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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment of 
the requirement for the degree of Master of Science 

USE OF CALCIUM SULPHATE IN ALLEVIATING SALINITY EFFECTS IN 
TOMATO (Lycopersicon esculentum Mill.) 

By

NUR FATIN BINTI AHMAD 

Januay 2018 

Chair: Puteri Edaroyati Megat Wahab, PhD 
Faculty: Agriculture 

The fertigation system which uses soilless culture media is one of the efficient systems 
in cultivating variety of crops. However, the efficiency of this system is likely to be 
disrupted by abiotic stress such as salinity which contributed detrimental effects to 
plant growth and yield of crops. Hence, this study was conducted to evaluate the 
response of lowland tomato in the presence of medium and high concentration of 
salinity in terms of growth, physiology and yield, and to improve the yield and fruit 
quality using calcium as supplementation in the nutrient solution. Two tomatoes 
cultivars (Pearl and MT1) were grown under soilless culture system with basic nutrient 
solutions containing three different levels of NaCl (0, 70 and 140 mM) and observed at 
4, 8 and 12 weeks after treatment. Significant effect of cultivars within NaCl treatment 
were shown by the plant height, total leaf area, shoot and root dry weight, and root to 
shoot ratio where they were all decreased as the NaCl level increased from week 4 
until 12 after treatment. Cultivars within NaCl treatments showed significant effect on 
photosynthetic rate, stomatal conductance, total chlorophyll content and relative water 
content by showing the reduction from week 4 until 12 after treatment. The potassium 
and calcium concentration in both leaves and roots showed significant effect but 
decreased under saline condition, while sodium and chloride have a significantly high 
uptake due to the significant increase in electrolyte leakage. Salt stress had triggered 
the accumulation of proline in the leaves of the tomatoes, but not for lipid peroxidation. 
Salinity decreased total fruit yield to 83% for Pearl and 88% for MT1 at 140 mM 
NaCl. However, increasing NaCl concentration significantly increased total soluble 
solids, titratable acidity and blossom-end rot incidence. Tomato Pearl was more 
tolerant to salinity with higher fruit yield compared to MT1 at 70 mM NaCl. In order to 
improve tomato yield under saline condition, three concentrations of calcium sulphate 
(0, 2.5 and 10 mM) were added in the basic nutrient solution containing 70 mM NaCl. 
The addition of calcium significantly improved the growth of Pearl (plant height, total 
leaf area, shoot and root dry weight, shoot to root ratio) throughout the experiment. 
Photosynthetic rate, stomatal conductance, total chlorophyll content showed better 
activity at 2.5 mM CaSO4. The potassium and calcium concentration in the leaves of 
Pearl was well corrected after a supplementary of calcium by reducing the membrane 
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permeability to Na+ and Cl-. Fruit yield, total soluble solids, titratable acidity, ascorbic 
acid, and blossom-end rot were significantly improved at 10 mM CaSO4. The 
supplementation of calcium was also effective in reducing the accumulation of proline 
and MDA content through improving the activity of antioxidant, phenolic and 
flavonoid content. In conclusion, application of calcium in the nutrient solution to 
alleviate salt stress effects is one of the simple practices that can be used in the soilless 
culture system which improves the growth, yield and quality of the fruits.  
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 
memenuhi keperluan untuk ijazah Master Sains 

PENGGUNAAN KALSIUM SULFAT DALAM MENGURANGKAN KESAN 
KEMASINAN DALAM TOMATO (Lycopersicon esculentum Mill.) 

Oleh 

NUR FATIN BINTI AHMAD 

Januari 2018 

Pengerusi: Puteri Edaroyati binti Megat Wahab, PhD 
Fakulti: Pertanian 

Sistem fertigasi menggunakan media kultur tanpa tanah merupakan salah satu sistem 
yang berkesan dalam penanaman pelbagai tanaman. Walau bagaimanapun, 
keberkesanan sistem ini boleh terjejas oleh tekanan abiotik seperti kemasinan yang 
memberi kesan buruk terhadap pertumbuhan tanaman dan hasil tanaman. Justeru itu, 
kajian ini dijalankan untuk melihat tindak balas tomato tanah rendah terhadap 
kepekatan kemasinan yang sederhana dan tinggi dari segi pertumbuhan, fisiologi dan 
hasil, dan juga meningkatkan hasil dan kualiti buah dengan penambahan kalsium di 
dalam larutan nutrisi. Dua kultivar tomato (Pearl dan MT1) ditanam di bawah sistem 
kultur tanpa tanah dengan larutan nutrisi yang mengandungi tiga tahap NaCl yang 
berbeza (0, 70 dan 140 mM) dan diperhatikan pada minggu 4, 8 dan 12 selepas 
rawatan. Kesan yang ketara oleh kultivar di dalam rawatan NaCl ditunjukkan oleh 
ketinggian pokok, jumlah keluasan daun, berat kering pucuk dan akar, dan nisbah akar 
kepada pucuk di mana kesemuanya berkurangan apabila tahap NaCl meningkat dari 
minggu 4 hingga 12 selepas rawatan. Kultivar di dalam rawatan NaCl menunjukkan 
kesan yang ketara pada kadar fotosintesis, konduktor stomatal, jumlah kandungan 
klorofil dan kandungan air relatif pada minggu tertentu dengan menunjukkan 
penurunan dari minggu 4 hingga 12 selepas rawatan. Kepekatan kalium dan kalsium di 
dalam daun dan akar mennjukkan interaksi yang ketara namun menurun dalam 
keadaan kemasinan, sementara natrium dan klorida di ambil secara tinggi disebabkan 
oleh peningkatan yang ketara pada ketelusan membran. Tekanan garam telah 
merangsang pengumpulan prolin di dalam daun tomato, namun tidak pada lipid 
peroksida. Kemasinan telah menurunkan hasil buah kepada 83% untuk Pearl dan 88% 
untuk MT1 pada 140 mM NaCl. Walau bagaimanapun, peningkatan kepekatan NaCl 
telah meningkatkan jumlah pepejal larut, keasidan titrat dan kejadian reput pangkal 
secara signifikan. Tomato Pearl lebih toleransi terhadap kemasinan dengan hasil buah 
yang lebih tinggi berbanding MT1 pada 70 mM NaCl. Bagi meningkatkan hasil tomato 
di bawah keadaan kemasinan, tiga kepekatan kalsium sulfat (0, 2.5 dan 10 mM) telah 
ditambah ke dalam larutan nutrisi yang mengandungi 70 mM NaCl. Tambahan kalsium 
telah menambah baik secara ketara terhadap pertumbuhan Pearl (ketinggian pokok, 
jumlah keluasan daun, berat kering pucuk dan akar, nisbah pucuk kepada akar) 
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sepanjang eksperimen. Kadar fotosintesis, konduktor stomatal, jumlah kandungan 
klorofil menunjukkan aktiviti yang lebih baik pada 2.5 mM CaSO4, namun kandungan 
air relatif di dalam Pearl tertinggi pada 10 mM CaSO4. Kepekatan kalium dan kalsium 
di dalam daun Pearl telah dibaik pulih selepas penambahan kalsium dengan 
mengurangkan ketelusan membran kepada Na+ dan Cl-. Hasil buah, jumlah pepejal 
larut, keasidan titrat, asid askorbik, dan reput pangkal bertambah baik secara ketara 
pada 10 mM CaSO4. Penambahan kalsium juga berjaya dalam mengurangkan 
pengumpulan prolin dan kandungan MDA melalui penambahbaikan aktiviti antioksida, 
fenolik dan kandungan flavonoid. Kesimpulannya, aplikasi kalsium di dalam larutan 
nutrisi untuk menghindar kesan tekanan garam merupakan salah satu praktikal yang 
mudah digunakan di dalam sistem fertigasi untuk meningkatkan pertumbuhan, hasil 
dan kualiti buah.  
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CHAPTER 1 

INTRODUCTION 

1.1 Background of study 

Salinity stress is an abiotic stress that is  accountable for decreasing crop yields and 
stimulate the osmotic stress by depleting cellular water content and osmotic potential 
(Zhang et al., 2011). According to the Food and Agriculture Organization (FAO), 
about 6.5% (831 million ha) of the world’s total area (12.78 billion ha) is affected by 

salt in soils (Sankar et al., 2011). Salt when present either externally or internally, can 
be toxic to plant. Normally, sodium chloride (NaCl) is a major salt in this case. Excess 
sodium ions (Na+) in soils are toxic to most crops, but it can be inhibited by high 
concentration of chloride ions (Cl-). High NaCl level in the rhizosphere can change the 
nutritional requirement of the plants, in which they need to regulate the mechanism of 
nutrient uptake in order to survive.

Halophytes are plants that are naturally grown under high saline condition and are
tolerant to salt stress (Zhu, 2007).  A plant that cannot tolerate to salt is called 
glycophytes. Tomato is one of the examples of glycophyte plants that is moderately 
tolerant to salinity. Significant reductions on growth, yield and fruit quality of crops 
under saline condition has been reported in many literatures such as pepper, tomato, 
pumpkin, strawberry and rice (Chartzoulakis and Klapaki, 2000; Kaya et al., 2002; 
Sevengor et al., 2011; Kaya et al., 2003; Anbu and Sivasankaramoorthy., 2014). In 
Malaysia, there are two types of tomato; highland and lowland, which are grown under 
soilless culture system in a protected environment structure (PES). Unfortunately, the 
NaCl stress is still prevalent under soilless culture. The excess of salt in nutrient 
solution provided to the plants could be one of the causes for salinity stress. Moreover, 
water used for irrigation, especially groundwater that is affected by salt, could also 
contribute to salinity stress.  

One of the potential solutions, which have been hypothesized to ameliorate salt stress, 
is increasing the concentration of calcium ions (Ca2+). Calcium (Ca) is important in 
stabilizing the cell membrane, working as a cementing agent in the cell wall, regulating 
ion transport, and controlling ion exchange behaviour (Hossain and Nonami, 2012; 
Marschner, 1995). Ca has been well documented in ameliorating the negative effects of 
NaCl in previous studies such as in tomato, papaya, strawberry and rice (Tuna et al., 
2007; Madani et al., 2014; Kaya et al., 2002; Anbu and Sivasankaramoorthy., 2014).
Ca is readily displaced from its membrane binding sites by other cations that can 
reduce its availability, thus, increasing the external concentration of calcium to greatly 
counteract this displacement (Lynch and Läuchli, 1988). 

Tomato or Lycopersicon esculentum Mill. is one of the top consumed vegetable in the 
world as it is rich in antioxidants, vitamin C and E. In Malaysia, the commercial 
tomatoes are cultivated under a controlled environment in highland areas, especially in 
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Cameron Highland (Pahang), Lojing (Kelantan), and Ranau (Sabah). As Malaysia is 
targeting on exporting tomatoes to meet the international demand, lowland tomatoes 
has been introduced in Johor. Commercial cultivars of lowland tomatoes comprise of 
MT1 and MT11 from Malaysian Agricultural Research and Development Institution 
(MARDI), and other cultivars like the Pearl, Roma, and Momotaro from local 
companies. The cultivation of tomatoes is not an easy task as a number of cultural 
practices are needed to be done to ensure crop productivity. However, the most 
distinctive effect seen when tomato is cultivated under saline condition is the 
occurrence of blossom end rot (BER) on the fruits, which will lower its total yield. 
Many assumptions have been made over BER production, especially the ones 
regarding to calcium deficiency in the fruits, but some claimed that it happened solely 
due to salt stress.  

Source of water is very crucial for maintaining the growth of plants. Malaysia may not 
face severe water scarcity just yet, but in the future, our world may be lacking in clean 
water. An alternative of using saline water for irrigational purpose in agriculture is 
possible, especially for countries that are near to coastal areas such as in Oman, Saudi 
Arabia (Al-Maskri et al., 2010). The usage of saline water resulted on a high loss of 
crop production as well as the quality of crop itself. However, salinity may not only 
give detrimental effects on plants. In fact, a number of previous studies done on abiotic 
stress showed that the crops have better fruit quality in stress compared to non-stress 
plants by enhancing the sugar content and organic acid production (Gao et al., 1996). 
However, very limited information can be accessed regarding on lowland tomatoes in 
Malaysia being exposed to salinity. This study is fundamental in order to provide more 
information on how plants respond to salt stress in the physiological way and promote 
solutions on alleviating salt stress effects as well as enhancing the fruit quality of 
lowland tomato. By using the plant physiological and metabolic understanding, this 
study was carried out in two experiments: 1) Salinity effects on growth, physiology and 
yield in tomato grown in soilless culture; 2) Supplementary of calcium in improving 
yield and quality of tomato under salinity stress. 
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1.2 Objectives 

This study was done to evaluate the response of lowland tomato to salinity and calcium 
supplement on growth, physiological changes, yield and fruit quality. 

The specific objectives of this study were: 

1. To determine the effect of salinity on growth, physiological changes and yield of 
two lowland tomato cultivars in soilless culture system, 

2. To assess the effects of salinity level on proline and lipid accumulation in both 
lowland tomato cultivars, and 

3. To determine the best combination of tomato cultivar and salinity level for higher 
yield production.  

4. To determine effects of supplemented calcium on growth and physiology of 
lowland tomato under salinity stress.

5. To determine effects of calcium in enhancing yield and quality attributes of 
lowland tomato under salinity stress.  

6. To investigate role of calcium in alleviating salinity stress and blossom-end rot of 
tomato in soilless culture.
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