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ABSTRACT

_ NAVARRO‘, REYMART L & PADIN, PATRICK JAMES J., Department of
Agriculmral and B10§ystems Engineering, College of Engineering, Central Luzon State
University, Science City of Mufioz, Nueva Ecija, Philippines, June 2023, TERRACOTTA

TUBES AS GREENHOUSE COOLING SYSTEM IN THE VERTICAL FARMING
SYSTEMOF LETTUCE (Lactuca sativa L)

Adviser: MAY A. CABRAL, M. Sc.

Regulating the temperature inside the greenhouse is suitable for obtaining desired
range for plant growth and development. This study designed and fabricated a terracotta
tube greenhouse cooling system for a vertical farming system of lettuce, evaluated the
cooling system’s performance by monitoring the relative humidity and temperature within
the greenhouse, assessed the growth and yield performance of Romaine and Loose lecaf
variety of Lettuce (Lactuca sativa L) in the system. Terracotta tube cooling system is
installed in one of the greenhouses and compared to an outside environment and one with
just greenhouse conditions. The outside environment, relative humidity and temperature is
monitored every 30 minutes from 6 am to 6 pm to assess the effectiveness of the terracotta
cooling system. The results showed that there is a rise in relative humidity and drop of
temperature in the greemhouse with a terracotta cooling system compared to the
conventional greenhouse and the outside environment. The growth of lettuce under two
different environments as a result of experiment showed significant difference between the
crops in terms of plant’s leaf length, leafl width, number of leaves, and plant weight and no

significant difference in terms of plant height.

Keywords: terracotta; cooling system; relative humidity; temperature; lettuce.

XIX



LITERATURE CITED

Abdel-Ghany, A. M, & Kozai, T. (
naturally ventilated, fog-cooled
https://dot.org/10.1016/;

2006). Dynamic modeling of the environment in a

greenhouse. Renewable Energy, 31(10), 1521-1539.
-Tenene.2005.07.013 Energy, 31(10),

Agmfg{R ngT‘%‘I‘A Sinha, S. (2021). PERFORMANCE IMPROVEMENT OF
- METHOD FOR NATURAL COOLING APPLICATION.

Al-Helal, L. . (2007). Effects of Ventilation Rate on the Environment of a Fan-Pad
EV&pOfat]\;’e[}‘f COOIed‘: Shaded Greenhouse in  Extreme Arid Climates.
https:/fagri S-tao~Urgfagﬂs—Seamh/search.do'?rec()rdID‘:USQO1 300780209

Al-Kodmany, K. (2018). The Vertical Farm: A Review of Developments and Implications

for the Vertical City. Buildings 2018, Vol. 8, Page 24, 8(2), 24.
https://doi.org/10.3390/BUILDINGS8020024

Anyanwu, E. E. (2004). Review of solid adsorption solar refrigeration II:: An overview of

the principles and theory. Energy Conversion and Management, 45(7—8), 1279— 1295.
https://doi.org/10.1016/J. ENCONMAN.2003.08.003

Attar, I, Naili, N, Khalifa, N., Hazami, M., Lazaar, M., & Farhat, A. (2014). Experimental
study of an air conditioning system to control a greenhouse microclimate. Energy
Conversion and Management, 79, 543-553.
https://doi.org/10.1016/J.ENCONMAN.2013.12.023

Badji, A., Benseddik, A., Bensaha, H., Boukhelifa, A., & Hasrane, [. (2022). Design,
technology, and management of greenhouse: A review. Journal of Cleaner Production,
373, 133753. https://doi.org/10.1016/I.JCLEPRO.2022.133753

Bacza, E., & Kacira, M. (2013). Good Agricultural Practices for greenhouse vegetable
crops Principles for Mediterranean climate areas Enhancing of legumes growing in
BEurope through sustainable cropping for protein supply for food and‘ fee‘d
(EUROLEGUME) View project EUROLEGUME: Enhancing of legumes growing in
Europe through sustainable cropping for protein supply _for food and fee(i_l View prf)JeCt
Wilfried Baudoin Food and Agriculture Organization of the United Nations.

www.fao.org/publications

Banik, P., & Ganguly, A. (2017). Performance and economic analysis .of a floricultural
g;eer,\housc wbith distributed fan-pad evaporative cooling coupled with solar



76

inger, E. (1989), .
chan(gi Plly;OlOgiz:a?r:lan}?nlize 201;11 Crops in the French Mediterranean zone: Climatic
Francgaise, 1-216. > Lullures Florales de Serre En Zone Méditerranéenne

Bravenboer, L. (2016). Pest and disease

: control in glasgsh in North-west E .
8(2),95—99.https:ffdm.org/lo.l1?7/0030727074(%080053565 O P

Brechner, M. Both, A.

7

Handbook https://cpb-us- taff. (1996). Hydroponic Letmce

el wpmucdn.com/blogs.cornell.edu/dist/8/3824/files/
- 5/201 > i
L ettuceHandbook- pdf es 9/06/CornellCEA

Cava‘t“OS, R. (201 ?).. (;Omparisqn of two hydroponic tower systems for lettuce production.
L-ncompiass Digital Archive: University Presentation Showcase: Undergraduate
Poster Gallery. https:/z’encompass.eku.eduISWps_undergraduategallery/ 150

Chinenye, N. M. (2011). Development of clay evaporative cooler for fruits and vegetables
preservation.  Agricultural  Engincering  International:  CIGR  Journal.
https://www.researchgate.net/publication/289624300 Development_of clay_evapor
tive_cooler_for_fruits and vegetables preservation

Carotti, L., Graamans, L., Puksic, F., Butturini, M., Meinen, E., Heuvelink, E., &
Stanghellini, C. (2021). Plant Factories Are Heating Up: Hunting for the Best
Combination of Light Intensity, Air Temperature and Root-Zone Temperature in
Lettuce Production. Frontiers n Plant Science, 11(January).
https://doi.org/10.3389/fpls.2020.592171

Chia, S. Y., & Lim, M. W. (2022). A critical review on the influence of humidity for plant
growth forecasting. IOP Conference Series: Materials Science and Engineering,
1257(1), 012001. https://doi.org/10.1088/1757-899x/1257/1/012001

Chow, Y. N., Lee, L. K., Zakaria, N. A., & Foo, K. Y. (2017). NEW EMERGING

SYSTEM.
HYDROPONIC ‘
https:/fwww.1'cscarchgate.net/publication/320344909_NEWgEMERGING_HYDRO

PONIC_SYSTEM

Cuce, P. M., & Riffat, S. (2016). A state of the art review of evaporative _cooling systems
fjor bLlijding applications. Renewable and Sustainable Energy Reviews, 54, 1240—
1249. https://doi.org/l{).1016!J.RSEK2015.10.066



77

Dufault, R. J., Ward, B., & Hassell. g L
temperatures and romaine lettuce yi-e
120(4), 452-459, https:f/doi.orgflo.l()

(2009). Dynamic relationships between field

1d and head quality. Scientia Horticulturae,
16/J.SCIENTA.2009.01.002

Plastic Mulch, C o \
Journal, 3(1), 20-25. https:f;’doi.orgfl0.12944!CARCJ.3.1 .l(l)zem Agneulre Rescarch

Ganguly, A, Misra, D., & Ghosh, S, (2010). Modeling and analysis of solar

photovoltaicelectro%yzer~fuel cell hybrid power system integrated with a floriculture
greenhouse. _ Energy and Buildings 42(11), 2036—
2043 .https://doi.org/10.101 6/J.ENBUILD.2010.06.012

Ghosal, M. K., Tiwari, G. N., & Srivastava, N. S. L. (2003). Modeling and experimental

validation of a greenhouse with evaporative cooling by moving water film over
external shade cloth. 10.17.50.243//handle/2074/1212

Ghoulem, M., El Moueddeb, K., Nehdi, E., Boukhanouf, R, & Kaiser Calautit, J. (2019).
Greenhouse design and cooling technologies for sustainable food cultivation in hot
climates: Review of current practice and future status. Biosystems Engineering, 183,
121-150. htips://doi.org/10.1016/J. BIOSYSTEMSENG.2019.04.016

Guan, L., Bennett, M., & Bell, J. (2015). Evaluating the potential use of direct evaporative
cooling in Australia. Energy and Buildings, 108, 185—
194 https://doi.org/10.1016/J. ENBUILD.2015.09.020

Hanan, J. J. (2017). Greenhouses: Advanced technology for protected horticulture.
Greenhouses:  Advanced  Technology for  Protected  Horticulture,  1—
684.https://doi.org/10.1201/9780203719824/GREENHOUSES-JOE-HANAN

Henry, J., Whipker, B., Owen, W., & Currey, C. (2018). Nutritional Monitoring Series
Lettuce (Lactuca sativa). www.fertdirtandsquirt.com

J J Burdon, and, & Chilvers, G. A. (2003). Host Density as a Factor in Plant Disease
Ecology. Https://Doi.Org/lO.ll46/Annurev.PY-20-090182-001043’ 20(1), 143
166.https:!f'd0i.org/10.l1461'ANNUREV.PY.20‘090182.00%043 ‘ o

Kamal, M. A. (2012). An overview of passive cooling techmql.xes in buﬂdmg;.'Dcs{gp
concepts and architectural interventions. Acta Technica Napocensis: Civil

Engincering & Architecture, 53( ).



78

Karanisa, T., Achour, Y., O : .
towards precision agﬁ:j{:ulgai:&ffSaiadl, S.(2022). Smart greenhouses as the path
Environment  Systemg O0d-energy and water nexus: case study of Qatar.

. and Decisj . .
httPSI/deI-OIg/lO.l007/810569_022_098;;12%5 2022 42:4,  42(4), 521-546.

im, M. J., M |
Klm;\llutriti;)nal( fﬁh:}f‘f‘f’.l €., Mou, B, & Waterland, N. . (2016). Study review:
' » D1oactive compounds and health benefits of letruce (Lactuca sativa

L.). Journal of  Food Composit :
. 0s1t10 d .
19-34. https://doi.org/10.1016/JIFCA 2016 03 004 Analysis, ),

Kittas, C., Katsoulas, N, Bartzanas, T., & Bakker, S. (2013). Greenhouse climate control
and energy use. www.fao.org/publications

Kumar, K. S., Tiwari, K. N., & Jha, M. K. (2009). Design and technology for greenhouse

cooling in tropical and subtropical regions: A revicw. Energy and Buildings, 41(12),
12691275 htips://doi.org/10.1016/J ENBUTLD.2009 .08 003

Lommen, W. J. M. (2007). The Canon of Potato Science: 27. Hydroponics. Potato
Research, 50(3—4), 315-318. https://doi.org/10.1007/811540-008-9053-X

Lychnos, G., & Davies, P. A. (2012). Modelling and experimental verification of a
solarpowered liquid desiccant cooling system for greenhouse food production in hot
climates. Energy, 40(1), 116-130. hitps://doi.org/10.1016/J. ENERGY.2012.02.021

Madan, S (2011). Solar Water Disinfection.
https://core.ac.uk/download/pdf/79559414.pdf

Molitor, H. (1990). THE EUROPEAN PERSPECTIVE WITH EMPHASIS ON
SUBIRRIGATION AND RECIRCULATION OF WATER AND NUTRIENTS. Acta
Horticulturae, 272, 165-174.
https://doi.org/10.1 7660/ACTAHORTIC.1990.272.24

Mou, B. (2005). Genetic Variation of Beta-carotene and Lutein Contents in Lettuce.
Journal of the American Socicty for Horticultural Science, 130(6), 870-876.

h’ttps:ﬁdoi.org/l0.21273/JASHS.130.6.870

& Goswami, D. Y. (2011). Experimental prediction of total
thermal resistance of a closed 10op EAHE for greenhouse cooling system.
International Communications in Heat and Mass Trans%eg,g 38(6), 711-716.
htfpszf'/doi.org/m.l(}l6/J.ICHEATMASSTRANSFER.201 1.03.00¢

Ozgener, O., Ozgener, L.,



79

PAES 415. (2001). PHILIPPINE AG
PAES 415:2001  Agricultura] Stri‘lt(tjl:ii‘TURAL FNGINEERING. STANDARD

PAES ‘ - Green! .
https.//amtcc.Leat.uplb.edu.ph!wpcontentfuploads/ZO 1 9/07#41; ;0;155‘ )
Paltineanu, C., Tanasescu, N, Chit, E. & Mihailescu, 1.

the De Martonne aridity i . .

RO a?rdlty index anq water requirements of some representative crops:
T 'y Irom Romania. Intemational Agrophysics, 21(1), 81-93.
Etp: Wmv'I,nFem.atlonaI-agmthSiCSAOTngelationshi[!S-betwee;—the— ,

DeMartonnear1dlt‘y—lndcx-Enzld.-water—requirements—nof“S('J me,106531,0.2.htm]

(2007). Relationships between

Pawlowski, A, Guzman, J. L., Rodriguez,

. . F., Berenguel, M., Sanchez o
(2009). Simulation of greenhouse cli g , Sanchez, J., & Dormido, S.

sensor network and t-based mate monitoring and control with wireless
Sens 'K and event-based control. Sensors (Basel, Switzerland B
252. https://doi.org/10.3390/590100232 (Basel, Switzerland), 9(1), 232

Ponce, P., Molina, A., Cepeda, P., Lugo, E., & Maccleery, B. (2015). Greenhouse Design
and_ Control ~ CHI introduction. https://www.routledge.com/Greenhouse-
DesignandControl/Ponce-Molina-Cepeda-Lugo-MacCleery/p/book/9781138026292

Rao, R. K., Bordoloi, P., Prasad, R. ., & Gill, R. (2022). (PDF) Recent Advances in
Agricultural  Science and  Technology for Sustainable India  (Part-I).
https://www.researchgate net/publication/358021517 Recent Advances in Agricu 1
tural_Science_and Technology for Sustainable India Part-I

Roberts, J. M., Bruce, T. J. A., Monaghan, J. M., Pope, T. W., Leather, S. R., & Beacham,
A. M. (2020). Vertical farming systems bring new considerations for pest and disease
management. Annals of  Applied Biology, 176(3), 226-232.
https://doi.org/10.1111/AAB.12587

Rodenburg, C. M. (1960). Varieties of lettuce: an international monograph | Titel.
https:/library.wur.nl/WebQuery/titel/499391

Saadi, S., Todorovic, M., Tanasijevic, L., Pereira, L. S., Pizzigalli, C.,_& Lionello, P.
(2015). Climate change and Mediterrancan agr_iculture: [mpacts on winter wheat and
tomato crop cvapotranspiration, irrigation requirements a?d yield. Agricultural Water
Management, 147, 103-115. https:/z’doi.orgfl{).i(]lﬁfJ.A(JWAT.ZO14.05.008

Seginer, 1., Shina, G., Albright, L. D-, & Marsh, L. S. (199.1). thimal temperature
Setlgoi;tg for c;reg}:houge Jettuce. Journal of Agricultural Engincering Research, 49(C),
209-226. htt;s://doi.org/l().l()]6/0021-8634(91)80040-L



Sethi, V. P., & Sharma, S. K

agricultural  greenhouse applications,  Solar

https:/!doiorg/lﬂ.]016/J.SOLENER.2007.03 004 Energy, 81(12), 1447-1459.

Son, I. E., Kim, H. J., & Ahn, T. 1. (2020). 1
Vertical Farming System for Efficient Qual
https://doi.org/10.1016/B978-0-12-g|

ydroponic systems. Plant Factory: An Indoor

ity Food Production: Second Edition, 273—283.
6691-8.00020-0

Stone, E.lC. (1957). Dew as an Ecological Factor: I. The
Survival of Pinus Ponderosa and Associated S
hitps://dol.org/10.2307/1929884

Effect of Artificial Dew on the
pecies. Ecology, 38(3), 414.

Tacrahkun, S., & Sriphrapradang, C. (2022). Efficacy of alternative cooling devices used

for insulip storage  without refrigeration under hot-humid environment.
Https://Do1.0rg/10. 1080/07853890.2022 2067355, 54(1), 1118-1125.

Thresh, J. . M. (2003).  Cropping Practices and  Virus  Spread.
Hitps:/Doi.Org/10.1146/Annurev.Py.20.090182.001205, 20(1), 193-216.

Tibbitts, T. W., & Bottenberg, G. (1976). Growth of lettuce (Lactuca sativa) under
controlled humidity levels. Journal of the American Society for Horticultural Science,
101(1), 70-73.

Tibbitts, Theodore W and Collier G F 1984 Effects of relative humidity and root
temperature on calcium concentration and tipburn development in {ettuce J. Am. Soc.
Hortic. Sci. 109 12831

Wolfe, D. W. (1991). Low temperaturc effects on early vegetative growth, leaf gas
exchange and water potential of chilling-sensitive and chilling-tolerant crop species.
Annals of Botany, 67(3), 205-212.
https://doi.org/10.1 093/oxfordjournals.aob.a088124

Wurr, D. C. E., Fellows, J. R, & Hambidge, A. J. (1992). Environ;ncntal factors‘
influencing head density and diameter of crisp lettuce cv. Saladin. Journal of
Horticultural Science, 67(3), 395-401.
https:ffdoi.org/l(}.1080/00221589.1992.11516264

Van Gerrewey, T., Boon,N., & Geelen, D. (2021). Vertical Farming: The Only Wagz Is Up??
Agl'onom; : 2022, Vol. 12, Page 2, 12(1), 2.
https ://doi.org/1{).3390/AGRONOMY 12010002



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20

