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INTERACTION EFFECT OF GENOTYPE AND SALINITY LEVELS 

ON AGROMORPHOGENIC, PHYSIOLOGICAL AND NUTRITIONAL 

TRAITS OF TOMATILLO (Physalis ixocarpa Brot./P. 

philadelphica Lam.) 

By 

NABILA NARZIS 

ABSTRACT 

The present study was conducted as a pot experiment in order to observe the 

performance of tomatillo (Physalis ixocarpa Brot./P. philadelphica Lam.) genotypes 

under different levels of salinity treatment. The experiment was conducted beside the 

area of the net house of Department of Genetics and Plant Breeding, Sher-e-Bangla 

Agricultural University, Dhaka-1207, Bangladesh, during the period of November, 

2017 to March, 2018. A two factorial Completely Randomized Design (CRD) 

experiment was conducted which included four tomatillo genotypes (Factor A) viz. G1 

(SAU tomatillo 1), G2 (SAU tomatillo 2), G3 (PI003), G4 (PI004) and three salinity 

treatments (Factor B) viz. T1 (Control), T2 (8 dS/m), T3 (12 dS/m) and was outlined 

with three replications. Seedlings of 21 days old were transplanted into main plastic 

pots and two salinity treatments, 8 dS/m and 12 dS/m were started to apply after 7 

days of transplanting. The observed results showed that both of four tomatillo 

genotypes and three salinity treatments had their independent significant influence 

and also had significant influence in their interaction effect between different 

agromorphogenic, physiological and nutritional traits. Almost all agromorphogenic 

and physiological traits responded negatively (%Reduction), except endogenous Na+ 

ion and proline content whereas nutritional traits like, %Brix, titratable acid and 

vitamin-C content, except fruit pH responded positively (%Increase) under the 

increased level of salinity treatments. From the observed results of the accomplished 

study, considering yield and its contributing characters like, number of fruits per 

plant, average fruit length, diameter, fruit weight as well as yield per plant, the best 

salt tolerant genotypes of tomatillo were genotype G1 and G3 under both slightly and 

moderately salinity stresses. These two also showed minimum endogenous Na+ and 

maximum K+ ion content along with minimum reduction in leaf area index. The 

maximum amount of proline content was observed in genotype G4 while G1 showed 

the maximum increase percentage. The maximum reduction in days to maturity was 

found in genotype G1 and G4. Considering the increased percentage of nutritional 

traits like, %Brix, titratable acid and vitamin-C content, the best salt tolerant 

genotypes of tomatillo were genotype G3 along with G4 and G1. Thus, genotype G3 

and G1 could be recommended for further trial in Southern region of Bangladesh. 

And, genotype G2 and G4 could be served as parent materials for further hybridization 

or genetic transformation program along with G3 and G1. 
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CHAPTER I 

INTRODUCTION 

The tomatillo, Physalis ixocarpa Brot./P. philadelphica Lam. (2n=2x=24), is an 

important crop in Mexico, and now-a-days both cultivated and weedy annuals 

have been introduced and appreciated worldwide. It is an allogamous, annual 

plant of the nightshade (Solanaceae) family, along with tomatoes and peppers 

under the angiosperm genus Physalis. Tomatillos were originated and 

domesticated in Mexico before the coming of Europeans, and played an 

important part in the culture of Maya and the Aztecs (Wilf et al., 2017; Small, 

2011). Tomatillo plants bear small, spherical and bright green (Physalis 

philadelphica Lam.) or green-purple (Physalis ixocarpa Brot.) fruits surrounded 

by an inedible, paper-like husk formed from the calyx (Morton, 1987). Thus, it 

is also known as the “Mexican husk tomato”. Tomatillo is also being referred to 

as “tomate verde” (green tomato).  

Tomatillo plants are weedy or cultivated annual of humid tropics and subtropics. 

They grow well in drained, fertile soil with a pH between 5.5 and 7.3 (Masabni, 

2016). They grow best at 25 to 32 °C. Tomatillo plants are of about 1 meter in 

height, with less dense canopy containing few hairs on the stem. The tomatillo 

fruits are slightly acidic true berries with many tiny seeds and are typically green, 

yellow, or purple in color when mature. The interior texture of the fruit is denser 

and less watery. Fruits are harvested when the fruits fill the calyx (Diaz-Perez et 

al., 2005). As the fruit matures, it fills the husk and may or may not split it open, 

but turns brown and leathery in texture. After removing the husk, the fruit seems 

a little sticky as it contains a pectin-like substance. Tomatillo plants 

show gametophytic self-incompatibility (Mulato-Brito et al., 2007). 

Tomatillo is a highly nutritious fruit with a combination of vitamins and 

minerals. 100 g of edible tomatillo fruit contains high dietary fiber, vitamin-A, 

vitamin-C, calcium (Ca), iron (Fe), magnesium (Mg), manganese (Mn), 

phosphorous (P) and potassium (K). It also contains vitamin-K, niacin, 

https://en.wikipedia.org/wiki/Nightshade
https://en.wikipedia.org/wiki/Maya_civilization
https://en.wikipedia.org/wiki/Aztec
https://en.wikipedia.org/wiki/Husk
https://en.wikipedia.org/wiki/Sepal
https://en.wikipedia.org/wiki/PH
https://www.britannica.com/science/berry-plant-reproductive-body
https://en.wikipedia.org/wiki/Self-incompatibility_in_plants
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riboflavin, thiamin, -carotenes (zeaxanthin and lutein) and copper (Cu) 

(Yamaguchi, 1983). Tomatillos have a high pectin content. Fruits are rich in 

antioxidants, like withanolides (ixocarpalactone A, ixocarpalactone B, 

philadelphicalactone B, and withaphysacarpin). The research findings revealed 

that withanolides (e.g. IxoA) present in tomatillo fruits were potent inducers of 

quinone reductase, which is more powerful in preventing colon cancer than 

chemotherapy (Choi et al., 2006). Tomatillo fruits have anti-bacterial properties. 

It is rich in flavonoids that can help to protect from lung and oral cavity cancers 

(Quiros, 1984). 

Tomatillos, as staple of Mexican cuisine (Escobar et al., 2014; Waterfall, 1958) 

are the key ingredient in fresh and cooked Mexican and Central-American green 

sauces, particularly salsa verde due to their unusual flavor, bright green color and 

tart fruit flavor (Small, 2011; Waterfall, 1967). It can be suitable as a substitute 

of tomato. Fruits are often used in jams, preserves, stews, soups, 

salads, curries, stir-fries, baking, cooking with meats, marmalade, and desserts 

(Morton, 1987). Though they are native to Mexico and Central America, and 

they are presently one of the most important crops in Mexico (Cantwell et al., 

1992), being the fourth vegetable in production surface with an area of 47,473 

ha in 2009 (Borja-Bravo et al., 2013). Nowadays it is also cultivated in India, 

Australia, South Africa, as well as in the United States of America.  

Tomatillo is recently introduced in our country as a vegetable crop. It has been 

introduced by the Department of Genetics and Plant Breeding, Sher-e-Bangla 

Agricultural University, Dhaka in 2013. Even two varieties of tomatillo have 

been released named SAU tomatillo 1 and SAU tomatillo 2 in 2016 (Reza, 2016). 

As a newly introduced crop, tomatillo needs many further research in terms of 

its yield and yield contributing characters and other antioxidant or nutritional 

aspects as well as whether it shows any particular resistance or tolerance for 

biotic and abiotic stresses in respect of our country’s atmosphere. 

Salinity problem is one of the major problem of agriculture in our country. The 

coastal area covers about 20% of Bangladesh and over 30% of the net cultivable 

https://articles.mercola.com/sites/articles/archive/2007/09/25/the-two-superfoods-that-stop-blindness.aspx
https://en.wikipedia.org/wiki/Pectin
https://en.wikipedia.org/wiki/Mexican_cuisine
https://en.wikipedia.org/wiki/Green_sauce
https://en.wikipedia.org/wiki/Green_sauce
https://en.wikipedia.org/wiki/Salsa_verde
https://en.wikipedia.org/wiki/Curry
https://en.wikipedia.org/wiki/Stirfry
https://en.wikipedia.org/wiki/Marmalade
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area. The cultivable areas in coastal districts are affected with varying degrees 

of soil salinity. The coastal area of the Ganges delta in Bangladesh is 

characterized by tides and salinity from the Bay of Bengal. The higher salinity 

levels have adverse impacts on agriculture of coastal belt as well as southern part 

of our country (Anonymous, 2007). The effects of salinity stress on the growth 

and yield of crops vary with the stage of crop growth during which the stress 

occurs (Sionit and Kramer, 1977). To overcome the salinity problem, saline soils 

can be used to grow salt tolerant crop plants. Thus development of salinity stress 

tolerant crops is a key to global agricultural goal. 

Previous several researches exhibited that tomatillo is a high yielding crop in our 

country’s aspect than its origin, Mexico (Karim, 2016). Our Rabi season 

atmosphere has found to be highly favorable for growing tomatillo. Now, further 

efforts are obligatory to observe the performance of tomatillo under saline soil 

as well as to achieve the exploitation of saline soils and waters that are not 

currently usable. This will also provide inducement to find out new, suitable 

tomatillo genotypes that can ensure higher yield and also suitable for cultivating 

in the salinity affected southern region and coastal belt of Bangladesh. These 

issues were taken into account while conducting the current experiment. 

This study was conducted to explore the bioassay so as to establish a 

reproducible protocol for selecting different salt tolerant tomatillo genotypes 

growing in different concentrations of salinity stress (NaCl) by analyzing their 

agromorphogenic, physiological and nutritional traits. With conceiving the 

above scheme in mind, the present research work has been undertaken in order 

to fulfill the following objectives: 

 To observe the growth and yield of tomatillo genotypes under different 

salinity stress condition to identify the best recommendable genotype. 

 To determine the response of genotype × treatment interaction based on 

their agromorphogenic, physiological and nutritional traits and 

 To assess the magnitude of genotypic variation under control and stress 

condition. 
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CHAPTER II 

REVIEW OF LITERATURE 

The tomatillo or husk tomato, a good source of functional food and medicinal 

compounds, has attracted renewed interest for production worldwide. It is an 

important crop in Mexico, and now-a-days due to its wide range of adaptability 

and variation, it is becoming appreciated in other countries as well. Tomatillo is 

a member of the Solanaceae family, and it is also referred as green tomato. It 

produces fruits that constitute an important component of the Mesoamerican 

cuisine, and is employed in a similar manner to tomatoes (Solanum lycopersicum 

L.), but it has a slight acidic flavor. It is a good source of vitamin A and C, and 

also has been suggested that chemicals present in tomatillos, e.g. ixocarpalactone 

A have cancer chemo-preventive properties (Wilf et al., 2017; Choi et al., 2006). 

Although tomatillo has unique medicinal properties and has attracted huge 

attention of researchers, but in terms of breeding, especially for stress breeding, 

it is quite far behind of the attention of researchers. Very limited research 

findings are available in case of Physalis breeding against different abiotic 

stresses. As salinity is an increasingly important environmental constraint to crop 

production worldwide, it is highly necessary to practice breeding strategies in 

this aspect (Ghassemi et al., 1995). In the world, about 400 million hectares of 

land are affected by high levels of salinity. In Bangladesh, about 1 million 

hectares of land are affected by salinity in the coastal regions and it is increasing 

day by day. The deleterious effects of salinity on plant growth are associated 

with low osmotic potential of soil solution (water stress), nutritional imbalance, 

specific ion effect (salinity stress) or a combination of these factors (Marschner, 

1995; Ashraf, 1994). All of these cause adverse pleiotropic effects on plant 

growth and development at physiological and biochemical levels (Munns, 2002; 

Gorham, et al., 1985; Levitt, 1980). Thus, screening and development of new 

salt tolerant genotypes are key solution of this problem. Some of the important 

previous research findings has been briefly described in this chapter. 
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2.1 Tomatillo 

The tomatillo is an important native crop to Mexico and Central America, where 

it has been an important food crop for millennia. Tomatillo means “little tomato” 

in Spanish. It is an annual, cross pollinated crop of Solanaceae family under the 

genus Physalis. Physalis is a genus of angiosperms (flowering plants), which 

grows in warm temperate and subtropical regions of the world. The Plant 

List (2010) includes 298 scientific plant names of species under the 

genus Physalis and among them 71 (23.8%) are accepted species names. Most 

of the species, of which there may be 75 to 90, are indigenous to America and at 

least 46 species are the endemic to Mexico (Vargas et al., 2001). Physalis plants 

can be either annual or perennial. The specific name philadelphica dates from 

the 18th century (Small, 2011). Cultivated species and weedy annuals have been 

introduced worldwide. Tomatillos have been adopted by American farmers due 

to their resistance to diseases. Being a solanaceous crop, tomatillo is a distant 

relative of tomato (Solanum lycopersicum L.) and pepper (Capsicum spp.). 

Many other closely related species of tomatillo under Physalis are ground 

cherries (Physalis crassifolia), inca berry (Physalis peruviana), cape gooseberry 

(Physalis peruviana), poha berries and golden berries (Vikram, 2013). 

2.1.1 Nomenclature, origin and distribution 

The name tomatillo has come from the “Nahuatl” word “tomatl”. It is a member 

of the genus Physalis, which was erected by Carl Linnaeus in 1753 and it 

contains about 463 species. Jean-Baptiste de Lamarck described the tomatillo 

under the name Physlis philadelphica in 1786. The tomatillo is also often 

classified as P. ixocarpa Brot. (Bukun et al., 2002). However, P. 

philadelphica Lam. is the most economically important species (Simpson et al., 

1995). The nomenclature for Physalis changed since the 1950s. P. 

philadelphica Lam. was at one time classified as a variety of P. ixocarpa Brot. 

Later, the classification of P. ixocarpa Brot. was revised under the species of P. 

philadelphica Lam. Today, the name P. ixocarpa Brot. is commonly used for the 

domestic plant and P. philadelphica Lam. for the wild one. The tomatillo is also 

known as husk tomato (Valladolid, 2010), tomatillo (in Mexico; means 

https://www.britannica.com/topic/food
https://en.wikipedia.org/wiki/Genus
https://en.wikipedia.org/wiki/Flowering_plant
https://en.wikipedia.org/wiki/Temperate
https://en.wikipedia.org/wiki/Subtropics
https://en.wikipedia.org/wiki/Americas
https://en.wikipedia.org/wiki/Endemism
https://en.wikipedia.org/wiki/Perennial_plant
https://en.wikipedia.org/wiki/Species
https://en.wikipedia.org/wiki/Physalis_peruviana
https://www.britannica.com/topic/Nahuatl-language
https://en.wikipedia.org/wiki/Physalis
https://en.wikipedia.org/wiki/Carl_Linnaeus
https://en.wikipedia.org/wiki/Jean-Baptiste_Lamarck
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“little tomato”), Mexican groundcherry, Large-flowered tomatillo, Mexican 

green tomato, miltomate (in Guatemala, Mexico), tomate verde (in Spanish; 

means “green tomato”), farolito, or simply tomate (when tomato is 

called “jitomate”) (Morton, 1987). 

The wild tomatillo and its related plants are native to Central 

America and Mexico with the highest diversity in Mexico. The plant is grown 

mostly in the Mexican states of Hidalgo and Morelos, and in the highlands 

of Guatemala. The tomatillo is thought to have been first domesticated by 

the Aztecs in central Mexico around 800 BCE before the coming of Europeans 

and was an important food crop to a number of pre-Columbian peoples in 

Mesoamerica, including the Mayans. With the Spanish conquests of Mexico and 

Central America in the 1500s and 1600s, the plant was taken back to Spain. In 

the United States, tomatillos have been cultivated since 1863. Further 

distribution occurred in the Bahamas, Puerto Rico, Jamaica, and Florida. By the 

mid-20th century, the plant was further introduced to India, Australia, South 

Africa, and Kenya (Morton, 1987).  

Originating in Mexico and Central America, this citrusy plant has been an 

important food crop for millennia, though the plant has been around for even 

longer. In early 2017, scientists writing for the journal “Science” reported on 

their discovery and analysis of a fossil tomatillo found in the Patagonian region 

of Argentina, dated to 52 million years BP. This finding even has been pushed 

back the earliest appearance of the plant family, Solanaceae (Wilf et al., 2017). 

2.1.2 Morphology of tomatillo 

The tomatillo plant can be erect or prostrate and typically does not reach more 

than 1 meter (3.3 feet) in height, similar to the common tomato, but usually with 

a stiffer, more upright and a bit hairy stem. The leaves have acute and irregularly 

separated dents on both sides. The leaves are typically serrated and can either be 

smooth or pubescent (Montes and Aguirre, 1994). The flowers are borne in the 

axils of the leaves and feature five fused petals that are typically yellow with 

dark spots towards the base and may also be white, light green, bright yellow 

https://en.wikipedia.org/wiki/Tomato
https://en.wikipedia.org/wiki/Guatemala
https://en.wikipedia.org/wiki/Spanish_language
https://en.wikipedia.org/wiki/Central_America
https://en.wikipedia.org/wiki/Central_America
https://en.wikipedia.org/wiki/Mexico
https://en.wikipedia.org/wiki/Hidalgo_(state)
https://en.wikipedia.org/wiki/Morelos
https://en.wikipedia.org/wiki/Guatemala
https://www.britannica.com/topic/Aztec
https://www.britannica.com/topic/pre-Columbian-civilizations
https://www.britannica.com/topic/Maya-people
https://en.wikipedia.org/wiki/Bahamas
https://en.wikipedia.org/wiki/Puerto_Rico
https://en.wikipedia.org/wiki/Jamaica
https://en.wikipedia.org/wiki/Florida
https://en.wikipedia.org/wiki/India
https://en.wikipedia.org/wiki/Australia
https://en.wikipedia.org/wiki/South_Africa
https://en.wikipedia.org/wiki/South_Africa
https://en.wikipedia.org/wiki/Kenya
http://science.sciencemag.org/content/355/6320/71
https://en.wikipedia.org/wiki/Patagonia
https://en.wikipedia.org/wiki/Before_Present
https://en.wikipedia.org/wiki/Solanaceae
https://en.wikipedia.org/wiki/Pubescent_(botany)
https://www.britannica.com/science/flower
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and sometimes purple in color. The anthers are typically dark purple to pale blue. 

All other parts of the plant including the husk, leaves, and stem are poisonous. 

The tomatillo plants grow well in warm climates with full sunshine. Some 

species are sensitive to frost, but others, such as the Chinese lantern, P. alkekengi 

can tolerate severe cold when dormant in winter. 

A notable feature of tomatillo fruit is the formation of a large papery husk derived 

from the calyx, which partly or fully encloses the fruit (Whitson and Manos, 

2005), hence it is called husk tomato. After pollination, the calyx of the flower 

surrounds the ovary and grows with the developing fruit to protect it. The fruits 

are true berries with tiny seeds and are typically green, yellow, or purple when 

mature. The fruit is small and similar in size, shape and structure to a 

small tomato. 

A single plant can produce 60 to 200 fruits within a single growing season, with 

an average yield of about 9 tons per acre (Masabni, 2016). The average yield of 

tomatillo (P. ixocarpa Brot.) in Mexico is 13.933 tons/ha, a low quantity 

considering its potential estimated yield of 40 tons/ha (Santiaguillo et al., 1994). 

The fruits can be eaten as raw or cooked and are sometimes made into soups, 

jams, or chutneys . In Mexico and Guatemala, tomatillos and spicy peppers are 

commonly roasted and then ground together to form salsa verde, a green sauce 

used as a condiment on meats and other foods. Tomatillos are a good source 

of dietary fibre, vitamin C, vitamin K, and niacin. 

Tomatillo plants show gametophytic self-incompatibility, meaning they 

require pollen from a neighboring plant to produce fruit. The 

fertile hermaphrodites fails to produce zygotes after self-pollination and this 

incompatibility is controlled by a dominant gene (Mulato-Brito et al., 2007). 

Thus to increase the breeding potential of tomatillo, polyploidy (autotetraploid) 

development was practiced through colchicine-based induction and its success 

rate was found above 65 % (Torres et al., 2011). Autotetraploid plants were 

fertile, productive and showed higher values for length of life cycle, plant height, 

https://en.wikipedia.org/wiki/Anthers
https://en.wikipedia.org/wiki/Physalis_alkekengi
https://en.wikipedia.org/wiki/Sepal
https://www.britannica.com/science/pollination
https://www.britannica.com/science/berry-plant-reproductive-body
https://en.wikipedia.org/wiki/Tomato
https://www.britannica.com/topic/chutney
https://www.britannica.com/place/Mexico
https://www.britannica.com/place/Guatemala
https://www.britannica.com/plant/pepper-plant-Capsicum-genus
https://www.britannica.com/science/dietary-fiber
https://www.britannica.com/science/vitamin-C
https://www.britannica.com/science/vitamin-K
https://www.britannica.com/science/niacin
https://en.wikipedia.org/wiki/Self-incompatibility_in_plants
https://www.britannica.com/science/pollen
https://en.wikipedia.org/wiki/Hermaphrodite
https://en.wikipedia.org/wiki/Self-pollination
https://en.wikipedia.org/wiki/Dominance_(genetics)
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fruit weight and equatorial diameter, fruits per plant, and soluble solid 

concentration. 

2.1.3 Nutritional and medicinal value of tomatillo 

The tomatillo fruits have received warm appreciation worldwide these days not 

only for its unique taste, but also for its high nutritional and medicinal properties. 

With a combination of vitamins and minerals that include fiber, potassium, 

vitamins A, C, and K, niacin, manganese, -carotenes (zeaxanthin and lutein), 

iron, magnesium, phosphorus, and copper; the tomatillo fruits definitely have its 

excellent share of nutrients. Compared with tomatoes, tomatillos provide a few 

more calories, fat, and protein per ounce, extra fiber, minerals, antioxidants as 

well as vitamins. 

It is quite necessary to know the per unit nutritional value of raw tomatillo fruits. 

100 g (3.5 ounces) of edible tomatillo (raw) fruit contains energy 32 Kcal, 

carbohydrates 5.84 g, protein 0.96 g, total fat 1.02 g, dietary fiber 1.9 g, vitamins 

(Folates 7 µg, Niacin 1.85 mg,  Pyridoxine 0.056 mg, Thiamin 0.044 mg, 

Riboflavin 0.035 mg, vitamin-A 114 IU, vitamin-C 11.7 mg, Vitamin E 0.38 mg, 

vitamin K 10.1 µg), Sodium (Na) 1 mg, Potassium (K) 268 mg, Calcium (Ca) 7 

mg, Copper (Cu) 0.079 mg, Iron (Fe) 0.62 mg, Magnesium (Mg) 20 mg, 

Manganese (Mn) 0.153 mg, Phosphorus (P) 39 mg, Selenium (Se) 0.5 µg, Zinc 

(Zn) 0.22 mg, -carotene 63 µg, -carotene 10 µg and Lutein-zeaxanthin 467 µg 

(Yamaguchi, 1983). Vitamin-A helps maintain healthy mucus membranes and 

skin as well as the flavonoids do their part in inhibiting lung and mouth cancers. 

-carotenes, zeaxanthin and lutein impart extraordinarily potent antioxidant 

properties that work with vitamin-A to protect vision and helps to prevent 

macular degeneration (Quiros, 1984). 

Tomatillo is a good source of antioxidant known as Withanolides. Plant 

secondary metabolites, like withanolids are produced in response to 

environmental stress as the response of defense strategies to successfully 

complete their life cycle. Three researchers at the University of Kansas 

https://articles.mercola.com/sites/articles/archive/2007/09/25/the-two-superfoods-that-stop-blindness.aspx
https://foodfacts.mercola.com/tomatoes.html
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discovered 14 withanolide compounds in the wild tomatillo (Physalis longifolia) 

showing significant anti-cancer properties in preclinical testing (Monaco, 2012). 

The research findings revealed that withanolides (e.g. IxoA) present in tomatillo 

fruits are potent inducers of quinone reductase, which is more powerful in 

discouraging cancer growth and neutralizing colon cancer cells than 

chemotherapy (Choi et al., 2006). These compounds are already showing 

promise in combating a number of different cancers and tumors like melanomas, 

thyroid cancer, breast cancer, cancer of the esophagus and pancreas, and even 

some brain tumors and leukemias without any noticeable side effects or toxicity 

(Choi et al., 2006). Ixocarpalactone A has also anti-bacterial properties. 

The genus Physalis contains two major groups of chemical compounds; the 

“tropane” alkaloids (mainly tropine and tigoidine) and the “physalins” (steroid 

compounds), which are responsible for various medicinal properties. Tropanes 

are responsible for anti-muscarinic activity and can block the activity of 

neurotransmitter acetylcholine by binding to muscarinic receptors of the 

parasympathetic nervous system. These chemical compounds are important in 

treatment of gastrointestinal and muscular spasms and Parkinson’s disease (Choi 

et al., 2006). Physalins are under attention because of the anti-tumour and 

cytotoxic activity (Zaki et al., 1987; Chiang et al., 1992). Physalis has biological 

activities such as antibacterial, antiseptic, abortifacient, molluscicidal, 

antiprotozoal, anticancer, cytotoxic and immune modulatory activities (Bastos et 

al., 2005; Vessal and Kooshesh, 1996). 

Tomatillo fruits are rich in flavonoids that help to protect from lung and oral 

cavity cancers (Quiros, 1984). Traditional healers in India have been known to 

prescribe foods containing withanolid compounds as a tonic for arthritis and 

other musculoskeletal conditions (Kindscher et al., 2012). According to 

the Native Medicinal Research Program at the University of Kansas, historical 

records showed that numerous North American native tribes used wild Physalis 

longifolia fruits to treat headache and stomachache (Monaco, 2012). Physalis 

http://nativeplants.ku.edu/research/physalis-research/physalis-longifolia-wild-tomatillo
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angulata L. (Ciplukan) has been widely consumed by people with asthma, 

hepatitis, malaria, rheumatism and dermatitis (Alves et al., 2008). 

2.2 Effect of salinity in soil and plant 

Salinity is a measure of dissolved salts in sea water. It is calculated as the amount 

of salt (in gram) dissolved in 1 kg of seawater. Soil salinity is the salt content in 

the soil and the process of increasing the salt content is known as salinization. 

Salinization can result from high levels of salt present in water, landscape 

features allowing salts to become mobile (movement of water table), climatic 

trends favoring salt accumulation, human activities like deforestation, irrigation 

using saline water and the use of potassium as fertilizer, which can form sylvite, 

a naturally occurring salt. Salinity is one of the most brutal environmental factors 

limiting the productivity of crop plants (Srivastava et al., 2012). Most of the crop 

plants are sensitive to salinity caused by high concentrations of salts in the soil. 

The area of land affected by it is increasing day by day. Soil salinity causes due 

to the excess accumulation of salts, typically most pronounced at the soil surface, 

can result in salinity affected soil. Salts may rise to the soil surface by capillary 

transport from a salt-laden water table and then accumulate due to evaporation. 

As soil salinity increases, it can result in degradation of soil and vegetation. 

Salinity has detrimental effects on plant growth and yield (Vidal et al., 2009; 

Moya et al., 2003). 

Worldwide, more than 60 million ha of irrigated land (representing some 25% 

of the total irrigated land in the world) have been damaged by salt (Mekhaldi et 

al., 2008; Cuartero and Fernandez-Munoz, 1999). Salt stress is a polymorphous 

stress that affects plant growth and reduces yield through three direct ways. First, 

the presence of salt reduces the ability of the plant to take up water which leads 

to reductions in the growth rate. This is referred to as the osmotic effect of salt 

stress, which starts immediately after the salt concentration around the roots 

increases over a threshold level. There is a second and slower response due to 

the accumulation of ions in leaves; this ion-specific phase of plant response to 

salinity starts when accumulated salt reaches toxic concentrations in the leaves 



11 
 

and the third one is nutritional stress (Gomez-Cadenas et al., 1998). Within many 

species, documented genetic variation exists in the rate of accumulation of Na+ 

and Cl- in leaves; and in the degree to which these ions can be tolerated as well 

(Munns and Tester, 2008). For most species, Na+ appears to reach a toxic 

concentration before Cl does. However, for some Cl- is considered being more 

toxic ion (Lopez-Climent et al., 2008). 

2.3 Mechanism of salinity tolerance in plants 

Plants on the basis of adaptive evolution can be classified roughly into two major 

types: the halophytes; that can withstand salinity and the glycophytes; that cannot 

withstand salinity and eventually die. Majority of major crop species belong to 

glycophyte category. Thus, salinity is one of the most brutal environmental 

stresses that hamper productivity of crops worldwide. At a basic level, the 

response of plants to salinity can be described in two main phases: the shoot ion-

independent response occurs first, within minutes to days, and is thought to be 

related to Na+ sensing and signaling (Gilroy et al., 2014; Roy et al., 2014). In 

this first phase, effects of salinity on water relations can be important, causing 

stomatal closure and the inhibition of leaf expansion (Munns and Termaat, 

1986). The second phase, the ion-dependent response to salinity, develops over 

a longer period (days to weeks) and involves the build-up of ions in the shoot to 

toxic concentrations, particularly in old leaves, causing premature senescence of 

leaves and ultimately reduced yield or even plant death (Munns and Tester, 

2008). 

Mechanisms of plants towards salt tolerance occur by restricting the entry of salt 

into the plant (especially minimizing the accumulation of salt in photosynthetic 

tissues and cytoplasm) (Munns, 2002). Three main salinity tolerance 

mechanisms have been proposed by Munns and Tester (2008); ion exclusion: the 

net exclusion of toxic ions from the shoot; tissue tolerance: the 

compartmentalization of toxic ions into specific tissues, cells and subcellular 

organelles; and shoot ion-independent tolerance: the maintenance of growth and 

water uptake independent of the extent of Na+ accumulation in the shoot. 
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One of the most detrimental effects of salinity stress is the accumulation of Na+ 

and Cl− ions in tissues of plants exposed to soils with high NaCl concentrations. 

Entry of both Na+ and Cl− into the cells causes severe ion imbalance and excess 

uptake might cause significant physiological disorder(s). High Na+ concentration 

inhibits uptake of K+ ions which is an essential element for growth and 

development that results into lower productivity and may even lead to death 

(James et al., 2011). In response to salinity stress, the production of ROS, such 

as singlet oxygen, superoxide, hydroxyl radical, and hydrogen peroxide, is 

enhanced (Apel and Hirt, 2004; Mahajan and Tuteja, 2005; Ahmad, 2010; 

Ahmad and Umar, 2011; Ahmad and Prasad, 2012). Salinity induced ROS 

formation can lead to oxidative damages in various cellular components such as 

proteins, lipids, and DNA, interrupting vital cellular functions of plants. Other 

physiological components are also likely to contribute to salinity tolerance, such 

as the maintenance of plant water status, transpiration and transpiration use 

efficiency (Harris et al., 2010; This et al., 2010; Barbieri et al., 2012); leaf area 

(Maggio et al., 2007); seed germination (Foolad and Lin, 1997); production of 

antioxidants (Ashraf, 2009); early seedling growth (Kingsbury and Epstein, 

1984); and harvest index (Gholizadeh et al., 2014).  

The plant follows two major adaptive strategies towards high environmental 

salinity tolerance; firstly, avoiding stress due to different physical and 

physiological barriers, and secondly, enhancing the adaptive mechanisms 

internally that will enable successful survival. Therefore, the Na+ uptake and its 

transport regulation across the plasma membranes and tonoplast is one of the key 

factors that establish the plant cell response to salinity stress (Dajic, 2006). 

Avoidance of salt uptake can take place by salt exclusion; it is a very efficient 

but complex way of reducing the permeability of massive ion in the root zone, 

especially Na+. This process enables a low uptake and accumulation of salts in 

the upper parts, especially in the transpiring organs of the plant. Many 

glycophytes are known to show better skills for Na+ exclusion from the shoot 

and also for maintaining elevated levels of K+. A study done by Munns et al. 

(1988) and Jeschke and Hartung (2000) have shown salt exclusion to function at 



13 
 

the cellular as well as at the whole plant level and to a greater extent is related to 

regulation of K+/Na+ ion selection. 

In mangrove Avicennia marina is known to have 98% degree of salt exclusion 

property (Ball, 1988). Whereas it was demonstrated by Munns et al. (1999) 

glycophyte or halophyte, has the property of restraining of Na+ uptake and 

accumulation in the shoots. In some salt tolerant species, for example wheat have 

the property to exclude salts is achieved by changing Na+ and Ca2+ ions, rather 

than bringing about modification in osmotic potential, as adsorption on 

membranes of root cells of calcium ions directs towards reduced penetration of 

monovalent cations (Munns et al., 1999). 

Salt excretion is another very efficient way of preventing excessive absorption 

and building up of salts in photosynthetic tissues. This mechanism is equipped 

with developed special features, which are mostly present in leaf epidermis, 

known as salt glands and salt hairs (bladders). These structures are commonly 

found in many halophytes such as Spartina, Aeluropus (Poaceae), Limonium, 

Armeria (Plumbaginaceae), Atriplex (Chenopodiaceae), Glaux (Primulaceae), 

Tamarix, Reamuria (Tamaricaceae) and in mangrove species, e.g. Avicennia, 

Aegiceras and Acanthus (Popp, 1995). Among all these synchronized 

physiological responses in plants, the plant hormone abscisic acid (ABA) plays 

an essential role. ABA is a stress hormone as for its rapid accretion towards the 

response to stress and its intervention helps plants to endure over much stress. 

The first requirement is that ABA production should be rapidly triggered by the 

stress signals so that inhibition of physiological functions is avoided, and 

secondly, ABA should be quickly degraded and deactivated once the stress is 

reassured so that normal plant growth and functions can recommence. 

2.4 Effect of salinity stress on different traits of tomatillo 

Genetic variability among the genotypes for different traits is very important 

consideration for selecting desirable genotype in case of breeding for salt 

tolerance. The selection of traits could be based on agromorphogenic, 

physiological or nutritional parameters. Salinity usually effects adversely on 
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plants regarding the agromorphogenic traits like, flowering, fruiting, plant 

height, fruit number, fruit weight, maturity time, yield etc. Physiological traits 

such as cholorophyll content of leaves, Na+ and K+ concentration in plants, 

proline content and similarly nutritional values (brix percentage, vitamin-C 

content etc.) of plants could also be affected by salinity stress. 

2.4.1 Effect of salinity on agromorphogenic traits 

The hazardous effect of salinity can induce disorder(s) even during germination 

of seeds and propagules. In many crops, seed germination and early seedling 

growth are the most sensitive stages to environmental stresses like salinity 

(Sivritepe et al., 2003). Salinity can either completely inhibit germination at 

higher levels or induce a state of dormancy at lower levels (Khan and Ungar, 

1997). Salinity can also affect germination by facilitating the intake of toxic ions, 

which can cause change of certain enzymatic or hormonal activities of the seed. 

Rapid, uniform and complete germination is a prerequisite for successful 

transplant production and stand establishment in vegetable crops (Demir and 

Ermis, 2003). Salinity has been reported to cause significant reduction in the rate 

and final percentage of germination and emergence of many vegetable crops, 

which in turn may lead to uneven stand establishment and reduced crop yields 

(Yildirim et al., 2002; Yildirim and Guvenc, 2006). 

Patel et al. (2010) reported that the reduction in plant growth by NaCl might be 

attributed to the inhibitory effects of toxic ions mainly Na+ and Cl-. Diaz-Lopez, 

et al. (2013) illustrated that the negative effect of salinity were mainly due to Cl− 

and/or Na+ toxicity and to a nutritional imbalance caused by an increase in the 

Na+/K+ ratio. The decrease in leaf number with increased salinity might be due 

to tolerance of plant to the toxic effects of Cl− and/or Na+, by their accumulation 

in the older leaves. Then, plants may avoid ion toxicity by leaf shedding 

(Cuartero and Fernandez-Munoz, 1999). Salinity also reduces leaf area per plant 

by accelerating leaf death as indicated by the development of leaf tip burning 

symptoms and leaf loss. Munns (2002) mentioned that salinity may frequently 

accelerate leaf senescence that can reflect a decrease of fresh and dry mass. 
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Decrease in dry weight seems to be due to reduction in the number of leaves and 

to a reduction in leaf area under salinity condition (Van-Ieperen, 1996). 

2.4.1.1 In case of Physalis species 

An in vitro experiment was conducted by Celikli et al. (2017) the evaluation of 

salinity in golden berry (Physalis peruviana L.). In that study, golden berry shoot 

apex were cultured within the Murashige and Skoog (MS) medium with 1 mg/L 

indole acetic acid (IAA), 3% sucrose and 0.7% agar supplemented with NaCl (0, 

25, 50, 75 and 100 mM) with five replications of each treatment. After four 

weeks, fresh and dry weight, leaf length and diameter, shoot length and diameter 

as well as root length of plantlets were measured along with their chlorophyll 

content. Experimental results revealed that different level of salinity treatments 

in in vitro culture had notable effect on growth parameters and they were 

decreased significantly with the increasing salinity levels. In root length 

parameter, the averages were decreased gradually with the increase of salt rate 

compared to the control group. It was observed that 25 mM application in both 

leaf measurements didn’t make a statistical difference compared to control, 

however, a decrease was observed in especially 100 mM following the 

increasing of dose. Moreover, it was seen that 75 and 100 mM applications were 

not statistically so different from each other. 

An experiment was carried out by Helaly et al. (2017) in Egypt to study the 

response of husk tomato (Physalis pubescens L.) cv. (local variety) to different 

levels of saline water. In that study, plants were irrigated with saline water with 

concentration of control (260 ppm), 2000, 4000, 6000 and 8000ppm. The results 

illustrated that increasing salinity levels from 2000 to 8000ppm caused 

significant decrease in some physical characteristics like, plant height, stem 

diameter, number of branches per plant, leaf area, average fruit weight, size, fruit 

diameter and ultimately yield but it caused an increase in fruit firmness in husk 

tomato. Yield reduction was caused by reduced enlargement rate during the 

exponential phase of fruit growth, which has been reported to be particularly 
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sensitive to ionic and osmotic damages caused by ion accumulation in the plants 

throughout the growth season. 

A study was conducted by Manuela et al. (2016) aiming to evaluate the effects 

of priming on seed germination under salt stress and gene expression in seeds 

and seedlings of P. angulata L. After priming with saturated KCl solution for 10 

days, seed germination was tested in plastic trays containing 15 ml of water 

(control, 0 dS/m) or 15 ml of NaCl solution (2, 4, 6, 8, 10, 12, 14 and 16 dS/m). 

Priming is a technique to improve seed germination. Germination of both non-

prime and primed seeds decreased when seeds were submitted to imbibition 

under increasing salt concentrations up to 16 dS/m. Besides germination, the 

non-primed P. angulata seeds that germinated in different salt concentrations 

from EC of 8 dS/m or higher, showed significantly slower germination and worse 

uniformity. Primed seeds initially kept a higher germination rate, but then 

gradually became slower with increasing salt concentrations. 

Khalil and Leila (2016) conducted two pot experiments at the green house of 

National Research Centre, Egypt to study the role of magnetic treatments (0, 2 

and 4g/L) on growth, productivity, %RWC and fruit quality of Physalis 

pubescens cv. Balady under irrigated with saline water (fresh water, 2000, 4000 

and 6000 ppm). Results showed that, although replications with magnetic 

treatments way performed better, but agromorphological traits like, plant height, 

number of branches per plant, number of leaves per plant, root and stem length, 

leaf area expansion, total biomass, dry matter accumulation as well as yield in 

Physalis pubescens plants were significantly decreased with the increase of 

salinity levels as compared with the control one. The reduction in plant growth 

exposed to salinity may be attributed to the reduction in water content and water 

potential of plant tissues, which resulted in internal water deficit to plants 

(Hishida et al., 2013). 

An experiment was conducted by Yildirim et al. (2011) to evaluate the effect of 

NaCl salinity on germination and emergence of Physalis ixocarpa as well as 

Physalis peruviana. Seeds of P. ixocarpa and P. peruviana were germinated by 
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using 0, 30, 60, 90, 120 and 180 mM NaCl solutions. The study result showed 

no emergence of Physalis at 90, 120 and 180 mM levels of NaCl salinity. Final 

observations showed that the germination percentage, fresh and dry weight of 

seedlings of both species were decreased with the increasing level of salinity. 

The findings of the experiment concluded that seedling emergence and growth 

is more sensitive to salt stress than seed germination in Physalis. In this 

experiment, P. ixocarpa showed better emergence than P. peruviana. P. 

peruviana was tolerant to salt stress during germination, but became more 

sensitive during emergence and early seedling stages. On the contrary, P. 

ixocarpa showed more tolerance to salt stress than P. peruviana during 

emergence and early seedling stages. Similarly, according to Chartzoulakis and 

Klapaki (2000), seedling emergence and growth of pepper was found to be more 

sensitive to salt stress than seed germination. Foolad and Lin (1997) suggested 

that salt tolerance is a developmentally regulated, stage-specific phenomenon 

such that tolerance at one stage of plant development may not be related with 

tolerance at other developmental stages. 

2.4.1.2 In case of Solanum species 

According to Islam et al. (2011), salt stress has adverse effect on plant growth 

and development. The study results revealed that in higher salinity level (10 

dS/m) parameters like, plant height, primary branches, cluster per plant, fruit per 

cluster, number of fruits and total yield per plant, individual fruit weight were 

decreased gradually. Eight tomato genotypes viz., J-5, ‘Binatomato-5’, ‘BARI 

tomato-7’, ‘CLN-2026’, ‘CLN-2366’, ‘CLN-2413’, ‘CLN-2418’ and ‘CLN-

2443’ were used in that experiment. 

A two-factor experiment was demonstrated by Al-Yahyai et al. (2010) to 

evaluate the performance of yield and quality of tomato with three different 

levels of saline water (3, 6 and 9 dS/m) and  three types of fertilizers viz, 

inorganic NPK, organic manure and a mixed fertilizer of both. The experimental 

results indicated that growing tomatoes under 3 dS/m and 6 dS/m irrigation water 

produced the highest yield whereas irrigating with 9 dS/m significantly reduced 
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the final fruit number and fruit weight. Tomatoes grown using manure produced 

the least amount of yield compared to those with inorganic and mixed fertilizers. 

An experiment was conducted by Magan et al. (2008) to evaluate the effect of 

salinity on fruit yield, yield components and fruit quality of tomato grown in soil-

less culture in plastic greenhouses in Mediterranean climatic condition. Two 

spring growing periods, one long season, autumn to spring growing period 

studies were conducted with two cultivars, ‘Daniela’ and ‘Boludo’. Seven levels 

of electrical conductivity (EC) in the nutrient solution were compared in (2.5 to 

8.0 dS/m) in one experiment and five levels in another two experiments (2.5 to 

8.5 dS/m). The research findings showed linear decrease of total and marketable 

yield with increasing salinity levels above a threshold EC value. Increase of 

salinity levels improved fruit quality like, proportion of extra fruits, total soluble 

solid and titratable acidity content. But salinity caused decrease in fruit size, 

which is a major determinant of price. 

An experiment was conducted by Agarwal et al. (2005) on the effect of water 

salinity on tomato under drip irrigation. Study findings reported that the tomato 

yield was drastically affected when the salt level was increased in the root zone. 

The results showed that the number of fruits per cluster, fruits per plant, fruit 

weight, fruit maturity and other yield contributing characters were also decreased 

with higher salinity levels. According to Ghadiri et al. (2005), restricted water 

uptake by salinity due to the high osmotic potential in soil and high 

concentrations of specific ions may cause physiological disorder(s) in plant 

tissues, fruit size and maturity and as a result ultimately reduced yields. 

A book named “Tomatoes (Crop Production Science in Horticulture)” written by 

Epheuvelink (2005) stated that salinity can reduce the fruit growth rate and final 

fruit size by an osmotic effect. High salinity can lower water potential in the 

plant that results the reduction of water flow in the fruit and therefore the rate of 

fruit expansion. A study done by Munns et al. (2002) showed that a clear stunting 

of plant growth was caused by salinity stress resulting a considerable decrease 
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in the fresh weight of leaves and stems. Increased level of salinity also convoyed 

significant reduction in shoot weight and plant height. 

Reduction in total marketable yield and fruit size, but improved tomato fruit 

quality at higher higher salinity levels was found by Hao et al. (2000) growing 

tomato cv. Trust with Nutrient Film Technique (NFT). The adverse impact of 

high levels of salinity was observed by Cuartero and Fernandez-Munoz (1999) 

on number of fruits per plant of tomato. All other yield contributing characters 

also adversely reacted with the increase of salinity treatment levels. 

2.4.2 Effect of salinity on physiological traits 

Salinity can cause stress at different levels of severity depending on species, 

salinity kind and stress time in plants. Salt amount increasing around the root 

zone can cause the increase of Na+ and Cl- in plant tissues and organelles. This 

increase causes ion stress and increase of osmotic pressure bringing instability 

between K+ and Ca+2 ions (Shannon and Grieve, 1998; Hasegawa et al., 2000; 

Xie et al., 2000 and Zhu, 2002). Water uptake and growth of plants slow down 

together with rising osmotic pressure. Salinity can inhibit photosynthesis by 

damaging protein, chlorophyll, DNA and cell membrane and even can cause 

death of the cells (Dasgan et al., 2002; Borsani et al., 2003 and Amini and 

Ehsanpour, 2005). The suppressive effect of salinity on yield was also 

consequence of marked inhibition in photosynthesis (Taha et al., 2011). Salinity 

mainly affects leaf elongation which decreases the development of 

photosynthetic surface area. Salinity also reduces xylem development, and that 

reduction would explain the reduction in fruit weight under saline conditions 

(Akinci et al., 2004; Cuartero and Fernandez-Munoz, 1999; Shannon and Grieve, 

1998). According to Ehret and Ho (1986), the reduction of fruit yield by salinity 

was proportional to the reduction of plant vegetative growth. 

Growth inhibition due to soil salinity is caused by low external water potentials, 

ion toxicity and ion imbalance (Munns, 1993). Due to growth reduction in leaves 

and roots, the salts in soil solution decrease stomatal conductance and, 

consequently, photosynthesis (Munns, 1993). The lower leaf area index causes 
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with the increase of higher salinity stress, which is responsible for a decrease in 

leaf growth (Walker and Bernal, 2008). Reduction in leaf growth rate has been 

related to a reduction in cell turgor, cell wall rheological properties and a 

reduction in photosynthetic rate (Munns, 1993). Salinization causes an abrupt 

fall in the leaf water potential, which is not immediately counterbalanced by the 

slower decrease in leaf osmotic potential (Cuartero and Fernandez-Munoz, 

1999). Relatively low levels of salinity can result in a transient reduction in 

turgor and leaf growth rate (Yeo et al., 1991). During long term exposure to salt, 

leaf expansion, probably, depends on the abilities of a plant to avoid excessive 

concentration of ions in the transpiring tissues and to produce new leaves at a 

faster rate than the old ones (Munns, 2002). Munns (2002) also stated that salt 

injury was due to Na+ and/or Cl- accumulation in transpiring leaves at excessive 

levels, exceeding the ability of the cells to compartmentalize these ions in the 

vacuole. 

Lycoskoufis et al. (2005) supposed that growth restriction predominantly was 

caused by a reduced stomatal conductance, while after a long-term exposure to 

salinity, growth may also be suppressed due to inhibition of photosynthesis at 

the chloroplast level. This effect was attributed by Cramer et al. (2001) to a 

decrease of leaf cellular expansion, whereas Ali-Dinar et al. (1999) and Ebert et 

al. (1999) stated that leaf area was reduced as a consequence of physiological 

disorders triggered by salt stress, accumulation of Na+ and Cl- in different plant 

tissues, as well as by reduction of net photosynthesis rate and pigment contents 

in the leaf tissue. Na+ can facilitate the accumulation of nitrites in plant tissue 

that, in turn, causes toxic effects and slow assimilation of nitrogen (Navarro and 

Navarro, 2000) affecting leaf area growth. 

Salt stress has severe effect(s) on plant growth and productivity and interrupt in 

the normal metabolic processes. Proline may alleviate the negative impact of 

salinity by decreasing osmotic stress and consequently maintaining the 

membrane integrity and its function (Mahdi and El-Katony, 2001). Proline is 

multifunctional amino acids and a signalling molecule acting as a plant growth 



21 
 

regulator by triggering cascade signaling processes (Yang et al., 2009). Proline 

preferred as a common osmolyte in plants and get up-regulated against different 

stresses (Yildiz and Terz, 2013; Szabados and Savoure, 2009). Proline 

accumulation in plants provides protection against stress, and thus called stress 

protein. Plants continuously tend to enhance endogenous level of proline with 

increasing levels of stress, like salinity (Molazem et al., 2010). Proline 

accumulation under stress might occurs due to an increase in pyrroline-5-

carboxylate synthetase (P5CS), the rate-limiting enzyme in proline biosynthesis 

(Singh et al., 2000) and a decrease of proline dehydrogenase (PDH) activity 

(Spoljarevic et al., 2011). Proline synthesis initiates the generation of NADP+, 

which acts as the backbone for ribose 5-phosphate which is required for the 

purines synthesis, and proline oxidation yields the reduced electron carriers, 

which provide energy for the numbers of biochemical reaction like nitrogen 

fixation (Kim and Nam, 2013). It was reported that, the exogenous application 

of proline alleviates the adverse effects of salt by reducing the accumulation of 

Na+ and Cl− in plants (Khattab and Afifi, 2009; Aggarwal et al., 2011). Proline 

regulates the expression of a number of genes related to antioxidant enzymes 

under salt stress. Among them, one of the gene 1-pyrroline-5-carboxylate 

synthetase is responsible for up-regulating the stress-induced proline 

accumulation under salinity stress (Kim and Nam, 2013). 

2.4.2.1 In case of Physalis species 

An experiment was conducted by Celikli et al. (2017) for in vitro evaluation of 

salinity in golden berry (Physalis peruviana L.). In that in vitro salinity study, 

golden berry shoot apex were cultured within the Murashige and Skoog (MS) 

medium with 1 mg/L indole acetic acid (IAA), 3% sucrose and 0.7% agar 

supplemented with NaCl (0, 25, 50, 75 and 100 mM) with five replications of 

each treatment. After four weeks, chlorophyll content of plantlets was measured 

in daylight with Spectrum Technologies Field Scout CM1000 Model 

Chlorophyll Meter along with their several root and shoot parameters. From the 

experimental result, it was observed that the salt applications at 25 and 50 mM 

doses were not different from control group in terms of chlorophyll content 
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whereas a significant difference was seen at 75 and 100 mM doses. A gradual 

decrement of chlorophyll content occurred with the increasing of salinity 

concentration which was statistically significant. It is considered that this 

decrement is related to the increase in the activity of chlorophyllase enzyme 

which causes in decomposing chlorophyll (Reddy and Vora, 1986). 

Negative effects of salinity on husk tomato (Physalis pubescens L.) cv. (local 

variety) to different levels of saline water (260 ppm, 2000, 4000, 6000 and 

8000ppm) have been attributed to disturbance in both protein assimilation, 

mineral uptake and distribution activities of growth hormones, enzymes 

activities and oxidative defense (Helaly et al., 2017). The research findings 

showed significant influence of salinity from 2000 to 8000ppm on total 

chlorophyll content, macro and micro elements (N, P, K and Na) and proline 

content. Proline and Na+ content in husk tomato was increased with increasing 

salinity. The rise of pH level in the root zone resulted from salinity led to 

unavailability of K+ and Ca2+. The harmful effects of salinity may be attributed 

to the inhibited effects on the activity of Fe2+ that reflects on the reduction rate 

of chloroplast structure and chlorophyll accumulation in plants (Sevengor et al., 

2011). The lowest photosynthetic ability under salt stress conditions was due to 

stomata closure, inhibition of chlorophyll synthesis and due to decrease in the 

absorption of minerals needs for chlorophyll biosynthesis, i.e. Fe2+ (Sevengor et 

al., 2011). 

The effect of increasing NaCl (0, 60 and 120 mM) stress was investigated by 

Miranda et al. (2014) on growth, proline content and total antioxidant activity in 

leaves of cape gooseberry plants kept in 2 L pots and grown under greenhouse 

conditions. Research findings showed that vegetative growth, dry weight, leaf 

number, leaf area and plant height was significantly lower at higher salinity 

levels as compared to control plants. The leaf proline content was increased 

significantly during the evaluation period and tended to be higher with increasing 

level of NaCl. Total antioxidant activity was increased constantly and was 

significantly higher than in leaves control plants. 
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A greenhouse experiment was conducted to assess the effect of salt stress on the 

growth of the cape gooseberry by Miranda et al. (2010). Cape gooseberry plants 

were surveyed in perlite pot cultures salinized with varying concentrations of 

NaCl (0, 30, 60, 90 and 120 mM) for 75 days. The growth indices like leaf area 

index, crop growth rate, relative growth rate, unit leaf rate, leaf area ratio, leaf 

weight ratio and specific leaf area were calculated. Results showed that 

increasing levels of NaCl (60 to 120 mM) in the growth medium caused a 

reduction in the leaf growth parameters: leaf area index, unit leaf rate, leaf weight 

ratio and specific leaf area. The reduction of leaf area expansion per unit of plant 

biomass (leaf area ratio) was primarily caused by a decrease in the specific leaf 

area, which played an important role in determining the relative growth rate of 

salt stressed plants. In this study, salt-specific effects also included burning of 

leaf margins, reduced leaf area and death and abscission of older leaves. 

2.4.2.2 In case of Solanum species 

The strong adverse effect of salinity treatment on yield in cherry tomato was 

reported by Edris et al. (2012). The study findings showed that addition of 

supplemental Ca2+ and K+ can ameliorate negative impact of high salinity. Small 

fruit development in salinity conditions could be related to disorder in water 

relations and decrease in photosynthetic productions (due to leaf area reduction) 

as well as chlorophyll content. Negative effect of salinity on plant height, leaf 

area, plant growth, yield, dry matter plant, Na+ and Cl- accumulation in tomato 

tissues were demonstrated by Siddiky et al. (2012). Under salt stress, all plant 

parameters of tomato varieties were reduced compared to control.  Plant growth, 

fruit number, fruit size and yield were decreased gradually with the increase of 

salinity levels. An experiment was done by Hajiboland et al. (2010) where plants 

treated with the arbuscular mycorrhizal fungi Glomus intraradices (+AMF) 

showed beneficial effect in salt condition. In this study, tomato cultivars “Behta” 

and “Piazar” were cultivated in soil with EC of 0.63 dS/m, 5 dS/m and 10 dS/m. 

Plant growth and yield reduction was found affected by salinity. It may be the 

cause of variation in photosynthetic products translocation toward root, decrease 
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of plant top especially leaves, partial or total enclosed of stomata, chlorophyll 

content, direct effect of salt on photosynthesis system and ion balance. 

The effect of MS and agar medium containing NaCl and sucrose on germination 

percentage, seedling growth, chlorophyll content, acid phosphate activity and 

soluble proteins in different cultivars of tomato (cv. Isfahani, Shirazy, 

Khozestani and Khorasani) was demonstrated by Amini and Ehsnapour (2006). 

In this study, seeds were germinated under different concentrations of NaCl (0, 

40, 80, 120 and 160 mM). Study findings showed that, increasing salinity caused 

decrease in germination percentage and seedling dry weight. Chlorophyll content 

were decreased with increasing salinity levels. Acid phosphates activity was 

decreased in stem leaf while it was increased in roots. An experiment was carried 

out by Hajer et al. (2006) to assess the effect of sea water salinity (1500, 2500 

and 3500 ppm) on the growth of different tomato cultivars (Trust, Grace and 

Plitz) in Saudi Arabia. The salinity of sea water caused the delayed seed 

germination and reduced germination percentage with increasing salinity. It was 

also observed that leaf area, total chlorophyll and k+ content, fresh weight of 

areal parts and %Dry weight of areal parts and yield responded negatively with 

the increase of salinity levels. 

The gradual reduction in chlorophyll content (chlorophyll-a and chlorophyll-b) 

of tomato leaves was found with the increasing sea water salinity by Al-Sobhi et 

al., 2005. The chlorophyll content of leaves of different tomato cultivars 

decreased by NaCl stress. An experiment was conducted by Juan et al. (2005) to 

identify the most reliable nutritional and biochemical indicators for improving 

salt tolerance in tomato. The study findings showed that salt-resistant tomato 

cultivars were characterized by reduced uptake and foliar accumulation of Na+ 

and Cl- , increased K+ uptake and greater amount of sucrose, carotenoids and 

thiol synthesis. Dasgan et al. (2002) worked on 55 tomato genotypes to 

investigate the relationships among the salinity scale classes based on visual 

appearance and shoot Na+ accumulation, K+/Na+ and Ca+/ Na+ ratios and shoot 

root dry weights. In that study, higher Na+ on tomato shoots indicated higher 
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shoot damage. Shoot K+/Na+ and Ca+/ Na+ ratios were significantly correlated 

with the salinity. The higher shoot K+/Na+ and Ca+/ Na+ ratios indicated lower 

shoot damage. An experiment done by Akinci et al. (2004) concluded that 

increase level of NaCl stress cause the reduction in relative root, shoot and whole 

plant growth. Findings also showed that salinity increased Na+ content and 

decreased K+ content of tomato seedling leaves. Low stem water potentials may 

have an immediate and direct effect on phloem turgor, reducing the driving force 

for sap flow into the fruit (Johnson et al., 1992). Research findings on tomato 

showed that fruit diameter was increased when apoplasmic water potential 

gradient favored the flow of solution into fruit and fruit shrinkage occurred only 

when the water potential gradient was inverted. 

2.4.3 Effect of salinity on nutritional traits 

Excessive salinity is the most important environmental stress factor that has great 

influence in the nutritional properties of many plant species. Excessive salt 

exposure reduces fruit size, total yield, and photosynthesis and increases blossom 

end rot (Saito et al., 2008), while moderate salt stress generally improves fruit 

quality by increasing carotenoids and total soluble solids, which are important 

components of taste in ripen fruits (sugars, organic acids, and amino acids) (De 

Pascale et al., 2001). Soluble solids and pH are determined by both the acid and 

sugar concentrations of the ripen fruit. High water stress leads to decreased yield, 

maximum accumulation of soluble solids and reduced viscosity. 

The light intensity received by the plant directly affects the quantity of photo 

assimilates available to the fruit, it also increases their sugar-acid ratio, and 

influences the transpiration rate and the water uptake by the plant, which in turn, 

affect the EC around the root. Depending upon the composition of the saline 

solution, ion toxicities or nutritional deficiencies may arise because of a 

predominance of specific ion or competition effects among cations and anions. 

Several EC and fertigation management regimes could improve fruit quality 

(Dorai et al., 2001). Increase of EC with NaCl may increase the Na+ content in 
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fruits. NaCl enhances the sweetness of fruit and improves the overall flavor 

intensity. 

2.4.3.1 In case of Physalis species 

An experiment was carried out by Helaly et al. (2017) to study the response of 

husk tomato plants (Physalis pubescens L.) cv. (local variety) to different levels 

of saline water (260 ppm, 2000, 4000, 6000 and 8000ppm). Study findings 

revealed that fruit quality which included total soluble solids, total titratable 

acidity, vitamin-C, total sugar, total carotenoids and dry matter was influenced 

positively under irrigation with saline water. The enhancing contents of total 

soluble solids and ascorbic acid may be attributed to saline concentrations effect 

originating from reduced fruit water content due to adaptation of husk tomato 

plants to salinity. Husk tomato grown under saline water showed high titratable 

acidity which may be attributed to the accumulation of organic acids thus 

maintaining fruits pH. In addition, increased total soluble solids, acidity and 

sugar content associated with saline irrigation may also be ascribed to 

concentration effects due to smaller fruit size. 

Two pot experiments were conducted during at the green house of National 

Research Centre, Egypt by Khalil and Leila (2016) to study the role of magnetic 

treatments (0, 2 and 4g/L) on growth, productivity, %RWC and fruit quality of 

Physalis pubescens cv. Balady under irrigated with saline water (fresh water, 

2000, 4000 and 6000 ppm). Results showed that, replications with magnetic 

treatments way performed better, and total soluble solids (%), acidity (% Total 

acid), phenolic compounds and carotenoids content in Physalis pubescens fruits 

were significantly increased with the increase of salinity treatment levels as 

compared with the controlled one. Reverse trend was observed in case of 

different morphological and yield contributing traits. 

The increase in total soluble solid of husk tomato under salinity were recorded 

by Shakhov (1956). He mentioned that salt ions especially the Na+ might 

increase the hydrophilous properties of plasma colloids that played a very 

important role to protect the bio-colloids and plasma from the effect of higher 



27 
 

salinity. These observations were in agreement with those obtained by Medhat, 

2002; Fathy et al., 2005; Khalil, 2006 and Taha et al., 2011. The increase in 

acidity as a result of salinity treatments were also reported by Janse, 1989; 

Chartzoulakis, 1992; Adams, 1991; Yungfu and Dashu, 2002; Krauss et al., 2006 

and Al-Harbi et al., 2015. 

Transitional water stress although reduce crop yield but results in enhanced 

soluble solids along with good viscosity (May and Gonzales, 1999; May, 1993). 

The increase in total soluble solid (TSS) under salinity stress might be attributed 

to osmotic adjustment of husk tomato plant to maintain its turgidity and to 

overcome the increasing resistance of water uptake by the roots (Taha et al., 

2011). Moreover, the decrease in water content and turgidity of the plant under 

saline irrigation can increase total soluble solid and acidity of the fruit (Saied et 

al., 2005). Higher values of total soluble solid and acidity in the juice of fruits 

from salinized plants means that the quality of the products is better than control. 

Antioxidants like vitamin-C and lycopene with their antagonist functions against 

free radicals are very useful in protection against various biotic and abiotic 

stresses. 

2.4.3.2 In case of Solanum species 

An experiment was carried out by Yong-Gen et al. (2009) to elucidate the 

mechanisms of the transport of carbohydrates into tomato fruits and the 

regulation of starch synthesis during fruit development in tomato plants. In this 

experiment, tomato cv. ‘Micro-Tom’ was exposed to high levels of salinity stress 

to be examined. Results showed that, growth with 160 mM NaCl doubled starch 

accumulation in fruits compared to control plants during the early stages of 

development, and soluble sugars increased as the fruit matured. Tracer analysis 

with 13C confirmed that elevated carbohydrate accumulation in fruits exposed to 

salinity stress was confined to the early development stages and did not occur 

after ripening. Salinity stress also up-regulated sucrose transporter expression in 

source leaves and increased activity of ADP-glucose pyrophosphorylase 

(AGPase) in fruits during the early development stages. The results indicated 
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that salinity stress can enhance carbohydrate accumulation as starch during the 

early development stages and it is responsible for the increase in soluble sugars 

in ripe fruit. 

In a separate experiment, Satio et al. (2008) investigated the effects of 50 mM 

NaCl in a hydroponic solution on the levels of various metabolites, including 

amino acids, soluble sugars, and organic acids, and on the expression level of 

salinity-responsive genes during fruit development. Results indicated that under 

salinity, %Brix, surface color density and flesh firmness of the fruit were 

significantly enhanced, whereas fruit enlargement was suppresses. Salinity stress 

strongly promoted glucose and amino butyric acids. 

Cuartero et al. (2003) demonstrated an experiment on the effect of salinity on 

tomato and reported that salinity was seemed to increase fruit taste by increasing 

both sugars and ascorbic acid, but couldn’t produce much acid. Flores et al. 

(2003) demonstrated an experiment with tomato plants cv. Daniela grown in a 

nutrient solution containing 0, 30 and 60 mM NaCl and fertilized with 14/0, 12/2 

and 10/4 NO3
–/NH4

+ mM ratio to determine the effect of salinity and nitrogen 

source. The increase in salinity and NH4+ concentration in the nutrient solutions 

showed increased fruit quality by increasing the content of sugars, organic acids 

and antioxidants. However, the increase in fruit quality was associated with a 

decrease in yield. 

In an another experiment, Mizrahi (1982) found that tomato (Lycopersicon 

esculentum Mill.) plants from various cultivars growing on half-strength 

Hoagland solution were exposed at anthesis to 3-6 g/L NaCl. Salinity shortened 

the time of fruit development by 4 to 15%. Fruits of salt-treated plants were 

smaller and tasted better than did fruits of control plants. This result was obtained 

both for ripe fruits tested on the day of picking and for those picked at 100% 

development and allowed to ripen at room temperature for 9 days. %Dry weight, 

total soluble solids, and titratable acidity, reducing sugar content, Cl-, Na+, and 

various pericarp pigments; and electrical conductivity of the juice were higher in 

fruits of saline-treated plants than they were in those of control plants, while the 
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pH was lower. Ethylene and CO2 evolution rates during ripening and the 

activities of pectin methyl esterase, polymethyl galacturonase, and 

polygalacturonase were also higher in fruits of saline-treated plants. The 

treatment with 6 g/L NaCl shortened the fruit shelf life considerably. 

De Pascale et al. (2001) revealed that increased EC level may lead to higher 

contents of vitamin-C and total soluble solid in tomato fruits. Lycopene content 

may increase with the increasing salinity up to 6-7 dS/m but at excessive salinity 

inhibition effects may take over, resulting in reduced lycopene. Vitamin-C (L-

ascorbic acid) content of tomato fruits was increased with salinity and it was 

60% higher in tomatoes grown at EC of 15.7 dS/m, compared with non-salinized 

control condition. 

An experiment was conducted by Petersen et al. (1998) with tomato plants 

irrigated by saline water. Study results revealed that, salinity enhanced the 

lycopene concentrations up to 4-6 dS/m but restricted at high salinity. This was 

probably due to a high temperature-induced inhibition of lycopene biosynthesis 

in tomatoes exposed to high solar radiation arising from smaller leaf area and 

consequently more fruits directly exposed to sunlight in salinity stressed plants. 

Vitamin-C content and %Brix of fruits were increased with the increasing 

salinity levels. 

2.5 Effect of salinity on agriculture in Bangladesh 

A major challenge towards world agriculture involves production of 70% more 

food crops for an additional 2.3 billion people by 2050 worldwide (FAO, 2009). 

Salinity is a major stress limiting the increased demand for growing food crops. 

More than 20% of cultivated land worldwide is affected by salt stress and the 

amount is increasing day by day. Climate change due to global warming and its 

negative consequence on environment and agro ecosystem is a serious concern 

of global community of recent age. Bangladesh, a deltaic plain of 1, 47, 570 km2, 

has a very flat and low topography. Agriculture is a major sector of Bangladesh's 

economy and more than 30% of the cultivable land of Bangladesh is in the 

coastal areas (Karim et al, 1982). Out of 2.86 million ha of coastal and off-shore 
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lands about 1.056 million ha of arable lands are affected by varying degrees of 

salinity. Most of the land remains fallow in the dry season (January to May) due 

to soil salinity, lack of good quality irrigation water and late draining condition 

(Karim et al., 1990; SRDI, 2001). According to SRMAF Project Report (2010), 

some of the new land of Satkhira, Patuakhali, Borguna, Barisal, Jhalakathi, 

Pirojpur, Jessore, Narail, Gopalganj and Madaripur districts are affected by 

different degrees of salinity, which has reduced agricultural productivity 

remarkably. Crop production of the salt affected areas in the coastal regions 

differs considerably from non-saline areas. Because of salinity, special 

environmental and hydrological situation exists, that restricts the normal crop 

production throughout the year. In the recent past, with the changing degree of 

soil and water salinity, normal crop production has become very risky. Crop 

yields, cropping intensity, production levels and people’s quality of livelihood 

of our coastal regions are much lower than that in other parts of the country. At 

the same time food demand is increasing with the steady increase in human 

population. Thus, it has become imperative to explore the possibilities of 

increasing potential of these saline lands for increased production of food crops 

combating land salinization problem for food security in the country through 

adoption of long-term land management strategy. Increased cropping intensity 

in very and slightly saline areas by analyzing the soil and water salinity intensity, 

extent, constraints and adopting proper soil and water management practices 

along with the introduction of different new salt tolerant varieties of crops has to 

be followed in our coastal areas for the betterment of the country. 
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CHAPTER III 

MATERIALS AND METHODS 

This chapter illustrates the informations concerning the research methodologies 

those were used in the execution of the experiment. The study was conducted as 

a pot experiment in the area just beside the net house of Genetics and Plant 

Breeding Department of Sher-e-Bangla Agricultural University, Dhaka, 

Bangladesh during the period of November, 2017 to March, 2018 to evaluate the 

performance of four tomatillo genotypes based on their different 

agromorphogenic, physiological and nutritional traits under three different 

salinity treatments. A brief description of the experiment comprising of the 

location of experimental site, planting materials, climate and soil, seed bed 

preparation, layout and design of the experiment, preparation of main pots, 

fertilization, transplantation of seedlings, intercultural operations, harvesting of 

fruits, various data recording processes, different physiological, nutritional and 

statistical analysis procedures etc. has been stated in this chapter sequentially. 

3.1 Experimental site 

The experiment was accomplished in the area just beside the net house of 

Genetics and Plant Breeding Department of Sher-e-Bangla Agricultural 

University, Dhaka-1207, Bangladesh during the period from November 2017 to 

March 2018. Location of the site is 23°74' North latitude and 90°35' East 

longitude with an elevation of 8 meter from sea level (Anonymous, 2014) in 

Agro-ecological zone of "Madhupur Tract" (AEZ-28) (Anonymous, 1988). 

The area was open, thus it was prepared to be suitable for conducting the 

experiment. A structure was developed using bamboo poles and bamboo 

sticks. Later, transparent polythene sheets were used to cover the top of 

the structure to prevent trespassing of rain water but to ensure enough 

sunlight. And then plastic nets were used in the surrounding of the 

structure to prevent unwanted entry to the experimental site. The location 

of the site is shown in the map of AEZ of Bangladesh in (Appendix I). 
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3.2 Planting materials 

A total number of four genotypes of tomatillo were used in the study (Table 1) 

and they were collected from Department of Genetics and Plant Breeding, Sher-

e-Bangla Agricultural University, Dhaka-1207, Bangladesh on October, 2017. 

3.3 Treatments in the experiment 

A two factorial experiment was conducted to evaluate the performance of four 

tomatillo genotypes under three different sodium chloride (NaCl) salinity 

treatments. Salinity treatments were chosen by the classification of saline area 

given by Soil Research Development Institute, Bangladesh (Report, 2010) 

(Table 2). According to this classification: Non saline with some very slightly 

saline (2.0 to 4.0 dS/m), very slightly saline with some slightly saline (4.1 to 8.0 

dS/m), slightly saline with some moderately saline (8.1 to 12.0 dS/m), strongly 

saline with some moderately saline (12.1 to 16.0 dS/m), very strongly saline with 

some strongly saline (>16.0 dS/m). In this experiment, Factor A was four 

different tomatillo genotypes (Table 1) and Factor B was three different salinity 

treatments (Table 2), T1 (control condition) , T2 (8.0 dS/m) and T3 (12.0 dS/m). 

3.4 Design and layout of the experiment 

The experiment was laid out and evaluated during the Rabi season 2017-'18 in 

Completely Randomized Design (CRD) using two factors. Factor A included 

four tomatillo genotypes and Factor B included three salinity treatments. The 

experiment was conducted in three replications and total 36 plastic pots were 

used. A pictorial view of the experimental site (shade house) has been presented 

in Plate 1. 

3.5 Climate and soil 

Experimental site was located in the subtropical climatic zone, set aparted by 

plenty of sunshine and moderately low temperature prevails during October to 

March (Rabi season) which is suitable for growing crops in Bangladesh. The soil 

was sandy loam in texture having pH of 5.46 to 5.62 and EC of 0.60 dS/m. 

Weather informations during the time of the experiment of Rabi season (October, 

2017 to March, 2018) and physicochemical properties of the soil of experimental 
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Table 1. Name and source of tomatillo genotypes (Factor A) used in the 

present study 

Sl. No. Genotypes Name/Accession No. 
Source of 

Collection 

1. G1 SAU tomatillo 1 GEPB, SAU 

2. G2 SAU tomatillo 2 GEPB, SAU 

3. G3 PI003 GEPB, SAU 

4. G4 PI004 GEPB, SAU 

GEPB=Department of Genetics and Plant Breeding, SAU = Sher-e-Bangla Agricultural 

University 

 

 

 

Table 2. Different salinity treatments (Factor B) of NaCl used in the present 

study 

Sl. No. Salinity Treatments 

Electrical 

Conductivity 

(dS/m) 

Types of 

Salinity 

1. T1 Control Non-saline 

2. T2 8.0 Slightly saline 

3. T3 12.0 
Moderately 

saline 

 

 

 



34 
 

 

 

 

 B C 

D E 

A B C 

D E 

Plate 1. Plants in shade house after transplanting. A) Transplanted plants in main 

plastic pots, B) Plant with flower, C) Plant bearing fruits, D) Shade house 

marked with signboard and E) A pictorial view of plants under different 

salinity treatments 
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site are presented in (Appendix II and Appendix III) respectively. 

3.6 Seed bed preparation and raising of seedling 

The sowing was carried out on November 9, 2017 in the well prepared seedbed. 

Before sowing, seeds were treated with Bavistin for 5 minutes. Seedlings of all 

four tomatillo genotypes were raised in the seedbed beside the farm house of 

Sher-e-Bangla Agricultural University, Dhaka-1207. Before seed sowing, the 

upper crust of soil (approximately 10 cm of depth) of seedbed was treated with 

Furadan 5G and Sevin dust. Seeds were sown in rows spaced at 10 cm apart, 

beds were watered regularly. Seedlings were raised using regular nursery 

practices. Recommended cultural practices were taken up before and after 

sowing the seeds. When the seedlings became 21 days old on December 1, 2017, 

the seedlings were transplanted in the main plastic pots. A pictorial view of 

seedbed has been presented in Plate 2A. 

3.7 Manure and fertilizers application 

Soil was well pulverized and dried in the sun and only well decomposed cow 

dung was mixed with the soil according to the Fertilizer Recommendation Guide 

released by BARC in 2012. Well decomposed cow dung was calculated for each 

pot considering the dose of 1 hectare of soil at the depth of 20 cm, one million 

kg. On an average, each plastic pot was filled with soil containing 100 g of well 

decomposed cow dung (as 10 tons/ha). Total decomposed cow dung was applied 

before transplanting the seedlings to plastic pots. 

3.8 Preparation of pots and transplantation of seedlings 

Weeds and stubbles were completely removed from the soil and soil was treated 

with Formaldehyde (45%) for 48 hours before transplanting to plastic pots in 

order to keep soil free from pathogens. Pots were filled up on November 28, 

2017, two days before of transplantation operation. Each pot was filled with 10 

kg of soil. Height of the pot was 20 cm with top diameter of 30 cm and bottom 

diameter of 20 cm. Few pores were made in each plastic pot and then the pores 

were covered by gravels so that excess water could easily drain out. Seedlings of
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A B C 

D E F 

Plate 2. Seedbed preparation and intercultural operations. A) Seedlings in the seedbed, B) 

Transplantation of seedlings, C) Tying seedlings with bamboo stick, D) Measuring 

EC of saline water, E) application of saline water and F) Measuring pH of soil 
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21 days old were transplanted in the main plastic pot on December 1, 2017 (1 

plant/pot). A pictorial view of transplanting and sticking of seedlings have been 

presented in Plate 2B and 2C. 

3.9 Application of sodium chloride (NaCl) 

Four tomatillo genotypes were executed under three different salinity treatments 

(T1: Control condition; T2: 8.0 dS/m and T3: 12.0 dS/m). Plants in control 

treatment (T1) were not exposed to salinity; whereas plants of T2 and T3 

treatments were treated with 8 dS/m (4.4 g of ACI salt/L of water) and 12 dS/m 

(6.6 g of ACI salt/L of water) level of salinity treatment respectively. Plants in 

control treatment (T1) were always irrigated with fresh (non-saline) water. Saline 

solution was applied to selected T2 and T3 pots at 7 DAT to help the well 

establishment of young seedlings and later on each pot was watered as per 

requirement and according to treatments. Electrical conductivity (EC) of 

different salinity levels in soil was adjusted by a direct reading conductivity 

meter (EC-meter). Salt solution (calculated) was applied 1 litre/pot in 3 to 4 days 

interval to maintain the exact salinity level in the soil. When soil in the pots was 

seemed to reach in water logging condition, then saline water was given after the 

soil was reached near in dried condition (visual observation). A pictorial view of 

measuring EC of saline water and its application have been presented in Plate 

2D and 2E as well as the determination of soil pH has been presented in Plate 

2F. 

3.10 Intercultural operations 

Necessary intercultural operations were provided as per requirement. Hand 

weeding and mechanical weeding were performed in all pots as and when 

required in order to keep plants free from weed infestation. Diseases and pests 

are limiting factors to crop production. Experimental tomatillo plants were 

treated with Bavistin DF @ 1 g/L of water and Cupravit 50 WP @ 2 g/L of water 

to prevent unwanted disease infections. To prevent pest infestation, plants were 

treated by Malathion 250 EC @ 0.5 mL/L of water. Those fungicides and 

pesticides were sprayed two times; firstly, at vegetative growth stage and 
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secondly, at early flowering stage. When plants were well established, stalking 

was performed to each plant of plastic pots by bamboo stick between 25 to 30 

DAT to keep the plants erect.  

3.11 Harvesting and processing 

Harvesting of fruits was done after reaching to its maturity stage. Immature 

tomatillo fruits are dark green in color and it turns into greenish to light greenish 

or yellowish when become mature and most often the rupture of the husk occurs 

as a result of increase in size of fruits with its maturity. Mature fruits were 

identified and harvested from plants. A number of fruits per plant were allowed 

to ripe and then seeds were collected from them and stored at 4oC for future use.  

Harvesting was started from February 17, 2018 and completed by March 10, 2018. 

3.12 Data recording 

Data were recorded from tomatillo plants of each plastic pot based on their 

different agromorphogenic, physiological and nutritional traits. Data were 

recorded in respect of following parameters: 

3.12.1 Agromorphogenic traits 

Different agromorphogenic traits related to yield and yield contributing 

characters were recorded viz., Days to first flowering, Plant height (cm), Days 

required to maturity, Number of fruits per plant, Average fruit length (mm) per 

plant, Average fruit diameter (mm) per plant, Average fruit weight (g) per plant 

and Yield per plant (kg). 

3.12.1.1 Days to first flowering 

The required number of days to first flowering of plants was counted from the 

date of transplantation of seedlings to the date of first flowering of each tomatillo 

plant in the main plastic pot. 

3.12.1.2 Plant height (cm) 

Plant height of each plant in the pot was measured at their maturity stage (65 

DAT) in centimeter (cm) unit using a meter scale and the mean values were 

calculated for further analysis. 
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3.12.1.3 Days to maturity 

The required number of days to maturity of plants was counted from the date of 

transplantation of seedlings to the date of first harvesting of mature tomatillo 

fruits of each plant in the pot. 

3.12.1.4 Number of fruits per plant 

The fruits were harvested from each plant and the number of total marketable 

mature tomatillo fruits was recorded. 

3.12.1.5 Average fruit length (mm) per plant 

Average fruit length was measured using Digital Caliper-515 (DC-515) in 

millimeter (mm) unit and the mean values were calculated (Plate 3A). 

3.12.1.6 Average fruit diameter (mm) per plant 

Average fruit diameter was measured using Digital Caliper-515 (DC-515) in 

millimeter (mm) unit and the mean values were calculated. 

3.12.1.7 Average fruit weight (g) per plant 

Average fruit weight was measured by electric precision balance in gram (g) 

unit. Average fruit weight per plant was recorded by randomly selecting 5 fruits 

per plant and the mean values were calculated (Plate 3B). 

3.12.1.8 Yield per plant (kg) 

Yield per plant was recorded from all harvests (mature tomatillo fruits) of each 

plant and result was expressed in kilogram (kg) unit per plant. 

3.12.2 Physiological traits 

Data related to different physiological trait such as Na+ content (%), K+ content 

(%), proline content (µg/g), chlorophyll content (%) and leaf area index (cm2) 

were recorded. 

3.12.2.1 Determination of Na+ and K+ content (%) 

Oven-dried (at 70oC) tomatillo plant shoot samples were ground in a Wiley 

Hammer Mill, passed through 40 mesh screens, mixed well and stored in plastic 
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B 

Plate 3. Collection of data. A) Measuring fruit 

length and diameter using Digital 

Caliper-515, B) Measuring fruit weight 

using electric precision balance 
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vials. The ground plant samples were digested by Micro-Kjeldahl method 

(Thomas and Nambisan, 1999). 1 g of oven-dried tomatillo plant shoot samples 

were taken in kjeldahl flasks. About 15 mL of di-acidic mixture (HNO3 : 60% 

HClO4 = 2 : 1) were taken in a digestion tube and left to stand for 20 minutes 

and then transferred to digestion block and continued heating at 100oC. The 

temperature was increased up to 365oC gradually to prevent frothing (50oC 

increase in each step) of sample and left to digest until the solution color turned 

into yellowish to whitish in color. Then the digestion tubes were removed from 

the heating source and were allowed to cool down at room temperature (25oC). 

About 40 mL of de-ionized water was carefully added to the digestion tubes and 

the content was filtered through Whatman no.40 filter paper. The filtrate was 

then taken into a 100 mL volumetric flask and the volume was made up to the 

mark with de-ionized water. The prepared samples were then stored at room 

temperature in clearly marked containers. Indigenous Na+ and K+ ion content 

were determined in percentage (%) using a Flame Photometer (Plate 4A-C). 

3.12.2.2 Determination of proline content (µg/g) 

3.12.2.2.1 Extraction of proline 

Proline accumulation was determined by the method as described by Sadasivam 

and Manickam (1996). According to the method, fully expanded fresh tomatillo 

leaves (0.5 g) of each sample were taken and grinded using mortar and pestle 

with 10 mL of 3% of sulphosalicyclic acid and then the homogenates were 

centrifuged at 18000 × g. The homogenates were filtered and 2 mL filtrate of 

each sample was taken into a test tube to add 2 mL of glacial acetic acid and 2 

mL of acid ninhydrin and then, test tubes were kept for 1 hour at 100°C in water 

bath, and then followed by ice bath. The mixture was then mixed thoroughly 

with 4 mL of toluene using a vortex machine. Toluene layer was separated and 

absorbance was read at 520 nm (Plate 4D-E) using a spectrophotometer. A 

standard curve of proline was prepared for the calibration of proline content in 

tomatillo plant leaf samples. 
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A B C 

D E F G 

Plate 4. Data collection of different physiological traits. A) Digestion of plant sample, B) Dilution of plant 

sample, C) Estimation of Na+ and K+ by Flame photometer, D) Estimation of proline, E) 

Spectrophotometer reading for proline estimation, F) Leaf area index estimation and G) 

Chlorophyll estimation by SPAD meter reading 
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3.12.2.2.2 Preparation of proline standard curve 

80 mg of pure proline was dissolved into 100 mL of distilled water to get 800 

ppm proline stock solution for preparing proline standard curve. By diluting this 

solution, 50 ppm, 100 ppm, 200 ppm, 400 ppm and 800 ppm solution were 

prepared in 20 mL of each. The absorbance was measured with the help of a 

Spectrophotometer at 520 nm. By plotting the concentration of proline (ppm) in 

‘X’ axis and obtained absorbance reading in ‘Y’ axis a standard curve was 

prepared (Appendix IV). From the absorbance reading obtained from samples, 

their respective proline content was estimated in ppm by using proline standard 

curve and converted into micro gram per gram (µg/g) unit using the following 

formula: 

                           Amount of proline (µg/g) =  
𝑥

2
×

10

500
× 1000 

3.12.2.3 Determination of leaf area index (cm2) 

The leaf area index is defined as the one sided green leaf area per unit ground 

area in broadleaf canopies (Hunt, 1990). Leaf area index (cm2) of tomatillo plants 

was measured by using Leaf Area Meter (CI-202) (Plate 4F). For this estimation, 

fully expanded three leaves from each plant (60 DAT) were randomly selected, 

their leaf area were measured and then the values were averaged for analysis. 

3.12.2.4 Measurement of chlorophyll content (%) 

Leaf chlorophyll content (%) of tomatillo plants was measured by SPAD analysis 

(Soil-Plant Analyses Development) using SPAD-502 plus portable chlorophyll 

meter (Plate 4G). The chlorophyll content was measured two times in order to 

observe the difference in its amount, at 30 and 60 days after starting salinity 

stress application. Reading was taken from two different portions of each three 

mature leaves and then values were averaged for analysis. 

3.12.3 Nutritional traits 

Data were recorded based on different nutritional traits of mature tomatillo fruits 

viz., fruit pH, %Brix, titratable acid (%) and Vitamin-C content (mg/100 g). A 
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pictorial view of different nutritional data collection methods has been presented 

in Plate 5. 

3.12.3.1 Determination of fruit pH 

The pH of mature tomatillo fruits was measured at room temperature (25C) by 

using a pH meter (Plate 5B). For the fruit pH estimation, a single mature 

tomatillo fruit from each replication of the treatments was blended. Then 5 g 

from each sample was taken and mixed thoroughly with 5 mL of recently done 

double distilled and de-ionized water (pH: 7.0). The pH of each homogenate was 

measured and mean was calculated. 

3.12.3.2 Determination of brix percentage 

Brix content (%) of mature tomatillo fruits were measured by using Portable 

Hand Refractometer (ERMA, Tokyo, Japan) at room temperature (Plate 5C). For 

the estimation, a single mature fruit from each replication of the treatments was 

blended and juice was collected to measure the brix content in percentage (%). 

3.12.3.3 Determination of titratable acid content (%) 

Amount of titratable acid content was measured in percentage (%) using titration 

method (Ranganna, 1986) (Plate 5E). For the estimation, a single mature fruit 

from each replication of the treatments was blended. 5 g of blended pulp from 

each sample was collected and mixed thoroughly with recently distilled water. 

The extract was filtrated by Whatman no.1 filter paper. The filtrate was then 

taken into a 100 mL volumetric flask and volume was made up to the mark using 

recently distilled water. A definite amount of sample was taken from this 

preparation and was titrated with 0.1 N NaOH using a few drops of 1% of 

phenolphthalein solution as indicator. The required amounts of NaOH solution 

(titre) were noted down for each sample and estimation of titratable acid content 

(%) was done using following formula: 
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Plate 5. Data collection of different nutritional traits. A) Weighting fruit sample, B) 

Estimation of fruit pH, C) Estimation of brix percentage, D) Estimation of 

vitamin-C content and E) Estimation of titratable acid content 
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3.12.3.4 Determination of vitamin-C content (mg/100 g) 

Vitamin-C was measured by using Oxidation Reduction Titration Method (Tee 

et al., 1988) (Plate 5D). For the estimation, a single mature fruit from each 

replication of the treatment was blended and then the fruit extract was filtrated 

by Whatman no.1 filter paper. The fruit juice was then mixed with 3% of 

metaphosphoric acid solution. The titration was conducted with 2,6-

dichlorophenol indophenol, a dye solution and in presence of glacial acetic acid 

and metaphosphoric acid to inhibit the aerobic oxidation. The mean of 

observations provided the amount of dye required to oxidize a definite amount 

of L-ascorbic acid solution of unknown concentration, using an L-ascorbic acid 

as known sample. Estimation of L-ascorbic acid content of fruit sample was done 

using the following formula: 

 

Amount of vitamin-C (mg/100 g) =  

 

Here, Dye factor = 0.5 ÷ Titre (amount of required dye solution) 

 

3.13 Statistical analysis 

Collected data of all agromorphogenic, physiological and nutritional traits of 

tomatillo were statistically analyzed using MSTAT-C computer package 

program. Means for every treatment were calculated and analysis of variance 

(ANOVA) were performed for each character which was analyzed by F-test 

(Variance Ratio). Comparison between treatment means (all pair comparison) 

was assessed by Least Significant Difference (LSD) test at 5% level of 

significance (Gomez and Gomez, 1984). 
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CHAPTER IV 

RESULTS AND DISCUSSION 

The experimental work was accomplished for the performance evaluation of four 

tomatillo genotypes exposed to three different salinity (NaCl) treatments based 

on their agromorphogenic, physiological and nutritional traits. In case of stressed 

condition, the plants were found to be stunted, leaves showed chlorosis, fruits 

became smaller and plants eventually died. In this chapter the findings of 

executed experimental work have been put forwarded and discussed. Data have 

been presented in table(s) and figure(s) for easy discussion, comprehension and 

understanding. A summary of all the parameters (ANOVAs and increase or 

decrease percentage of changes) used in this experiment are presented in 

appendices (Appendix V to Appendix XI). Results have been presented, 

discussed and possible interpretations are given on the following heads. 

4.1 Evaluation of agromorphogenic traits of tomatillo 

Different agromorphogenic traits viz., days to first flowering, plant height, days 

required to maturity, number of fruits per plant, average fruit length and 

diameter, average fruit weight and yield per plant of tomatillo were presented 

and discussed based on their ANOVA, genotype, salinity treatment, genotype-

treatment interaction effect and percentage of changes (increase or decrease) in 

these traits. 

4.1.1 Days to first flowering 

The mean values of days to first flowering (from days after transplanting) for 

four genotypes of tomatillo under three different salinity treatments, T1 

(Control), T2 (8 dS/m) and T3 (12 dS/m) are presented in Appendix VIII. From 

the ANOVA table (Appendix V), it was observed that statistically significant 

variation was existed among the tomatillo genotypes in respect of days to first 

flowering after transplantation. The longest period was required for first 

flowering in genotype G4 (36.11 days) which was statistically identical with G2 
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(35.00 days) while the shortest required period was in G3 (32.78 days) which was 

statistically identical with G1 (33.22 days) (Table 3). 

From the ANOVA table (Appendix V), statistically highly significant variation 

was found among the three different salinity treatments; T1 (Control), T2 (8 

dS/m) and T3 (12 dS/m) in respect of days to first flowering. The longest period 

required for first flowering was in T1 (37.33 days) and the shortest required 

period was in T3 (30.84 days) (Table 4). This result showed that days required 

for first flowering was earlier in treatment T3 (12 dS/m) than T1 (control). 

Interaction effect between four tomatillo genotypes and three salinity treatments 

was found statistically non-significant in respect of days to first flowering 

(Appendix V). Interaction G4T1 (40.00 days) required the maximum period for 

first flowering after transplantation whereas interaction G1T3 (29.67 days) 

required the minimum period (Table 5). 

The time required for first flowering of four tomatillo genotypes varied 

significantly under three different salinity treatments and the required first 

flowering time was decreased gradually with the increase of salinity treatment 

levels (Appendix IX). The maximum reduction in days to first flowering was 

observed in genotype G4 in both cases, at slightly (8 dS/m) and moderately 

salinity (12 dS/m) stresses (8.33% and 20.83% respectively). The minimum 

reduction was observed in genotype G2 (5.31%) at slightly salinity (8 dS/m) 

stress whereas in G3 (14.15%) at moderate salinity (12 dS/m) stress (Figure 1). 

Therefore, genotype G4 might be considered as a good source for transferring 

early flowering (earliness) trait in a high yielding genotype of tomatillo under 

salinity stress condition. 

4.1.2 Plant height (cm) 

The mean values of plant height (cm) for four tomatillo genotypes under three 

different salinity treatments, T1 (Control), T2 (8 dS/m) and T3 (12 dS/m) are 

presented in Appendix VIII. A pictorial view of morphological comparisons of 

the heights of tomatillo plants between control and stressed conditions has been  
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Table 3. Performance of tomatillo genotypes on days to first flowering, plant 

height, days to maturity and number of fruits per plantY 

GenotypeX 
Days to first 

flowering 

Plant height 

(cm) 

Days to 

maturity 

No. of fruits 

per plant 

G1 33.22 b 65.00 b 87.44 ab 13.22 c 

G2 35.00 a 67.55 a 86.67 b 11.33 d 

G3 32.78 b 65.67 b 90.56 a 18.22 a 

G4 36.11 a 68.50 a 83.33 c 15.11 b 

CV % 6.95 4.73 3.69 4.87 

LSD 0.05 1.33 1.09 2.14 0.69 

XFour tomatillo genotypes coded from G1 to G4 
YIn a column means having similar letter(s) are statistically identical and those having 

dissimilar letter(s) differ significantly as per 0.05 level of probability 

 

 

 

 

Table 4. Performance of salinity treatments on days to first flowering, plant 

height, days to maturity and number of fruits per plantY 

TreatmentX 
Days to first 

flowering 

Plant height 

(cm) 

Days to 

maturity 

No. of fruits 

per plant 

T1 (control) 37.33 a 68.63 a 93.58 a 16.67 a 

T2 (8dS/m) 34.67 b 65.08 b 87.08 b 15.00 b 

T3 (12dS/m) 30.83 c 66.33 b 80.33 c 11.75 c 

CV % 6.95 4.73 3.69 4.87 

LSD 0.05 2.02 1.67 2.72 0.60 

XThree salinity treatments coded from T1 to T3 
YIn a column means having similar letter(s) are statistically identical and those having 

dissimilar letter(s) differ significantly as per 0.05 level of probability 
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Table 5. Interaction effect between tomatillo genotypes and salinity 

treatments on days to first flowering, plant height, days to 

maturity and number of fruits per plantY 

InteractionX 
Days to first 

flowering 

Plant height 

(cm) 

Days to 

maturity 

No. of fruits 

per plant 

G1T1 36.33 66.00 bc 95.33 ab 16.33 c 

G1T2 33.67 64.00 bc 87.67 cde 13.67 ef 

G1T3 29.67 65.00 bc 79.33 gh 9.67 h 

G2T1 37.67 74.33 a 92.67 bc 13.33 f 

G2T2 35.67 64.50 bc 87.00 de 11.67 g 

G2T3 31.67 63.83 c 80.33 fgh 9.00 h 

G3T1 35.33 66.50 bc 96.00 a 21.33 a 

G3T2 32.67 63.33 c 90.00 bcd 18.67 b 

G3T3 30.33 67.17 bc 85.67 def 14.67 de 

G4T1 40.00 67.67 bc 90.33 bcd 15.67 cd 

G4T2 36.67 68.50 bc 83.67 efg 16.00 c 

G4T3 31.67 69.33 ab 76.00 h 13.67 ef 

CV % 6.95 4.73 3.69 4.87 

LSD 0.05 --- 5.35 5.44 1.19 

XFour tomatillo genotypes coded from G1 to G4 and three salinity treatments coded from 

T1 to T3 (T1: control, T2: 8 dS/m, T3: 12 dS/m) 
YIn a column means containing similar letter(s) are statistically identical and those 

having dissimilar letter(s) differ significantly as per 0.05 level of probability 
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Figure 1. Reduction percentage in days to first flowering and plant height under increasing salinity 

stress 
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presented in Plate 6. From the ANOVA table (Appendix V), it was observed in 

this experiment that statistically significant variation was existed among the 

tomatillo genotypes in respect of plant height (cm). The tallest plant in this 

experiment was obtained from G4 (68.50 cm) which was statistically identical 

with genotype G2 (67.55 cm) whereas the shortest one was found from G1 (65.00 

cm) which was statistically identical with G3 (65.67 cm) (Table 3). 

From the result of ANOVA table (Appendix V), the tomatillo genotypes showed 

statistically significant variation to salinity treatments; T1 (Control), T2 (8 dS/m) 

and T3 (12 dS/m) in respect of plant height (cm). The tallest plant was found in 

T1 (68.63 cm) whereas the shortest plant was from treatment T2 (65.08 cm) which 

was statistically identical with T3 (66.33 cm) (Table 4). This result showed that 

plant height was decreased under the increasing levels of salinity treatment. 

Study referred that plant height was found to decrease gradually with an increase 

of salinity levels and the reduction in plant growth exposed to salinity may be 

attributed to the reduction in water content and water potential of plant tissues, 

which resulted in internal water deficit to plants (Hishida et al., 2013). The 

suppression of plant growth under saline conditions may either be due to 

decreased availability of water or to the toxicity of NaCl (Munns et al., 2002). 

Accumulation of Na+, Cl- and retardation in the uptake of macronutrients 

especially Na+ and Ca2+ causing a reduction in plant growth (Juan et al., 2005; 

Dasgan et al., 2002). 

The plant height (cm) performed significant variation among the effect of 

interaction between four tomatillo genotypes and three salinity treatments 

(Appendix V). The tallest plant was found in interaction G2T1 (74.33 cm) which 

was statistically identical with G4T3 (69.33 cm) while the shortest plant was 

found in interaction G3T2 (63.33 cm) which was statistically identical with G2T3 

(63.83 cm) (Table 5). 

The plant height of four tomatillo genotypes varied significantly under three 

different salinity treatments and the height was mainly decreased gradually with 

the increase of salinity treatment levels (Appendix IX). The maximum reduction  
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in plant height was observed in genotype G2 in both cases, at slightly (8 dS/m) 

and moderately (12 dS/m) salinity stresses (13.22% and 14.13% respectively) 

and the minimum reduction was observed in genotype G1 in both cases, at 

slightly (8 dS/m) and moderately (12 dS/m) salinity stresses (3.03% and 1.52% 

respectively). Genotype G4 showed increase in plant height at both slightly (8 

dS/m) and moderately (12 dS/m) salinity stresses (-1.23% and -2.45% 

respectively) (Figure 1). According to Naidoo et al. (1995), the stimulatory effect 

of moderate salinity on growth of some plants can improve their growth and it 

may be due to the improved shoot osmotic status as a result of increasing ions 

uptake. The obtained results were matched with those obtained by Achilea, 2002; 

Agong et al., 2004; Zaki et al., 1987. Similar results were also reported by Ashraf 

and Sharif (1998). 

4.1.3 Days to maturity 

The mean values of days to maturity (from days after transplanting to days of 

first harvesting) for four genotypes of tomatillo under three different salinity 

treatments, T1 (Control), T2 (8 dS/m) and T3 (12 dS/m) are presented in Appendix 

VIII. From the result of ANOVA table (Appendix V), it was observed in this 

experiment that days required to maturity showed statistically highly significant 

variation among different tomatillo genotypes. The longest maturity (first 

harvesting) period was required in genotype G3 (90.56 days) which was 

statistically identical with G1 (87.44 days) whereas the shortest maturity period 

was required for genotype G4 (83.33 days) (Table 3). 

From the ANOVA table (Appendix V), the tomatillo genotypes showed 

statistically highly significant variation to salinity treatments; T1 (Control), T2 (8 

dS/m) and T3 (12 dS/m) in respect of days to maturity. The earliest fruit 

harvesting was performed in treatment T3 (80.33 days) and the most delayed 

harvesting was performed in treatment T1 (93.58 days) (Table 4). This result 

showed that maturity time was decreased under the increased level of salinity 

treatments and other ions in the root zone of tomatillo plant. Similar study results 

were also found by Agarwal et al., 2005 and Ghadiri et al., 2005. 
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Interaction effect between four tomatillo genotypes and three salinity treatments 

was found statistically significant in respect of days to maturity (Appendix V). 

The earliest fruit harvesting period was observed in interaction G4T3 (76.00 days) 

which was statistically identical with G1T3 (79.33 days) and G2T3 (80.33 days) 

whereas interaction G3T1 (96.00 days) was the most delayed one was which was 

statistically identical with G1T1 (95.33 days) (Table 5). 

The time required for days to maturity or first harvesting of four tomatillo 

genotypes varied significantly under three different salinity treatment levels and 

the required maturity period was decreased gradually with the increase of salinity 

treatment levels (Appendix IX). The maximum reduction in case of days to 

maturity was observed in the genotype G1 in both cases, at slightly (8 dS/m) and 

moderately (12 dS/m) salinity stresses (8.04% and 16.78% respectively) and the 

minimum reduction was observed in genotype G2 (6.12%) at slightly (8 dS/m) 

salinity stress whereas in G3 (10.76%) at moderately (12 dS/m) salinity stress 

(Figure 2). Therefore, genotype G1 might be considered as a good source for 

transferring the early maturity trait in a high yielding genotype of tomatillo under 

salinity stress condition. 

4.1.4 Number of fruits per plant 

The mean values of number of fruits per plant for four genotypes of tomatillo 

under three different salinity treatments, T1 (Control), T2 (8 dS/m) and T3 (12 

dS/m) are presented in Appendix VIII. From the ANOVA table (Appendix V), 

it was observed in this experiment that the number of fruits per plant showed 

statistically highly significant variation among different tomatillo genotypes. 

The maximum number of fruits was obtained from genotype G3 (18.22 

fruits/plant) whereas the minimum number of fruits was found in G2 (11.33 

fruits/plant) (Table 3). 

From the result of ANOVA table (Appendix V), the tomatillo genotypes showed 

statistically highly significant variation to salinity treatment levels; T1 (Control), 

T2 (8 dS/m) and T3 (12 dS/m) in respect of number of fruits per plant. The highest 

number of fruits per plant was found in treatment T1 (16.67 fruits/plant) and the 
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salinity stress 



57 
 

lowest number of fruits was found in T3 (11.75 fruits/plant) (Table 4). This result 

showed that number of fruits per plant was decreased under the increase of 

salinity treatment levels and other ions in the root zone of tomatillo plant. 

According to Islam et al. (2011), the maximum number of fruits per plant were 

found in control and was decreased gradually with the increase of salinity stress 

levels. Similar results were also found by Siddiky et al. (2012) and Al-Yahyai et 

al. (2010). 

Interaction effect between four tomatillo genotypes and three salinity treatments 

was found statistically highly significant in respect of number of fruits per plant 

(Appendix V). The highest number of fruits was obtained from interaction G3T1 

(21.33 fruits/plant) whereas the lowest number of fruits was obtained from G2T3 

(9.00 fruits/plant) which was statistically identical with interaction G1T3 (9.67 

fruits/plant) (Table 5). 

The number of fruits obtained from per plant of four tomatillo genotypes varied 

significantly under three different salinity treatments and the number of fruits 

was decreased gradually with the increase of salinity treatment levels (Appendix 

IX). The maximum reduction in number of fruits per plant was found in genotype 

G1 in both cases, at slightly (8 dS/m) and moderately (12 dS/m) salinity stresses 

(16.29% and 40.78% respectively) whereas the minimum reduction was found 

in G2 (12.45%) at slightly (8 dS/m) salinity stress and in G4 (12.76%) at 

moderately (12 dS/m) salinity stress. Genotype G4 (-2.11%) showed increased 

number of fruits per plant at slightly (8 dS/m) salinity level (Figure 2). Such 

stimulatory effect of low salinity levels on yield and its components were 

mentioned by Babu and Thirumurugan (2001) who noted that yield components 

were increased under low salinity level; further increase in salinity, decreased 

the yield parameters. The obtained results were also matched with those reported 

by Maggio et al., 2007; Al-Harbi et al., 2009; Al-Omran et al., 2010 and Al-

Harbi et al., 2015. Similar findings were recorded on wheat and canola 

respectively by Ozoris and Robishy (1984) as well as Francois (1994). Therefore, 

genotype G4 might be considered as a good source of parent material as it showed 
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the minimum reduction (at 12 dS/m) and even increase (at 8 dS/m) in case of 

number of fruits per plant under the salinity stress condition. 

4.1.5 Average fruit length (mm) 

The mean values of average fruit length (mm) per plant for four genotypes of 

tomatillo under three different salinity treatments, T1 (Control), T2 (8 dS/m) and 

T3 (12 dS/m) are presented in Appendix VIII. A pictorial view of morphological 

comparisons of tomatillo fruits between control and stressed conditions has been 

presented in Plate 7. From the result of ANOVA table (Appendix V), it was 

observed in this experiment that statistically highly significant variation was 

found for average fruit length per plant among tomatillo genotypes. The longest 

fruit was found from genotype G1 (25.69 mm) which was statistically identical 

with G3 (25.42 mm) while the shortest one was found from genotype G4 (15.52 

mm) (Table 6). 

From the ANOVA table (Appendix V), the tomatillo genotypes showed 

statistically highly significant variation to different salinity treatment levels; T1 

(Control), T2 (8 dS/m) and T3 (12 dS/m) in respect of average fruit length (mm) 

per plant. The longest fruit was found in treatment T1 (27.05 mm) while the 

shortest fruit was found in T3 (16.52 mm) (Table 7). This result showed that 

average fruit length of tomatillo was decreased under the increase of salinity 

treatment levels and other ions in the root zone of tomatillo plant. According to 

Cuartero and Fernandez-Munoz (1999), the fruit growth can greatly reduce by 

the increase of salinity level.  The cell division phase of salt treated fruit is normal 

but salt have a deleterious effect on cell expansion phase due to low water content 

in the fruit. Supply of water into the fruit under saline conditions is restricted by 

lower water potential in the plant (Johnson et al., 1992).  Thus, higher levels of 

salinity can reduce the fruit size and marketable yield (Hao et al., 2000). The 

reduction in fruit length due to the increase of salinity levels was also found by 

Edris et al. (2012) and Magan et al. (2008). 

Interaction effect between four tomatillo genotypes and three salinity treatments 

was found statistically highly significant in respect of average fruit length (mm)  
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Table 6. Performance of tomatillo genotypes on average fruit length, 

average fruit diameter, average fruit weight and yield per plantY 

GenotypeX 
Average fruit 

length (mm) 

Average fruit 

diameter 

(mm) 

Average fruit 

weight (g) 

Yield/Plant 

(kg) 

G1 25.69 a 29.52 a 30.57 a 0.404 b 

G2 20.20 b 24.28 b 18.67 c 0.212 c 

G3 25.42 a 30.48 a 28.71 b 0.523 a 

G4 15.52 c 18.04 c 12.10 d 0.183 d 

CV % 5.85 4.67 3.08 6.59 

LSD 0.05 1.24 1.17 0.68 0.02 

XFour tomatillo genotypes coded from G1 to G4 
YIn a column means having similar letter(s) are statistically identical and those having 

dissimilar letter(s) differ significantly as per 0.05 level of probability 

 

 

 

 

Table 7. Performance of salinity treatments on average fruit length, average 

fruit diameter, average fruit weight and yield per plantY 

TreatmentX 
Average fruit 

length (mm) 

Average fruit 

diameter 

(mm) 

Average fruit 

weight (g) 

Yield/Plant 

(kg) 

T1 (control) 27.05 a 31.44 a 26.34 a 0.439 a 

T2 (8dS/m) 21.57 b 25.21 b 22.49 b 0.337 b 

T3 (12dS/m) 16.52 c 20.08 c 18.71 c 0.220 c 

CV % 5.85 4.67 3.08 6.59 

LSD 0.05 1.08 1.01 0.59 0.02 

XThree salinity treatments coded from T1 to T3 
YIn a column means having similar letter(s) are statistically identical and those having 

dissimilar letter(s) differ significantly as per 0.05 level of probability 
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per plant (Appendix V). The longest fruit was found from interaction G1T1 (34.01 

mm) whereas the shortest fruit was found from interaction G4T3 (10.89 mm) 

(Table 8). 

The average fruit length (mm) of four tomatillo genotypes varied significantly 

under three different salinity treatment levels and the fruit length was mainly 

decreased gradually with the increase of salinity treatment levels (Appendix IX). 

The maximum reduction in average fruit length per plant was observed in 

genotype G1 (28.46%) at slightly (8 dS/m) salinity stress and in G4 (45.25%) at 

moderately (12 dS/m) salinity stress whereas the minimum reduction was 

observed in genotype G3 in both cases, at slightly (8 dS/m) and moderately (12 

dS/m) salinity stresses (12.06% and 28.78% respectively) (Figure 3). Therefore, 

genotype G3 might be considered as a good source of parent material as it showed 

the minimum reduction in case of average fruit length (mm) per plant under both 

slightly (8 dS/m) and moderately (12 dS/m) salinity stress condition. 

4.1.6 Average fruit diameter (mm) 

The mean values of average fruit diameter (mm) per plant for four genotypes of 

tomatillo under three different salinity treatments, T1 (Control), T2 (8 dS/m) and 

T3 (12 dS/m) are presented in Appendix VIII. From the result of ANOVA table 

(Appendix V), it was observed in this experiment that statistically highly 

significant variation was found for average fruit diameter per plant among 

tomatillo genotypes. The maximum diameter of fruit was found in genotype G3 

(30.48 mm) which was statistically identical with G1 (29.52 mm) while the 

minimum fruit diameter was found in genotype G4 (18.04 mm) (Table 6). 

From the result of ANOVA (Appendix V), statistically highly significant 

variation was found in tomatillo genotypes exposed to three different salinity 

treatments; T1 (Control), T2 (8 dS/m) and T3 (12 dS/m) in respect of average fruit 

diameter (mm) per plant. The widest fruit was found in treatment T1 (31.44 mm) 

while the narrowest fruit was found in T3 (20.08 mm) (Table 7). This result 

showed that average fruit diameter per plant of tomatillo fruit was decreased 

under the increasing salinity treatment levels and other ions in the root zone of  
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Table 8. Interaction effect between tomatillo genotypes and salinity 

treatments on average fruit length, average fruit diameter, 

average fruit weight and yield per plantY 

InteractionX 
Average fruit 

length (mm) 

Average fruit 

diameter 

(mm) 

Average fruit 

weight (g) 

Yield/Plant 

(kg) 

G1T1 34.01 a 38.81 a 35.29 a 0.576 b 

G1T2 24.33 c 28.23 d 30.53 c 0.417 d 

G1T3 18.74 e 21.51 fg 25.88 e 0.250 g 

G2T1 24.85 c 30.07 cd 22.25 g 0.297 f 

G2T2 20.26 de 22.58 f 18.92 h 0.221 gh 

G2T3 15.50 f 20.18 gh 14.85 i 0.134 i 

G3T1 29.43 b 34.99 b 33.17 b 0.708 a 

G3T2 25.88 c 31.64 c 28.41 d 0.530 c 

G3T3 20.96 d 24.81 e 24.55 f 0.360 e 

G4T1 19.89 de 21.89 fg 14.64 i 0.229 gh 

G4T2 15.79 f 18.39 h 12.11 j 0.194 h 

G4T3 10.89 g 13.83 i 9.54 k 0.130 i 

CV % 5.85 4.67 3.08 6.59 

LSD 0.05 2.15 2.02 1.18 0.04 

XFour tomatillo genotypes coded from G1 to G4 and three salinity treatments coded from 

T1 to T3 (T1: control, T2: 8 dS/m, T3: 12 dS/m) 
YIn a column means containing similar letter(s) are statistically identical and those 

having dissimilar letter(s) differ significantly as per 0.05 level of probability 
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Figure 3. Reduction percentage in average fruit length and average fruit diameter under increasing 

salinity stress 
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the plant. Higher levels of salinity can reduce fruit size and marketable yield 

(Hao et al., 2000). High salinity can reduce the fruit growth rate and final fruit 

size by an osmotic effect. High salinity induces lower water potential in the plant 

which reduces the water flow in the fruit and therefore, the rate of fruit expansion 

becomes restricted (Epheuvelink, 2005). Reduction in fruit diameter due to the 

increase of salinity levels was also found by Edris et al. (2012). 

The average fruit diameter (mm) per plant performed highly significant variation 

in respect of the effect of interaction between four tomatillo genotypes and three 

salinity treatment levels (Appendix V). The maximum diameter of fruit was 

obtained from interaction G1T1 (38.81 mm) whereas the minimum fruit diameter 

was from interaction G4T3 (13.83 mm) (Table 8). 

The average fruit diameter (mm) per plant of four tomatillo genotypes varied 

significantly under three different salinity treatments and the diameter of fruit 

was mainly decreased gradually with the increase of salinity treatment levels 

(Appendix IX). The maximum reduction in average fruit diameter (mm) per 

plant was observed in genotype G1 in both cases, at slightly (8 dS/m) and 

moderately (12 dS/m) salinity stresses (27.26% and 44.58% respectively) 

whereas the minimum reduction was observed in genotype G3 in both cases, at 

slightly (8 dS/m) and moderately (12 dS/m) salinity stresses (9.57% and 29.09% 

respectively) (Figure 3). Therefore, genotype G3 might be considered as a good 

source of parent material as it showed the minimum reduction in case of average 

fruit diameter (mm) per plant under both at slightly (8 dS/m) and moderately (12 

dS/m) salinity stress condition. 

4.1.7 Average fruit weight (g) 

The mean values of average fruit weight (g) per plant for four genotypes of 

tomatillo under three different salinity treatments, T1 (Control), T2 (8 dS/m) and 

T3 (12 dS/m) are presented in Appendix VIII. From the result of ANOVA table 

(Appendix V), it was observed in this experiment that statistically highly 

significant variation was found for average fruit weight per plant among the 

tomatillo genotypes. The maximum weight of tomatillo fruit was found in 
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genotype G1 (30.57 g) and the minimum fruit weight was found in genotype G4 

(12.10 g) (Table 6). 

From the result of ANOVA (Appendix V), statistically highly significant 

variation was found in tomatillo genotypes exposed to three different salinity 

treatment levels; T1 (Control), T2 (8 dS/m) and T3 (12 dS/m) in respect of average 

fruit weight (g) per plant. The maximum weight of fruit was found in treatment 

T1 (26.34 g) while the minimum fruit weight was found in treatment T3 (18.71 

g) (Table 7). This result showed that average fruit weight of tomatillo fruit was 

decreased under the increase of salinity treatment levels and other ions in the 

root zone of the plant. Reduction in single fruit weight per plant due to the 

increase of salinity levels was found by Al-Yahyai et al. (2010) and Islam et al. 

(2011). In saline area the plants are affected by excessive amount of salt (mainly 

NaCl). Excessive amounts of soluble salts in the root environment cause osmotic 

stress, which may result in disturbance of the plant water relations, in the uptake 

and utilization of essential nutrients, and also in toxic ion accumulation. Supply 

of water into the fruit under saline conditions is restricted by a lower water 

potential in the plant. Less water flow in the fruit cause reduction in fruit size, 

thus reduces the fruit weight (Munns, 2002). 

Interaction effect between four tomatillo genotypes and three salinity treatments 

was found statistically highly significant in respect of average fruit weight (g) 

per plant (Appendix V). The maximum weight of fruit was found from 

interaction G1T1 (35.29 g) whereas the minimum fruit weight was found from 

interaction G4T3 (9.54 g) (Table 8). 

The average fruit weight (g) per plant of four tomatillo genotypes varied 

significantly under three different salinity treatments and the weight of fruit was 

mainly decreased gradually with the increase of salinity treatment levels 

(Appendix IX). The maximum reduction in average fruit weight per plant was 

observed in genotype G4 in both cases, at slightly (8 dS/m) and moderately (12 

dS/m) salinity stresses (17.28% and 34.84% respectively) whereas the minimum 

reduction was observed in genotype G1 (13.49%) at slightly (8 dS/m) salinity 
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stress and in G3 (25.99%) at moderately (12 dS/m) salinity stress (Figure 4). 

Therefore, genotype G1 and G3 might be considered as good source of parent 

materials as these showed the minimum reduction in case of average fruit weight 

(g) per plant under slightly (8 dS/m) and moderately (12 dS/m) salinity stress 

condition respectively. 

4.1.8 Yield per plant (kg) 

The mean values of yield of fruit per plant (kg) for four genotypes of tomatillo 

under three different salinity treatments, T1 (Control), T2 (8 dS/m) and T3 (12 

dS/m) are presented in Appendix VIII. From the result of ANOVA table 

(Appendix V), it was observed in this experiment that statistically highly 

significant variation was found for yield of fruit per plant among the tomatillo 

genotypes. The highest yield per plant of tomatillo was obtained from genotype 

G3 (0.523 kg/plant) and the lowest yield per plant was from genotype G4 (0.183 

kg/plant) (Table 6). 

From the result of ANOVA table (Appendix V), statistically highly significant 

variation was found in tomatillo genotypes exposed to three different salinity 

treatments; T1 (Control), T2 (8 dS/m) and T3 (12 dS/m) in respect of yield of fruit 

per plant (kg). The highest yield of fruit was found in treatment T1 (0.439 

kg/plant) while the lowest fruit yield was found in treatment T3 (0.220 kg/plant) 

(Table 7). This result showed that yield of fruit per plant of tomatillo was 

decreased under the increasing salinity treatment levels and other ions in the root 

zone of the plant. Salinity stress can reduce the fruit number and average fruit 

weight per plant and thus, in case of high salinity levels the total fruit weight per 

plant can be reduced (Siddiky et al., 2012; Islam et al., 2011). The negative effect 

of high salinity levels on yield losses may be attributed to fact that plants grown 

under saline environments were directly exposed to osmotic stress resulting from 

low external water potential induced by high salt concentration in the soil 

(Khalil, 2006). It was also revealed that the suppressive effect of high salinity 

was a consequence of several physiological responses including variation in 

photosynthetic products translocation toward roots, modification of ion balance,  
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Figure 4. Reduction percentage in average fruit weight and yield per plant under increasing salinity 

stress 
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water status, total or partial stomatal enclosure, disrupted photosynthetic 

efficiency, allocation and utilization of carbon and ultimately yield. 

Interaction effect between four tomatillo genotypes and three salinity treatments 

was found statistically highly significant in respect of yield of fruit per plant (kg) 

(Appendix V). The highest yield of fruit was found in interaction G3T1 (0.708 

kg/plant) whereas the lowest fruit yield was found in interaction G4T3 (0.130 

kg/plant) which was statistically identical with G2T3 (0.134 kg/plant) (Table 8). 

The yield of fruit per plant (kg) of four tomatillo genotypes varied significantly 

under three different salinity treatments and the yield per plant was mainly 

decreased gradually with the increase of salinity treatment levels (Appendix IX). 

The maximum reduction in yield of fruit per plant was observed in genotype G1 

in both cases, at slightly (8 dS/m) and moderately (12 dS/m) salinity stress 

(27.60% and 56.60% respectively) whereas the minimum reduction was 

observed in genotype G4 at both slightly (8 dS/m) and moderately (12 dS/m) 

salinity stresses (15.28% and 43.23% respectively) (Figure 4). Therefore, 

genotype G4 might be considered as a good source of parent material as it showed 

the minimum reduction in case of yield (kg) per plant under both at slightly (8 

dS/m) and moderately (12 dS/m) salinity stress condition. 

4.2 Evaluation of physiological traits of tomatillo 

Different physiological traits of tomatillo plant viz., indigenous sodium (Na+) 

and potassium (K+) ion content, proline content,  leaf area index and chlorophyll 

content (30 and 60 days after providing salinity stress) were presented and 

discussed based on their ANOVA, genotype, salinity treatment, genotype-

treatment interaction effect and percentage of changes (increase or decrease) in 

these traits. 

4.2.1 Na+ content (%) 

The mean values of Na+ content (%) for four genotypes of tomatillo under three 

different salinity treatment levels, T1 (Control), T2 (8 dS/m) and T3 (12 dS/m) 

are presented in Appendix VIII. From the result of ANOVA table (Appendix 
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VI), it was observed in this experiment that statistically highly significant 

variation was found for indigenous Na+ content in plant shoots among the 

tomatillo genotypes. The highest amount of Na+ content was found in genotype 

G4 (1.53%) whereas the lowest amount of Na+ content was found in genotype G1 

(1.35%) which was statistically identical with G3 (1.38%) (Table 9). 

From the result of ANOVA table (Appendix VI), statistically highly significant 

variation was found in tomatillo genotypes exposed to three different salinity 

treatment levels; T1 (Control), T2 (8 dS/m) and T3 (12 dS/m) in respect of the 

amount of indigenous Na+ content (%) in plant shoots. The highest amount of 

Na+ content was found in treatment T3 (1.86%) while the lowest amount of Na+ 

content was found in treatment T1 (0.10%) (Table 10). This result showed that 

the amount of indigenous Na+ content in the plant of tomatillo was increased 

gradually under the increase of salinity treatment levels. When excessive 

amounts of salt enter into the plant through water, salt concentration will 

eventually rise to toxic levels in the older transpiring leaves, causing premature 

senescence, and increasing of the indigenous Na+ concentration in both shoot and 

root zone of plants exposed to salinity stress (Siddiky et al., 2012; Hajiboland et 

al., 2010; Dasgan et al., 2002). 

The interaction effect between four tomatillo genotypes and three salinity 

treatments was found statistically significant in respect of the amount of 

indigenous Na+ content (%) (Appendix VI). The highest amount of Na+ content 

was found in interaction G4T3 (1.97%) which was statistically identical with 

G2T3 (1.91%) whereas the lowest amount of Na+ content was found in the 

interaction G1T1 (0.91%) which was statistically identical with G3T1 (0.97%) and 

G2T1 (1.02%) (Table 11). 

The amount of Na+ content (%) of four tomatillo genotypes varied significantly 

under three different salinity treatments and the amount of Na+ was mainly 

increased gradually with the increase of salinity treatment levels (Appendix X). 

The maximum increase in the amount of indigenous Na+ content was observed 

in the genotype G1 in both cases, at slightly (8 dS/m) and moderately (12 dS/m)   
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Table 9. Performance of tomatillo genotypes on Na+ content, K+ content and 

proline contentY 

GenotypeX Na+ content (%) K+ content (%) 
Proline content 

(µg/g) 

G1 1.35 c 3.41 a 1771.80 d 

G2 1.46 b 2.55 b 2380.70 c 

G3 1.38 c 3.24 a 2803.10 b 

G4 1.53 a 2.45 b 3088.80 a 

CV % 4.63 6.68 2.35 

LSD 0.05 0.06 0.19 57.70 

XFour tomatillo genotypes coded from G1 to G4 
YIn a column means having similar letter(s) are statistically identical and those having 

dissimilar letter(s) differ significantly as per 0.05 level of probability 

 

 

 

 

Table 10. Performance of salinity treatments on Na+ content, K+ content and 

proline contentY 

TreatmentX Na+ content (%) K+ content (%) 
Proline content 

(µg/g) 

T1 (control) 0.10 c 3.70 a 1268.30 c 

T2 (8dS/m) 1.44 b 2.91 b 2402.50 b 

T3 (12dS/m) 1.86 a 2.13 c 3862.50 a 

CV % 4.63 6.68 2.35 

LSD 0.05 0.06 0.16 49.97 

XThree salinity treatments coded from T1 to T3 
YIn a column means having similar letter(s) are statistically identical and those having 

dissimilar letter(s) differ significantly as per 0.05 level of probability 
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Table 11. Interaction effect between tomatillo genotypes and salinity 

treatments on Na+ content, K+ content and proline contentY 

InteractionX Na+ content (%) K+ content (%) 
Proline content 

(µg/g) 

G1T1 0.91 g 4.12 a 652.20 j 

G1T2 1.39 e 3.42 bc 1569.90 h 

G1T3 1.74 c 2.68 d 3093.30 d 

G2T1 1.02 fg 3.58 b 1342.30 i 

G2T2 1.46 de 2.32 e 2230.50 f 

G2T3 1.91 ab 1.75 f 3569.30 c 

G3T1 0.97 fg 3.97 a 1361.50 i 

G3T2 1.35 e 3.23 c 2814.00 e 

G3T3 1.82 bc 2.51 de 4233.80 b 

G4T1 1.08 f 3.13 c 1717.20 g 

G4T2 1.54 d 2.67 d 2995.70 d 

G4T3 1.97 a 1.56 f 4553.70 a 

CV % 4.63 6.68 2.35 

LSD 0.05 0.11 0.33 99.93 

XFour tomatillo genotypes coded from G1 to G4 and three salinity treatments coded from 

T1 to T3 (T1: control, T2: 8 dS/m, T3: 12 dS/m) 
YIn a column means containing similar letter(s) are statistically identical and those 

having dissimilar letter(s) differ significantly as per 0.05 level of probability 
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salinity stresses (-52.75% and -91.21% respectively) whereas the minimum 

increase was observed in genotype G3 (-39.18%) at slightly (8 dS/m) salinity 

stress and in G4 (-82.41%) at moderately (12 dS/m) salinity stress (Figure 5). 

Therefore, genotype G3 and G4 might be considered as desirable genotypes as 

they showed the minimum increase in indigenous Na+ content (%) in plant shoots 

under slightly (8 dS/m) and moderately (12 dS/m) salinity stress conditions 

respectively. 

4.2.2 K+ content (%) 

The mean values of K+ content (%) for four genotypes of tomatillo under three 

different salinity treatments, T1 (Control), T2 (8 dS/m) and T3 (12 dS/m) are 

presented in Appendix VIII. From the result of ANOVA table (Appendix VI), it 

was observed in this experiment that statistically highly significant variation was 

found for indigenous K+ content in plant shoots among the tomatillo genotypes. 

The highest amount of K+ content was found in genotype G1 (3.41%) which was 

statistically identical with G3 (3.24%) whereas the lowest amount of K+ content 

was found in genotype G4 (2.45%) which was statistically identical with G2 

(2.55%) (Table 9). 

From the result of ANOVA table (Appendix VI), statistically highly significant 

variation was found in tomatillo genotypes exposed to three different salinity 

treatments; T1 (Control), T2 (8 dS/m) and T3 (12 dS/m) in respect of the amount 

of indigenous K+ content (%) in plant shoots. The highest amount of indigenous 

K+ content was found in treatment T1 (3.70%) and the lowest amount of 

indigenous K+ content was found in treatment T3 (2.13%) (Table 10). This result 

showed that the amount of indigenous K+ content in the shoot of tomatillo plants 

was decreased gradually under the increasing levels of salinity treatment. The 

increase of Na+ concentration in the root zone of plant gradually decreases the 

uptake of K+ in plants and thus, reduce the indigenous K+ concentration in 

stressed plant shoots (Edris et al., 2012; Hajiboland et al., 2010; Dasgan et al. 

2002; Akinci et al. 2004). 
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Figure 5. Reduction percentage in indigenous Na+ and K+ ion content under increasing salinity stress 
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The interaction effect between four tomatillo genotypes and three salinity 

treatments was found statistically significant in respect of the amount of 

indigenous K+ content (%) in plant shoots (Appendix VI). The highest amount 

of indigenous K+ content was found in interaction G1T1 (4.12%) which was 

statistically identical with G3T1 (3.97%) whereas the lowest amount of 

indigenous K+ content was found in the interaction G4T3 (1.56%) which was 

statistically identical with G2T3 (1.75%) (Table 11). 

The amount of indigenous K+ content (%) in plant shoots of four tomatillo 

genotypes varied significantly under three different salinity treatments and the 

amount of indigenous K+ was mainly decreased gradually with the increase of 

salinity treatment levels (Appendix X). The maximum reduction in the amount 

of indigenous K+ content was observed in genotype G2 in both cases, at slightly 

(8dS/m) and moderately (12 dS/m) salinity stresses (35.20% and 51.12% 

respectively) while the minimum reduction was observed in genotype G4 

(14.70%) at slightly (8 dS/m) salinity stress and in G1 (34.95%) at moderately 

(12 dS/m) salinity stress (Figure 5). Therefore, genotype G4 and G1 might be 

considered as desirable genotypes as they showed the minimum reduction in 

indigenous K+ content (%) in plant shoots under slightly (8 dS/m) and 

moderately (12 dS/m) salinity stress conditions respectively. 

4.2.3 Proline content (µg/g) 

The mean values of proline content (µg/g) for four genotypes of tomatillo under 

three different salinity treatments, T1 (Control), T2 (8 dS/m) and T3 (12 dS/m) 

are presented in Appendix VIII. A pictorial view of proline content of four 

tomatillo genotypes under three different salinity treatments has been presented 

in Plate 8. From the result of ANOVA table (Appendix VI), it was observed in 

this experiment that statistically highly significant variation was found for 

proline content among the tomatillo genotypes. The highest amount of proline 

content was found in genotype G4 (3088.80 µg/g) whereas the lowest amount of 

proline was found in the genotype G1 (1771.80 µg/g) (Table 9). Thus, from the  
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Plate 8. A pictorial view of proline content of four tomatillo genotypes under three 

different salinity treatments 
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observed result, G4 was found to be the highest proline containing genotype of 

tomatillo. 

From the result of ANOVA table (Appendix VI), statistically highly significant 

variation was found in tomatillo genotypes exposed to three different salinity 

treatments; T1 (Control), T2 (8 dS/m) and T3 (12 dS/m) in respect of the amount 

of proline content (µg/g). The highest amount of proline content was found in 

treatment T3 (3862.50 µg/g) while the lowest amount of proline content was 

found in treatment T1 (1268.30 µg/g) (Table 10). This result showed that the 

amount of stress protein proline content in the plant of tomatillo was increased 

gradually under the increase of salinity treatment levels. Plants accumulate 

proline in their leaves as a nontoxic and protective osmolyte under salinity stress 

conditions (Mahdi and El-Katony, 2001). Proline accumulation under stress 

might occurs due to an increase in pyrroline-5-carboxylate synthetase (P5CS), 

the rate-limiting enzyme in proline biosynthesis (Singh et al., 2000) and a 

decrease of proline dehydrogenase (PDH) activity (Spoljarevic et al., 2011). 

The interaction effect between four tomatillo genotypes and three salinity 

treatments was found statistically highly significant in respect of the amount of 

proline content (µg/g) (Appendix VI). The highest amount of proline content was 

found in interaction G4T3 (4553.70 µg/g) whereas the lowest amount of proline 

content was found in the interaction G1T1 (652.20 µg/g) (Table 11). 

The amount of proline content (µg/g) of four tomatillo genotypes varied 

significantly under three different salinity treatments and the amount of proline 

content was mainly increased gradually with the increase of salinity treatment 

levels (Appendix X). The maximum increase in the amount of proline content 

was observed in genotype G1 in both cases, at slightly (8 dS/m) and moderately 

(12 dS/m) salinity stresses (-140.71% and -374.29% respectively) whereas the 

minimum increase was observed in genotype G2 (-66.17%) at slightly (8 dS/m) 

salinity stress and in G4 (-165.18%) at moderately (12 dS/m) salinity stress 

(Figure 6). Therefore, the genotype G1 might be considered as a good source of  
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parent material as it showed the maximum increase in proline content under both 

at slightly (8 dS/m) and moderately (12 dS/m) salinity stress conditions. 

4.2.4 Leaf area index (cm2) 

The mean values of leaf area index (cm2) for four genotypes of tomatillo under 

three different salinity treatments, T1 (Control), T2 (8 dS/m) and T3 (12 dS/m) 

are presented in Appendix VIII. From the ANOVA table (Appendix VI), it was 

observed in this experiment that statistically highly significant variation was 

found for leaf area index in plant among the tomatillo genotypes. The highest 

amount of leaf area was found in genotype G1 (19.28 cm2) whereas the lowest 

amount of leaf area was found in genotype G4 (15.53 cm2) which was statistically 

identical with G2 (15.99 cm2) (Table 12). 

From the result of ANOVA table (Appendix VI), statistically highly significant 

variation was found in tomatillo genotypes exposed to three different salinity 

treatments; T1 (Control), T2 (8 dS/m) and T3 (12 dS/m) in respect of the amount 

of leaf area index (cm2). The highest amount of leaf area was found in treatment 

T1 (19.84 cm2) and the lowest amount of leaf area was found in treatment T3 

(14.23 cm2) (Table 13). This result showed that the amount of leaf area in the 

tomatillo plant was decreased gradually under the increasing levels of salinity 

treatment. Soil salinity causes growth inhibition through low external water 

potentials, ion toxicity and ion imbalance (Munns, 1993). The lower leaf area 

index causes with the increase of higher salinity stress due to salt effect which is 

responsible for a decrease in leaf growth (Walker and Bernal, 2008). Reduction 

in leaf growth rate has been related to a reduction in cell turgor, cell wall 

rheological properties and a reduction in photosynthetic rate (Munns, 1993). At 

relatively low salinities, this can result in a transient reduction in turgor and leaf 

growth rate (Yeo et al., 1991). 

The interaction effect between four tomatillo genotypes and three salinity 

treatments was found statistically significant in respect of the amount of leaf area 

index (cm2) of tomatillo plant (Appendix VI). The highest amount of leaf area 

was found in interaction G1T1 (23.23 cm2) while the lowest amount of leaf area  
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Table 12. Performance of tomatillo genotypes on leaf area index and 

chlorophyll content after 30 days and 60 days of providing 

salinity stressY 

GenotypeX 
Leaf area index 

(cm2) 

Chlorophyll content (%) 

30 days after 

stress 

60 days after 

stress 

G1 19.28 a 61.84 b 55.88 b 

G2 15.99 c 80.23 a 73.01 a 

G3 16.52 b 62.67 b 57.06 b 

G4 15.53 c 62.60 b 56.78 b 

CV % 4.13 5.69 6.69 

LSD 0.05 0.68 3.72 3.97 

XFour tomatillo genotypes coded from G1 to G4 
YIn a column means having similar letter(s) are statistically identical and those having 

dissimilar letter(s) differ significantly as per 0.05 level of probability 

 

 

 

Table 13. Performance of salinity treatments on leaf area index and 

chlorophyll content after 30 days and 60 days of providing 

salinity stressY 

TreatmentX 
Leaf area index 

(cm2) 

Chlorophyll content (%) 

30 days after 

stress 

60 days after 

stress 

T1 (control) 19.84 a 90.80 a 84.63 a 

T2 (8dS/m) 16.42 b 64.78 b 58.64 b 

T3 (12dS/m) 14.23 c 44.93 c 38.78 c 

CV % 4.13 5.69 6.69 

LSD 0.05 0.59 3.22 3.44 

XThree salinity treatments coded from T1 to T3 
YIn a column means having similar letter(s) are statistically identical and those having 

dissimilar letter(s) differ significantly as per 0.05 level of probability 
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was found in the interaction G4T3 (12.70 cm2) which was statistically identical 

with G2T3 (13.70 cm2) (Table 14). 

The amount of leaf area index (cm2) of four tomatillo genotypes varied 

significantly under three different salinity treatments and the amount of leaf area 

was mainly decreased gradually with the increase of salinity treatment levels 

(Appendix X). The maximum reduction in the amount of leaf area was observed 

in genotype G1 in both cases, at slightly (8 dS/m) and moderately (12 dS/m) 

salinity stresses (18.64% and 32.41% respectively) whereas the minimum 

reduction was observed in genotype G3 in both cases, at slightly (8 dS/m) and 

moderately (12 dS/m) salinity stresses (15.90% and 21.41% respectively) 

(Figure 6). Therefore, genotype G3 might be considered as a good source of 

parent material as it showed the minimum reduction in leaf area index (cm2) 

under both at slightly (8 dS/m) and moderately (12 dS/m) salinity stress 

conditions. 

4.2.5 Chlorophyll content (%) 

4.2.5.1 Chlorophyll content after 30 days of applying salinity stress 

The mean values of chlorophyll content (%) of leaves (SPAD reading) after 30 

days of starting the application of stress for four genotypes of tomatillo under 

three different salinity treatments, T1 (Control), T2 (8 dS/m) and T3 (12 dS/m) 

are presented in Appendix VIII. From the ANOVA table (Appendix VI), it was 

observed in this experiment that statistically highly significant variation was 

found for chlorophyll content in the leaves of tomatillo plant among the tomatillo 

genotypes. The highest amount of chlorophyll content was found in genotype G2 

(80.23%) whereas the lowest amount of chlorophyll content was found in 

genotype G1 (61.84%) which was statistically identical with G4 (62.60%) and G3 

(62.67%) (Table 12). Thus, from the observed result of the experiment, G2 was 

the maximum chlorophyll (%) containing genotype. 

From the result of ANOVA table (Appendix VI), statistically highly significant 

variation was found in the tomatillo genotypes exposed to three different salinity  
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Table 14. Interaction effect between tomatillo genotypes and salinity 

treatments on leaf area index and chlorophyll content after 30 

days and 60 days of providing salinity stressY 

InteractionX 
Leaf area index 

(cm2) 

Chlorophyll content (%)  

30 days after 

stress 

60 days after 

stress 

G1T1 23.23 a 85.47 bc 79.13 b 

G1T2 18.90 b 63.90 d 57.33 d 

G1T3 15.70 c 36.17 g 31.17 g 

G2T1 18.83 b 102.43 a 95.67 a 

G2T2 15.45 c 79.20 c 72.13 c 

G2T3 13.70 de 59.07 de 51.23 de 

G3T1 18.87 b 85.93 b 80.50 b 

G3T2 15.87 c 62.23 d 57.20 d 

G3T3 14.83 cd 39.83 fg 33.47 fg 

G4T1 18.43 b 89.37 b 83.20 b 

G4T2 15.47 c 53.77 e 47.90 e 

G4T3 12.70 e 44.67 f 39.23 f 

CV % 4.13 5.69 6.69 

LSD 0.05 1.18 6.44 6.88 

XFour tomatillo genotypes coded from G1 to G4 and three salinity treatments coded from 

T1 to T3 (T1: control, T2: 8 dS/m, T3: 12 dS/m) 
YIn a column means containing similar letter(s) are statistically identical and those 

having dissimilar letter(s) differ significantly as per 0.05 level of probability 
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treatment levels; T1 (Control), T2 (8 dS/m) and T3 (12 dS/m) in respect of 

chlorophyll content (%) of leaves (SPAD reading) after 30 days of starting stress 

application. The highest amount of chlorophyll content was found in treatment 

T1 (90.80%) and the lowest amount of chlorophyll content was found in 

treatment T3 (44.93%) (Table 13). This result showed that the amount of 

chlorophyll content in the leaves of tomatillo plant was decreased gradually 

under the increasing levels of salinity treatment. Gradual decrease in chlorophyll 

content causes due to the increase of salinity treatment levels (Hajer et al., 2006; 

Al-Sobhi, 2005). Reduction in chlorophyll content is probably due to the 

inhibitory effect of the accumulated ions of salts on the biosynthesis of the 

different chlorophyll fractions. Salinity affects the strength of the forces bringing 

the complex pigment protein-liquid, in the chloroplast structure. As the 

chloroplast in membrane bound its stability is dependent on the membrane 

stability which under high salinity condition seldom remains intact and reduces 

the chlorophyll content (Edris et al., 2012; Hajiboland et al., 2010; Amini and 

Ehsnapour, 2006). 

The interaction effect between four tomatillo genotypes and three salinity 

treatments was found statistically highly significant in respect of chlorophyll 

content (%) of plant leaves (SPAD reading) after 30 days of starting stress 

application (Appendix VI). The highest amount of chlorophyll content was found 

in interaction G2T1 (102.43%) while the lowest amount of chlorophyll content 

was found in the interaction G1T3 (36.17%) which was statistically identical with 

G3T3 (39.83%) (Table 14). 

The amount of chlorophyll content (%) of plant leaves (SPAD reading) after 30 

days of starting stress application of four tomatillo genotypes varied significantly 

under three different salinity treatments and the amount of chlorophyll content 

was mainly decreased gradually with the increase of salinity treatment levels 

(Appendix X). The maximum reduction in the amount of chlorophyll content 

was observed in genotype G4 (39.83%) at slightly (8 dS/m) salinity stress and in 

G1 (57.68%) at moderately (12 dS/m) salinity stress whereas the minimum 
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reduction was observed in genotype G2 in both cases, at slightly (8 dS/m) and 

moderately (12 dS/m) salinity stresses (22.68% and 42.33% respectively) 

(Figure 7). Therefore, genotype G2 might be considered as a good source of 

parent material as it showed the minimum reduction in chlorophyll (%) content 

(SPAD reading) under both at slightly (8 dS/m) and moderately (12 dS/m) 

salinity stress conditions. 

4.2.5.2 Chlorophyll content after 60 days of applying salinity stress 

The mean values of chlorophyll content (%) of leaves (SPAD reading) after 60 

days of starting the application of stress for four genotypes of tomatillo under 

three different salinity treatments, T1 (Control), T2 (8 dS/m) and T3 (12 dS/m) 

are presented in Appendix VIII. From the ANOVA table (Appendix VI), it was 

observed in this experiment that statistically highly significant variation was 

found for chlorophyll content in the leaves of tomatillo plant among the tomatillo 

genotypes. The highest amount of chlorophyll content was found in genotype G2 

(73.01%) whereas the lowest amount of chlorophyll content was found in 

genotype G1 (55.88%) which was statistically identical with G4 (56.78%) and G3 

(57.06%) (Table 12). Thus, from the observed result, G2 was the maximum 

chlorophyll (%) containing genotype. 

From the result of ANOVA table (Appendix VI), statistically highly significant 

variation was found in tomatillo genotypes exposed to three different salinity 

treatment levels; T1 (Control), T2 (8 dS/m) and T3 (12 dS/m) in respect of 

chlorophyll content (%) of leaves (SPAD reading) after 60 days of starting stress 

application. The highest amount of chlorophyll content was found in treatment 

T1 (84.63%) and the lowest amount of chlorophyll content was found in 

treatment T3 (38.78%) (Table 13). This result showed that the amount of 

chlorophyll content in the leaves of tomatillo plants was decreased gradually 

under the increasing levels of salinity treatment. Gradual decrease in chlorophyll 

content causes due to the increase of salinity treatment levels (Hajer et al., 2006; 

Al-Sobhi, 2005). Reduction in the chlorophyll content may probably due to the 

inhibitory effects of the accumulation of ions of salts on the biosynthesis of the  
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treatment) under increasing salinity stress 
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different chlorophyll fractions. Salinity affects the strength of the forces bringing 

the complex pigment protein-liquid, in the chloroplast structure. As the 

chloroplast in membrane bound its stability is dependent on the membrane 

stability which under high salinity condition seldom remains intact and reduces 

the chlorophyll content (Edris et al., 2012; Hajiboland et al., 2010; Amini and 

Ehsnapour, 2006). 

The interaction effect between four tomatillo genotypes and three salinity 

treatments was found statistically significant in respect of chlorophyll content 

(%) of plant leaves (SPAD reading) after 60 days of starting stress application 

(Appendix VI). The highest amount of chlorophyll content was found in 

interaction G2T1 (95.67%) while the lowest amount of chlorophyll content was 

found in the interaction G1T3 (31.17%) which was statistically identical with 

G3T3 (33.47%) (Table 14). 

The amount of chlorophyll content (%) of plant leaves (SPAD reading) after 60 

days of starting stress application of four tomatillo genotypes varied significantly 

under three different salinity treatments and the amount of chlorophyll content 

(SPAD reading) was mainly decreased gradually with the increase of salinity 

treatment levels (Appendix X). The maximum reduction in the amount of 

chlorophyll content was observed in genotype G4 (42.43%) at slightly (8 dS/m) 

salinity stress and in G1 (60.61%) at moderately (12 dS/m) salinity stress whereas 

the minimum reduction was observed in genotype G2 in both cases, at slightly (8 

dS/m) and moderately (8 dS/m) salinity stresses (24.61% and 46.45% 

respectively) (Figure 7). Therefore, genotype G2 might be considered as a good 

source of parent material as it showed the minimum reduction in chlorophyll (%) 

content (SPAD reading) under both at slightly (8 dS/m) and moderately (12 

dS/m) salinity stress conditions. 

4.3 Evaluation of nutritional traits of tomatillo 

Different nutritional traits of tomatillo fruits viz., fruit pH, brix percentage, 

titratable acid and vitamin C content were presented and discussed based on their 
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ANOVA, genotype, salinity treatment, genotype-treatment interaction effect and 

percentag of changes (increase or decrease) in these traits. 

4.3.1 Fruit pH 

The mean values of fruit pH for four genotypes of tomatillo under three different 

salinity treatments, T1 (Control), T2 (8 dS/m) and T3 (12 dS/m) are presented in 

Appendix VIII. From the result of ANOVA table (Appendix VII), it was 

observed in this experiment that statistically non-significant variation was found 

for fruit pH among the tomatillo genotypes. The highest value of fruit pH was 

found in genotype G3 (4.18) whereas the lowest value of fruit pH was found in 

genotype G1 (3.89) (Table 15). 

From the result of ANOVA table (Appendix VII), statistically highly significant 

variation was found in tomatillo genotypes exposed to three different salinity 

treatments; T1 (Control), T2 (8 dS/m) and T3 (12 dS/m) in respect of the pH value 

of tomatillo fruits. The highest value of fruit pH was found in treatment T1 (4.29) 

while the lowest value of fruit pH was found in treatment T3 (3.74) (Table 16). 

This result showed that the value of pH in the fruit of tomatillo was decreased 

gradually under the increase of salinity treatment levels. The decrease in water 

content and turgidity of the plant under saline irrigation can increase the acidity 

of the fruit (Saied et al., 2005). Husk tomato fruits grown under saline water 

irrigation showed high titratable acidity which may be attributed to the 

accumulation of organic acids, thus maintaining lower fruit pH (Helaly et al., 

2017). Similar results were also reported by Janse, 1989; Chartzoulakis, 1992; 

Adams, 1991; Yungfu and Dashu, 2002; Krauss et al., 2006; Al-Harbi et al., 

2015. 

The interaction effect between four tomatillo genotypes and three salinity 

treatments was found statistically non-significant in respect of the value of fruit 

pH (Appendix VII). The highest value of fruit pH was found in interaction G4T1 

(4.38) whereas the lowest value of fruit pH was found in the interaction G1T3 

(3.52) (Table 17). 
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Table 15. Performance of tomatillo genotypes on fruit pH, brix percentage, 

titratable acid content and vitamin-C contentY 

GenotypeX Fruit pH 
Brix 

percentage 

Titratable 

acid content 

(%) 

Vitamin-C 

content 

(mg/100 g) 

G1 3.89 6.14 b 0.87 b 17.98 b 

G2 4.03 6.53 b 0.91 b 20.07 a 

G3 4.18 7.20 a 0.99 a 21.70 a 

G4 4.06 5.68 c 0.79 c 16.27 b 

CV % 6.85 7.58 4.75 10.04 

LSD 0.05 --- 0.47 0.04 1.86 

XFour tomatillo genotypes coded from G1 to G4 
YIn a column means having similar letter(s) are statistically identical and those having 

dissimilar letter(s) differ significantly as per 0.05 level of probability 

 

 

 

 

Table 16. Performance of salinity treatments on fruit pH, brix percentage, 

titratable acid content and vitamin-C contentY 

TreatmentX Fruit pH 
Brix 

percentage 

Titratable 

acid content 

(%) 

Vitamin-C 

content 

(mg/100 g) 

T1 (control) 4.29 a 3.81 c 0.54 c 14.36 c 

T2 (8dS/m) 4.10 b 6.53 b 0.87 b 19.41 b 

T3 (12dS/m) 3.74 c 8.83 a 1.26 a 23.24 a 

CV % 6.85 7.58 4.75 10.04 

LSD 0.05 0.23 0.41 0.04 1.62 

XThree salinity treatments coded from T1 to T3 
YIn a column means having similar letter(s) are statistically identical and those having 

dissimilar letter(s) differ significantly as per 0.05 level of probability 
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Table 17. Interaction effect between tomatillo genotypes and salinity 

treatments on fruit pH, brix percentage, titratable acid content 

and vitamin-C contentY 

InteractionX Fruit pH 
Brix 

percentage 

Titratable 

acid content 

(%) 

Vitamin-C 

content 

(mg/100 g) 

G1T1 4.27 3.70 gh 0.51 hi 13.40 hi 

G1T2 3.89 6.60 ef 0.85 e 18.50 def 

G1T3 3.52 8.12 c 1.25 b 22.05 bc 

G2T1 4.17 3.90 gh 0.56 h 14.75 ghi 

G2T2 4.06 6.50 ef 0.89 e 20.85 cd 

G2T3 3.87 9.20 b 1.28 ab 24.60 ab 

G3T1 4.34 4.30 g 0.64 g 17.50 efg 

G3T2 4.21 7.10 de 0.97 d 21.80 bc 

G3T3 3.99 10.21 a 1.34 a 25.80 a 

G4T1 4.38 3.33 h 0.46 i 11.80 i 

G4T2 4.23 5.90 f 0.77 f 16.50 fgh 

G4T3 3.58 7.80 cd 1.15 c 20.50 cde 

CV % 6.85 7.58 4.75 10.04 

LSD 0.05 --- 0.82 0.07 3.23 

XFour tomatillo genotypes coded from G1 to G4 and three salinity treatments coded from 

T1 to T3 (T1: control, T2: 8 dS/m, T3: 12 dS/m) 
YIn a column means containing similar letter(s) are statistically identical and those 

having dissimilar letter(s) differ significantly as per 0.05 level of probability 
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The value of fruit pH of four tomatillo genotypes varied significantly under three 

different salinity treatments and the fruit pH value was mainly decreased 

gradually with the increase of salinity treatment levels (Appendix XI). The 

maximum reduction in the fruit pH value was observed in genotype G1 (-8.90%) 

at slightly (8 dS/m) salinity stress and in G4 (-18.26%) at moderately (12 dS/m) 

salinity stress while the minimum reduction was observed in genotype G2 in both 

cases, at slightly (8 dS/m) and moderately (12 dS/m) salinity stresses (-2.64% 

and -7.19% respectively) (Figure 8). The lowering of fruit pH value indicates the 

increase of sourness and the quality of fruits. The preference of the fruit pH value 

should be as per requirement. 

4.3.2 Brix percentage 

The mean values of brix content (%) for four genotypes of tomatillo under three 

different salinity treatments, T1 (Control), T2 (8 dS/m) and T3 (12 dS/m) are 

presented in Appendix VIII. From the result of ANOVA table (Appendix VII), 

it was observed in this experiment that statistically highly significant variation 

was found for brix content (%) among the tomatillo genotypes. The highest 

amount of brix content was found in genotype G3 (7.20%) whereas the lowest 

amount of brix content was found in genotype G4 (5.68%) (Table 15). 

From the result of ANOVA table (Appendix VII), statistically highly significant 

variation was found in tomatillo genotypes exposed to three different salinity 

treatment levels; T1 (Control), T2 (8 dS/m) and T3 (12 dS/m) in respect of the 

brix content (%) of tomatillo fruit. The highest amount of brix content was found 

in treatment T3 (8.83%) while the lowest amount of brix content was found in 

treatment T1 (3.81%) (Table 16). This result showed that the amount of brix 

content (%) in tomatillo fruit was increased gradually under the increase of 

salinity treatment levels. Salinity stress can up-regulate sucrose transporter 

expression in source leaves and increase the activity of ADP-glucose 

pyrophosphorylase (AGPase) in fruits during early development stages that 

enhance carbohydrate accumulation (Yong-Gen et al., 2009). The increase in 

total soluble solid of husk tomato under salinity were recorded by Shakhov, 1956 
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Figure 8. Increase percentage in fruit pH and brix percentage under increasing salinity stress 
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and he mentioned that salt ions especially the Na+ might increase the 

hydrophilous properties of plasma colloids that played a very important role to 

protect the bio-colloids and plasma from the effect of higher salinity. These 

observations were also in agreement with those obtained by Medhat, 2002; Fathy 

et al., 2005; Khalil, 2006; Saito et al., 2008; Flores et al., 2003 and Taha et al., 

2011. 

The interaction effect between four tomatillo genotypes and three salinity 

treatments was found statistically highly significant in respect of the amount of 

brix content (%) (Appendix VII). The highest amount of brix content was found 

in interaction G3T3 (10.21%) whereas the lowest amount of brix content was 

found in the interaction G4T1 (3.33%) which was statistically identical with G1T1 

(3.70%) and G2T1 (3.90%) (Table 17). 

The amount of brix content (%) of four tomatillo genotypes varied significantly 

under three different salinity treatments and the amount of brix content was 

mainly increased gradually with the increase of salinity treatment levels 

(Appendix XI). The maximum increase in the brix content amount was observed 

in genotype G1 (78.38%) at slightly (8 dS/m) salinity stress and in G3 (137.44%) 

at moderately (12 dS/m) salinity stress while the minimum increase was 

observed in genotype G3 (65.12%) at slightly (8 dS/m) salinity stress and in G1 

(119.46%) at moderately (12 dS/m) salinity stress (Figure 8). Therefore, 

genotype G1 and G3 might be considered as good source of parent materials as 

these showed the maximum increase in brix percentage of tomatillo fruits under 

slightly (8 dS/m) and moderately (12 dS/m) salinity stress conditions 

respectively. 

4.3.3 Titratable acid content (%) 

The mean values of titratable acid content (%) for four genotypes of tomatillo 

under three different salinity treatments, T1 (Control), T2 (8 dS/m) and T3 (12 

dS/m) are presented in Appendix VIII. From the result of ANOVA table 

(Appendix VII), it was observed in this experiment that statistically highly 

significant variation was found for titratable acid (%) content among the 

https://www.jstage.jst.go.jp/AF06S010ShsiKskGmnHyj?chshnmHkwtsh=Takeshi+Saito
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tomatillo genotypes. The highest amount of titratable acid content was found in 

genotype G3 (0.99%) whereas the lowest amount of titratable acid content was 

found in genotype G4 (0.79%) (Table 15). 

From the result of ANOVA table (Appendix VII), statistically highly significant 

variation was found in tomatillo genotypes exposed to three different salinity 

treatment levels; T1 (Control), T2 (8 dS/m) and T3 (12 dS/m) in respect of the 

titratable acid content (%) of tomatillo fruit. The highest amount of titratable acid 

content was found in treatment T3 (1.26%) while the lowest amount of titratable 

acid content was found in treatment T1 (0.54%) (Table 16). This result showed 

that the amount of titratable acid content (%) in tomatillo fruits was increased 

gradually under the increase of salinity treatment levels. Higher values of acidity 

in fruit juice from salinized plants means that the quality of the products is better 

than control. The decrease in water content and turgidity of the plant under saline 

irrigation can increase the acidity of fruits (Saied et al., 2005). The increase in 

acidity of fruit juice as a result of salinity treatments were also reported by Janse, 

1989; Chartzoulakis, 1992; Adams, 1991; Yungfu and Dashu, 2002; Krauss et 

al., 2006; Al-Harbi et al., 2015 and Helaly et al., 2017. 

The interaction effect between four tomatillo genotypes and three salinity 

treatments was found statistically highly significant in respect of the amount of 

titratable acid content (%) (Appendix VII). The highest amount of titratable acid 

content was found in interaction G3T3 (1.34%) which was statistically identical 

with G2T3 (1.28%) whereas the lowest amount of titratable acid content was 

found in the interaction G4T1 (0.46 %) which was statistically identical with G1T1 

(0.51%) (Table 17). 

The amount of titratable acid content (%) of four tomatillo genotypes varied 

significantly under three different salinity treatments and the amount of titratable 

acid content was mainly increased gradually with the increase of salinity 

treatment levels (Appendix XI). The maximum increase in the titratable acid 

content amount was observed in genotype G4 in both cases, at slightly (8 dS/m) 

and moderately (12 dS/m) salinity stresses (67.39% and 150.00% respectively) 



93 
 

while the minimum increase was observed in genotype G3 in both cases, at 

slightly (8 dS/m) and moderately (8 dS/m) salinity stresses (51.56% and 

109.38% respectively) (Figure 9). Therefore, genotype G4 might be considered 

as a good source of parent material as it showed the maximum increase in 

titratable acid (%) content of tomatillo fruits under both slightly (8 dS/m) and 

moderately (12 dS/m) salinity stress conditions. 

4.3.4 Vitamin-C content (mg/100 g) 

The mean values of vitamin-C content (mg/100 g) for four genotypes of tomatillo 

under three different salinity treatments, T1 (Control), T2 (8 dS/m) and T3 (12 

dS/m) are presented in Appendix VIII. From the result of ANOVA table 

(Appendix VII), it was observed in this experiment that statistically highly 

significant variation was found for vitamin-C content (mg/100 g) among the 

fruits of tomatillo genotypes. The highest amount of vitamin-C content was 

found in genotype G3 (21.70 mg/100 g) which was statistically identical with G2 

(20.07 mg/100 g) whereas the lowest amount of vitamin-C content was found in 

genotype G4 (16.27 mg/100 g) which was statistically identical with G1 (17.98 

mg/100 g) (Table 15). 

From the result of ANOVA table (Appendix VII), statistically highly significant 

variation was found in tomatillo genotypes exposed to three different salinity 

treatments; T1 (Control), T2 (8 dS/m) and T3 (12 dS/m) in respect of the vitamin-

C content (mg/100 g) of tomatillo fruit. The highest amount of vitamin-C content 

was found in treatment T3 (23.24 mg/100 g) while the lowest amount of vitamin-

C content was found in treatment T1 (14.36 mg/100 g) (Table 16). This result 

showed that the amount of vitamin-C content (mg/100 g) in tomatillo fruits was 

increased gradually under the increase of salinity treatment levels. The increase 

in salinity concentration in the nutrient solutions improves the fruit quality by 

increasing the sugar, organic acid and antioxidants content like vitamin-C (L-

ascorbic acid) (Flores et al., 2003; Cuartero et al., 2003; De Pascale et al., 2001; 

Petersen et al., 1998). 
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The interaction effect between four tomatillo genotypes and three salinity 

treatments was found statistically significant in respect of the amount of vitamin-

C content (mg/100 g) in tomatillo fruits (Appendix VII). The highest amount of 

vitamin-C content was found in interaction G3T3 (25.80 mg/100 g) which was 

statistically identical with G2T3 (24.60 mg/100 g) whereas the lowest amount of 

vitamin-C content was found in the interaction G4T1 (11.80 mg/100 g) which 

was statistically identical with G1T1 (13.40 mg/100 g) and G2T1 (14.75 mg/100 

g) (Table 17). 

The amount of vitamin-C content (mg/100 g) of four tomatillo genotypes varied 

significantly under three different salinity treatments and the amount of vitamin-

C content was mainly increased gradually with the increase of salinity treatment 

levels (Appendix XI). The maximum increase in the vitamin-C content amount 

was observed in genotype G2 (41.37%) at slightly (8 dS/m) salinity stress and in 

G4 (73.73%) at moderately (12 dS/m) salinity stress whereas the minimum 

increase was observed in genotype G3 in both cases, at slightly (8 dS/m) and 

moderately (12 dS/m) salinity stresses (24.57% and 47.43% respectively) 

(Figure 9). Therefore, genotype G2 and G4 might be considered as good source 

of parent materials as these showed the maximum increase in vitamin-C (mg/100 

g) content of tomatillo fruits under slightly (8 dS/m) and moderately (12 dS/m) 

salinity stress conditions respectively. 
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CHAPTER V 

SUMMARY AND CONCLUSION 

Tomatillo is an important crop of Mexico, and nowadays have been introduced 

and appreciated across the world. It belongs to the Solanaceae family and 

recently has been introduced in our country. After being introduced, this new 

crop species has shown remarkable increase in yield than in its origin and thus 

drawn huge interest. A large amount of area of the southern region of Bangladesh 

has still remained uncultivated due to high level of soil salinity and it is 

increasing rapidly due to global climate change. On the other hand, the rapid 

growth of population needs an increase in food production. To overcome this 

problem, cultivation of modern high yielding salt tolerant variety and to bring 

the uncultivable saline lands under cultivation is apparent. Thus, the screening 

and selection as well as the introduction and development of new salt tolerant 

genotypes and crops are major goal of global agriculture now-a-days. As a newly 

introduced crop of our country, tomatillo was taken to consideration for this 

experiment to observe its tolerance capacity to salinity stress levels and whether 

it is possible to recommend this crop for cultivation in our salinity affected 

southern regions. 

A pot experiment was conducted to observe the performance of four tomatillo 

genotypes under three different salinity treatment levels. The experiment was 

conducted in the area just beside the net house of Department of Genetics and 

Plant Breeding, Sher-e-Bangla Agricultural University, Dhaka-1207, 

Bangladesh, during the months of November, 2017 to March, 2018. A two 

factorial experiment was conducted which included four tomatillo genotypes 

(Factor A) viz. G1 (SAU tomatillo 1), G2 (SAU tomatillo 2), G3 (PI003), G4 

(PI004) and three different salinity treatments (Factor B) viz. T1 (Control), T2 (8 

dS/m), T3 (12 dS/m) and that was outlined in Completely Randomized Design 

(CRD) with three replications. The collected data were statistically analyzed for 

the evaluation of salinity treatment levels as well as for detecting the suitable 
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tomatillo genotypes to grow under higher salinity levels (sodium chloride, 

NaCl). 

The observed results of the current study showed that, salinity treatment levels 

significantly influenced different agromorphological, physiological and 

nutritional traits of tomatillo genotypes at all stages of growth and development. 

Observation of these traits plays important role in selecting suitable genotypes 

of crops for future breeding purpose. Among the interaction effect of different 

agromorphological traits of tomatillo, earliest flowering was observed in the 

interaction G1T3 (29.67 days). The tallest plant was found in the interaction G2T1 

(74.33 cm) and G4T3 (69.33 cm) whereas the shortest plant was found from G3T2 

(63.33 cm). Earliest harvesting period was observed in interaction G4T3 (76.00 

days), G1T3 (79.33 days) and G2T3 (80.33 days). The maximum number of fruits 

was obtained from the interaction G3T1 (21.33 fruits/plant). The longest as well 

as the widest fruit was recorded from the interaction G1T1 (34.01 mm length and 

38.81 mm diameter respectively). The maximum average fruit weight was 

obtained from the interaction G1T1 (35.29 g) and the maximum fruit yield was 

obtained from the interaction G3T1 (0.708 kg/plant). In case of studying different 

physiological traits of tomatillo, the minimum amount of indigenous Na+ content 

was found in interaction G1T1 (0.91%), G3T1 (0.97%) and G2T1 (1.02%) and the 

maximum indigenous K+ ion content was found in interaction G1T1 (4.12%) and 

in G3T1 (3.97%). Considering the amount of stress protein proline content, the 

maximum amount was observed in interaction G4T3 (4553.70 µg/g). The 

maximum area of leaf was observed in the interaction G1T1 (23.23 cm2). The 

maximum amount of chlorophyll content in tomatillo leaves was found in the 

interaction G2T1 in both cases, 30 days and 60 days after starting the application 

of salinity treatments (102.43% and 95.67% respectively). In studying the 

interaction effect among different fruit parameters of tomatillo, the maximum 

value of fruit pH was obtained from the interaction G4T1 (4.38) while the 

minimum value of fruit pH was found in interaction G1T3 (3.52). Brix (%), 

titratable acid and vitamin-C content in tomatillo fruits were maximum in 

interaction G3T3 (10.21%, 1.34% and 25.80 mg/100 g respectively). 
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In the observed results of the present study, the maximum reduction in days to 

first flowering after transplanting was found in genotype G4 in both cases, at 

slightly (8 dS/m) and moderately (12 dS/m) salinity stress levels (8.33% and 

20.83% respectively). Plant height (cm) was found to be increased in genotype 

G4 in both cases, at slightly (8 dS/m) and moderately (12 dS/m) salinity stress 

levels (-1.23% and -2.45% respectively). The maximum reduction in days to 

maturity was found in genotype G1 in both cases, at slightly (8 dS/m) and 

moderately (12 dS/m) salinity treatment levels (8.04% and 16.78% respectively). 

Considering the yield parameters, the number of fruits per plant showed the 

minimum reduction in genotype G4 (12.76%) at moderately (12 dS/m) salinity 

level and the number was increased (-2.11%) at slightly (8 dS/m) salinity. 

Average fruit length (mm) and diameter (mm) showed the minimum reduction 

in genotype G3 in both cases, at slightly (8 dS/m) and moderately (12 dS/m) 

salinity treatment levels (for length, 12.06% and 28.78% whereas for diameter, 

9.57% and 29.09% respectively). Average fruit weight (g) per plant showed the 

minimum reduction in genotype G1 (13.49%) at slightly (8 dS/m) salinity and in 

G3 (25.99%) at moderately (12 dS/m) salinity treatment. Yield per plant (kg) 

showed the minimum reduction in genotype G4 in both cases, at slightly (8 dS/m) 

and moderately (12 dS/m) salinity stresses (15.28% and 43.23% respectively). 

Indigenous ion content of plant is an important indicator of salinity tolerance. 

The minimum increase in indigenous Na+ (%) content was found in genotype G3 

(-39.18%) and in G4 (-82.41%) at slightly (8 dS/m) and moderately (12 dS/m) 

salinity treatments respectively. The minimum reduction in indigenous K+ (%) 

content was observed in genotype G4 (14.70%) at slightly (8 dS/m) salinity and 

in G1 (34.95%) at moderately (12 dS/m) salinity treatment. The proline content 

was found to be increased under high salinity conditions and the maximum 

increase was found in genotype G1 under both slightly (8 dS/m) and moderately 

(12 dS/m) salinity treatments (-140.71% and -374.29% respectively). The 

minimum reduction in leaf area index was observed in genotype G3 in both cases, 

at slightly (8 dS/m) and moderately (12 dS/m) salinity treatment levels (15.90% 

and 21.41% respectively). The minimum reduction in chlorophyll content (%) 
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was observed in genotype G2 at both slightly (8 dS/m) and moderately (12 dS/m) 

salinity stress levels for both cases, after 30 days (22.68% and 42.33% 

respectively) and 60 days (24.61% and 46.45% respectively) of starting the 

application of salinity treatment. The nutritional traits of tomatillo fruits were 

increased under higher salinity treatment levels and the increase indicated the 

improved quality of tomatillo fruits. The maximum increase in %Brix was 

observed in genotype G1 (78.38%) at slightly (8 dS/m) salinity and in G3 

(137.44%) at moderately (12 dS/m) salinity treatment. The maximum increase 

in titratable acid content (%) was observed in genotype G4 in both cases, at 

slightly (8 dS/m) and moderately (12 dS/m) salinity stresses (67.39% and 

150.00% respectively). The maximum increase vitamin-C content (mg/100 g) 

was observed in genotype G2 (41.36%) at slightly (8 dS/m) salinity and in G4 

(73.73%) at moderately (12 dS/m) salinity treatment level. 

Based on the above research findings, the following conclusions and 

recommendations can be drawn for this executed study: 

 Genotype G1 and G3 showed minimum reduction in the parameters viz., 

fruit numbers, fruits length, fruit diameter, fruit weight and yield under 

slightly and moderately salinity stresses. These two genotypes also 

showed minimum reduction in leaf area index under slight to moderate 

salinity. They also showed minimum increase in indigenous Na+ and 

maximum increase in K+ content. As these two ion content are the salt 

tolerance indicator and with the decrease of indigenous Na+ content, other 

agromorphogenic parameters showed upsurge, thus these two genotypes 

could be recommended for cultivation (G1) and further trial (G3) in the 

Southern region of Bangladesh. 

 Genotype G1 showed maximum increase in proline content under slightly 

and moderately salinity stresses. As proline is a stress tolerance indicator 

under salinity and with the increase of proline, yield and its contributing 

traits were also increased, thus G1 could also be recommended to the 

farmers of coastal belt of Bangladesh. 
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 Genotype G3 along with G4 and G1 showed maximum increase in %Brix, 

titratable acid and vitamin-C content under slightly and moderately 

salinity treatments, thus indicating G3 is better for fruit quality as well as 

for yield and yield components and could be recommended for further 

trial. 

 Maximum reduction in days to maturity was observed in G1 followed by 

G4 under slightly and moderately salinity stresses, thus indicating it’s 

owing of short duration behavior and could be served as parent materials 

for further hybridization or genetic transformation program. 

 Minimum reduction in chlorophyll content was observed in G2 under both 

slightly and moderately salinity stresses, thus indicating it could be served 

as parent material for further hybridization program. 

 

 

 

 

 

 

 

 

 

 

 

 

 



101 
 

REFERENCES 

Achilea, O. (2002). Alleviation of salinity induced stress in cash crops by multi 

K (potassium nitrate), five cases typifying the underlying pattern. Acta 

Horticulturae. 573: 43-48. 

Adams, P. (1991). Effect of increasing the salinity of the nutrient solution with 

major nutrients or sodium chloride on yield, quality and composition of 

tomatoes grown in rockwool. J. Hort. Sci. 66: 201-207. 

Agarwal, P.N., Porohit, R.C. and Singh, J. (2005). Effect of water salinity on 

tomato under drip irrigation. In: Drainage and Irrigation Water 

Management. V. Kumar, J. Singh, S.R. Bhakar, (eds.). 37th ISAE Annual 

Cnvention and Symposium held at CTAE, MPUAT, Udaipur from Jan 

29-30, 2003, India. pp. 232-244. 

Aggarwal, M., Sharma, S., Kaur, N., Pathania, D., Bhandhari, K. and et al. 

(2011). Exogenous proline application reduces phytotoxic effects of 

selenium by minimising oxidative stress and improves growth in bean 

(Phaseolus vulgaris L.) seedlings. Biol. Trace Element Res. 140: 354-367. 

Agong, S.G., Yoshida, Y., Yazawa, S. and Masuda, M. (2004). Tomato response 

to salt stress. Acta Horticulturae. 637: 93-97. 

Ahmad, P. (2010). Growth and antioxidant responses in mustard (Brassica 

juncea L.) plants subjected to combined effect of gibberellic acid and 

salinity. Arch. Agron. Soil Sci. 56(5): 575-588. 

Ahmad, P. and Umar, S. (2011). Oxidative stress: role of antioxidants in plants. 

Studium Press, New Delhi, India. 

Ahmad, P. and Prasad, M.N.V. (2012). Abiotic stress responses in plants: 

metabolism, productivity and sustainability. Springer, New York, USA. 

Akinci, I.E., Akinci, S., Yilmaz, K. and Dikici, H. (2004). Response of eggplant 

varieties (Solanum melongena) to salinity in germination and seedling 

stages. New Zealand J. Crop Hort. Sci. 32(2): 193-200. 

Ali-Dinar, H.M., Ebert, G. and Ludders, P. (1999). Growth, chlorophyll content, 

photosynthesis and water relations in guava (Psidium guava L.) under 

salinity and different nitrogen supply. Gartenbauwiss. 64: 54-59. 

Al-Harbi, A.R., Wahb-Allah, M.A. and Al-Omran, A.M. (2009). Effects of 

salinity and irrigation management on growth and yield of tomato grown 

under greenhouse conditions. Acta Horticulturae. 807: 201-206. 

Al-Harbi, A.R., Al-Omran, A.M., Alenazi1, M.M. and Wahb-Allah, M.A. 

(2015). Salinity and deficit irrigation influence tomato growth, yield and 



102 
 

water use efficiency at different developmental stages. Intl. J. Agric. Biol. 

17: 241-250. 

Al-Omran, A.M., Al-Harbi, A.R., Wahb-Allah, M.A., Nadeem, M. and Eleter, 

A. (2010). Impact of irrigation water quality, irrigation systems, irrigation 

rates and soil amendments on tomato production in sandy calcareous soil. 

Turkish. J. Agric. For. 34: 59-73. 

Al-Sobhi, O.A., Al-Zahrani, H.S. and Al-Ahmadi, S.B.L. (2005). Effect of 

salinity on growth and chlorophyll content in tomato. Pakistan J. 

Scientific Industrial Res. 43: 130-131. 

Alves, S.R., Cabral, T.R., Cabral, I.R., Antunes, L.M., Pontes, A.C., Cerqueira, 

S.C.P., Oliveira, B.M., Pessoa, C., Martins, N.J.L., Rodriguez, B.R. and 

Takahashi, C.S. (2008). Genotoxic effect of Physalis angulata L. 

(Solanaceae) extract on human lymphocytes treated in vitro. Biocell. 32: 

195-200. 

Al-Yahyai, R. Al-Ismaily, S. and Al-Rawahy, S.A. (2010). Growing tomatoes 

under saline field conditions and the role of fertilizers. In: A monograph 

on management of salt-affected soils and water for sustainable 

agriculture. M. Ahmed, S.A. Al-Rawahy and N. Hussain (eds.). 62(4): 83-

88. 

Amini, F. and Ehsanpour, A.A. (2005). Soluble proteins, proline, carbohydrates 

and Na+/Cl− changes in two tomato (Lycopersicon esculentum Mill.) 

cultivars under in vitro salt stress. American J. Biochem. Biotechnol. 1: 

212-216. 

Amini, F. and Ehsanpour, A.A. (2006). Response of tomato (Lycopersicon 

esculentum Mill.) cultivars to MS, water agar and salt stress in in vitro 

culture. Asian J. Plant Sci. 9(1): 170-175. 

Anonymous. (1988). Crop Status Report. Christian Reformed Worlds Relief 

Committee, Bogra. pp. 124-127. http://worldcat.org/identities/lccn-

n82148361/. 

Anonymous. (2007). Climate change and agriculture in Bangladesh. Information 

brief. pp. 1-8. https://cmsdata.iucn.org/downloads/agriculture.pdf. 

Anonymous. (2014). Distances From.com. http://www.distancesfrom.com/. 

Anonymous. (2016). http://www.bmcplantbiol.biomedcentral.com. 

Apel, K. and Hirt, H. (2004). Reactive oxygen species: metabolism, oxidative 

stress, and signal transduction. Annual Rev. Plant Biol. 55: 373-399. 

Ashraf, M. (1994). Breeding for salinity tolerance in plants. Crit. Rev. Plant Sci. 

13: 17-42. 

http://worldcat.org/identities/lccn-n82148361/
http://worldcat.org/identities/lccn-n82148361/
https://cmsdata.iucn.org/downloads/agriculture.pdf
http://www.distancesfrom.com/
http://www.bmcplantbiol.biomedcentral.com/


103 
 

Ashraf, M. and Sharif, R. (1998). Does salt tolerance vary in a potential oil seed 

crop Brassica carinata at different growth stages?. J. Agron. Crop Sci. 

181(2):103-115. 

Ashraf, M. (2009). Biotechnological approach of improving plant salt tolerance 

using antioxidants as markers.  Adv. Biotechnol. 27: 84-93. 

Azammi, M.A., Torabi, M. and Shekari, F. (2010). Response of some tomato 

cultivars to sodium chloride stress under in vitro culture condition. 

African J. Agril. Res. 5(18): 2589-2592. 

Babu, S. and Thirumurugan, T. (2001). Effect of NaCl primary for increased salt 

tolerance in sesame (Sesamum indicum). J. Ecobiol. 13(4): 309-311. 

Ball, M.C. (1988). Salinity tolerance in the mangroves Aegiceras corniculatum 

and Avicennia marina. I. Water use in relation to growth, carbon 

partitioning, and salt balance. Australian J. Plant Physiol. 15: 447-464. 

Barbieri, G., Vallone, S., Orsini, F., Paradiso, R. and et al. (2012). Stomatal 

density and metabolic determinants mediate salt stress adaptation and 

water use efficiency in basil (Ocimum basilicum L.). J. Plant Physio. 169: 

1737-1746. 

Bastos, G., Santos, A., Ferreira, V., Costa, A., Bispo, C., Silveira, A. and 

Nascimento, J. (2005). Antinociceptive effect of the aqueous extract 

obtained from roots of Physalis angulata L. on mice. J. 

Ethnopharmacology. 103: 241-245. 

Borja-Bravo, M., Garcia-Salazar, J.A. and Skaggs, R.K. (2013). Mexican fresh 

tomato exports in the North American market: a case study of the effects 

of productivity on competitiveness. Canadian J. Plant Sci. 93(5): 839-

850. 

Borsani, O., Valpuesta, V. and Botella, M.A. (2003). Developing salt tolerant 

plants in a new century: a molecular biology approach. Plant Cell Tiss. 

Org. Cult. 73(2): 101-115. 

Boyer, J.S. (1982). Plant productivity and environment. Science. 218(4571): 

443-448. 

Brown, J.K.M. and Rant, J.C. (2013). Fitness costs and trade-offs of disease          

resistance and their consequences for breeding arable crops. Plant 

Pathology. 62: 83-95. 

Bukun, B., Uygur, F.N., Uygur, S., Turkmen, N. and Duzenli, A. (2002). A new 

record for the flora of Turkey: Physalis philadelphica Lam. var. 

immaculata Waterf. (Solanaceae). Turkish J. Bot. 26(5): 405-407. 

http://dergipark.gov.tr/tbtkbotany/issue/11837/141413
http://dergipark.gov.tr/tbtkbotany/issue/11837/141413
http://dergipark.gov.tr/tbtkbotany/issue/11837/141413


104 
 

Cantwell, M., Flores-Minutti, J. and Trejo-Gonzalez, A. (1992). Developmental 

changes and postharvest physiology of tomatillo fruits (Physalis ixocarpa 

Brot.). Scientia Horticulturae. 50(1-2): 59-70. 

Celikli, F.B., Akkelle, P. and Onus, A.N. (2017). In vitro salinity evaluation 

studies in golden berry (Physalis peruviana L.). Intl. J. Biotechnol. 20(1): 

1-8. 

Chartzoulakis, K.S. (1992). Effects of NaCl salinity on germination, growth and 

yield of greenhouse cucumber. J. Hort. Sci. 67: 115-119. 

Chartzoulakis, K. and Klapaki, G. (2000). Response of two greenhouse pepper 

hybrids to NaCl salinity during different growth stages. Scientia 

Horticulturae. 86: 247-260. 

Chiang, C., Jaw, S. and Chen, P. (1992). Inhibitory effects of physalin B and 

physalin F on various human leukemia cells in vitro. Anticancer Res. 12: 

1155-1162. 

Choi, J.K., Murillo, G., Su, B.N., Pezzuto, J.M., Kinghorn, A.D. and Mehta, R.G. 

(2006). Ixocarpalactone A isolated from the Mexican tomatillo shows 

potent antiproliferative and apoptotic activity in colon cancer cells. FEBS 

J. 273(24): 5714-5723. 

Cramer, G.R., Schmidt, C.L. and Bidart, C. (2001). Analysis of cell wall 

hardening and cell wall enzymes of salt-stressed maize (Zea mays) leaves. 

Australian J. Plant Physiol. 28: 101-109. 

Cramer, D. and Howitt, D. (2011). Introduction to research methods. 3rd edition. 

https://www.amazon.com/Introduction-Research-Methods-Cramer-

Howitt/dp/0273726072. 

Cuortero, J. and Fernandez-Munoz, R. (1999). Tomato and salinity. Scientia 

Horticulturae.  78: 83-125. 

Cuartero, J., Gomez-Guillamon, M.L., Romero-Aranda, R., Reina Sanchez, A. 

and Bolarin, M.C. (2003). Effect of salinity on tomato crop and 

approaches to reduce deleterious effects. International Workshop, Cairo, 

Egypt. pp. 202-217. 

Cuartero, J., Bolarin, M.C., Asins, M.J. and Moreno, V. (2006). Increasing salt 

tolerance in the tomato. J. Expt. Bot. 57(5): 1045-1058. 

Dajic, Z. (2006). Salt stress. In: Physiology and molecular biology of stress 

tolerance in plants. K.V.M. Rao, A.S.R. Vendra and K.J. Reddy, (eds.). 

Springer, Dordrecht. pp. 41-99. 

https://www.sciencedirect.com/science/article/pii/S0304423805800093#!
https://www.sciencedirect.com/science/article/pii/S0304423805800093#!
https://www.sciencedirect.com/science/article/pii/S0304423805800093#!
https://www.sciencedirect.com/science/journal/03044238
https://www.sciencedirect.com/science/journal/03044238/50/1
https://www.ncbi.nlm.nih.gov/pubmed/?term=Choi%20JK%5BAuthor%5D&cauthor=true&cauthor_uid=17212786
https://www.ncbi.nlm.nih.gov/pubmed/?term=Murillo%20G%5BAuthor%5D&cauthor=true&cauthor_uid=17212786
https://www.ncbi.nlm.nih.gov/pubmed/?term=Su%20BN%5BAuthor%5D&cauthor=true&cauthor_uid=17212786
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pezzuto%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=17212786
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kinghorn%20AD%5BAuthor%5D&cauthor=true&cauthor_uid=17212786
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mehta%20RG%5BAuthor%5D&cauthor=true&cauthor_uid=17212786
https://www.ncbi.nlm.nih.gov/pubmed/17212786
https://www.ncbi.nlm.nih.gov/pubmed/17212786
https://www.amazon.com/Introduction-Research-Methods-Cramer-Howitt/dp/0273726072
https://www.amazon.com/Introduction-Research-Methods-Cramer-Howitt/dp/0273726072


105 
 

Dasgan, H.Y., Aktas, H., Abak, K. and Çakmak, I. (2002). Determination of 

screening techniques to salinity tolerance in tomatoes and investigation of 

genotype responses. Plant Sci. 163(4): 695-703. 

Demir, I. and Ermis, S. (2003). Effect of controlled hydration treatment on 

germination and seedling growth under salt stress during development in 

tomato seeds. Europian J. Hort. Sci. 68(2): 53-58. 

Des-Marais, D.L. and Juenger, T.E. (2010). Pleiotropy, plasticity, and the 

evolution of plant abiotic stress tolerance. Annals. New York Acad. Sci. 

1206: 56-79. 

De Pascale, S., Maggio, A., Fogliano, V., Ambrosino, P. and Ritieni, A. (2001). 

Irrigation with saline water improves carotenoids content and antioxidant 

activity of tomato. J. Hort. Sci. Biotechnol. 76: 447-453. 

Diaz-Perez, J.C., Phatak, S.C., Giddings, D., Bertrand, D. and Mills, H.A. 

(2005). Root zone temperature, plant growth and fruit yield of tomatillo 

as affected by plastic film mulch. HortScience. 40(5): 1312-1319. 

Diaz-Lopez, L., Gimeno, V., Lidon, V., Simon, I., Martinez, V. and Garcia-

Sanchez, F. (2013). The tolerance of Jatropha curcas seedlings to NaCl: 

an ecophysiological analysis. http://opus.ub.uni-Hohenheim. 

De/volltexte/. 

Dorai, M., Papadopoulos, A. and Gosselin, A. (2001). Inuence of electric 

conductivity management on greenhouse tomato yield and fruit quality. 

Agron. EDP Sci. 21(4): 367-383. 

Ebert, G., Casierra, F. and Ludders, P. (1999). Influence of NaCl salinity on 

growth and mineral uptake of lulo (Solanum quitoense L.). J. App. Bot. 

73: 31-33. 

Edris, S., Sayed, T., Sahebali, B. and Kamran, G. (2012). Vegetative growth and 

nutrient uptake of salinity stressed cherry tomato in different calcium and 

potassium level. Intl. Res. J. App. Basic Sci. 3(9): 1845-1853. 

Ehret, D.L. and Ho, L.C. (1986). The effects of salinity on dry matter partitioning 

and fruit growth in tomatoes grown in nutrient film culture J. Hortic. Sci. 

61: 361-367. 

Eldon, E., Cynthia, H. and Richard J. (2003). Tomatillos. Iowa State University-

Extension Store. 

Epheuvelink. (2005). Tomatoes (crop production science in horticulture). CABI 

Publication, 7th Edn. p. 114. 

Escobar, F.C., Jankiewicz, L.S., Orduna, V.M. and Brito, J.M. (2014). The 

development of the husk tomato plant (Physalis ixocarpa Brot.). II. 

https://store.extension.iastate.edu/Product/Tomatillos


106 
 

Reproductive parts. Acta Societatis Botanicorum Poloniae. 54(4): 339-

349. 

FAO. (1996). Basic Data Unit, Statistics Division, FAO, Rome, Italy. 55: 125-

127. 

FAO (2009). High level expert forum-how to feed the World in 2050, economic 

and social development. Food and Agricultural Organization of the 

United Nations. Rome, Italy. 

FAO. (2010). Production Year Book. Food and Agricultural Organizations of the 

United Nations. Rome, Italy. 68: 113-115. 

Fathy, E.S.L., Khedr, Z.M.A. and El-Rahim, A.A.M.M. (2005). Salt Tolerance 

in Tomatos (III): fruit yield and quality. The 6th Arabian Conference for 

Horticulture, Ismailia, Egypt. 

Flores, P., Josefa, M.N., Micaela, C., Antonio, C. and Vicente, M. (2003). 

Tomato yield and quality as affected by nitrogen source and salinity. 

Agronomy. 23: 249-256. 

Flowers, T.J. and Yeo, A.R. (1995). Breeding for salinity resistance in crop 

plants: where next? Austrlian J. Plant Physiol. 22: 875-884. 

Foolad, M.R. and Lin, G.Y. (1997). Genetic potential for salt tolerance during 

germination in Lycopersicon species. HortScience. 32: 296-300. 

Francois, L.E. (1994). Growth, seed yield, and oil content of canola grown under 

saline conditions. J. Agron. 86(2): 233-237. 

Ghadiri, H., Dordipur, I., Bybordi, M. and Malakourti, M.J. (2005). Potential use 

of Caspian Sea for supplementary irrigation in North Iran. Agric. Water 

Management. 79: 209-224. 

Ghassemi, F., Jakeman, A.J., Nix, H.A. (1995). Salinisation of land and water 

resources human causes extent management and case studies. CAB Intl. 

Wallingford, Oxon. p. 526. 

Gholizadeh, A., Dehghania, H. and Dvorakb, J. (2014). Determination of the 

most effective traits on wheat yield under saline stress. Agril. Adv. 3: 103-

110. 

Gilroy, S., Suzuki, N., Miller, G. and et al. (2014). A tidal wave of signals: 

calcium and ROS at the forefront of rapid systemic signaling. Trends 

Plant Sci. 19: 623-630. 

Gomez, K.A. and Gomez, A.A. (1984). Comparison between treatment means. 

In: Statistical Procedures for Agricultural Research. K.A. Gomez and 

A.A. Gomez, (eds.). John Wiley and Sons, New York, USA. pp. 187-240. 

https://www.researchgate.net/journal/0001-6977_Acta_Societatis_Botanicorum_Poloniae


107 
 

Gomez-Cadenas, A., Tadeo, F.R., Primo-Millo, E. and Talon, M. (1998). 

Involvement of abscisic acid and ethylene in the response of citrus 

seedlings to salt shock. Physiol. Plant. 103: 475-484. 

Gorham, J., McDonnel, E., Budrewicz, E. and Jones, R.G.W. (1985). Salt 

tolerance in the triticeae: growth and solute accumulation in leaves of 

Thinopyrum bessarabicum.  J. Expt. Bot. 36: 1021-1031. 

Hajer, A.S., Malibari, A.A., Al-Zahrani, H.S. and Almaghrabi, O.A. (2006). 

Response of three tomato cultivars to sea water. African J. Boitechnol.  

5(10): 855-861. 

Hajiboland, R., Naser, A., Shirin, F.L. and Charlotte, P. (2010). Colonization 

with arbuscular mycorrhizal fungi improves salinity tolerance of tomato 

(Solanum lycopersicum L.) plants. Plant Soil. 33(2): 313-327. 

Hao, X., Papadopoulos, A.P., Dorais, M., Ehret, D.L., Turcotte, G. and Gosselin, 

A.  (2000). Improving tomato fruit quality by raising the EC of NFT 

nutrient solutions and calcium spraying: Effects on growth, 

photosynthesis, yield and quality. Acta Horticulturae. 511: 213-224. 

Harris, B.N., Sadras, V.O. and Tester, M. (2010). A water-centered framework 

to assess the effects of salinity on the growth and yield of wheat and 

barley. Plant Soil. 336: 377-389. 

Hasegawa, M., Bressan, R. and Pardo, J.M. (2000). The dawn of plant salt 

tolerance genetics. Trends Plant Sci. 5(8): 317-319. 

Helaly, A.A., Goda, Y., El-Rehim A.A.S., Mohamed, A.A. and El-Zeiny, O.A.H. 

(2017). Effect of irrigation with different levels of saline water type on 

husk tomato productivity. Adv. Plants Agric. Res. 6(4): 114-120. 

Hishida, S., Ascencio-Valle, F., Fujiyama, H., Orduno-Cruz, A., Endo, T. and 

Larrinaga-Mayoral, J.A. (2013). Differential responses of Jatropha 

Species on growth and physiological parameters to salinity stress at 

seedlings plant stage. Communications Soil Sci. Plant Analysis. 44(19): 

2820-2829. 

Hunt, R. (1990). Basic growth analysis. Plant growth analysis for beginners. 

Academic Press, London. 

Islam, M.T., Ara, M.I., Hossain, M.A. Sen, A.K. and Dutta, R.K. (2011). 

Identification of tomato genotypes for salt tolerance. Intl. J. Sustainable 

Crop Production. 6(1): 17-21. 

James, R.A., Blake, C., Byrt, C.S. and Munns, R. (2011). Major genes for Na+ 

exclusion, Nax1 and Nax2 (wheatHKT1;4 and HKT1;5), decrease Na+ 



108 
 

accumulation in bread wheat leaves under saline and waterlogged 

conditions. J. Expt. Bot. 62(8): 2939-2947. 

Janse, J. (1989). Effects of humidity, temperature and concentration of the 

nutrient solution on firmness, shelf-life and flavour of sweet pepper fruits 

(Capsicum annuum L.). Acta Horticulturae. 244: 123-132. 

Jeschke, W.D. and Hartung, W. (2000). Root-shoot interactions in mineral 

nutrition. Plant Soil. 226: 57-69. 

Johnson, R.W., Dixon, M.A. and Lee, D.R. (1992). Water relations of the tomato 

fruit during growth. Plant Cell Environ. 15: 947-953. 

Juan, M., Rivero, R.M., Romero, L. and Ruiz, J.M. (2005). Evaluation of some 

nutritional and bio chemical indicators in selecting salt-resistant tomato 

cultivars. Environ. Expt. Bot. 54: 193-201. 

Karim, Z., Saheed, S.M, Salauddin, A.B.M., Alam, M.K and Huq, A. (1982). 

Coastal saline soils and their management in Bangladesh. Bangladesh 

Agricultural Research Council (BARC). 8: 33. 

Karim, Z., Hussain, S.G. and Ahmed, M. (1990). Salinity problems and crop 

intensification in the coastal regions of Bangladesh. Bangladesh 

Agricultural Research Council (BARC). 33: 17. 

Karim, M.R. (2016). Estimation of genetic variability, heritability and genetic 

advance in agro-morphogenic traits of tomatillo (Physalis ixocarpa Brot.) 

genotypes. MS thesis, SAU, Dhaka, Bangladesh. 

Khalil, S.E. (2006). Physiological study on sesame plants grown under saline 

water irrigation condition. Ph.D. thesis. Faculty of Science, Cairo 

University, Egypt. 

Khalil, S.E. and Leila, B.H.A. (2016). Effect of magnetic treatment in improving 

growth, yield and fruit quality of Physalis pubescens plant grown under 

saline irrigation conditions. Intl. J. ChemTech Res. 9(12): 246-258. 

Khan, M.A. and Ungar, I.A. (1997). Effect of light, salinity and thermo period 

on seed germination of halophytes. Canadian J. Bot. 75: 835-841. 

Khattab, E.A. and Afifi, M.H. (2009). Effect of proline and glycinebetain on 

canola plants grown under salinity stress condition. Modern J. App. Biol. 

Sci. Crop Sci. 3: 42-51. 

Kim, G.B. and Nam, Y.W. (2013). A novel Δ1-pyrroline-5-carboxylate 

synthetase gene of Medicago truncatula plays a predominant role in 

stress-induced proline accumulation during symbiotic nitrogen fixation. 

J. Plant Physiol. 170: 291-302. 



109 
 

Kindscher, K., Timmermann, B.N., Zhang, H., Gollapudi, R., Corbett, S., 

Samadi, A. and Cohen, M. (2012). Wild tomatillos (Physalis spp.) as food 

and medicine. Planta Medica. 78(11): 228-232. 

Kingsbury, R.W. and Epstein, E. (1984). Selection for salt-resistant spring 

wheat. Crop Sci. 24: 310-315. 

Krauss, S., Schnitzler, W.H., Grassmann, J. and Woitke, M. (2006). The 

influence of different electrical conductivity values in a simplified 

recirculating soilless system on inner and outer fruit quality 

characteristics of tomato. J. Agric. Food Chem. 54(2): 441-448. 

Levitt, J. (1980). Responses of plants to environmental stress. In: Water relation, 

salt and other stresses. 2nd Edn. New York Academic Press. 2: 606. 

Lopez-Climent, M.F., Arbona, V., Perez-Clemente, R.M. and Gomez-Cadenas, 

A. (2008). Relationship between salt tolerance and photosynthetic 

machinery performance in citrus. Environ. Expt. Bot. 62:176-184. 

Lycoskoufis, I.H., Savvas, D. and Mavrogianopoulos, G. (2005). Growth, gas 

exchange and nutrient status in pepper (Capsicum annuum L.) grown in 

recirculating nutrient solution as affected by salinity imposed to half of 

the root system. Scientia Horticulturae. 106: 147-161. 

Magan, J.J., Gallardo, M., Thompson, R.B. and Lorenzo P. (2008). Effects of 

salinity on fruit yield and quality of tomato grown in soil-less culture in 

greenhouses in Mediterranean climatic conditions. Agric. Water 

Management. 95(9): 1041-1055. 

Maggio, A., Raimondi, G., Martino, A. and Pascal, S.D. (2007). Salt stress 

response in tomato beyond the salinity tolerance threshold. Environ. Expt. 

Bot. 59: 276-282. 

Mahajan S. and Tuteja, N. (2005). Cold, salinity and drought stresses: an 

overview. Arch. Biochem. Biophysics. 444(2): 139-158. 

Mahdi, M.M. and El-Katony. M.T. (2001). Salt tolerance of two wheat 

genotypes in response of the form of mitroges. Agronomie. 21(3): 259-

266. 

Manuela, O.S., Claudineia, R.P., Leo, A.J.W., Renato, D.C., Henk, W.M.H. and 

Wilco, L. (2016). Effect of osmopriming on germination and initial 

growth of Physalis angulata L. under salt stress and on expression of 

associated genes. Annals Brazilian Academy Sci. 88(1): 503-516. 

Marschner, H. (1995). Mineral nutrition of higher plants. Academic Press, 

London. 



110 
 

Masabni, J.G. (2016). Easy gardening for Texas.https://www.amazon.com/Easy-

Gardening-Texas-Joseph-Masabni/dp/0972104976. 

May, D.M. and Gonzales, J. (1999). Major California processing tomato 

cultivars respond differently in yield and fruit quality to various levels of 

moisture stress. Acta. Horticulturae. 487: 525-529. 

May, D.M. (1993). Moisture stress to maximize processing tomato yield and fruit 

quality. Acta Horticulturae. 335: 547-552. 

Medhat, M.T. (2002). Comparative study on growth, yield and nutritive value 

for some forage plants grown under different levels of salinity. Ph.D. 

thesis, Faculty of science, Botany Department, Cairo University, Egypt. 

Mekhaldi, A., Benkhelifa, M. and Belkhodja, M. (2008). The effects of salinity 

on gaz exchange on different developmental stages of Mung Bean (Vigna 

radiata L. Wilczek).  Intl. J. Bot. 4(3): 269-275. 

Miranda, D.L., Fischer, G. and Ulrichs, C. (2010). Growth of cape gooseberry 

(Physalis peruviana L.) plants affected by salinity. J. App. Bot. Food 

Quality. 83: 175-181. 

Miranda, D., Fischer, G., Mewis, I., Rohn, S. and Ulrichs, C. (2014). Salinity 

effects on proline accumulation and total antioxidant activity in leaves of 

the cape gooseberry (Physalis peruviana L.). J. App. Bot. Food Quality. 

87: 67-73. 

Mizrahi. (1982). Effect of salinity on tomato fruit ripening. Plant Physiol. 69: 

966-970. 

Molazem, D., Qurbanov, E.M. and Dunyamaliyev, S.A. (2010). Role of proline, 

Na and chlorophyll content in salt tolerance of corn (Zea mays L.). 

American-Europian J. Agric. Environ. Sci. 9: 319-324. 

Monaco, J. (2012). Newly discovered plant-based molecules showing cancer-

fighting potential. The University of Kansas, Lawrence, Kansas. 

http://www.news.ku.edu/2012/march/26/nativeplants.shtml. 

Montes, H.S. and Aguirre, R.J.R. (1994). Plant production and protection series. 

In: Neglected Crops from a Different Perspective. J.E. Hernando-

Bermejo and J. Leon, (eds.).  FAO, Rome. pp. 117-122. 

Morton, J.F. (1987). Mexican husk tomato, Physalis ixocarpa Brot., Physalis 

aequata Jacq. In: Fruits of Warm Climates. New Crop Resource Online 

Program. Center for New Crops and Plant Products, Purdue University, 

West Lafayette, Indiana. pp. 434-437. 

Moya, J.L., Gomez-Cadenas, A., Primo-Millo, E. and Talon, M. (2003). 

Chloride absorption in salt-sensitive carrizo citrange and salt-tolerant 

https://www.amazon.com/Easy-Gardening-Texas-Joseph-Masabni/dp/0972104976
https://www.amazon.com/Easy-Gardening-Texas-Joseph-Masabni/dp/0972104976
http://www.news.ku.edu/2012/march/26/nativeplants.shtml
http://www.fao.org/docrep/t0646e/T0646E0d.htm
http://www.hort.purdue.edu/newcrop/morton/mexican_husk_tomato.html
http://www.hort.purdue.edu/newcrop/morton/mexican_husk_tomato.html


111 
 

Cleopatra mandarin citrus rootstocks is linked to water use. J. Expt. Bot. 

54: 825-833. 

Mulato-Brito, J., Pena-Lomeli, A., Sahagun-Castellanos, J., Villanueva-

Verduzco, C. and Lopez-Reynoso, J.J. (2007). Self-compatibility 

inheritance in tomatillo (Physalis Ixocarpa Brot.). Veg. Crops Res. 

Bulletin. 67(1): 17-24. 

Munns, R. and Termaat, A. (1986). Whole-plant responses to salinity. Australian 

J. Plant Physio. 13: 143-160. 

Munns, R., Tonnet, M., Shennan, C. and Gardner, A. (1988). Effect of high 

external NaCl concentrations on ion transport within the shoot of Lupinus 

albus II. ions in phloem sap. Plan Cell Environ. 11: 291-300. 

Munns, R. (1993). Physiological processes limiting saline soils: some dogmas 

and hypotheses. Plant Cell Environ. 16: 15-24. 

Munns, R., Cramer, G.R. and Ball, M.C. (1999). Interactions between rising 

CO2, soil salinity and plant growth. In: Carbon dioxide and 

Environmental Stress. Y. Luo and H.A. Mooney, (eds.). Academic Press, 

London. pp. 139-167. 

Munns, R. (2002). Comparative physiology of salt and water stress. Plant Cell 

Environ. 25: 239-250. 

Munns, R., Pessarakli, M. and Tucker, T.C. (2002). Comparative physiology of 

salt and water stress. Plant Cell Environ. 25: 239-250. 

Munns, R. and Tester, R. (2008). Mechanisms of salinity tolerance. Ann. Rev. 

Plant Biol. 59: 651-681. 

Naidoo, Y., Jahnke, J. and Willert, V.D.J. (1995). Gas exchange responses of the 

C4 grass Sporobolus virginicus (Poaceae) to salinity stress. In: Biology of 

Salt Tolerant Plants. A.M. Khan and I.A. Ungar, (eds.). University of 

Karachi, Karachi. pp. 121-130. 

Navarro, S. and Navarro, G. (2000). Agricultural chemistry. Mundi Editions, 

Press, Madrid. 

Ozoris, M.A. and Robishy, A.E. (1984). Interactive effect of salinity and fertility 

on growth, yield and mineral content of wheat plant. Faculty of 

Agriculture Suez Canal and Desert Institute, Egypt. 

Patel, A.D., Jadeja, H.R. and Pandey, A.N. (2010). Effect of soil salinity on 

growth, water status and nutrient accumulation in seedlings of Acacia 

auriculiformis (Fabaceae). J. Plant Nutri. 33: 914-932. 

http://www.degruyter.com/view/j/vcrb.2007.67.issue--1/v10032-007-0026-4/v10032-007-0026-4.xml
http://www.degruyter.com/view/j/vcrb.2007.67.issue--1/v10032-007-0026-4/v10032-007-0026-4.xml


112 
 

Petersen, K. K., Willumsen, J. and Kaack, K. (1998). Composition and taste of 

tomatoes as affected by increased salinity and different salinity sources. 

J. Hort. Sci. 73: 205-215. 

Peters, G., Minx, J.C., Weber, C.L. and Edenhofer, O. (2011). Growth in 

emission transfers via international trade from 1990 to 2008. Proc. Nat. 

Acad. Sci. of the United States of America. 108(21): 8903-8908. 

Popp, M. (1995). Salt resistance in herbaceous halophytes and mangroves. 

Progress Bot. 56: 416-429. 

Quiros, C.F. (1984). Overview of the genetics and breeding of husk tomato. 

Hort. Sci. 19: 872-874. 

Ranganna, S. (1986). Proximate constituents. In: Handbook of Analysis and 

Quality Control for Fruit and Vegetable Products. 2nd Edn. Tata McGraw-

Hill Publishing Company Limited, New Delhi, India. pp. 9-10. 

Reddy, M.P. and Vora, A.B. (1986). Changes in pigment composition, Hill 

reaction activity and saccharides metabolism in bajra (Pennisetum 

typhoides S and H) leaves under NaCl salinity. Photosynthica. 20: 50-55. 

Reza, S. (2016). Genetic analysis of tomato (Solanum lycopersicum L.) and 

tomatillo (Physalis ixocarpa Brot.) genotypes based on their quality traits. 

MS thesis, SAU, Dhaka, Bangladesh. 

Roy, S.J., Negrao, S. and Tester, M. (2014). Salt resistant crop plants. Current 

Opinion Biotechnol. 26: 115-124. 

Sadasivam, S. and Manickam, A. (1996). Biochemical methods. New Age 

International Publishers Limited, New Delhi, India. 

Saied, A.S., Keutgen, A.J. and Noga, G. (2005). The influence of NaCl salinity 

on growth, yield and fruit quality of strawberry cvs. ‘Elsanta’ and 

‘Korona’. Scientia Horticulturae. 103: 289-303. 

Santiaguillo, J.F., Lopez, R., Pena, A., Cuevas, J.A. and Sahagun, J. (1994). 

Distribution, collection and conservation of germplasm of husk tomato 

(Physalis ixocarpa Brot.). Rev. Chapingo. Ser. Hort. 2: 125-129. 

Satio, T., Chaiki, M., Yusuke, B., Keiko, S. Naoya, F. and Shigeo, N. (2008). 

Salinity stress affects assimilate metabolism at the gene-expression level 

during fruit development and improves fruit quality in tomato (Solanum 

lycopersicum L.). J. Japan Society Hort. Sci. 77(1): 61-68. 

Sevengor, S., Yasar, F., Kusvuran, S. and Ellialtioglu, S. (2011). The effect of 

salt stress on growth, chlorophyll content lipid peroxidation and 

antioxidative enzymes of pumpkin seedling. African J. Agril. Res. 6(21): 

4920-4924. 



113 
 

Shakhov, A.A. (1956). Salt tolerance of plants. Izd. Akad. Of Sciences Nauk, 

USSR, Moscow. 

Shannon, M.C. and Grieve, C.M. (1998). Tolerance of vegetable crops to 

salinity. Scientia Horticulturae. 78(1-4): 5-38. 

Siddiky, M.A., Sardar, P.K., Hossain, M.M. Khan, M.S. and Uddin, M.K. 

(2012). Screening of dofferent tomato varieties in saline areas of 

Bangladesh. Intl. J. Agril. Res. Innov. Tech. 2(1): 13-18. 

Simpson, J., Montes-Hernandez, S., Gutierrez-Campos, R., Assad-Garcia, N. 

and Herrera-Estrella, L. (1995). Plant protoplasts and genetic engineering. 

In: Biotechnology in Agriculture and Forestry VI. Springer, Berlin, 

Heidelberg. pp. 228-239. 

Singh, S.K., Sharma, H.C., Goswami, A.M. and et al. (2000). In vitro growth 

and leaf composition of grapevine cultivars as affected by sodium 

chloride. Biol. Plant. 43(2): 283-286. 

Sionit, N. and Kramer, P.J. (1977). Effect of water stress during different stages 

of growth of soybeans. J. Agron. 69: 274-277. 

Sivritepe, N., Sivritepe, H.O. and Eris, A. (2003). The effects of NaCl priming 

on salt tolerance in melon seedlings grown under saline conditions. 

Scientia Horticulturae. 97: 229-237. 

Small, E. (2011). Top 100 exotic food plants. CRC Press. pp. 117-120. 

http://www.docentes.unal.edu.co/hamartinezco/docs/Tecnicas%20de%2

0Preservacion.pdf. 

Smith, R., Jimenez, M. and Cantwell, M. (1999). Tomatillo production in 

California. Agriculture and Natural Resources, University of California. 

Spoljarevic, M., Agic, D., Lisjak, M. and et al. (2011). The relationship of 

proline content and metabolism on the productivity of maize plants. Plant 

Signaling Behavior. 6(2): 251-257. 

SRDI (2001). Soil resources in Bangladesh: assessment and utilization. p. 105. 

SRDI (2010). Soil salinity report of Bangladesh. Soil Resources Development 

Institute, SRMAF Project Ministry of Agriculture, Mrittika Bhaban, 

Krishikhamar Sarak Farmgate, Dhaka. p. 5. 

Srivastava, K., Kumar, S., Prakash, P. and Vaishampayan, A. (2012). Screening 

of tomato genotypes for reproductive characters under high temperature 

stress conditions. Sabrao J. Breed. Genet.  44(2): 263-276. 

Szabados, L. and Savoure, A. (2009). Proline: a multifunctional amino acid. 

Trends Plant Sci. 15: 89-97. 

http://www.docentes.unal.edu.co/hamartinezco/docs/Tecnicas%20de%20Preservacion.pdf
http://www.docentes.unal.edu.co/hamartinezco/docs/Tecnicas%20de%20Preservacion.pdf
http://anrcatalog.ucanr.edu/pdf/7246.pdf
http://anrcatalog.ucanr.edu/pdf/7246.pdf


114 
 

Taha, B.A., Khalil, S.E. and Khalil, A.M. (2011). Magnetic treatments of 

Capsicum Annuum L. grown under saline irrigation conditions. J. App. 

Sci. Res. 7(11): 1558-1568. 

Tee, E.S., Young, S.I., Ho, S.K. and Mizura, S.S. (1988). Determination of 

vitamin-C in fresh fruits and vegetables using the dye-titration and 

microfluorometric methods. Pertanika. 11(1): 39-44. 

The Plant List (2010). Version 1. http://www.theplantlist.org/. 

This, D., Comstock, J., Courtois, B. and et al. (2010). Genetic analysis of water 

use efficiency in rice (Oryza sativa L.) at the leaf level. Rice. 3: 72-86. 

Thomas, S. and Nambisan, D. (1999). Effect of salt stress on uptake and 

partitioning of sodium, potassium and calcium in rice seedling. Oryza. 

36(1): 42-45. 

Torres, V.R., Godina, F.R., Pournavab, R.F., Mendoza, A.B., Guzman, G.H. and 

Valdes, M.H.R. (2011). Development of tomatillo (Physalis ixocarpa 

Brot.) autotetraploids and their chromosome and phenotypic 

characterization. Breed. Sci. 61: 288-293. 

Valladolid, M. (2010). Fresh Mexico: 100 simple recipes for true Mexican 

flavor. p. 249.https://www.goodreads.com/en/book/show/6579879-fresh-

mexico. 

Van-Ieperen, W. (1996). Effects of different day and night salinity levels on 

vegetative growth, yield and quality of tomato. J. Horti. Sci. 71: 99-111. 

Vargas, O. et al. (2001). Two new species of Physalis (Solanaceae) endemic to 

Jalisco, Mexico. Brittonia. 53(4): 505-510. 

Vessal, M. and Kooshesh, R. (1996). Modulation of pituitary and basomedial 

hypothalamic lysyl-aminopeptidase activities by β-estradiol and/or an 

aqueous extract of Physalis alkekengi fruits. Comparative Biochem. 

Physiol. 115(2): 267-271. 

Vidal, M., Almudena, M., Climent, L., Fernanda, M., Vicent, M., Clemente, P., 

María, R., Cadenas, G. and Aurelio. (2009). A novel in vitro tissue culture 

approach to study salt stress responses in citrus. Repositori University 

Jaume I. 59(2): 179-187. 

Vikram, D. (2013). Golden berry: Decoding the acid freshness and wild sweet 

taste of Physalis. The Economic Times. 

https://economictimes.indiatimes.com/golden-berry-decoding-the-acid-

freshness-and-wild-sweet-taste-of-physalis/articleshow/18791594.cms. 

http://www.theplantlist.org/
https://books.google.com/books?id=HoDXp_jP1MwC&pg=PT249
https://books.google.com/books?id=HoDXp_jP1MwC&pg=PT249
https://www.goodreads.com/en/book/show/6579879-fresh-mexico
https://www.goodreads.com/en/book/show/6579879-fresh-mexico
http://articles.economictimes.indiatimes.com/2013-03-04/news/37437373_1_golden-berry-cape-gooseberry-physalis
http://articles.economictimes.indiatimes.com/2013-03-04/news/37437373_1_golden-berry-cape-gooseberry-physalis
https://economictimes.indiatimes.com/golden-berry-decoding-the-acid-freshness-and-wild-sweet-taste-of-physalis/articleshow/18791594.cms
https://economictimes.indiatimes.com/golden-berry-decoding-the-acid-freshness-and-wild-sweet-taste-of-physalis/articleshow/18791594.cms


115 
 

Walker, D.J. and Bernal, M.P. (2008). The effects of olive waste mill compost 

and poultry manure on the availability and plant uptake of nutrients in a 

highly saline soil. Bioresource Technol. 99: 396-403. 

Waterfall, U.T. (1958). A taxonomic study of the genus Physalis in North 

America, North of Mexico. Rhodora. 60: 107-114. 

Waterfall, U.T. (1967). Physalis in Mexico, Central America and the West 

Indies. Rhodora. 69: 82-120. 

Whitson, M. and Manos, P.S. (2005). Untangling Physalis (Solanaceae) from the 

physaloids: a two-gene phylogeny of the Physalinae. Systematic 

Bot. 30(1): 216-230. 

Wilf, P., Carvalho, M.R., Gandolfo, M.A. and Cuneo, N.R. (2017). Eocene 

lantern fruits from Gondwanan Patagonia and the early origins of 

Solanaceae. Science. 355(6320): 71-75. 

Xie, J.H., Zapata-Arias, F.J., Shen, M. and Afza, R. (2000). Salinity tolerant 

performance and genetic diversity of four rice varieties. Euphytica. 116: 

105-110. 

Yamaguchi, M. (1983). World vegetables, principles, production and nutritive 

values. In: Molecular Nutrition. W. Bock, (ed.). AVI Publ. Company, 

Westport, CT, USA, and Ellis Horwood Limited, Publishers, Chichester, 

England. pp. 1028-1984. https://doi.org/10.1007/978-94-011-7907-2. 

Yang, S.L., Lan, S.S. and Gong, M. (2009). Hydrogen peroxide-induced proline 

andmetabolic pathway of its accumulation in maize seedlings. J. Plant 

Physiol. 166: 1694-1699. 

Yeo, A.R, Lee, K.S., Izard, P., Boursier, P.J and Flowers, T.J. (1991). Short and 

long term effects of salinity on leaf growth in rice (Oryza sativa). J. Exp. 

Bot. 42: 881-889. 

Yildirim, E., Dursun, A., Guvenc, I. and Kumlay, A.M. (2002). The effects of 

different salt, biostimulant and temperature levels on seed germination of 

some vegetable species. Acta Agrobot. 55: 75-80. 

Yildirim, E. and Guvenc, I. (2006). Salt tolerance of pepper cultivars during 

germination and seedling growth. Turkish J. Agric. For. 30(5): 347-353. 

Yildirim, E., Karlidag, H. and Dursun, A. (2011). Salt tolerance of Physalis 

during germination and seedling growth. Pakistan J. Bot. 43(6): 2673-

2676. 

Yildiz, M. and Terz, H. (2013). Effect of NaCl stress on chlorophyll 

biosynthesis, proline, lipid peroxidation and antioxidative enzymes in 

https://doi.org/10.1007/978-94-011-7907-2


116 
 

leaves of salt-tolerant and salt sensitive barley cultivars. J. Agril. Sci. 19: 

79-88. 

Yong-Gen, Y., Yoshie, K., Atsuko, S., Satoru, K., Naoya, F., Hiroshi, E., Sumiko 

S. and Chiaki, M. (2009). Salinity induces carbohydrate accumulation and 

sugarregulated starch biosynthetic genes in tomato (Solanum 

lycopersicum L. cv. ‘Micro-Tom’) fruits in an ABA- and osmotic stress-

independent manner. J. Expt. Bot. 61(2): 563-574. 

Yungfu, Y. and Dashu, L. (2002). Fruit yield, quality and plant growth of tomato 

as affected by salinity of nutrient solutions. J. Chiness Society Hort. Sci. 

48: 25-32. 

Zaki, Y., El-Alfy, T. and Gohary, E. (1987). Study of withanolides, physalins, 

antitumor and antimicrobial activity of Physalis peruviana L. Egyptian J. 

Pharmacological Sci. 28: 235-245. 

Zhang, F., Yang, Y.L., He, W.L., Zhao, X. and Zhang, L.X. (2004). Effects of 

salinity on growth and compatible solutes of callus induced from Populus 

euphratica. In vitro Cellular Dev. Biol. 40(5): 491-494. 

Zhu, J.K. (2002). Salt and drought stress signal transduction in plants. Annual 

Rev. Plant Biol. 53: 247-273. 

 

 

 

 

 

 

 

 

 

 

 

 

 



117 
 

APPENDICES 

Appendix I. Map showing the experimental site under the executed study 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

 

 

The experimental site under the executed study 
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Appendix II. Monthly records of air temperature, relative humidity, rainfall 

and sunshine hours during the period from October, 2017 to 

March, 2018 

Month Year 

Monthly average air 

temperature (oC) 

Average 

relative 

humidity 

(%) 

Total 

rainfall 

(mm) 

Total 

sunshine 

(hours) 

 

Maximum 

 

Minimum 

 

Mean 

   

Oct 2017 35 18.89 28.89 80 4.0 195.50 

Nov 2017 33.89 15 26.11 74 Trace 218.50 

Dec. 2017 28.89 12.78 22.22 79 4.0 212.00 

Jan. 2018 27.22 7.22 18.89 75 3.0 216.50 

Feb. 2018 33.89 12.78 24.44 66 Trace 225.50 

Mar. 2018 35 15 28.89 63 Trace 235.50 

Source: Bangladesh Meteorological Department (Climate and Weather 

division), Agargaon, Dhaka-1212 
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Appendix III. The mechanical and chemical characteristics of soil (0-15 cm 

depth) of the experimental site as observed prior to 

experimentation 

Mechanical composition: 

Particle size Constitution 

Sand 40% 

Silt 40% 

Clay 20% 

Texture Loamy 

 

 

Chemical composition: 

Soil characters Value 

Organic matter 1.44% 

Potassium (K) 0.15 meq/100 g soil 

Calcium (Ca) 3.60 meq/100 g soil 

Magnesium (Mg) 1.00 meq/100 g soil 

Total nitrogen (N) 0.072 

Phosphorus (P) 22.08 µg/g soil 

Sulphur (S) 25.98 µg/g soil 

Boron (B) 0.48  µg/g soil 

Copper (Cu) 3.54 µg/g soil 

Iron (Fe) 262.6 µg/g soil 

Manganese (Mn) 164 µg/g soil 

Zinc (Zn) 3.32 µg/g soil 

Source: Soil Resources Development Institute (SRDI), Khamarbari, Dhaka 
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Appendix IV. Proline standard curve 
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Appendix V. Analysis of variance of the data on agromorphogenic traits of tomatillo 

Sources of 

variation 

Degrees of 

freedom 

Mean Sum Square of 

Days to first 

flowering 

Plant height 

(cm) 

Days to 

maturity 

No. of fruits 

per plant 

Factor A 

(genotype) 
3 21.741* 33.785* 79.185** 77.657** 

Factor B 

(salinity) 
2 128.111** 38.715* 526.750** 75.028** 

A × B 6 1.741NS 27.549* 40.935* 3.880** 

Error 22 5.679 9.967 10.303 0.498 

**Significance at 0.01 level of probability 

*Significance at 0.05 level of probability 
NSNon-significance 
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Appendix V (cont’d). 

Sources of 

variation 

Degrees of 

freedom 

Mean Sum Square of 

Average fruit 

length (mm) 

Average fruit 

diameter (mm) 

Average fruit 

weight (g) 

Yield per plant 

(kg) 

Factor A 

(genotype) 
3 210.711** 294.321** 679.396** 0.242** 

Factor B 

(salinity) 
2 332.202** 387.963** 174.807** 0.164** 

A × B 6 9.152** 16.553** 2.763** 0.012** 

Error 22 1.613 1.426 0.482 0.001 

**Significance at 0.01 level of probability 

*Significance at 0.05 level of probability 
NSNon-significance 
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Appendix VI. Analysis of variance of the data on physiological traits of tomatillo 

Sources of 

variation 

Degrees of 

freedom 

Mean Sum Square of 

Na+ content (%) K+ content (%) 
Proline content 

(µg/g) 

Factor A 

(genotype) 
3 0.062** 2.075** 9477.870** 

Factor B 

(salinity) 
2 2.245** 7.442** 5786.620** 

A × B 6 0.018* 0.119* 1277.210** 

Error 22 0.004 0.038 382.880 

**Significance at 0.01 level of probability 

*Significance at 0.05 level of probability 
NSNon-significance 
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Appendix VI (cont’d). 

Sources of 

variation 

Degrees of 

freedom 

Mean Sum Square of 

Leaf area index 

(cm2) 

Chlorophyll content (%) 

30 days after 

salinity stress 

60 days after 

salinity stress 

Factor A 

(genotype) 
3 25.398** 719.190** 210.440** 

Factor B 

(salinity) 
2 95.881** 6349.490** 344.080** 

A × B 6 1.755* 54.750** 51.680* 

Error 22 0.483 14.470 16.500 

**Significance at 0.01 level of probability 

*Significance at 0.05 level of probability 
NSNon-significance 
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Appendix VII. Analysis of variance of the data on nutritional traits of tomatillo 

Sources of 

variation 

Degrees of 

freedom 

Mean Sum Square of 

Fruit pH Brix percentage 
Titratable acid 

content (%) 

Vitamin-C 

content (mg/100 

g) 

Factor A 

(genotype) 
3 0.125NS 3.751** 0.058** 50.797** 

Factor B 

(salinity) 
2 0.935** 75.871** 1.526** 237.798** 

A × B 6 0.064NS 6.531** 0.225** 13.549* 

Error 22 0.077 0.234 0.002 3.639 

**Significance at 0.01 level of probability 

*Significance at 0.05 level of probability 
NSNon-significance 
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Appendix VIII. Mean values of different agromorphogenic, physiological and nutritional traits of tomatillo under control 

and salinity stress condition 

 
Days to first 

flowering 

Plant height 

(cm) 

Days to 

maturity 

No. of fruits 

per plant 

Average fruit 

length (mm) 

Average fruit 

diameter (mm) 

G1T1 36.33 66.00 95.33 16.33 34.01 38.81 

G1T2 33.67 64.00 87.67 13.67 24.33 28.23 

G1T3 29.67 65.00 79.33 9.67 18.74 21.51 

G2T1 37.67 74.33 92.67 13.33 24.85 30.07 

G2T2 35.67 64.50 87.00 11.67 20.26 22.58 

G2T3 31.67 63.83 80.33 9.00 15.50 20.18 

G3T1 35.33 66.50 96.00 21.33 29.43 34.99 

G3T2 32.67 63.33 90.00 18.67 25.88 31.64 

G3T3 30.33 67.17 85.67 14.67 20.96 24.81 

G4T1 40.00 67.67 90.33 15.67 19.89 21.89 

G4T2 36.67 68.50 83.67 16.00 15.79 18.39 

G4T3 31.67 69.33 76.00 13.67 10.89 13.83 
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Appendix VIII (cont’d). 

 
Average fruit 

weight (g) 

Yield per plant 

(kg) 

Na+ content 

(%) 
K+ content (%) 

Proline content 

(µg/g) 

Leaf area 

index (cm2) 

G1T1 35.29 0.576 0.91 4.12 652.20 23.23 

G1T2 30.53 0.417 1.39 3.42 1569.90 18.90 

G1T3 25.88 0.250 1.74 2.68 3093.30 15.70 

G2T1 22.25 0.297 1.02 3.58 1342.30 18.83 

G2T2 18.92 0.221 1.46 2.32 2230.50 15.45 

G2T3 14.85 0.134 1.91 1.75 3569.30 13.70 

G3T1 33.17 0.708 0.97 3.97 1361.50 18.87 

G3T2 28.41 0.530 1.35 3.23 2814.00 15.87 

G3T3 24.55 0.360 1.82 2.51 4233.80 14.83 

G4T1 14.64 0.229 1.08 3.13 1717.20 18.43 

G4T2 12.11 0.194 1.54 2.67 2995.70 15.47 

G4T3 9.54 0.130 1.97 1.56 4553.70 12.70 
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Appendix VIII (cont’d). 

 Chlorophyll content (%) 

Fruit pH 
Brix 

percentage 

Titratable acid 

content (%) 

Vitamin-C 

content 

(mg/100 g) 
30 days after 

stress 

60 days after 

stress 

G1T1 85.47 79.13 4.27 3.70 0.51 13.40 

G1T2 63.90 57.33 3.89 6.60 0.85 18.50 

G1T3 36.17 31.17 3.52 8.12 1.25 22.05 

G2T1 102.43 95.67 4.17 3.90 0.56 14.75 

G2T2 79.20 72.13 4.06 6.50 0.89 20.85 

G2T3 59.07 51.23 3.87 9.20 1.28 24.60 

G3T1 85.93 80.50 4.34 4.30 0.64 17.50 

G3T2 62.23 57.20 4.21 7.10 0.97 21.80 

G3T3 39.83 33.47 3.99 10.21 1.34 25.80 

G4T1 89.37 83.20 4.38 3.33 0.46 11.80 

G4T2 53.77 47.90 4.23 5.90 0.77 16.50 

G4T3 44.67 39.23 3.58 7.80 1.15 20.50 
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Appendix IX. Reduction percentage in agromorphogenic traits of tomatillo under increasing salinity stress 

 
Days to first 

flowering 
Plant height (cm) Days to maturity 

No. of fruits per 

plant 

T2 T3 T2 T3 T2 T3 T2 T3 

G1 7.32 18.33 3.03 1.52 8.04 16.78 16.29 40.78 

G2 5.31 15.93 13.22 14.13 6.12 13.32 12.45 32.48 

G3 7.53 14.15 4.77 -1.01 6.25 10.76 12.47 31.22 

G4 8.33 20.83 -1.23 -2.45 7.37 15.86 -2.11 12.76 
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Appendix IX (cont’d). 

 

Average fruit length 

(mm) 

Average fruit 

diameter (mm) 

Average fruit weight 

(g) 

Yield per plant 

(kg) 

T2 T3 T2 T3 T2 T3 T2 T3 

G1 28.46 44.90 27.26 44.58 13.49 26.66 27.60 56.60 

G2 18.47 37.63 24.91 32.89 14.97 33.26 25.59 54.88 

G3 12.06 28.78 9.57 29.09 14.35 25.99 25.14 49.15 

G4 20.61 45.25 15.99 36.82 17.28 34.84 15.28 43.23 
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Appendix X. Reduction percentage in physiological traits of tomatillo under increasing salinity stress 

 
Na+ content (%) 

(Increasing trait) 
K+ content (%) 

Proline content (µg/g) 

(Increasing trait) 

T2 T3 T2 T3 T2 T3 

G1 -52.75 -91.21 16.99 34.95 -140.71 -374.29 

G2 -43.14 -87.25 35.20 51.12 -66.17 -165.91 

G3 -39.18 -87.63 18.64 36.78 -106.68 -210.97 

G4 -42.59 -82.41 14.70 50.16 -74.45 -165.18 
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Appendix X (cont’d). 

 

Leaf area index (cm2) 

Chlorophyll content (%) 

30 days after stress 60 days after stress 

T2 T3 T2 T3 T2 T3 

G1 18.64 32.41 25.24 57.68 27.55 60.61 

G2 17.95 27.24 22.68 42.33 24.61 46.45 

G3 15.90 21.41 27.58 53.65 28.94 58.42 

G4 16.06 31.09 39.83 50.02 42.43 52.85 
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Appendix XI. Increase percentage in nutritional traits of tomatillo under increasing salinity stress 

 
Fruit pH 

(Reducing trait) 
Brix percentage 

Titratable acid 

content (%) 

Vitamin-C content 

(mg/100 g) 

T2 T3 T2 T3 T2 T3 T2 T3 

G1 -8.90 -17.56 78.38 119.46 66.67 145.10 38.06 64.55 

G2 -2.64 -7.19 66.67 135.90 58.93 128.57 41.36 66.78 

G3 -3.00 -8.06 65.12 137.44 51.56 109.38 24.57 47.43 

G4 -3.42 -18.26 78.18 134.23 67.39 150.00 39.83 73.73 
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