.pdf,
Accessed March 2, 2020.
University of Exeter. 2007. Vitamin C Is Essential for Plant Growth.
Available: https://www.sciencedaily.com/releases/2007/09/070923205844.htm, Accessed March 2, 2020.
Zhang, X., D. He, G. Niu, Z. Yan, and J. Song. 2018. Effects of environment lighting on the growth, photosynthesis,
and quality of hydroponic lettuce in a plant factory. International Journal of Agricultural and Biological
Engineering. 11: 33-40.
Zhou, J., P. Li, J. Wang, and W. Fu. 2019. Growth, photosynthesis, and nutrient uptake at different light intensities
and temperatures in lettuce. HortScience. 54: 1925-1933.


https://anrcatalog.ucanr.edu/pdf/7216.pdf
https://www.sciencedaily.com/releases/2007/09/070923205844.htm

