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Abstract

Background and Objective: Nowadays, cherry tomatoes are often grown in
greenhouses to minimize the risk of pests and diseases. However, plants
grown in a greenhouse might still receive high light intensity. Shading is a way
to solve this problem. This experiment aimed to study the effect of shading

on the physiology and yield of cherry tomatoes in a greenhouse.

Methodology: The experiment was done by a completely randomized design,
with two treatments consisting of non-shading and 10% shading, with 5
replications/treatment. The experiment was conducted in 2 cultivars of cherry
tomato “Tony TA 104’ and ‘Sweet Boy 1. Differences between treatments were
analyzed by Student’s t-test (P < 0.05).

Main Results: Shading significantly reduced the light saturation and compensation
points of cherry tomatoes. Moreover, shading significantly increased the net
photosynthetic rate, stomatal conductance, and transpiration rate in cultivar
‘Tony TA 1047, but shading decreased the net photosynthetic rate in ‘Sweet
Boy 1°. Shading tended to decrease the fruit weight of ‘Sweet Boy 1’ but did
not affect the fruit weight of ‘Tony TA 104’. Additionally, shading tended to

increase the lycopene content in ‘Tony TA 104°.

Conclusions: Shading did not affect the total soluble solids and vitamin C
content in either cultivar. While shading influenced physiological responses,

it did not significantly increase the yield of cherry tomatoes.
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Wuuasdl 0, 25, 50, 75, 100, 200, 400, 600, 800, 1,000,
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MAYABLEN (Light compensation point) LLaquﬂE‘iuLLm
(Light saturation point) f8@un13 non-rectangular
hyperbola (Thornley and Johnson, 1990) Wiothanadis
LunBUAUDIBUAY (Light response curve)
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(Net photosynthetic rate, P ) athlvalinly (Stomatal
conductance, gs) LLasé’mwmimaﬁw (Transpiration rate, E)
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droninuasena (n$y) Usinawewdatomuaiiazanetile
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ﬁﬁﬁﬁﬂﬁ@) ﬁqam%aq RQ-flex reflectometer (Merck,
Germany) A1135715U99 Takebe and Yoneyama (1995)

N15ALATIERTaYANISERA

AnseRteyaiUSeuiiisuanunandvedeya
anwndeunislulssdeu mswisuulamieadsine
LLaswawamaqmL%ammsuaéﬁﬂqmmuhjwmLLmLLazwm
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finsnaeuaalaenensIual 10 wWesidud danudiuues
g97lan (329.10 pmol m?s™) Tughanan 12.00 u. (Figure 1A)
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W31auas (Figure 10) 91010981910 MTHIUAITILANI1E
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fuwlifugeniinisilainsauas (Figure 1E) 91nnsasy
annzenmavseinalnglul w.a. 2564 lnensugniesive
seuanmemalurisivgnuzidemmiugini TA 104
wud lutadeunguniay w.e. 2564 Fadudiaasuan
fnFouingngru uisnsdifigumniaweteeides daufou
founeuilunnifurng q wasdivinanidumnieUng
(Meteorological Development Division, 2021) 3391944
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Development Division, 2021) Svolaimutudusing
TulsaSeuraudnga (Figure 1E)
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Tuiflounana n.a. 2564 fafeunnsinm we. 2565 daag
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ANUduLEdEsEn (268 umol m?s™) Turiaian 12.00 .
dhunawsauas 10 Wosidud du faruduuasgean (125
pmol m?s™) Tuaaaian 13.00 w. (Figure 1B) LagnISN
waiyiligaunadl (Figure 1D) LayAL NS (Figure 1F)
g9ty il esnnluvagrhnmsmaaeddufounatau e,
2564 figungiifideutnsgeninaund Susmaniaugsndy
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i WesnBuingrisgguun dmsuidiousune ne.
2564 fomanuniduiitounaenafion waediuiuiuh
Hlsi (Meteorological Development Division, 2021)
Feendsualigungiazeanududuimsicuiinldanasan
WaungeInieu w.e. 2564 (Figures 1D-1F) wazluifou
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Figure 1 Changes of light intensity, temperature, and relative humidity under non-shading (Dashed line) and
shading (Solid line) conditions during cultivation of cherry tomato ‘Tony TA 104’ (A, C, and E) and
‘Sweet Boy 1’ (B, D, and F). Cherry tomato Tony ‘TA 104’ and ‘Sweet Boy 1’ were cultivated from May
to August 2021 and October 2021 to January 2022, respectively. ** and * mean significantly different
according to Student’s t-test at P < 0.01 and P < 0.05, respectively. Data are mean + standard deviation

shown by vertical bars.
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(Table 1)
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Figure 2 The light response curve under the non-shading and shading conditions at a vegetative stage in cherry
tomato “Tony TA 104’ (A) and “Sweet Boy 1’ (B). PPFD = photosynthetic photon flux density, P = net

photosynthetic rate, P .= calculated P.



Table 1 Light compensation point, light saturation points, and the maximum photosynthetic rate (Pmax) in

cherry tomato “Tony TA 104’ and ‘Sweet Boy 1’ grown under the non-shading and shading conditions

at the vegetative stage

‘Tony TA 104’ ‘Sweet Boy 1’
Cultivar and light condition Non-shading Shading Non-shading Shading
Light compensation point (umol m?s™)  47.55 + 1.62 34.47 + 0.34* 3211 £ 0.61 23.13 £ 0.12*
Light saturation point (umol m?s™) 988.03 + 1.74  850.35 + 5.68** 1,372.38 + 3.56 792.49 + 1.32**
P (umol CO, m*s™) 13.84 + 0.57 12.76 + 0.39% 16.82 + 053 16.16 + 0.11™

** *and ™ mean significantly different according to the Student’s t-test at P < 0.01, P < 0.05, and non-significant

difference at P < 0.05, respectively. Data are mean + standard deviation.

dlotnsasnsuaniUasunia wui usidemeiwe3
Wuglnil TA 104 Aszezmsidydulamefsiu manss
wanibidnsinsdunsenieuagvsanasetiided iy
Meadd lumanssiudulussezeonmonuasfnnanuin ng
‘WiwummmmLﬁué’mwmié’qmiwﬁﬁ’mLLaqqm%mm’jn
msldwsnuaseensiideddey (Figure 3A) il eilean
nnluszovesnnonuasiona urdemetisiuauluaniuia
flitufisunasnniu Usnauiuanudunasgeantusouiy
diolainsnauas (Figure 1A) Tﬂﬁlﬁmﬁuﬁ’uqmémmwm
mﬁamﬁmja‘s"ﬁuﬁwﬁ TA 104 (Table 1) Ssonaiinnséiuds
Tnauas (Photoinhibition) YlANwHeRI1NTELATIZIATIELLES
anas (Keren and Krieger-Liszkay, 2011) dwiulunz@ome
LSUE]%‘IWUE:H%VIUE]EJ 1 wu mMswWdsunlasesnsduasen
5’;&1LLmqw%LﬁamwLLaaLmﬂsi’mmﬂﬁuﬁjwﬁ TA 104 a1
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aaﬂmaﬂﬁé’mwmiﬁqmﬁ’lzﬁﬁ’wLLm?jw%ﬁ’md’]m{LﬂWﬁN
W WSz RananIINT I LaUE SN sE AT IEidY
waanSansaninishinasuasesaiiedAny (Figure 3B)
dleRarsannisiasunlaiwessnsnisdansiziseuas
grisluusazszeeRmuINITVeIIU WUl TunziBowmeis 2
ﬁua:ﬁy'u 9RTINTAUATIZVIMELAEVITeRY 9 Wit
Svgveanaen ANt I9res 9 amauﬁafﬁ"}gjiwzamma
(Figures 3A-3B)
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Figure 3 Changes of the net photosynthetic rate (Pn), stomatal conductance (gs), and transpiration rate (E) of

cherry tomato “Tony TA 104’ (A, C, and E) and ‘Sweet Boy 1’ (B, D, and F) in different growth stages. **

and * mean significantly different according to Student’s t-test at P < 0.01 and P < 0.05, respectively.

Data are mean =+ standard deviation shown by vertical error bars.
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Table 2 Fruit weight, total soluble solids, lycopene content, [3-carotene content, and vitamin C content in

cherry tomato ‘Tony TA 104’ and ‘Sweet Boy 1’ grown under non-shading and shading conditions

. ‘Tony TA 104’ ‘Sweet Boy 1’
Fruit parameters 5 . - .
Non-shading Shading Non-shading Shading
Fruit weight (g/fruit) 4.20 + 0.41 4.00 + 1.28™ 5.20 + 0.26 410 + 1.87™
Total soluble solids (° Brix) 9.60 + 0.26 9.80 + 0.15™ 6.50 + 0.81 7.00 £ 0.60™
Lycopene content (mg/kg FW) 12.50 + 1.26 15.30 + 4.53™ 1.73 + 0.92 1.22 + 0.60™
R-carotene content (mg/kg FW) 6.30 + 0.61 6.50 + 2.32™ 3.70 + 2.40 320 + 1.10™
Vitamin C content (meg/ke FW) 9.05 + 1.89 8.05 + 1.35™ 11.49 + 10.48 8.16 + 1.49™

™ means non-significantly different according to Student’s t-test at P < 0.05. Data are mean + standard deviation.

+ standard deviation.

dmsuUSnamedatmuaiiazarsils wu
nsnssuaslsifnadeuinavendwimuaiiazareilaly
uzBowmaisaoaiug Insluiugind TA 104 mslansauas
wazmsnasiiUinuvesdsimuaiiazanedlsiade
9.60 war 9.80 varMUING Aua1eU ddluiugainuey 1
nshinmaanaznianaasduiinuvesudatimaei
avanethl¥ade 6.50 wag 7.00 83 U3Ng A1uE (Table
2) Ry URaHAnUzaWAeIAsIUTINATR T
soaiiazanedlizanit 8 ssmuing (Ketsakul, 2015)
nnramsveaasluadiinui Uinavesdafouatiazans
hldvosiugind TA 104 iulunsunasiunsgm Tuvas
Mfuseinues 1 dawniunasininsgu Uhinueuds
ovuafiazanethlfvomauzdomeenatuogiuamutuly
anmwandondiugn vnasdudiinsiagyiil Ui
vowdatmunfiazareldiiuty (Nath et al., 2012) A
tu undewmeiiusainues 1 Tegnlurieggeuiia
AFuduingge SsorviliUiinumesdetmuniiavans

v
°

ihlFshninenanasgu venaind Sslisenuimnanuiy
é’uﬁma‘ﬁwL.wiﬁqmmgﬁ@a%ﬁﬂﬁﬂ%mmmmLLSﬁW’T’mmﬁ
avanoihldlunsidemmiudainuoy 1 wasitusatnida
anad (Khamchumphol et al., 2021)
dedaszisinallaletiludonavomedome
'ﬁdﬁ@ﬁﬁuﬁ: WUN Tuﬁuﬁwﬁ TA 104 nMswseiastiuul iy
wsBnadlaletiiliganinslinsueas Tneinalaleatu
wirfu 15.30 uay 12.50 fladnsusienlandutuiinan nu
a1au dmsuiudaivues 1 wudn mMsnsieuaslidmase
Vnadlaleduluilona (Table 2) Gomez et al. (2001)
389U mL%mﬁﬁﬂqﬂmﬂéfm%}wwmqLLaﬂiﬁmm
lalatusninlunzBemaiiugnlnglaildmarensiuas
Filiidenndostunanisnaaadundaiainuin nswsnaes
aunsavinUTinalalaulunsdememesiiuglnd TA 104
(Table 2) wonani eAwsziUsnanuiualsiiunuin
msnmaauaglinaduuzdomeisaesiusiuiin
winualsiulnalAesiu (Table 2) 9nmsiaUSunaveeLus



uelsunudluiuging TA 104 Alinssuasuasnaiouas
fuusualsiluionaniiiu 630 uay 6.50 fadnduste
Alansudwiinan sudiy danluiugainues 1 fudh
welsiuluiforauindy 3.70 uar 3.20 fadnusoflansy
thwiinn nu iy (Table 2) wenanil Shaish et al. (1991)
senui msliaruduuasgaduriedy 9 uwijesads
atlsUSnameanuiualsiufiudumnnninnsidlas
mnuitunasgsedoseium ey mansauasaduiy
nslinseuasivonntiedfiuyiinanuduelsiuluions
o amnale
dolrgiiinadmiutluiuzsdemerisaos
Wugwu mslinaasdiunliifuZnedaniuginnni
mansauas lusg@emeedwusin TA 104 Alsinsiauas
wAEN A UTINAINNTUEWINAY 9.05 wax 8.05 Tadnsy
soRlanfutuiinan audiy dnlungdemeeinug
ainuee 1 Alinmauamuaznssuaduinaimiudivindy
11.49 uay 8.16 faandusedlansuthmidnan audsu
(Table 2) wonanil MavgnuzBowmelulsaFoutiy vils
uzdemAindudirninsugnuzidemanatauds ez
TulseSauiimuunasiosninneusn (Lopez-Andreu et

al., 1986) fistiu mnuziemalasuauduuasERadivinn
WRuBganusemanlasuaudu L

asu

msnssuasiliugdemeaweiwudind TA 104
wazuzdemaeTiusainues 1 fgavaouasuaznd
wasanad wonani nmawmaasiiuulihwihlshminug
vosiugainues 1 Fegnluggsluanas usfuualiuiia
Uinalaleduluilona eenslsfin nisnssuaslsiinade
UinaveudeiiarmethlfuarUinaimiudluuzdome
wodaneiug uazmnanuidiuadulsaFeugeniigny

WEIASIANINTwEUlS S au

naanssuUs:mA
29U UAMANITUITLULAT TAUIWAINN TN
nwnsmans Hatuayuuidenegldlasing FRKU)2.64
uazevaUAALERIT oMM N5 (DORAS-
Center) ininenduinunsmans Mlianueyaseiados
LI-6400XT

LONAISDIVDV
Anthon, G. and D.M. Barrett. 2007. Standardization of a rapid spectrophotometric method for lycopene analysis.
Acta Hortic. 758: 111-128. https://doi.ore/10.17660/ActaHortic.2007.758.12.
Bai, Y. and P. Lindhout. 2007. Domestication and breeding of tomatoes: What have we gained and what can we
gain in the future?. Ann. Bot. 100(5): 1085-1094. https://doi.org/10.1093/acb/mcm150.
Baskins, S., J.K. Bond and T. Minor. 2019. Unpacking the growth in per capita availability of fresh market tomatoes.
Available Source: https://www.ers.usda.gov/publications/pub-details?pubid=92441, April 6, 2022.

Camejo, D., P. Rodriguez, M. Angeles Morales, J.M. Dell’Amico, A. Torrecillas and J.J. Alarcon. 2005. High temperature

effects on photosynthetic activity of two tomato cultivars with different heat susceptibility. J. Plant
Physiol. 162(3): 281-289. https://doi.org/10.1016/].jplph.2004.07.014.
Charlo, H.C.O., R. Castoldi, L.A. Ito, C. Fernandes and L.T. Braz 2007. Productivity of cherry tomatoes under protected

cultivation carried out with different types of pruning and spacing. Acta Hortic. 761: 323-326. https://

doi.org/10.17660/ActaHortic.2007.761.43.

Cook, R. and L. Calvin. 2005. Greenhouse tomatoes change the dynamics of the North American fresh tomato

industry. Available Source: https://www.ers.usda.gov/publications/pub-details?pubid=45477, April 8, 2022.

Gill, N.S. and L. Kaur 2019. Economics of cherry tomato (Solanum lycopersicum var. cerasiforme) cultivation. J.

Pharmacogn. Phytochem. 8(6): 880-881.

Gomez, R, J. Costa, M. Amo, A. Alvarruiz, M. Picazo and J.E. Pardo. 2001. Physicochemical and colorimetric evaluation of
local varieties of tomato grown in SE Spain. J. Sci. Food Agric. 81(11): 1101-1105. https://doi.org/10.1002/jsfa.915.



Harel, D., H. Fadida, S. Gantz, K. Shilo and H. Yasuor. 2013. Evaluation of low pressure fogging system for improving
crop yield of tomato (Lycopersicon esculentum Mill.) grown under heat stress conditions. Agronomy.
3(2): 497-507. https://doi.org/10.3390/agronomy3020497.

Hernandez, V., P. Hellin, J. Fenoll and P. Flores. 2019. Interaction of nitrogen and shading on tomato yield and
quality. Sci. Hortic. 255: 255-259. https://doi.org/10.1016/j.scienta.2019.05.040.

Jeeatid, N., J. Modnok, S. Techawongstien, C. Lapjit and S. Techawongstien. 2021. Fruit quality and carotenoids
in fruits of cherry tomato (Solanum lycopersicum) grown under plant factory. Khon Kaen Agr. J. 49(3):
634-642. (in Thai)

Keren, N. and A. Krieger-Liszkay. 2011. Photoinhibition: Molecular mechanisms and physiological significance.
Physiol. Plant. 142(1): 1-5. https://doi.org/10.1111/j.1399-3054.2011.01467 x.

Ketsakul, S. 2015. Tomato Production Technology. Available Source: https://www.doa.go.th/research/research-detail.
php?id=114, March 10, 2022. (in Thai)

Khamchumphol, N., S. Wonprasaid and T. Machikowa. 2021. Effects of varieties and environments on quality and
antioxidants of tomato. KKU Sci. J. 49(1): 108-116.

Kittas, C., N. Rigakis, N. Katsoulas and T. Bartzanas. 2009. Influence of shading screens on microclimate, growth
and productivity of tomato. Acta Hortic. 807: 97-102. https://doi.org/10.17660/ActaHortic.2009.807.10.

Lopez-Andreu, F.J., A. Lamela, R.M. Estaban and J.G. Collado. 1986. Evolution of quality parameters in the maturation
stage of tomato fruits. Acta Hortic. 191: 387-394. https://doi.org/10.17660/ActaHortic.1986.191.45.

Mathews, S. 2006. Phytochrome-mediated development in land plants: Red light sensing evolves to meet the
challenges of changing light environments. Mol. Ecol. 15(12): 3483-3503. https://doi.
0org/10.1111/j.1365-294x.2006.03051 ..

Meteorological Development Division. 2021. Climate Center. Weather conditions in Thailand 2021. Available
Source: https://www.tmd.go.th/programs/uploadS/yearlySummary/ﬂ?d’dmj86’1ﬂ’1ﬂ%%202564.pdf, March
2,2022. (in Thai)

Meteorological Development Division. 2022. Climate Center. Weather conditions in Thailand January 2022. Available
Source: https://www.tmd.go.th/programs/uploads/monthlySummarytininau%2025565.pdf, March 2,
2022. (in Thai)

Nath, A., B.C. Deka, A. Singh, R.K. Patel, D. Paul, L.K. Misra and H. Ojha. 2012. Extension of shelf life of pear fruits
using different packaging materials. J. Food Sci. Technol. 49(5): 556-563. https://doi.org/10.1007/s13197-
011-0305-4.

Phromjuang, N., N. Leksungnoen and P. Tor-ngern. 2019. Diurnal stomatal conductance of tree species responding
to urban environments at the Chulalongkorn University Centenary Park. Thai Journal of Science and
Technology. 8(4): 386-397. https://doi.org/10.14456/tjst.2019.46. (in Thai)

Rittiram, J. and A. Tira-umphon. 2019. Effects of light intensity on growth and yield of lettuce in plant factory
system. Khon Kaen Agr. J. 47(6): 1243-1250. (in Thai)

Rockwell, N.C., Y.S. Su and J.C. Lagarias. 2006. Phytochrome structure and signaling mechanisms. Annu. Rev. Plant
Biol. 57: 837-858. https://doi.org/10.1146/annurev.arplant.56.032604.144208.

Shahak, Y., E.E. Gussakovsky, Y. Cohen, S. Lurie, R. Stern, S. Kfir, A. Naor, I. Atzmon, I. Doron and Y. Greenblat-Avron.
2004. ColorNets: A new approach for light manipulation in fruit trees. Acta Hortic. 636: 609-616. https://
doi.org/10.17660/ActaHortic.2004.636.76.



Shaish, A., A. Ben-Amotz and M. Avron. 1991. Production and selection of high 3-carotene mutants of Dunaliella
bardawil (Chlorophyta). J. Phycol. 27(5): 652-656. https://doi.org/10.1111/j.0022-3646.1991.00652.x.

Sharrock, R.A. 2008. The phytochrome red/far-red photoreceptor superfamily. Genome Biol. 9(8): 230. https://
doi.org/10.1186/gb-2008-9-8-230.

Stommel, J.R., J.A. Abbott and R.A. Saftner. 2005. USDA 021058 and 02L.1059: Cherry tomato breeding lines with
high fruit -carotene content. HortScience. 40(5): 1569-1570. https://doi.org/10.21273/HORTSCI.40.5.1569.

Takebe, M. and T. Yoneyama 1995. An analysis of nitrate and ascorbic acid in crop exudates using a simple
reflection photometer system. Japanese Society of Soil Science and Plant Nutrition. 66(2): 155-158.
https://doi.org/10.20710/dojo.66.2_155.

Teitel, M., O. Liron, Y. Haim and I. Seginer. 2008. Flow through inclined and concertina-shape screens. Acta Hortic.
801(5): 99-106. https://doi.org/10.17660/ActaHortic.2008.801.5.

Thornley, J.H.M. and |.R. Johnson. 1990. Plant and Crop Modeling. Oxford University Press, New York, USA. 669
PP.

Williams, M., E.B. Rastetter, D.N. Fernandes, M.L. Goulden, S.C. Wofsy, G.R. Shaver, J.M. Melillo, J.W. Munger, S.M.
Fan and K.J. Nadelhoffer. 1996. Modelling the soil-plant-atmosphere continuum in a Quercus-Acer stand
at Harvard Forest: The regulation of stomatal conductance by light, nitrogen and soil/plant hydraulic
properties. Plant Cell Environ. 19(8): 911-927. https://doi.org/10.1111/j.1365-3040.1996.tb00456.x.

Yeshiwas, Y. and K. Tolessa. 2017. Postharvest quality of tomato (Solanum lycopersicum) varieties grown under
greenhouse and open field conditions. Int. J. Biotechnol. Mol. Biol. Res. 9(1): 1-6. https://doi.org/10.5897/
IJBMBR2015.0237.

Zhang, Y. and J.R. Stommel. 2000. RAPD and AFLP tagging and mapping of Beta (B) and Beta modifier (MoB), two
genes which influence B-carotene accumulation in fruit of tomato (Lycopersicon esculentum Mill.).

Theor. Appl. Genet. 100: 368-375. https://doi.org/10.1007/5001220050048.



