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Cherry tomato (Solanum lycopersicum var. cerasiforme) is crisp and juicy compared 

to regular tomato. The bite-sized cherry tomato leads to high demand in regular 

consumption among community for healthy snacking. However, uncertainty weather 

pattern was determined as one of the factors that can impact to the food production. 

Due to the climate changes impact around the world, tomato was found to have better 

growth, yield and good quality if it is been grown under greenhouse conditions. 

However, the environmental conditions inside the greenhouse such as media types, 

amount of light intensity and level of carbon dioxide (CO2) need to be optimised to 

improve the growth performance, yield production and quality of tomato. Thus, the 

objectives of this study were to investigate the effect media type, light intensity level 

and CO2 elevation on growth performance, physiology changes, yield production and 

quality of tomato grown under greenhouse conditions. In Experiment 1, seedlings 

variety Ruby Red cherry tomato was planted using three different types of media 

[coconut coir dust (CCD), mixed soil, and top soil] under two different greenhouse 

systems; smart greenhouse system (SGS) and conventional greenhouse system (CGS). 

The plants were observed at 30, 60 and 90 days after transplant (DAT). The 

experiment was arranged in randomized complete block design (RCBD). Plant height, 

total leaf area, shoot and root dry, root to shoot ratio (R:S), photosynthetic rate, 

stomatal conductance, transpiration rate, and water use efficiency and yield showed 

the best performance and significantly highest when the plant grown under CCD. In 

Experiment 2, Ruby Red cherry tomato seedlings was grown using CCD media which 

was optimized from Experiment 1. The seedling was then shaded using 0, 50% and 

70% black netting to allow 100%, 50% and 30% light penetration, respectively. The 

plant was placed under greenhouses elevated with 800 ppm CO2 elevation at 8-10 am 

daily(SGS) and non-elevated CO2 (CGS) as control. Exposing tomato seedling in 



 

ii 

higher CO2 concentration reduced plant height, total leaf area and total biomass than 

control. The number of lateral roots increased under SGS compared to CGS and that 

the length of the roots increased as well. Upon CO2 enrichment happened, there was a 

reduction in stomatal conductance and transpiration rate which reduced the loss of 

water in the atmosphere. Higher concentration CO2 level can contribute heat stress to 

the plant due to the increase in temperature up to 52°C. As consequently fruit setting 

was delayed about 3 weeks as compared to the plant grown under CGS. Nevertheless, 

tomato plant received 50% of light penetration has the highest lycopene content in 

both greenhouses compared to other shading level. In conclusion, CCD is 

recommended as growing media and shading did not help in reducing temperature 

under elevated CO2 greenhouse especially in tropical region.  
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Tomato ceri (Solanum lycopersicum var. cerasiforme) adalah segar dan berair 

berbanding tomato biasa. Saiz yang kecil membawa kepada permintaan yang tinggi 

dalam kegunaan berterusan di kalangan masyarakat sebagai makanan ringan yang 

sihat. Walau bagaimanapun, corak cuaca yang tidak menentu ditentukan oleh salah 

satu faktor yang memberi kesan kepada pengeluaran makanan. Oleh kerana kesan 

perubahan iklim di seluruh dunia, tomato didapati mempunyai pertumbuhan yang 

lebih baik, hasil dan kualiti yang baik jika ia ditanam di bawah keadaan rumah hijau. 

Walau bagaimanapun, keadaan persekitaran di dalam rumah hijau seperti jenis media, 

jumlah intensiti cahaya dan tahap karbon dioksida (CO2) perlu dioptimumkan untuk 

meningkatkan prestasi pertumbuhan, pengeluaran hasil dan kualiti tomato. Oleh itu, 

objektif kajian ini adalah untuk mengkaji jenis kesan media, tahap intensiti cahaya dan 

peningkatan CO2 terhadap prestasi pertumbuhan, perubahan fisiologi, pengeluaran 

hasil dan kualiti tomato yang ditanam di bawah keadaan rumah hijau. Dalam 

Eksperimen 1, anak benih Ruby Red tomato ceri ditanam menggunakan tiga jenis 

media [habuk sabuk kelapa (CCD), tanah campur, dan tanah atas] di bawah dua sistem 

rumah hijau yang berbeza; sistem rumah hijau pintar (SGS) dan sistem rumah hijau 

konvensional (CGS). Tumbuhan ini diperhatikan pada 30, 60 dan 90 hari selepas 

pemindahan (DAT). Eksperimen itu telah disusun dalam reka bentuk blok lengkap 

rawak (RCBD). Ketinggian tumbuhan, jumlah keluasan daun, berat kering pucuk dan 

akar, nisbah pucuk kepada akar (R:S), kadar fotosintesis, konduktansi stomata, kadar 

transpirasi, dan kecekapan penggunaan air dan hasil menunjukkan prestasi terbaik dan 

paling tinggi apabila tumbuhan ditanam di bawah CCD. Dalam Eksperimen 2, benih 

tomato Ruby Red ceri telah ditanam menggunakan media CCD yang dioptimumkan 

dari Experiment 1. Anak benih kemudiannya telah dinaungi dengan menggunakan 

jaring hitam 0, 50% dan 70% untuk membolehkan penembusan cahaya 100%, 50% 



 

iv 

dan 30%. Tumbuhan telah diletakkan di bawah rumah hijau yang telah ditingkatkan 

800 ppm CO2 pada 8-10 pagi setiap hari (SGS) dan tidak ditingkatkan CO2 (CGS) 

sebagai kawalan. Pendedahan anak benih tomato dalam kepekatan CO2 yang lebih 

tinggi mengurangkan ketinggian tumbuhan, jumlah daun dan jumlah biomas dari 

kawalan. Bilangan akar sisi meningkat di bawah SGS berbanding dengan CGS dan 

panjang akar meningkat juga. Apabila pengayaan CO2 berlaku, terdapat pengurangan 

kadar konduktansi stomata dan transpirasi di mana menghindarkan kehilangan air di 

udara. Tahap kepekatan CO2 yang lebih tinggi boleh menyumbang tekanan haba 

kepada tumbuhan kerana peningkatan suhu sehingga 52°C. Oleh itu, penghasilan buah 

telah ditangguhkan sekitar 3 minggu berbanding dengan tumbuhan yang ditanam di 

bawah CGS. Walau bagaimanapun, tumbuhan tomato yang menerima 50% 

penembusan cahaya mempunyai kandungan lycopene tertinggi di kedua rumah hijau 

berbanding dengan tahap naungan yang lain. Kesimpulannya, CCD disyorkan sebagai 

media penanaman dan teduhan tidak dapat menurunkan suhu dan kelembapan relatif 

di bawah rumah hijau yang ditingkatkan CO2 terutamanya di kawasan tropika. 
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CHAPTER 1 

1 INTRODUCTION 

Malaysian tropical climate characteristic is favourable for production of various fruits 

and vegetables. However, Malaysia is vulnerable to climate change which is threating 

agriculture industry. Under climate changes phenomenon, conventional open field 

cultivation was seen not effective to increase the agriculture productivity. Heavy 

rainfall was recorded during November to February especially in East Coast 

Peninsular Malaysia caused negatively effect on soil nutrient deficiency leads to poor 

growth of plant. In addition, the increasing temperature was recorded between 37 to 

40oC especially in West Coast Peninsular Malaysia during Mac until May 2019 

enhanced evapotranspiration that leads to reduce water availability and also disturbing 

flower setting of plant. Therefore, protected cultivation was introduced in Malaysia to 

avoid any circumstances especially in climate changes.  

The main purpose of using protected cultivation in tropical region especially Malaysia 

is to avoid extreme temperature, wind and pests (Shamsiri, 2014). In the mid-1980’s, 

Tropical Lowland Greenhouses (TLG) was introduced by using plastic cover rain 

shelters (Hawa, 1998). The performance of TLG showed significant potential in crop 

productivity (Hawa, 1990) by increasing the yield production of tomato, sweet pepper 

and celery between 10 – 15 times more than open cultivation with optimal temperature 

(27oC) and CO2 enrichment (Hawa, 2003).  Greenhouse as defined as covered 

structure not only protect crop from extreme weather, it is also protecting crop from 

pest and diseases. Therefore, planting media play as a key role to boost growth 

performance of every plants inside greenhouse. The main functions of media are to 

support plant growth physically, applicable for maximizing root growth to improve 

the uptake of nutrients and water. Growth media should have good aeration, proper 

drainage, high water holding capacity, right cation exchange capacity and lack of weed 

seeds, pests and diseases and other harmful materials that can distract the plant growth 

(Mirseyed, 2017; Mitchell et. al., 1991; Gaur et. al., 1990).  

One of the priorities in greenhouse installation is microclimate condition to achieve 

optimal growing environment. The incorrect maintenance of temperature, relative 

humidity, light penetration and CO2 concentration can adversely affect plant growth 

thereby reduced productivity. The temperature inside TLG was reported could be 

increased about 20 – 30oC higher than the outside due to solar radiation (Shamsiri, 

2016). The increasing of temperature inside greenhouse caused by heat which is 

transferred by solar radiation. According to Jones (2007), the minimum requirement 

of solar radiation for tomato plant is about 2.34 kWh/m2/day. In addition, the reduction 

of light level less than 15% causes significantly reduced in fruit yield (Anderson, 

1996). In Malaysia, the average of solar radiation is about 4.32 kWh/m2/day (TNBR, 

2012).  High solar radiation was found to decrease tomato fruit quality in term of 

cracking and sunscald injuries. Therefore, shading was suggested to reduce and 

prevent heat transfer from excessive light inside greenhouse. In addition, the 

implementation of shade could enhance crop growth and production (Ilic et. al., 2015). 
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Ozer (2017) found that, the usage of 50% shading could increase the rate of 

photosynthesis, stomatal conductance and chlorophyll content compared to open 

cultivation.  

On the other hand, CO2 concentration inside greenhouse significantly reduced below 

outside level due to the dense of crop growth. An odorless and colorless gas was 

observed plays important role in photosynthesis. The stimulation of CO2 enrichments 

in photosynthesis depends with different plant either C3 or C4. According to Li et. al. 

(2013), the elevated CO2 greenhouse could improve the efficiency of crops due to 

decrease stomatal conductance and water use-efficiency. Nonetheless, CO2 

enhancement was found associated with temperature. The positive effect of elevated 

CO2 greenhouse was negatively found when crops were grown in high temperature 

(Benlloch-Gonzalez et. al., 2014). Thus, proper ventilation needs to be installed in 

greenhouse which elevated CO2 to provide favourable condition for crop growth 

(Shamsiri, 2013). 

Cherry tomato (Solanum lycopersicum var. cerasiforme) is one of the most widely 

cultivated vegetable inside greenhouse. It is highly demand because of the crunchier 

taste compared to regular tomato. The favourable microclimate for cultivating cherry 

tomato inside greenhouse is moderate to warm climate with appropriate light setting 

to improve fruit development and yield. According to Heauvelink (2005), the optimal 

temperature for tomato germination is recommended to be at 25oC while seedling 

growth should be grown between 16 – 18.5oC (Jones, 2013). Moreover, the air 

temperature reaching 32oC is progressively reduced tomato production (Adam et.al, 

2001). In Malaysia, major tomato cultivation is in highlands such as Pahang (Cameron 

Highland), Kelantan (Lojing) and Sabah (Kundasang). However, the demand of 

tomato shows increments due to increase population, level of income and food 

consumption changes. Therefore, Malaysia needs to import almost 60% of tomato 

from Thailand to fulfill the demand (Hengky, 2016). The shift of tomato cultivation 

from highland to lowland cause adversely affect the growing due to climate factors. 

Therefore, the objectives of this research work were;  

1. To investigate the growth performances, physiological changes, yield and 

quality of cherry tomato in relation to media type under different greenhouse 

system. 

2. To determine the growth performances, physiological changes, yield and 

quality of tomato in relation to shading level and CO2 elevation in different 

greenhouse systems grown using optimized media. 

 

 

 

 

 

 

 



 

 

102 

7 REFERENCES 

Abad, M., Fornes, F., Carrión, C., Noguera, V., Noguera, P., Maquieira, Á., & 

Puchades, R. (2005). Physical properties of various coconut coir dusts 

compared to peat. HortScience, 40(7), 2138-2144. 

Abdel-Mawgoud, A. M. R., El-Abd, S. O., Singer, S. M., Abou-Hadid, A. F., & Hsiao, 

T. C. (1995). Effect of shade on the growth and yield of tomato 

plants. Strategies for Market Oriented Greenhouse Production, 434, 313-320. 

Abou-Hussein, S. D. (2012). Climate change and its impact on the productivity and 

quality of vegetable crops. Journal of Applied Sciences Research, (August), 

4359-4383. 

Adams, S. R., Cockshull, K. E., & Cave, C. R. J. (2001). Effect of temperature on the 

growth and development of tomato fruits. Annals of Botany, 88(5), 869-877. 

Adugna, M., Belew, D., & Tilahun, D. (2015). Influence of rooting media and number 

of nodes per stem cutting on nursery performance of vanilla (Vanilla planifolia 

Andr. syn. Vanilla fragrans). Journal of Horticulture and Forestry, 7(3), 48-

56. 

Agüera, E., Ruano, D., Cabello, P., & de la Haba, P. (2006). Impact of atmospheric 

CO2 on growth, photosynthesis and nitrogen metabolism in cucumber 

(Cucumis sativus L.) plants. Journal of Plant Physiology, 163(8), 809-817. 

Ahmad, N. F., Wahab, P. E. M., Hassan, S. A., & Sakimin, S. Z. (2017). Salinity 

effects on growth, physiology, and yield in lowland tomato grown in soilless 

culture. Journal Tropical of Plant Physiology, 9, 46-59. 

Ali, R., & Darak, R. A. (2014). Competitiveness of Malaysian fresh agriculture and 

agro-based products in global markets: A case study in the United Arab 

Emirates. Economic and Technology Management Review, 9, 93-101. 

Amissah, L., Mohren, G. M., Kyereh, B., & Poorter, L. (2015). The effects of drought 

and shade on the performance, morphology and physiology of Ghanaian tree 

species. PloS one, 10(4), e0121004. 

Angelis, G., Papadantonakis, N., Spano, T., & Petrakis, C. (2001). Effect of substrate 

and genetic variation on fruit quality in greenhouse tomatoes: preliminary 

results. Acta Horticulturae, 497-502. 

Anwar, M., & Abro, H. (2013). Which soilless and soil-based media support the 

performance and quality of marigold most?. Journal Issues ISSN, 2350, 1561. 

Argade, M. B., Kadam, J. H., Garande, V. K., Patgaonkar, D. R., Patil, V. S., & 

Sonawane, P. N. (2018). Effect of different shading intensities on growth and 

yield of cherry tomato. Journal of Applied and Natural Science, 10(1), 352-

357. 



 

 

103 

Asaduzzaman, M., Saifullah, M., Mollick, A. S. R., Hossain, M. M., Halim, G. M. A., 

& Asao, T. (2015). Influence of soilless culture substrate on improvement of 

yield and produce quality of horticultural crops. In Soilless Culture-Use of 

Substrates for the Production of Quality Horticultural Crops. IntechOpen. 

Aspelmeier, S., & Leuschner, C. (2006). Genotypic variation in drought response of 

silver birch (Betula pendula Roth): leaf and root morphology and carbon 

partitioning. Trees, 20(1), 42-52. 

Atif, M. J., Jellani, G., Malik, M. H. A., Saleem, N., Ullah, H., Khan, M. Z., & Ikram, 

S. (2016). Different growth media effect the germination and growth of tomato 

seedlings. Science, Technology and Development, 35(3), 123-127. 

Awang, Y. and Ismail, M.R. (1997). The growth and flowering of some annual 

ornamentals on coconut dust. Proceedings of international symposium on 

growing media and plant nutrition in horticulture, (Roeber, R.U., ed.). Acta 

Horticulturae, 450, 31–38 

Badgery-Parker, J. (1999). The greenhouse. Agnote DPI/249. New South Wales. 

Barrett, G. E., Alexander, P. D., Robinson, J. S., & Bragg, N. C. (2016). Achieving 

environmentally sustainable growing media for soilless plant cultivation 

systems–A review. Scientia Horticulturae, 212, 220-234. 

Becker, C., & Kläring, H. P. (2016). CO2 enrichment can produce high red leaf lettuce 

yield while increasing most flavonoid glycoside and some caffeic acid 

derivative concentrations. Food Chemistry, 199, 736-745. 

Bekhradi, F., Delshad, M., Kashi, A. A., Babalar, M., & Ilkhani, S. (2014). Effect of 

plant density in some basil cultivars on yield and radiation use 

efficiency. Journal of Biodiversity and Environmental Sciences (JBES), 5(1), 

91-96. 

Benard, C., Gautier, H., Bourgaud, F., Grasselly, D., Navez, B., Caris-Veyrat, C., ... 

& Genard, M. (2009). Effects of low nitrogen supply on tomato (Solanum 

lycopersicum) fruit yield and quality with special emphasis on sugars, acids, 

ascorbate, carotenoids, and phenolic compounds. Journal of Agricultural and 

Food Chemistry, 57(10), 4112-4123. 

Benlloch-Gonzalez, M., Bochicchio, R., Berger, J., Bramley, H., & Palta, J. A. (2014). 

High temperature reduces the positive effect of elevated CO2 on wheat root 

system growth. Field Crops Research, 165, 71-79. 

Bisbis, M., Gruda, N., & Blanke, M. (2017, August). Adapting to climate change with 

greenhouse technology. In International Symposium on New Technologies for 

Environment Control, Energy-Saving and Crop Production in Greenhouse and 

Plant 1227 (pp. 107-114). 



 

 

104 

Borguini, R. G., & Elizabeth A. Ferraz Da Silva Torres. (2009). Tomatoes and tomato 

products as dietary sources of antioxidants. Food Reviews 

International, 25(4), 313-325.  

Bray, R. H., & Kurtz, L. T. (1945). Determination of total, organic, and available 

forms of phosphorus in soils. Soil science, 59(1), 39-46. 

Bruinsma, J. (2017). World agriculture: towards 2015/2030: an FAO study. 

Routledge. 

Callaway, R. M., DeLucia, E. H., Thomas, E. M., & Schlesinger, W. H. (1994). 

Compensatory responses of CO2 exchange and biomass allocation and their 

effects on the relative growth rate of ponderosa pine in different CO2 and 

temperature regimes. Oecologia, 98(2), 159-166. 

Castilla, N., & Montero, J. I. (2008, October). Environmental control and crop 

production in Mediterranean greenhouses. In International Workshop on 

Greenhouse Environmental Control and Crop Production in Semi-Arid 

Regions, 797, 25-36. 

Cefali, L. C., Souza-Moreira, T. M., Corrêa, M. A., Salgado, H. R. N., & Isaac, V. L. 

B. (2015). Development and evaluation of an emulsion containing lycopene 

for combating acceleration of skin aging. Brazilian Journal of Pharmaceutical 

Sciences, 51(3), 579-590. 

Centritto, M., Lucas, M. E., & Jarvis, P. G. (2002). Gas exchange, biomass, whole-

plant water-use efficiency and water uptake of peach (Prunus persica) 

seedlings in response to elevated carbon dioxide concentration and water 

availability. Tree Physiology, 22(10), 699-706. 

Chen, B. L., Yang, H. K., Ma, Y. N., Liu, J. R., Lv, F. J., Chen, J., ... & Zhou, Z. G. 

(2017). Effect of shading on yield, fiber quality and physiological 

characteristics of cotton subtending leaves on different fruiting 

positions. Photosynthetica, 55(2), 240-250. 

Choi, E. Y., Seo, T. C., Lee, S. G., Cho, I. H., & Stangoulis, J. (2011). Growth and 

physiological responses of Chinese cabbage and radish to long-term exposure 

to elevated carbon dioxide and temperature. Horticulture, Environment, and 

Biotechnology, 52(4), 376. 

Cohen, S., Raveh, E., Li, Y., Grava, A., & Goldschmidt, E. E. (2005). Physiological 

responses of leaves, tree growth and fruit yield of grapefruit trees under 

reflective shade screens. Scientia Horticulturae, 107(1), 25-35. 

Costa, C., Dwyer, L. M., Zhou, X., Dutilleul, P., Hamel, C., Reid, L. M., & Smith, D. 

L. (2002). Root morphology of contrasting maize genotypes. Agronomy 

Journal, 94(1), 96-101. 



 

 

105 

Crawford, A. J., McLachlan, D. H., Hetherington, A. M., & Franklin, K. A. (2012). 

High temperature exposure increases plant cooling capacity. Current 

Biology, 22(10), R396-R397. 

Dai, Y., Shen, Z., Liu, Y., Wang, L., Hannaway, D., & Lu, H. (2009). Effects of shade 

treatments on the photosynthetic capacity, chlorophyll fluorescence, and 

chlorophyll content of Tetrastigma hemsleyanum Diels et Gilg. Environmental 

and Experimental Botany, 65(2-3), 177-182. 

Dam, B. V., Goffau, M. D., de Jeude, L., & Naika, S. (2005). Cultivation of tomato: 

Production, processing and marketing. Agromisa/CTA. 

DaMatta, F. M., Godoy, A. G., Menezes-Silva, P. E., Martins, S. C., Sanglard, L. M., 

Morais, L. E., ... & Ghini, R. (2015). Sustained enhancement of photosynthesis 

in coffee trees grown under free-air CO2 enrichment conditions: disentangling 

the contributions of stomatal, mesophyll, and biochemical limitations. Journal 

of Experimental Botany, 67(1), 341-352. 

De Souza, A. P., Gaspar, M., Da Silva, E. A., Ulian, E. C., Waclawovsky, A. J., 

Nishiyama Jr, M. Y., & Buckeridge, M. S. (2008). Elevated CO2 increases 

photosynthesis, biomass and productivity, and modifies gene expression in 

sugarcane. Plant, Cell & Environment, 31(8), 1116-1127. 

DeFacio, P., Pickerel, L., & Rhyne, S. M. (2002). Greenhouse Operation and 

Management: Instructor Guide. Instructional Materials Laboratory, University 

of Missouri-Columbia. 

Dong, J., Li, X., & Duan, Z. Q. (2016). Biomass allocation and organs growth of 

cucumber (Cucumis sativus L.) under elevated CO2 and different N 

supply. Archives of Agronomy and Soil Science, 62(2), 277-288. 

Dorai, M., Papadopoulos, A., & Gosselin, A. (2001). Influence of electric conductivity 

management on greenhouse tomato yield and fruit quality. Agronomie, 21(4), 

367-383. 

Drake, B. G., Gonzàlez-Meler, M. A., & Long, S. P. (1997). More efficient plants: a 

consequence of rising atmospheric CO2?. Annual Review of Plant 

Biology, 48(1), 609-639. 

Du, Y. C., & Tachibana, S. (1994). Effect of supraoptimal root temperature on the 

growth, root respiration and sugar content of cucumber plants. Scientia 

Horticulturae, 58(4), 289-301. 

Dussi, María Claudia, G. Giardina, D. Sosa, R. González Junyent, A. Zecca, and P. 

Reeb Reeb. (2005). Shade nets effect on canopy light distribution and quality 

of fruit and spur leaf on apple cv. Fuji. Spanish Journal of Agricultural 

Research, 3(2), 253-260. 



 

 

106 

Echer, F. R., Zanfolin, P. R. L., Moreira, A. C. M., Santos, A. C. P., & Gorni, P. H. 

(2019). Root growth and carbohydrate partitioning in cotton subjected to 

shading in the initial phase. Ciência Rural, 49(1). 

Fan, Y., Chen, J., Cheng, Y., Raza, M. A., Wu, X., Wang, Z., & Liu, W. (2018). Effect 

of shading and light recovery on the growth, leaf structure, and photosynthetic 

performance of soybean in a maize-soybean relay-strip intercropping 

system. PloS one, 13(5), e0198159. 

Fandi, M., Al-Muhtaseb, J. A., & Hussein, M. A. (2008). Yield and fruit quality of 

tomato as affected by the substrate in an open soilless culture. Jordan Journal 

of Agricultural Sciences, 4(1), 65-72. 

FAO (Food and Agriculture Organization of the United Nations). (2017). FAOSTAT 

Database. http://faostat3.fao.org/ 

Farhan, A. F. A., Zakaria, A. J., Mat, N., & Mohd, K. S. (2018). Soilless Media 

Culture-A Propitious Auxiliary for Crop Production. Asian Journal of Crop 

Science, 10(1), 1-9. 

Fauset, S., Oliveira, L., Buckeridge, M. S., Foyer, C. H., Galbraith, D., Tiwari, R., & 

Gloor, M. (2019). Contrasting responses of stomatal conductance and 

photosynthetic capacity to warming and elevated CO2 in the tropical tree 

species Alchornea glandulosa under heatwave conditions. Environmental and 

Experimental Botany, 158, 28-39. 

Feng, G., Zhang, F., Li, X., Tian, C., Tang, C., & Rengel, Z. (2002). Improved 

tolerance of maize plants to salt stress by arbuscular mycorrhiza is related to 

higher accumulation of soluble sugars in roots. Mycorrhiza, 12(4), 185-190. 

Franks, P. J., & Beerling, D. J. (2009). Maximum leaf conductance driven by CO2 

effects on stomatal size and density over geologic time. Proceedings of the 

National Academy of Sciences, 106(25), 10343-10347. 

Frusciante, L., Carli, P., Ercolano, M. R., Pernice, R., Di Matteo, A., Fogliano, V., & 

Pellegrini, N. (2007). Antioxidant nutritional quality of tomato. Molecular 

Nutrition & Food Research, 51(5), 609-617. 

Fu, Y., Shao, L., Liu, H., Li, H., Zhao, Z., Ye, P., & Liu, H. (2015). Unexpected 

decrease in yield and antioxidants in vegetable at very high CO2 

levels. Environmental chemistry letters, 13(4), 473-479. 

Gajic, M., Zaripheh, S., Sun, F., & Erdman Jr, J. W. (2006). Apo-8′-lycopenal and 

apo-12′-lycopenal are metabolic products of lycopene in rat liver. The Journal 

of nutrition, 136(6), 1552-1557. 

Gama, P. B., Wani, L. B., Marcelo-d’Ragga, P. W., & Misaka, B. C. (2015). Effect of 

soil media on growth of tomato seedlings (Solanum lycopersicum L.) under 

nursery (greenhouse) conditions. 

http://faostat3.fao.org/


 

 

107 

Garbin, M. L., & Dillenburg, L. R. (2008). Effects of different nitrogen sources on 

growth, chlorophyll concentration, nitrate reductase activity and carbon and 

nitrogen distribution in Araucaria angustifolia. Brazilian Journal of Plant 

Physiology, 20(4), 295-303. 

Gaur, A. C., & Mathur, R. S. (1990). Organic manures. Soil fertility and fertilizer use. 

Vol IV. Nutrient management and supply system for sustaining agriculture in 

1990s, 149-159. 

Gautier, H., Guichard, S., & Tchamitchian, M. (2001). Modulation of competition 

between fruits and leaves by flower pruning and water fogging, and 

consequences on tomato leaf and fruit growth. Annals of Botany, 88(4), 645-

652. 

George, K., Norby, R. J., Hamilton, J. G., & DeLucia, E. H. (2003). Fine‐root 

respiration in a loblolly pine and sweetgum forest growing in elevated 

CO2. New Phytologist, 160(3), 511-522. 

Ghehsareh, A. M., Borji, H., & Jafarpour, M. (2011). Effect of some culture substrates 

(date-palm peat, cocopeat and perlite) on some growing indices and nutrient 

elements uptake in greenhouse tomato. African Journal of Microbiology 

Research, 5(12), 1437-1442. 

Giacomelli, G. A., Sase, S., Cramer, R., Hoogeboom, J., MacKenzie, A., Parbst, K., 

& Van Weel, P. A. (2010). Greenhouse production systems for people. 

In XXVIII International Horticultural Congress on Science and Horticulture 

for People (IHC2010): International Symposium on 927. pp. 23-38. 

Giri, A., Armstrong, B., & Rajashekar, C. B. (2016). Elevated carbon dioxide level 

suppresses nutritional quality of lettuce and spinach. American Journal of 

Plant Sciences, 7(1). 

Graceson, A., Monaghan, J., Hall, N., & Hare, M. (2014). Plant growth responses to 

different growing media for green roofs. Ecological Engineering, 69, 196-200. 

Gruda, N. (2005). Impact of environmental factors on product quality of greenhouse 

vegetables for fresh consumption. Critical Reviews in Plant Sciences, 24(3), 

227-247. 

Gruda, N. (2009). Do soilless culture systems have an influence on product quality of 

vegetables? 

Guan, Z., Biswas, T., & Wu, F. (2017). The US Tomato Industry: An Overview of 

Production and Trade. The UF/IFAS Extension Publication FE1027. 

Haddadin, M. S., & Haddadin, J. S. (2015). Lycopene extraction from tomato pomace 

with supercritical carbon dioxide: effect of pressures, temperatures and CO2 

flow rates and evaluation of antioxidant activity and stability of 

lycopene. Pakistan Journal of Nutrition, 14(12), 942. 



 

 

108 

Halim, N. A., & Dardak, R. A. (2016, July 27). Transformation of Vegetable Industry 

through Policy Intervention and Technology Transfer. Retrieved April 1, 2019, 

from http://ap.fftc.agnet.org/ap_db.php?id=783&print=1 

Hanan, J. J., Holley, W. D., & Goldsberry, K. L. (2012). Greenhouse 

management (Vol. 5). Springer Science & Business Media. 

Harel, D., Fadida, H., Slepoy, A., Gantz, S., & Shilo, K. (2014). The effect of mean 

daily temperature and relative humidity on pollen, fruit set and yield of tomato 

grown in commercial protected cultivation. Agronomy, 4(1), 167-177. 

Hassanien, R. H. E., Li, M., & Lin, W. D. (2016). Advanced applications of solar 

energy in agricultural greenhouses. Renewable and Sustainable Energy 

Reviews, 54, 989-1001. 

Helyes, L., Dimény, J., Pék, Z., & Lugasi, A. (2006, August). Effect of the variety and 

growing methods as well as cultivation conditions on the composition of 

tomato (Lycopersicon lycopersicum (L.) Karsten) fruit. In IV International 

Conference on Managing Quality in Chains-The Integrated View on Fruits 

and Vegetables Quality, 712, 511-516. 

Helyes, L., Lugasi, A., & Pék, Z. (2007). Effect of natural light on surface temperature 

and lycopene content of vine ripened tomato fruit. Canadian Journal of Plant 

Science, 87(4), 927-92 

Helyes, L., Lugasi, A., Peli, E., & Pek, Z. (2011). Effect of elevated CO2 on lycopene 

content of tomato (Lycopersicon lycopersicum L. Karsten) fruits. Acta 

alimentaria, 40(1), 80-86. 

Hengky, S. H. (2016). Competition Gaps of Tomatoes’ Industries in Cameron 

Highland, Malaysia. Business and Economic Research, 6(2), 368-378. 

Heuvelink, E. (Ed.). (2018). Tomatoes (Vol. 27). CABI. 

Hoosbeek, M. R., Lukac, M., Velthorst, E., Smith, A. R., & Godbold, D. L. (2011). 

Free atmospheric CO 2 enrichment increased above ground biomass but did 

not affect symbiotic N 2-fixation and soil carbon dynamics in a mixed 

deciduous stand in Wales. Biogeosciences, 8(2), 353-364. 

Hossain, M. S. A., & Normaniza, O. (2010). Impacts of shading on flower formation 

and longevity, leaf chlorophyll and growth of Bougainvillea glabra. Asian 

Journal of Plant Sciences, 9(1), 20-27. 

Huang, Y., Li, Y., & Wen, X. (2011). The effect of relative humidity on pollen vigor 

and fruit setting rate of greenhouse tomato under high temperature 

condition. Acta Agriculture Boreali-Occident. Sin, 11, 1-20. 

Hughes, H. E., & Hanan, J. J. (1978). Effect of salinity in water supplies on greenhouse 

rose production. Journal of the American Society for Horticultural Science. 

http://ap.fftc.agnet.org/ap_db.php?id=783&print=1


 

 

109 

Hussain, A., Iqbal, K., Aziem, S., Mahato, P., & Negi, A. K. (2014). A review on the 

science of growing crops without soil (soilless culture)-a novel alternative for 

growing crops. International Journal of Agriculture and Crop Sciences, 7(11), 

833. 

Hussain, A., Rasul, G., Mahapatra, B., & Tuladhar, S. (2016). Household food security 

in the face of climate change in the Hindu-Kush Himalayan region. Food 

Security, 8(5), 921-937. 

Ilić, Z. S., Milenković, L., Stanojević, L., Cvetković, D., & Fallik, E. (2012). Effects 

of the modification of light intensity by color shade nets on yield and quality 

of tomato fruits. Scientia Horticulturae, 139, 90-95. 

Iman, A., Wahab, Z., Halim, M. R. A., & Rastan, S. O. S. (2006). The influence of 

NPK fertilizer rates and cropping systems on root biomass and some root 

morphological variables of sweet corn and vegetable soybean. Journal of 

Agronomy. 

IPCC, (2007). Intergovernmental Panel on Climate Change, Climate Change: 

Contribution of Working Group iii to the Fourth Assessment Report of the 

Intergovernmental Panel on Climate Change. 

Irving, L. (2015). Carbon assimilation, biomass partitioning and productivity in 

grasses. Agriculture, 5(4), 1116-1134. 

Islam, M. T. (2011). Effect of temperature on photosynthesis, yield attributes and yield 

of tomato genotypes. International Journal of Experimental Agriculture, 2(1), 

8-11. 

Islam, S., Jalaluddin, M., & Hettiarachchy, N. S. (2011). Bio-active compounds of 

bitter melon genotypes (Momordica charantia L.) in relation to their 

physiological functions. Functional Foods in Health and Disease, 1(2), 61-74. 

Ismail, M. R., Saud, H. M., Habib, S. H., Kausar, H., Maleque, M. A., & Hakim, M. 

A. (2017). Efficacy evaluation of empty palm oil fruit bunch compost in 

improving soil characteristics, plant growth and disease suppression of tomata 

plants under tropical acid soil. Journal of Environmental Biology, 38(1), 123. 

Ismail, M., Rahmani, Y., & Awang, Y. (1996, September). The use of rubberwood 

sawdust (RS): peat mix in the soilless cultivation of melon (Cucumis melo L.). 

In International Symposium Growing Media and Plant Nutrition in 

Horticulture, 450, 149-154. 

Jaafar, H. Z. (2004, June). Carbon dioxide enriched production technology for 

controlled environment system in the lowland tropics. In International 

Symposium on Greenhouses, Environmental Controls and In-house 

Mechanization for Crop Production in the Tropics, 710, 347-354. 



 

 

110 

Jaafar, H. Z., Ibrahim, M. H., & Karimi, E. (2012). Phenolics and flavonoids 

compounds, phenylanine ammonia lyase and antioxidant activity responses to 

elevated CO2 in Labisia pumila (Myrisinaceae). Molecules, 17(6), 6331-6347. 

Ji, G. A. O., Xue, H. A. N., Seneweera, S., Ping, L. I., Zong, Y. Z., Qi, D. O. N. G., ... 

& Hao, X. Y. (2015). Leaf photosynthesis and yield components of mung bean 

under fully open-air elevated [CO2]. Journal of integrative agriculture, 14(5), 

977-983. 

Jin, C., Du, S., Wang, Y., Condon, J., Lin, X., & Zhang, Y. (2009). Carbon dioxide 

enrichment by composting in greenhouses and its effect on vegetable 

production. Journal of Plant Nutrition and Soil Science, 172(3), 418-424. 

Johkan, M., Oda, M., Maruo, T., & Shinohara, Y. (2011). Crop production and global 

warming. INTECH Open Access Publisher. 

Jones Jr, J. B. (2007). Tomato plant culture: in the field, greenhouse, and home garden. 

CRC press. 

Jones, J. B. (2013). Instructions for growing tomatoes in the garden and green-

house. GroSystems, Anderson, SC, USA, 716. 

Juan, L. I., ZHOU, J. M., & DUAN, Z. Q. (2007). Effects of elevated CO2 

concentration on growth and water usage of tomato seedlings under different 

ammonium/nitrate ratios. Journal of Environmental Sciences, 19(9), 1100-

1107. 

Juan, L., Jian-Min, Z., Zeng-Qiang, D., Chang-Wen, D., & Huo-Yan, W. (2007). 

Effect of CO2 enrichment on the growth and nutrient uptake of tomato 

seedlings. Pedosphere, 17(3), 343-351. 

Kang, J. H., KrishnaKumar, S., Atulba, S. L. S., Jeong, B. R., & Hwang, S. J. (2013). 

Light intensity and photoperiod influence the growth and development of 

hydroponically grown leaf lettuce in a closed-type plant factory 

system. Horticulture, Environment, and Biotechnology, 54(6), 501-509. 

Kang, Y., Khan, S., & Ma, X. (2009). Climate change impacts on crop yield, crop 

water productivity and food security–A review. Progress in natural 

Science, 19(12), 1665-1674. 

Katan, J. (2017). Diseases caused by soilborne pathogens: Biology, management and 

challenges. Journal of Plant Pathology, 99(2), 305-315. 

Khalid, M. H. B., Raza, M. A., Yu, H. Q., Sun, F. A., Zhang, Y. Y., Lu, F. Z., ... & Li, 

W. C. (2019). Effect of shade treatments on morphology, photosynthetic and 

chlorophyll fluorescence characteristics of soybeans (Glycine max L. 

Merr.). Applied Ecology and Environmental Research, 17(2), 2551-2569. 

Kirschbaum, M. U. (2011). Does enhanced photosynthesis enhance growth? Lessons 

learned from CO2 enrichment studies. Plant physiology, 155(1), 117-124. 



 

 

111 

Kittas, C., Rigakis, N., Katsoulas, N., & Bartzanas, T. (2008, April). Influence of 

shading screens on microclimate, growth and productivity of tomato. 

In International Symposium on Strategies Towards Sustainability of Protected 

Cultivation in Mild Winter Climate 807 (pp. 97-102). 

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

greenhouse cooling in tropical and subtropical regions: A review. Energy and 

Buildings, 41(12), 1269-1275. 

Kumar, R., Sharma, S., & Pathania, V. (2013). Effect of shading and plant density on 

growth, yield and oil composition of clary sage (Salvia sclarea L.) in north 

western Himalaya. Journal of Essential Oil Research, 25(1), 23-32. 

Kyei-Boahen, S., Astatkie, T., Lada, R., Gordon, R., & Caldwell, C. (2003). Gas 

exchange of carrot leaves in response to elevated CO2 

concentration. Photosynthetica, 41(4), 597-603. 

Kyriakopoulou, O. G., Karapanos, I. C., Tsikritsakis, G., Tsermoulas, S., Alexopoulos, 

A. A., & Passam, H. C. (2010, August). Effect of shading on the development 

and yield of two okra (Hibiscus esculentus L.) cultivars grown under high 

temperatures. In XXVIII International Horticultural Congress on Science and 

Horticulture for People (IHC2010). 936, 155-159). 

Lamaoui, M., Jemo, M., Datla, R., & Bekkaoui, F. (2018). Heat and drought stresses 

in crops and approaches for their mitigation. Frontiers in Chemistry, 6, 26. 

Lanoue, J., Leonardos, E. D., Ma, X., & Grodzinski, B. (2017). The effect of spectral 

quality on daily patterns of gas exchange, biomass gain, and water-use-

efficiency in tomatoes and lisianthus: An assessment of whole plant 

measurements. Frontiers in Plant Science, 8, 1076. 

Lawson, T., & Blatt, M. R. (2014). Stomatal size, speed, and responsiveness impact 

on photosynthesis and water use efficiency. Plant Physiology, 164(4), 1556-

1570. 

Levine, L. H., Richards, J. T., & Wheeler, R. M. (2009). Super-elevated CO2 

interferes with stomatal response to ABA and night closure in soybean 

(Glycine max). Journal of Plant Physiology, 166(9), 903-913. 

Lewis, J. D., Lucash, M., Olszyk, D. M., & Tingey, D. T. (2004). Relationships 

between needle nitrogen concentration and photosynthetic responses of 

Douglas‐fir seedlings to elevated CO2 and temperature. New 

Phytologist, 162(2), 355-364. 

Leyva, R., Constán‐Aguilar, C., Blasco, B., Sánchez‐Rodríguez, E., Romero, L., 

Soriano, T., & Ruíz, J. M. (2014). Effects of climatic control on tomato yield 

and nutritional quality in Mediterranean greenhouse. Journal of the Science of 

Food and Agriculture, 94(1), 63-70. 



 

 

112 

Li, D., Liu, H., Qiao, Y., Wang, Y., Cai, Z., Dong, B., & Liu, M. (2013). Effects of 

elevated CO2 on the growth, seed yield, and water use efficiency of soybean 

(Glycine max (L.) Merr.) under drought stress. Agricultural Water 

Management, 129, 105-112. 

Li, Q., Li, H., Zhang, L., Zhang, S., and Chen, Y. (2018). Mulching improves yield 

and water-use efficiency of potato cropping in China: a meta-analysis. Field 

Crops Research. 221, 50–60.  

Lillywhite, R. (2014). Horticulture and the environment. In Horticulture: Plants for 

People and Places, Volume 2, Springer, Dordrecht. pp. 603-617. 

Lipiec, J., Medvedev, V. V., Birkas, M., Dumitru, E., Lyndina, T. E., Rousseva, S., & 

Fulajtar, E. (2003). Effect of soil compaction on root growth and crop yield in 

Central and Eastern Europe. International Agrophysics, 17(2), 61-70. 

Liu, J., Meng, Y., Chen, J., Lv, F., Ma, Y., Chen, B., ... & Oosterhuis, D. M. (2015). 

Effect of late planting and shading on cotton yield and fiber quality 

formation. Field Crops Research, 183, 1-13. 

Lobos, G. A., Retamales, J. B., Hancock, J. F., Flore, J. A., Romero-Bravo, S., & Del 

Pozo, A. (2013). Productivity and fruit quality of Vaccinium corymbosum cv. 

Elliott under photo-selective shading nets. Scientia horticulturae, 153, 143-

149. 

Long, S. P., Ainsworth, E. A., Rogers, A., & Ort, D. R. (2004). Rising atmospheric 

carbon dioxide: plants FACE the future. Annu. Rev. Plant Biol., 55, 591-628. 

Lopez-Marin, J., Galvez, A., Gonzalez, A., Egea-Gilabert, C., & Fernandez, J. A. 

(2012). Effect of shade on yield, quality and photosynthesis-related parameters 

of sweet pepper plants. In VII International Symposium on Light in 

Horticultural Systems, 956: 545-552. 

Maboko, M. M., Du Plooy, C. P., & Bertling, I. (2008). Comparative performance of 

tomato cultivars in soilless vs. in-soil production systems. In International 

Symposium on Soilless Culture and Hydroponics, 843: 319-326. 

Malik, G., Masoodi, L., Nabi, S. U., Sharma, A., & Singh, D. B. (2017). Production 

technology of cherry tomato in Kashmir. 

Mamatha, H., Rao, N. S., Laxman, R. H., Shivashankara, K. S., Bhatt, R. M., & 

Pavithra, K. C. (2014). Impact of elevated CO2 on growth, physiology, yield, 

and quality of tomato (Lycopersicon esculentum Mill) cv. Arka 

Ashish. Photosynthetica, 52(4), 519-528. 

Marsic, N. K., Gasperlin, L., Abram, V., Budic, M., & Vidrih, R. (2011). Quality 

parameters and total phenolic content in tomato fruits regarding cultivar and 

microclimatic conditions. Turkish Journal of Agriculture and Forestry, 35(2), 

185-194. 



 

 

113 

Mathowa, T., Tshegofatso, N., Mojeremane, W., Matsuane, C., Legwaila, G. M., & 

Oagile, O. (2016). Effect of commercial growing media on emergence, growth 

and development of tomato seedlings. International Journal of Agronomy 

Agriculture Resesearch, 9(1): 83-91. 

Mathur, S., Jain, L., & Jajoo, A. (2018). Photosynthetic efficiency in sun and shade 

plants. Photosynthetica, 56(1), 354-365. 

Mauro, R. P., Occhipinti, A., Longo, A. M. G., & Mauromicale, G. (2011). Effects of 

shading on chlorophyll content, chlorophyll fluorescence and photosynthesis 

of subterranean clover. Journal of Agronomy and Crop Science, 197(1), 57-

66. 

Max, J. F., Horst, W. J., Mutwiwa, U. N., & Tantau, H. J. (2009). Effects of 

greenhouse cooling method on growth, fruit yield and quality of tomato 

(Solanum lycopersicum L.) in a tropical climate. Scientia 

Horticulturae, 122(2), 179-186. 

Mirseyed, H., Alavipoor, E. and Delshad, M., 2017. Evaluation of different growth 

media for tomato seedlings to optimize production and water use. Iran 

Agricultural Research. 36(2), 61-70 

Mitchell, J. P., Shennan, C., Grattan, S. R., & May, D. M. (1991). Tomato fruit yields 

and quality under water deficit and salinity. Journal of the American Society 

for Horticultural Science, 116(2), 215-221. 

Ng, W., Chong, M., Ng, D., Lam, H., Lim, D., & Law, K. H. (2017). A mini review 

of palm based fertiliser production in Malaysia. Chemical Engineering 

Transactions, 61, 1585-1590. 

Noor Atiqah, A. A. K., Maisarah, A. M., & Asmah, R. (2014). Comparison of 

antioxidant properties of tamarillo (Cyphomandra betacea), cherry tomato 

(Solanumly copersicum var. cerasiform) and tomato (Lyopersicon 

esulentum). International Food Research Journal, 21(6). 

Nosalewicz, A., & Lipiec, J. (2014). The effect of compacted soil layers on vertical 

root distribution and water uptake by wheat. Plant and soil, 375(1-2), 229-240. 

Olle, M., Ngouajio, M., & Siomos, A. (2012). Vegetable quality and productivity as 

influenced by growing medium: a review. Agriculture, 99(4), 399-408. 

Olson, S. M., Stall, W. M., Vallad, G. E., Webb, S. E., Smith, S. A., Simonne, E. H., 

& Ozores-Hampton, M. (2012). Tomato production in Florida. EDIS. 

University of Florida Extension Circus HS739: University of Florida/IFAS. 

Omar, N. F., Hassan, S. A., Ramlan, M. F., Wahab, P. E. M., & Abdullah, M. P. 

(2016). Growth and phytochemical responses of Andrographis Paniculata as 

influenced by different shade levels and prunings. Journal. Tropical  Plant 

Physiology, 8, 61-69. 



 

 

114 

Ordoñez-Santos, L. E., & Ledezma-Realpe, D. P. (2013). Lycopene concentration and 

physico-chemical properties of tropical fruits. Food and Nutrition 

Sciences, 4(07), 758. 

Özer, H. (2017). Effects of shading and organic fertilizers on tomato yield and 

quality. Pakistan Journal of Botany, 49(5), 1849-1855. 

Pardossi, A., Carmassi, G., Diara, C., Incrocci, L., Maggini, R., & Massa, D. (2011). 

Fertigation and substrate management in closed soilless culture. Pisa: 

University of Pisa. 

Pardossi, A., Tognoni, F., & Incrocci, L. (2004). Mediterranean greenhouse 

technology. Chronica Horticulturae, 44(2), 28-34. 

Passioura, J. B. (2002). Soil conditions and plant growth. Plant, Cell & Environment, 

25(2), 311-318. 

Patel, N. T., Vaghela, P. M., Patel, A. D., & Pandey, A. N. (2011). Implications of 

calcium nutrition on the response of Caesalpinia crista (Fabaceae) to soil 

salinity. Acta Ecologica Sinica, 31(1), 24-30. 

Patiram. (2007). Soil Analysis. Soil Testing and Analysis: Plant, Water and Pesticide 

Residues. New India Publishing Agency. 

Paul, M. J., & Foyer, C. H. (2001). Sink regulation of photosynthesis. Journal of 

Experimental Botany, 52(360), 1383-1400. 

Pék, Z., Szuvandzsiev, P., Nemenyi, A., Helyes, L., & Lugasi, A. (2011). The effect 

of natural light on changes in antioxidant content and color parameters of vine-

ripened tomato (Solanum lycopersicum L.) fruits. HortScience, 46(4), 583-

585. 

Pérez-López, U., Sgherri, C., Miranda-Apodaca, J., Micaelli, F., Lacuesta, M., Mena-

Petite, A., & Muñoz-Rueda, A. (2018). Concentration of phenolic compounds 

is increased in lettuce grown under high light intensity and elevated CO2. Plant 

Physiology and Biochemistry, 123, 233-241. 

Prior, S. A., Rogers, H. H., Runion, G. B., & Mauney, J. R. (1994). Effects of free-air 

CO2 enrichment on cotton root growth. Agricultural and Forest 

Meteorology, 70(1-4), 69-86. 

Prior, S. A., Torbert, H. A., Runion, G. B., & Rogers, H. H. (2003). Implications of 

elevated CO2-induced changes in agroecosystem productivity. Journal of crop 

production, 8(1-2), 217-244. 

Procko, C., Crenshaw, C. M., Ljung, K., Noel, J. P., & Chory, J. (2014). Cotyledon-

generated auxin is required for shade-induced hypocotyl growth in Brassica 

rapa. Plant Physiology, 165(3), 1285-1301. 



 

 

115 

Proietti, S., Moscatello, S., Giacomelli, G. A., & Battistelli, A. (2013). Influence of 

the interaction between light intensity and CO2 concentration on productivity 

and quality of spinach (Spinacia oleracea L.) grown in fully controlled 

environment. Advances in Space Research, 52(6), 1193-1200. 

Putra, P. A., & Yuliando, H. (2015). Soilless culture system to support water use 

efficiency and product quality: a review. Agriculture and Agricultural Science 

Procedia, 3, 283-288. 

Qiu, W., Jiang, H., Wang, H., & Gao, Y. (2006). Effect of high hydrostatic pressure 

on lycopene stability. Food Chemistry, 97(3), 516-523. 

Rahim, H., Shamsudin, M. N., Radam, A. and Mohamed, Z.A. (2011). Normative 

Dimensions’ Preferences towards Intention to Purchase Green Food Product. 

World Applied Sciences Journal, 14: 39 – 47 

Rahim, H., Wahab, M. A. M. A., Amin, M. Z. M., Harun, A., & Haimid, M. T. (2017). 

Technological adoption evaluation of agricultural and food sectors towards 

modern agriculture: Tomato. 

Rahimi, Z., Aboutalebi, A., & Hasanzadeh, H. (2013). Effect of various culture media 

on tomato transplant production. International Research Journal of Applied 

and Basic Sciences, 4(2), 326-328. 

Rahimi, Z., Aboutalebi, A., & Hasanzadeh, H. (2013). Effect of various culture media 

on tomato transplant production. International Research Journal of Applied 

and Basic Sciences, 4(2), 326-328. 

Ramírez-Arias, A., Pineda-Pineda, J., Gutiérrez, M., & Ojeda-Bustamante, W. (2013, 

October). Sawdust and coco coir as growing media for greenhouse cherry 

tomatoes. In International Symposium on New Technologies for Environment 

Control, Energy-Saving and Crop Production in Greenhouse and Plant, 1037, 

1063-1066. 

Ramlan, M. F., Mahmud, T. M. M., Yahya, A., & Hassan, S. A. (1999). Leaf 

chlorophyll content of ornamental plants: A choice of destructive or non-

destructive measurement. Journal of Tropical Agriculture and Food 

Science, 27, 123-127. 

Ray, S., Saha, R., Raychaudhuri, U., & Chakraborty, R. (2016). Different quality 

characteristics of tomato (Solanum lycopersicum) as a fortifying ingredient in 

food products: A review. Technical Sciences/University of Warmia and 

Mazury in Olsztyn, 19 (3), 199-213. 

Reddy, A. R., Rasineni, G. K., & Raghavendra, A. S. (2010). The impact of global 

elevated CO₂ concentration on photosynthesis and plant productivity. Current 

Science, 46-57. 

Reddy, P. P. (2016). Sustainable crop protection under protected cultivation. 

Singapore: Springer. pp. 13-21 



 

 

116 

Rogers, H. H., Peterson, C. M., McCrimmon, J. N., & Cure, J. D. (1992). Response of 

plant roots to elevated atmospheric carbon dioxide. Plant, Cell & 

Environment, 15(6), 749-752. 

Rosadi, R. B., Senge, M., Suhandy, D., & Tusi, A. (2014). The effect of EC levels of 

nutrient solution on the growth, yield, and quality of tomatoes (Solanum 

lycopersicum) under the hydroponic system. Journal of Agricultural 

Engineering and Biotechnology, 2(1), 7. 

Ruiz‐Vera, U. M., Siebers, M. H., Drag, D. W., Ort, D. R., & Bernacchi, C. J. (2015). 

Canopy warming caused photosynthetic acclimation and reduced seed yield in 

maize grown at ambient and elevated [CO2]. Global change biology, 21(11), 

4237-4249. 

Ryan, J., Estefan, G., & Rashid, A. (2001). Soil and plant analysis laboratory manual, 

International Centre for Agricultural Research in the Dry Areas 

(ICARDA). Aleppo and National Agricultural Research Centre (NARC), 

Islamabad, Pakistan. 

SA, S., SS, Z., & EMW, P. (2017). Physical, chemical and microbiological properties 

of different combination of soilless media and their effect on the vegetative 

component and nutrient content of Hempedu Bumi (Andrographis 

paniculata). Pertanika Journal of Tropical Agricultural Science, 40(1). 

Sabri, N. S. A., Zakaria, Z., Mohamad, S. E., Jaafar, A. B., & Hara, H. (2018). 

Importance of soil temperature for the growth of temperate crops under a 

tropical climate and functional role of soil microbial diversity. Microbes and 

Environments, 33(2), 144-150. 

Salisu, M. A., Daud, W. N., Halim, R. A., & Sulaiman, Z. (2016). Effect of soilless 

media on growth and some physiological traits of rubber (Hevea brasiliensis) 

seedlings. International Journal of Agriculture, Forestry and Plantation, 3(1), 

95-100. 

Sangoi, L., & Salvador, R. (1997). Dry matter production and partitioning of maize 

hybrids and dwarf unes at four plant populations. Ciência Rural, 27(1), 1-6. 

Sardoei, A. S., & Shahdadneghad, M. (2015). Effect of different growing media on 

the growth and development of Zinnia (Zinnia elegans) under the Agro-

Climatic Condition of Jiroft. Research Journal of Environmental Sciences, 

9(6), 302. 

Satterthwaite, D., McGranahan, G., & Tacoli, C. (2010). Urbanization and its 

implications for food and farming. Philosophical transactions of the royal 

society B: biological sciences, 365(1554), 2809-2820. 

Schall, P., Lödige, C., Beck, M., & Ammer, C. (2012). Biomass allocation to roots 

and shoots is more sensitive to shade and drought in European beech than in 

Norway spruce seedlings. Forest Ecology and Management, 266, 246-253. 



 

 

117 

Schulz, V. S., Munz, S., Stolzenburg, K., Hartung, J., Weisenburger, S., & Graeff-

Hönninger, S. (2019). Impact of different shading levels on growth, yield and 

quality of potato (Solanum tuberosum L.). Agronomy, 9(6), 330. 

Semida, W. M., Ammar, M. S., & Nevein, A. (2017). Effects of shade level and 

microenvironment on vegetative growth, physiological and biochemical 

characteristics of transplanted cucumber (Cucumis sativus). Archives of 

Agriculture and Environmental Science, 2(4), 361-368. 

Seneweera, S. (2011). Effects of elevated CO2 on plant growth and nutrient 

partitioning of rice (Oryza sativa L.) at rapid tillering and physiological 

maturity. Journal of Plant Interactions, 6(1), 35-42. 

Shamshiri, R. R., Jones, J. W., Thorp, K. R., Ahmad, D., Man, H. C., & Taheri, S. 

(2018). Review of optimum temperature, humidity, and vapour pressure deficit 

for microclimate evaluation and control in greenhouse cultivation of tomato: a 

review. International Agrophysics, 32(2), 287-302. 

Shamshiri, R., & Ismail, W. I. W. (2013). A review of greenhouse climate control and 

automation systems in tropical regions. Journal Agriculture Science 

Applied, 2(3), 176-183. 

Shan, B., Xie, J. H., Zhu, J. H., & Peng, Y. (2012). Ethanol modified supercritical 

carbon dioxide extraction of flavonoids from Momordica charantia L. and its 

antioxidant activity. Food and Bioproducts Processing, 90(3), 579-587. 

Shao, Q., Wang, H., Guo, H., Zhou, A., Huang, Y., Sun, Y., & Li, M. (2014). Effects 

of shade treatments on photosynthetic characteristics, chloroplast 

ultrastructure, and physiology of Anoectochilus roxburghii. PloS one, 9(2), 

e85996. 

Shi, B. K., Huang, J. L., Hu, C. X., & Hou, M. L. (2014). Interactive Effects of 

Elevated CO. Journal of Integrative Agriculture, 13(7), 1520-1529. 

Shivashankara, K. S., Rao, N. K. S., & Geetha, G. A. (2013). Impact of climate change 

on fruit and vegetable quality. In Climate-resilient Horticulture: Adaptation 

and Mitigation Strategies, Springer, India. pp. 237-244. 

Shiyab, S. (2011). Effects of NaCl application to hydroponic nutrient solution on 

macro and micro elements and protein content of hot pepper (Capsicum 

annuum L.). Journal of Food, Agriculture & Environment, 9(2), 350-356. 

Sidhu, V., Nandwani, D., Wang, L., & Wu, Y. (2017). A study on organic tomatoes: 

Effect of a biostimulator on phytochemical and antioxidant activities. Journal 

of Food Quality, 2017. 

Singh, D., Basu, C., Meinhardt-Wollweber, M., & Roth, B. (2015). LEDs for energy 

efficient greenhouse lighting. Renewable and Sustainable Energy Reviews, 49, 

139-147. 



 

 

118 

Somporn, C., Kamtuo, A., Theerakulpisut, P., & Siriamornpun, S. (2012). Effect of 

shading on yield, sugar content, phenolic acids and antioxidant property of 

coffee beans (Coffea arabica L. cv. Catimor) harvested from north‐eastern 

Thailand. Journal of the Science of Food and Agriculture, 92(9), 1956-1963. 

Suhaimi, M. Y., Mohamad, A. M., Mahamud, S., & Khadzir, D. (2012). Effects of 

substrates on growth and yield of ginger cultivated using soilless culture. 

Journal Tropical Agricuture & Food. Science, 40, 159-168. 

Suzuki, N., Rivero, R. M., Shulaev, V., Blumwald, E., & Mittler, R. (2014). Abiotic 

and biotic stress combinations. New Phytologist, 203(1), 32-43. 

Taber, H., Perkins-Veazie, P., Li, S., White, W., Rodermel, S., & Xu, Y. (2008). 

Enhancement of tomato fruit lycopene by potassium is cultivar 

dependent. HortScience, 43(1), 159-165. 

Tantau, H. J., & Salokhe, V. M. (2006). Microclimate and air exchange rates in 

greenhouses covered with different nets in the humid tropics. Biosystems 

Engineering, 94(2), 239-253. 

Teh, C. B. S., & Jamal, T. (2006). Bulk Density, Water Content, Porosity and Water 

Retention. Soil Physic Analyses, University Putra Malaysia Press, Selangor, 

Malaysia, 11-17. 

The global tomato processing industry. (2019, January 8). Retrieved from 

http://www.tomatonews.com/en/background_47.html 

Theunissen, J., Ndakidemi, P. A., & Laubscher, C. P. (2010). Potential of 

vermicompost produced from plant waste on the growth and nutrient status in 

vegetable production. International Journal of the Physical Sciences, 5(13), 

1964-1973. 

Thompson, M., Gamage, D., Hirotsu, N., Martin, A., & Seneweera, S. (2017). Effects 

of elevated carbon dioxide on photosynthesis and carbon partitioning: a 

perspective on root sugar sensing and hormonal crosstalk. Frontiers in 

Physiology, 8, 578. 

Torbert, H. A., Prior, S. A., Rogers, H. H., & Runion, G. B. (2004). Elevated 

atmospheric CO2 effects on N fertilization in grain sorghum and 

soybean. Field Crops Research, 88(1), 57-67. 

Tracy, S. R., Black, C. R., Roberts, J. A., Sturrock, C., Mairhofer, S., Craigon, J., & 

Mooney, S. J. (2012). Quantifying the impact of soil compaction on root 

system architecture in tomato (Solanum lycopersicum) by X-ray micro-

computed tomography. Annals of Botany, 110(2), 511-519. 

Tuna, A. L. (2014). Influence of foliarly applied different triazole compounds on 

growth, nutrition, and antioxidant enzyme activities in tomato (Solanum 

lycopersicum L.) under salt stress. Australian Journal of Crop Science, 8(1), 

71. 

http://www.tomatonews.com/en/background_47.html


 

 

119 

Tzortzakis, N. G., & Economakis, C. D. (2008). Impacts of the substrate medium on 

tomato yield and fruit quality in soilless cultivation. Horticulturae. 

Science, 35(2), 83-89. 

Urban, J., Ingwers, M. W., McGuire, M. A., & Teskey, R. O. (2017). Increase in leaf 

temperature opens stomata and decouples net photosynthesis from stomatal 

conductance in Pinus taeda and Populus deltoides x nigra. Journal of 

Experimental Botany, 68(7), 1757–1767.  

Valio, I. F. M. (2001). Effects of shading and removal of plant parts on growth of 

Trema micrantha seedlings. Tree Physiology, 21(1), 65-70. 

Varga, B., Bencze, S., Balla, K., & Veisz, O. (2015). Effects of the elevated 

atmospheric CO2 concentration on the water use efficiency of winter 

wheat. Procedia Environmental Sciences, 29, 180-181. 

Viuda-Martos, M., Sanchez-Zapata, E., Sayas-Barberá, E., Sendra, E., Pérez-Álvarez, 

J. A., & Fernández-López, J. (2014). Tomato and tomato byproducts. Human 

health benefits of lycopene and its application to meat products: a 

review. Critical Reviews in Food Science and Nutrition, 54(8), 1032-1049. 

Walter, A., & Nagel, K. A. (2006). Root growth reacts rapidly and more pronounced 

than shoot growth towards increasing light intensity in tobacco 

seedlings. Plant Signaling & Behavior, 1(5), 225–226.  

Wang, S. Y., Bunce, J. A., & Maas, J. L. (2003). Elevated carbon dioxide increases 

contents of antioxidant compounds in field-grown strawberries. Journal of 

Agricultural and Food Chemistry, 51(15), 4315-4320. 

Wang, Z. H., Li, S. X., & Malhi, S. (2008). Effects of fertilization and other agronomic 

measures on nutritional quality of crops. Journal of the Science of Food and 

Agriculture, 88(1), 7-23. 

Weraduwage, S. M., Chen, J., Anozie, F. C., Morales, A., Weise, S. E., & Sharkey, T. 

D. (2015). The relationship between leaf area growth and biomass 

accumulation in Arabidopsis thaliana. Frontiers in Plant Science, 6, 167. 

Wineet, C., & Kuldeep, M. (2015). Effect of different growing media on survival and 

growth of transplanted litchi layers. Asian Journal of Horticulture, 10(2), 257-

261. 

Wira, A. B., Razi, I. M., & Jamil, Z. A. (2011). Composts as additives in coconut coir 

dust culture for growing rockmelon (Cucumis melo L.). Journal of Tropical 

Agriculture and Food Science, 39(2), 229-237. 

Wu, Y., Qiu, T., Shen, Z., Wu, Y., Lu, D., & He, J. (2018). Effects of shading on leaf 

physiology and morphology in the ‘Yinhong’ grape plants. Revista Brasileira 

de Fruticultura, 40(5). 



 

 

120 

Wullschleger, S. D., Tschaplinski, T. J., & Norby, R. J. (2002). Plant water relations 

at elevated CO2–implications for water‐limited environments. Plant, Cell & 

Environment, 25(2), 319-331. 

Xiong, J., Tian, Y., Wang, J., Liu, W., & Chen, Q. (2017). Comparison of coconut 

coir, rockwool, and peat cultivations for tomato production: Nutrient balance, 

plant growth and fruit quality. Frontiers in Plant Science, 8, 1327. 

Xu, Z., Jiang, Y., & Zhou, G. (2015). Response and adaptation of photosynthesis, 

respiration, and antioxidant systems to elevated CO2 with environmental stress 

in plants. Frontiers in plant science, 6, 701. 

Xu, Z., Jiang, Y., Jia, B., & Zhou, G. (2016). Elevated-CO2 response of stomata and 

its dependence on environmental factors. Frontiers in plant science, 7, 657. 

Yadav, A., Gupta, R., & Garg, V. K. (2013). Organic manure production from cow 

dung and biogas plant slurry by vermicomposting under field 

conditions. International Journal of Recycling of Organic Waste in 

Agriculture, 2(1), 21. 

Yahia, E. M. (Ed.). (2017). Fruit and Vegetable Phytochemicals: Chemistry and 

Human Health, 2 Volumes. John Wiley & Sons. 

Yazaki, K., Ishida, S., Kawagishi, T., Fukatsu, E., Maruyama, Y., Kitao, M., ... & 

Funada, R. (2004). Effects of elevated CO2 concentration on growth, annual 

ring structure and photosynthesis in Larix kaempferi seedlings. Tree 

physiology, 24(9), 941-949. 

Yu, L., Perret, J., Harris, M., Wilson, J., & Haley, S. (2003). Antioxidant properties 

of bran extracts from “Akron” wheat grown at different locations. Journal of 

Agricultural and Food Chemistry, 51(6), 1566-1570. 

Yue, W. A. N. G., Shao-Ting, D. U., Ling-Ling, L. I., Huang, L. D., Ping, F. A. N. G., 

Xian-Yong, L. I. N., & Hai-Long, W. A. N. G. (2009). Effect of CO2 elevation 

on root growth and its relationship with indole acetic acid and ethylene in 

tomato seedlings. Pedosphere, 19(5), 570-576. 

Zandonadi, D. B., Santos, M. P., Busato, J. G., Peres, L. E. P., & Façanha, A. R. 

(2013). Plant physiology as affected by humified organic matter. Theoretical 

and Experimental Plant Physiology, 25(1): 13-25 

Zervoudakis, G., Salahas, G., Kaspiris, G., & Konstantopoulou, E. (2012). Influence 

of light intensity on growth and physiological characteristics of common sage 

(Salvia officinalis L.). Brazilian Archives of Biology and Technology, 55(1), 

89-95. 

Zhang, X. H., Webb, J., Huang, Y. H., Lin, L., Tang, R. S., & Liu, A. (2011). Hybrid 

Rubisco of tomato large subunits and tobacco small subunits is functional in 

tobacco plants. Plant Science, 180(3), 480-488. 



 

 

121 

Zhang, X., Yang, H., Hou, Z., & Wang, G. (2003). Stomatal densities and distributions 

of spring wheat leaves under different planting densities and soil moisture 

levels. Acta Phytoecological Sinica, 27(1), 133-136. 

Zhao, C., Liu, B., Piao, S., Wang, X., Lobell, D. B., Huang, Y., & Durand, J. L. (2017). 

Temperature increase reduces global yields of major crops in four independent 

estimates. Proceedings of the National Academy of Sciences, 114(35), 9326-

9331. 

Zhu, J. K. (2016). Abiotic stress signaling and responses in plants. Cell, 167(2), 313-

324. 

Zinnat, K., Hossain, M. S., & Begum, M. M. (2018). Ralstonia solanacearum: a threat 

to potato production in Bangladesh. Fundamental and Applied 

Agriculture, 3(1), 407-421. 

Ziska, L. H., Ghannoum, O., Baker, J. T., Conroy, J., Bunce, J. A., Kobayashi, K., & 

Okada, M. (2001). A global perspective of ground level, ‘ambient’ carbon 

dioxide for assessing the response of plants to atmospheric CO2. Global 

Change Biology, 7(7), 789-796 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

139 

9 BIODATA OF STUDENT 

Nur Eastiharah binti Mohmad Hairin was born on 3th February 1988 in Kulai, Johor. 

She successfully finished his secondary education at Sekolah Menengah Sains Kota 

tinggi (2001 – 2005). Then, she continued her study in Kedah Matriculation College 

(2006 – 2007). In 2011, she completed her study in Bachelor of Applied Sciences 

(Agro technopreneurship) at University Malaysia Kelantan. She worked as lecturer at 

Polytechnic Sandakan Sabah before she got scholarship (Hadiah Latihan Persekutuan) 

from Kementerian Pendidikan Malaysia to pursue her Master of science in agriculture 

technology at University Putra Malaysia for two years.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

140 

10 PUBLICATION 

Hairin, N. E. M., Sakimin, S. Z., Ramlan, M. F., Baghdadi, A., Mat Su, A. S., & 

Dahlanand, N. Y. (2018). Growth Performance and Yield Production of 

Cherry Tomato as Affected by Media Types and Grown under Different 

Greenhouse Systems. Proceedings of the 8th International Agriculture 

Congress 2018 & 6th International Symposium for Food & Agriculture 2018. 

Malaysia. 



 
 

UNIVERSITI PUTRA MALAYSIA 
 
STATUS CONFIRMATION FOR THESIS / PROJECT REPORT AND COPYRIGHT 
 

ACADEMIC SESSION : First Semester 2020/2021 

 

TITLE OF THESIS / PROJECT REPORT : 

ENHANCEMENT OF CHERRY TOMATO (Solanum lycopersicum var. cerasiforme) GROWTH, 

PHYSIOLOGY, YIELD AND QUALITY IN RELATION TO MEDIA TYPES, SHADING AND 

ELEVATED CARBON DIOXIDE UNDER DIFFERENT GREENHOUSE SYSTEMS 

 
NAME OF STUDENT: NUR EASTIHARAH BINTI MOHMAD HAIRIN 

 

I acknowledge that the copyright and other intellectual property in the thesis/project report 

belonged to Universiti Putra Malaysia and I agree to allow this thesis/project report to be 

placed at the library under the following terms: 
 
1. This thesis/project report is the property of Universiti Putra Malaysia. 

 
2. The library of Universiti Putra Malaysia has the right to make copies for educational 

purposes only. 

 
3. The library of Universiti Putra Malaysia is allowed to make copies of this thesis for academic 

exchange. 
 
I declare that this thesis is classified as : 
 
*Please tick (√ ) 

 
CONFIDENTIAL (Contain confidential information under Official Secret  

Act 1972). 
 

RESTRICTED (Contains restricted information as specified by the  
organization/institution where research was done). 

 
OPEN ACCESS I agree that my thesis/project report to be published  

as hard copy or online open access. 
 
This thesis is submitted for : 
 

PATENT Embargo from_____________ until ______________  
(date) (date) 

 
Approved by: 

 
 
_____________________ _________________________________________  
(Signature of Student) (Signature of Chairman of Supervisory Committee)  
New IC No/ Passport No.: Name: 
 
Date : Date : 
 
[Note : If the thesis is CONFIDENTIAL or RESTRICTED, please attach with the letter from 
the organization/institution with period and reasons for confidentially or restricted. ] 




