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THE EFFECT OF SALINITY ON GROWTH AND ACCUMULATION 
OF PROLINE IN CALLI OF cupsicwn spp. GROWN IN VITRO 

BY 
MD. RAYHANUL ISLAM 

ABSTRACT 

The effect of NaCI salinity on growth and development of calli of Capsicum 
spp. was examined in vlliv. Five genotypes of capsicum were used in this 
study. The seeds were surface sterilized with absolute alcohol followed by 
0.1% HgCI,. The seeds were sown on the surface of hormone free MS 

(Murashige and Skoog) medium, solidified with 0.8% of agar and 3% of 
sucrose. The cultures of the seeds germinated initially at dark at 27°±1°C for 
ten days and then in light under 16 h photoperiod at 25°±2°C. Cotyledonary 
leaf and nodal segment explants from four weeks old seedlings were excised 
approximately 0.5 em length. 'I'hesc explants were cultured on MS basal 
medium supplemented with 2 mg'I. NAA. 0.5 ing/L KIN and 5 mg.'L 2,4-1) for 
callus Ibrmation. Addition of 50 mM, 100 mM. 150 mM. 200 mM and 200 mM 

of NaCl to the medium showed a negative effect on the growth and 
development of calli with some variation. Gradual increase of concentration of 
NaCl provoked a significant reduction of the calli size and weight to most of 
the genotypes, though there were some exceptions. Significant genotypic 
variation in tolerance was observed among the genotypes. The genotype 0 
showed better totipoteney under salt stress and remained totipotent li'om lower 
to severe stresses. Genotype G, and 04  showed better tolerance to salt stress at 
different duration as the biomass changing of calli in size and weight was 
comparatively better than those of other genotypes under stress condition. The 
proline accumulation in calli were evaluated and found that they correspond 
with the totipotency of genotype 03  as well as size and growth of calli of 
genotype Ci, and (.1.1. These results suggest that genotype Ci,. 02 and G. have 
the potentiality to tolerate salt stress without their development being affected 
and could be selected for further regeneration. 
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Chapter I 

__ IntToduction 



CHAPTER 1 

INTRODUCTION 

World population is growing at an alarming rate and is anticipated to reach about 

between 8.3 and 10.9 billion by the end of year 2050 (Anonymous. 2013). On 

the other ]land. agricultural productivity is not increasing at a required rate to 

keep up with the food demand. The reasons for these are water shortages, 

depleting soil fertility and mainly various ahiotic and hiotic stresses. Now. 

various ahiotic and biotic stresses are the major area of concern for the 

fulfillment of the increasing Ibod requirements (Shanker and Venkateswarlu. 

2011). 

Salinity is one of the abiotic stress factors. negatively affecting plant growth and 

development processes (Sengupta and Majumder. 2009: Zadeh and Naeini, 

2007: Neumann. 1995). namely. physiological, morphological and biochemical 

processes. including seed germination, plant growth, water and nutrient uptake 

(Willenhorg et al.. 2004) and thereby create a serious trouble in agricultural 

productivity, especially to the land located in sea costal and semi-arid zones. 

About 20-30 percent of the land losing arabilfty due to salinity (FAO. 2002) and 

drastically reduce the agricultural productivity, worldwide every years (Coral 

and Neflmni. 2007). A considerable amount of land in the world is affected by 

salinity which is increasing day by day. More than 45 million hectares of 

irrigated land which account to 20 percent of total land have been damaged by 

salt worldwide and 1.5 million ha are taken out of production each year due to 

high salinity levels in the soil (Munns and Tester, 2008). 

Bangladesh is a country with total area of 147570 km2  of which niajor part 

(80%) consists of alluvial sediments deposited by the rivers Ganges, 

Brahmaputra. Tista. Jamuna. Meghna and their conlluents. The coastal region 

covers almost 29000 km2  which is about 20 percent of the total land and more 

than 30 percent of the cultivable lands of the country. Almost 98 percent of the 

coastal areas are coved by tidal and estuarinc floodplains and small areas about 2 



percent with river lloodplains and peat basins are found in the northern part of 

the coastal area. Tidal floodplains alone covers 65 percent (1865000 ha) of the 

coastal area occur in Satkhira. Khulna, Bagcrhat, Pirozpur. Jhalukhati. Rarisal. 

Patuakhali, Chittagong and Cox's Bazar districts. The estuarine iloodplains 

occur in Noakhali, Bhota and Patuakhali districts and in the north-western part 

of Chittagong district which cover about 33 percent (937000 ha) of the coastal 

area. About 53 percent of the coastal areas are affected by salinity problem. 

thereby agricultural land use efficiency of these areas become yen: low, which 

causes lowering countrys' average cropping intensity (Haque. 2006). 

Plant has capability to regulatc salt accumulation (Munns and Tester. 2008). 

Thus development of crops tolerant to salinity is a great challenge lbr plant 

breeder to increase cropping intensity as well as yields by taking marginal zones 

tinder cultivation (Turkan and Demiral. 2009: Queiros et al., 2007; 1)avenport c-

aL. 2003). 

Capsicurn is one of the most important Solanaceous horticultural crops in the 

world. capsicum is derived from the Greek word "Kapsimo" meaning 'to bite' 

(Basu and Dc. 2003). Capsium terminology is quite con ftising: therefore. pepper, 

chili. chile, chili, aji and paprika are synonymously used for 'apsicum' plants. 

('apsicuin is a tvorahlc food crop lbr in vitro studies dtie to its low 

chromosome number. The basic chromosome number of the genus Capsicurn is 

x=12. all the species are diploids. most are 2rr2x24. including the cultivated 

ones. A few wild species have 2n=26. ('apsicwn originated in the New World. 

where at least 25-30 species have been reported among them five namely C. 

annuwn L. C. frutescens Mill., C. baccatutn U, C. chinense and C. puhescens 

Ruiz and Pavon have been domesticated and is widely cultivated for its fruits 

which have a recognized nutritional value (Csillery. 2006). In fact, they are an 

excellent source of various antioxidant compounds like flavonoids. carotenoids 

and vitamin C. A. B-complex and E along with different minerals like. 

manganese. potassium, molybdenum, folate, and thiamine (Kothari ci at. 2010: 

Chuah ci at, 2008). ('apsicuin contains seven times more vitamin-C than Orange 
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(Kothari el at. 2010). Vitamins-C. A and Beta-carotenoids. present in chillies 

are powerful antioxidants that ruin free radicals and these later protects human 

body against oxidative damage and prevents various diseases such as cancer and 

cardiovascular diseases (Oboth and Rocha. 2007: Simonne el ci.. 1997). The 

brilliant colors found in C.'apsicwn are duc to the mixture of esters of capsanthin, 

capsoruhin. zeaxanthine. crytoxanthine and other carotenoids. These extractible 

colors of fruits are broadly used in the food processing industry to wide range of 

products such as sausages and meat products, as well as for cheeses, butters. 

salad dressings. condiment mixtures, gelatine desserts, coloring, flavoring of 

garnishes. pickles, barbecue sauces, ketchup, snack food, chili con came, curry 

powder tabasco sauce etc. (CIovindarajan, 1986). The curative properties and 

pungency presented in C'apsfcum is assigned to a group of alkaloids known as 

ACapsaieinoids (Oehoa-Alejo and Ramirea-Malagon, 2001). The pepperiness of' 

the chilli is mainly due to presence of Capsaicin (C18H1703N). (measure with 

Scoville scale) which is a produced by condensation of 3-hydroxy. 4-11lethoxy 

benzyl amino and decylenic acid. As a medicine it is used as a counter irritant in 

lumbago. neuralgia, rheumatic disorders and non-allergic rhinitis. It has also a 

tonic and carniinaUve action (Kothari ci at, 2010). In combination with bark it is 

employed in sporadic and lethargic difficulties and also for gout. indigestion 

accompanied by flatulence, tympanitis and paralysis. Its most worthful 

application appears in cynanche nialigna and scarlatina maligna. The plants have 

also been used remedies for hydrops. colic. diarrhoea, asthma, arthritis, muscle 

cramps and toothache (Ravishankar ci at. 2003). Red or hot peppers from 

(Japsicum annuum L. and capsicw;z fruiescens L. are the most pungent peppers 

and are used extensively in Bangladeshi. Mexican and Italian foods. 

Although C'apsicuin spp. have economic importance in the aspect of Bangladesh, 

but they faced problem with salt stress conditions in some parts of Bangladesh. 

By using conventional selection and breeding methods, improvements in (lie 

salinity tolerance of some agriculturally important plants have been attained 

(Ashraf and Harris, 2004), but conventional breeding methods have little success 

and some time failed to achieve desirable results (Purohit ci al.. 1998). in vitro 
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culture has come forth as a useful technique Ibr the study of salt stress as well as 

other stresses. In recent years in vitro technique has come forth as a faster. 

feasible and cost-effective alternative toot for developing stress-tolerant plants 

with limited space and time (Sakhanokho and Kelley. 2009: \Voodward and 

Bennett. 2005: Yamaguchi and lIlumwald. 2005: Borsani ci at. 2003: Naik and 

Widholm. 1993). 

The aim of this study was to evaluate the behavior of callus of C'apsicwn spp. 

undergoing different NaCI concentrations during in vitro development. With 

conceiving the above scheme in mind, the present research work was undertaken 

in order to fulfill the following objectives: 

To determine the response of genotype, treatments and genotype-

treatment interaction on calli size and weight as indicators of tolerance. 

To compare the accumulation of proline as an indicator of tolerance of 

genotypes under control and salt stress condition. 

To establish it protocol 11w in vitro callus induction of dilièrcnt genotypes 

of capsicuin. 

To assess the magnitude of genetic variation regarding callus induction 

tinder control and stressed condition. 

4 
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CHAPTER 11 

REVIEW OF LITERATURE 

Salinity is one of the major abiotic stresses that adversely affect the growth and 

development process of plant (Royehoudurv c/ at, 2008). Yield potentiality of 

many crops has reported to be reduced due to saline growth conditions (Rani et 

at. 2012). It has been estimated that due to the occurrence of high salinity levels 

in soils more than two million acres of agricultural land become inapplicable of 

production every year. In Bangladesh. the coastal region covers about 20 percent 

of the country and over 30 percent of the net cultivable area and extends inside 

up to 150 kin from the sea coast. Agricultural productivity of these areas are 

very poor (Petersen and Shireen, 2001). In recent years. different in vUro 

techniques are being used as a useful tool to select salt tolerant eultivars and 

develop the mechanism involved in salt tolerance (Cu. 2004: Venkataiah ci at. 

2003). On the other hand. Capsicuin crops are cultivated for vegetables as 'veil 

as condiments and also used around the world as sweet peppers. pungent chili 

peppers. or as a source of dried powders of various colors (Vema ci at. 2013: 

Ravishankar et at, 2003). It is also importance as an ornamental plant due to its 

attractive. colorfiul and long-lasting fruit which stand erect on the plant (Shreya 

et. at. 2014: Sanatonibi and Sharma, 2007). The propagation through seeds is 

restricted by low germination rate and short span of viability of seeds 

(SanatonThi and Sharma. 2006). Cross pollination behavior of Capsicwn plants is 

a constraint to propagation of agrononiic traits and for commercial seed 

production for these reasons the traditional breeding fbr salt tolerant will be 

inefficient. So. an efficient in vitro selection protocol in ease of ('apsicuin spp. 

would be a strong weapon to combat against salt stress. 

2.1 Concept and background of plant tissue culture 

Plant tissue culture can be (letined as culture of plant seeds, organs, explants. 

tissues, cells, or protoplasts on nutrient media under sterile conditions. The 

science of plant tissue culture takes its roots from path breaking research in 
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botany like discovery of cell followed by propounding of cell theory. In 1839. 

Schleiden and Schwann proposed that cell is the basic unit of organisms 

(Rhoads. 2007). They visualized that cell is capable of autonomy and therefore it 

should he possible for each cell ilgiven an environment to regenerate into whole 

plant. Based on this premise. in 1902. a German physiologist. Ciottlieb 

I lahcrlandt developed the concept of in vitro cell culture (1 laberlandt, 1902). He 

isolated single fully differentiated individual plant cells from diuIbrcnt plant 

species like palisade cells from leaves of Lczminwn purpureum. glandular hair of 

Pu/monaria and pith cells from pctioles of Eicchonjia crassip/es etc. and was 

first to culture them in Knop's salt solution enriched with glucose. In his 

cultures, cells increased in size, accumulated starch but !äiled to divide. 

Therefore. Habcrlandt's prediction liled that the cultured plant cells could 

grow. divide and devclop into embryo and then to whole plant. ibis potential of 

a cell is known as totipotenc, a term coined by Steward in 1968. Despite lack of 

success. I lahcrlandt made several predictions about the requirenients in media in 

experimental conditions which couldpossibly induce cell division, proliferation 

and embryo induction. Gottlieb Jlahcrlandt is thus regarded as father of tissue 

culture. Taking cue from F!aberlandt's failure, Hannig chose embryogcnic tissue 

to culture. He excised nearly mature embryos from seeds of several species of 

crucifers and successfully grew them to maturity on mineral salts and sugar 

solution. In 1908. Simon regenerated callus, buds and roots from Poplar stem 

segments and established the basis for callus culture. 

For about next 30 years (upto 1934). there was very little further progress in cell 

culture research. Within this period, an innovative approach to tissue culture 

using mcristematic cells like root and stein tips was reported by Kotte (1922) 

and Robbins (1922) working independently. All these research attempts 

involving culture of isolatcd cells, root tips or stem tips ended in development of 

calli. There were two objectives to be achieved before putting Habcrlandt's 

prediction to fruition. First, to make the callus obtained from the explants to 

proliferate endlessly and second to induce these regenerated calluses to undergo 

organogenesis and form whole plants. It was in 1929s.   when progress in plant 
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tissue culture accelerated rapidly owing to an important discovery natural auxins 

were necessary for the growth of isolated tissues containing merisremsn by 

Went. This breakthrough caine from Went who reported that not only could 

cultured tomato root tips grow but could he repeatedly sub cultured to fresh 

medium of inorganic salts supplemented with yeast extract. In 1926. Went 

discovered first plant growth regulator (PGR). indoleacetie acid (fAA) is a 

naturally occurring member of a class of PGRs termed 'Auxins (Zhang and 

Duijn. 2014). Gautheret (1934) reported the successful culture of cambium cells 

of several tree species to produce callus and 2 addition of auxin enhanced the 

proliferation of his cambial cultures. Further research by Nobecourt (1937), who 

could successful grow continuous callus cultures of carrot slices and White 

(1939) who obtained similar results from tumour tissues of hybrid Nicotiana 

glauca x N. lwzgsdorffui. Thus, the possibility of cultivating plant tissues for an 

unlimited period was independently endorsed by Gautheret. White and 

Nobecourt in 1939. 

Adding to the ongoing improvements in the culture media. Van-Overheek 

(1942) reported growth of seedlings from heart shaped embryos by enriching 

culture media with coconut milk besides the usual salts. vitamins and other 

nutrients. This provided tremendous impetus for further work in emhn'o culture. 

Stern tip cultures yielded success when Ball (1946) devised a method to identify 

the exact part of shoot meristem that gives rise to whole plant. Afler 1950, there 

was an immense advancement in knowledge of effect of PGRs on plant 

development. The fact that coconut milk (embryo sac fluid) is nutritional 

requirement for tobacco callus besides auxin indicated the non auxinic nature of 

milk. This prompted further rcsearch and so other classes of PGRs were 

recognized. Skoog and Tsui (1948) demonstrated induction of cell division and 

bud formation in tobacco by adenine. This led to fhrther investigations by Skoog 

and Miller (1957) who isolated tinetin'- a derivative of adenine (6-furyl 

aminopurine). Kinetin and many such other compounds which show bud 

promoting activities are collectively called cytokinins, a cell division promoter 

in cells ol' highly mature and differentiated tissues. I lowcver. now the concept is 
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altered to mtittiple thetors like source of plant tissue, environmental factors. 

composition of media, polarity, growth substances being responsible For 

determination of organogenesis. Besides PGRs, scientists tried to improve 

culture media by differing essentially in mineral content. In this direction. 

Murashige and Skoog (1962) prepared a medium by increasing the concentration 

of salts twenty-five times higher than Knops. This media enhanced the growth of 

tobacco tissues by five times. Even today MS medium has immense commercial 

application in tissue culture. Having achieved success and expertise in growth of 

callus cultures from explants tinder in vitro conditions, focus now shifted to 

preparation of single cell cultures. Muir ci at. (1954) demonstrated that when 

callus tissues were transferred to liqud medium and subjected to shaking, callus 

tissues broke into single cells. Bergmann (1959) developed a technique Ebr 

cloning of these single cells by liltering suspension cultures. This technique 

called Plating technique is widely used for cloning isolated single protoplasts. 

Next step for realization of liaherlandt's obiectives  was development of whole 

plant from the proliferated tissue of these cells. 

Vasil and Hilderbrandt (1966), were first to regenerate plantlets from colonies of 

isolated cells of hybrid Niconana giutiiwsa x N iabacwn. The role of tissue 

culture in plant genetic engineering was first exeniplitied by Kanta ci cii. (1962). 

They developed a technique of test tithe fertlization which involved growing of 

excised ovules and pollen grains in the same medium thus overcoming the 

incompatibility barriers at sexual level. In 1966. Ciuha and Maheshwari cultured 

anthers of Datura and raised embryos  which developed into haploid plants 

initiating androgenesis. This discovery received significant attention since plants 

recovered from doubled haploid cells are homozygous and express all recessive 

genes thus making them ideal for pure breeding lines. 

Next breakthrough in application of tissue culture came with isolation and 

regeneration of protoplasts first demonstrated by Cocking in 1960. Plant 

protoplasts are naked cells from which cell wall has been removed. Cocking 

produced large quantities of protoplasts by using cell wall degrading enzymes. 
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After success in regeneration of protoplasts. Carlson (1972) isolated protoplasts 

from jVicotianu glauca x N. langsclor/ii and fused them to produce first somatic 

hybrid. Since then many divergent somatic hybrids have been produced. With 

the advent of restriction enzymes in early 1970s. tissue culture headed towards a 

new research area. The totipotent plant cells could now be altered by insertion of' 

specific foreign gcnes giving rise to genetically modified crops. In Restriction 

enzymes are named according to a convention proposed by Smith and Nathans 

(Smith and Nathans, 1973). This led to construction of first recombinant 

organism by Cohen ci aL in 1973. 

2.2 Nutrient media 

The type and composition of culture media vary with the growth and 

morphogenesis of explant tissues. The selection of tissue culture medium is 

usually depends on the basis of the species to be culture. For example sonic 

species require high salts or have different necessities for Plant growth 

regulators (PGRs). Some tissues show better response on solid medium while 

others response better on liquid medium. Thereibre. considering specific 

requirements of a particular culture system development of culture medium 

fonnulations demands a systematic trial and experimentation. 

Knop's solution (Knop. 1884) considered as the oldest medium and White's 

medium (White. 1963) is one of the earliest plant tissue culture media generally 

formulated for root culture. MS medium (Murashige and Skoog. 1962) is a high 

salt medium due to its content of potassium and nitrogen salts, which is most 

suitable medium for plant regeneration from tissues and callus and also 

commonly used. B5 medium (Gamhorg ci al.. 1968) is generally used for cell 

suspension or callus culture. It contains fewer amounts of nitrate and particularly 

ammonium salts than MS medium. MN medium (Nitsch and Nitseh. 1969) 

developed mainly for anther culture has a salt concentration intermediate to MS 

and \Vhite's medium. PCI (Protoplast culture isolation) medium (Frearson ci al. 

1973) and KM medium (Kao and Miehayluk, 1975) used for protoplast culture. 
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2.2.1 Inorganic nutrients 

in vitro growth of plants also requires combination of macro and mieronutrients 

like in vivo growth. Macronutrients are those which are required in greater than 

0.5 rnM/L concentration, as for example nitrogen, potassium. phosphorus. 

calcium, magnesium and sulphur. They prcscnt in form of salts in media. 

Nitrogen is usually supplied in fonn o1 nitrate (NO3') and ainmonium (NI 14 ) 

ions. Nitrate is superior to ainmonium as the exclusive Nitrogen source hut use 

of NH.( checks the increase of p1-I towards alkalinity. Culture media should 

contain at least 25 mMJL nitrogen and potassium. Other major elements are 

adequate in concentration range of 1-3 mM/IS. Micronutrients are those elements 

which are required at a concentration less than 0.05 mM/I,. These include iron. 

manganese. zinc, boron, copper and molybdenum. These inorganic elements 

although required in small quantity but essential for plant growth, most critical 

of them being iron which is not available at low pH. Therefore, it is provided as 

iron E1YFA complex to make it available at wide range of p!-T (Rhitu and Shastri. 

2007). 

2.2.2 Carbon source 

As source of energy Sugar is very important part of plant tissue culture nutrient 

medium. Because most of the plant cultures are unable to photosynthesize 

effectively due to lack of chlorophyll, inadequate cellular and tissue 

development, inability of gaseous exchange and fixation of carbon dioxide in 

tissue culture vessels etc. As they lost the autotrophic ability need external 

supply of carbon for energy. The most preferred carbon or energy source is 

sucrose at a concentration of 20-60 g/L. Sucrose is hydrolysed to glucose and 

fructoses which while the medium are autoclaved which are used !br growth and 

development of plant cultures but, if Fructose is autoclaved it produces a toxic 

effect to the culture. Other carbon sources like glucose. sorhitol. raffinose etc. 

may he used depending upon plant species to he cultured. Carbohydrates also 

provide osmoticum for this reason in anther culture higher concentration of 

sucrose (6-12%) is used (Rhitu and Shastri. 2007). Galactose has been said to be 
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toxic to most plant tissues: it inhibits the growth of orchids and other plants in 

concentrations as low as 0.01% (0.9 mM) (Arditti and Ernst. 1984: Ernst et at, 

t971). 

2.2.3 Organic supplements 

There are many organic supplements as vitamins, amino acids, activated 

charcoal, complex organics etc. which are required (hr complotting different 

physiological and metabolic processes. stimulating or inhibiting in vi/ro cell 

growth and development. 

Vitamins are organic substances works as cofactors or parts of enzymes fhr 

metabolic, processes. So, achieving optimum growth and development, culture 

medium should be enriched with vitamins. Thiamine (131 ). nicotinic acid (133). 

pyridoxine (I3).  pantothenic acid (B) is some vitamins commonly used in tissue 

culture medium. The thiamine is essentially added to medium as it is essential 

for carbohydrate metabolism; other vitamins are promontory (Rhitu and Shastri, 

2007). The advantage of adding thiamine was discovered almost at the same 

time by I3onner (1937. 1938). Robbins and Bartley (1937) and Whitc (1937). 

Nicotinic acid and pyridoxine appear. in addition to thiamine, in media 

developed by Bonner ( 1940). (iautheret (1942) and White (1943). 

Amino acids are another organic supplement mainl' stimulates cell growth in 

protoplast cultures and also intluence induction and development of somatic 

embryos. Lglutamine. L-asparagine, L-cystein. L-glycinc are commonly used 

amino acids in culture medium in form of mixtures because individually they 

inhibit cell growth (Rhitu and Shastri. 2007). 

Organic Complexes are group of supplemcnts which are not clearly defined such 

as coconut milk. (Bumet and Ibrahim. 1973; Steward and Caplin. 1952: Caplin 

and Steward. 1948; Gautheret . 1942; Van-Overbeek ciat. 1942) . malt extracts 

(Carimi ci al., 1999. 1998: Das et at. 1995: Jumin, 1995: De-Pasquale c/ at, 

1994; Rangan. 1984), yeast extract (Thorn ci al., 1981; Bridson. 1978; Nickcll 

and Maretzki, 1969: Morel and Muller. 1964; Skinner and Street. 1954; Straus 
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and La Rue, 1954. Bonner and AddLcott. 1937 Robbins and Bartky. 1937: \ 

White. 1934). Potato extract (McGregor and McHughen. 1990: Harvais. 1982: 

Sagawa and Kunisaki, 1982: Chuang et at, 1978 : Sopory el at. 1978: Vacin 

and Went. 1949) tomato juice. orange juice etc. These compounds are frequently 

used when no other combination of defined components rcsults the desired 

gro1h. Potato extract has been found useful for anther culture (Rhitu and 

Shastri. 2007). 

Activated charcoal behaves both in promotion and inhibition of culture growth 

depending upon plant species being culturcd. It is reported to promote growth 

and development in orchids, carrot, ivy. C'apsicum and tomato whereas inhibits 

soybean, tobacco etc. It reduce toxicity by absorbing absorbs brown-black 

pigments and oxidized phenolics produced during culture. It also absorbs other 

organic compounds like PGRs. vitamins etc. which may cause the inhibition of 

growth. Another feature of activated charcoal is that it causes darkening of 

medium which helps in root formation and development (Rhitu and Shastri. 

2007). 

2.2.4 Plant Growth Regulators (PGRs) 

Plant Growth Regulators stimulate cell division and thus regulate the 

proliferation and development of shoot and roots on explants and embryos in 

semi-solid or in liquid culture medium so that their addition is must. Auxins. 

cvtokinin. gibberellins and abscissic acid are the four major PGRs used in the 

culture medium. 

Auxins bring on cell division, elongation, apical dominance, adventitious root 

ronation and somatic embryogenesis. In low concentration. auxins induce root 

initiation and callus formation in high. 1-Naphthalcneacctic acid (NAA). 2.4-

Dichlorophcnoxyacetie acid (2.4-I)). Indole-3-Acetic Acid (IAA). indolebutyric 

Acid (IRA) etc. are the most commonly used synthetic auxins . Due to 

photosensitivity the stock solutions ot' both JBA and IAA must be stored in the 
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dark. 2.4-D is mainly used for induction and regulation of somatic 

einbryogenesis in in vitro studies 

Cytokinins stimulate in vitro ccli division. initiation and growth of shoots. 

Commonly used cvtokinins are Zeatin. 6-Benzylaminopurine (HAP), Kinetin 

and 2-iP (2-isopentenyl). They alter apical dominance by stimulate auxiliary 

shoot formation. Cytokinins when used in high concentration inhibit root 

formation and stimulate adventitious shoot formation (Rhitu and Shastri. 2007). 

The morphogenesis is decided by the ratio of auxin and cytokinin in the culture 

medium. A higher ratio ol cytokinin to auxin promoting shoot formation, while a 

higher auxin to cytokinin ratio promotes rooting. A cytokinin: auxin ratio of 

about 50: 1 produces shoots with minimum callus formation. New shoots may be 

suheultured at an interval of about 4 wccks (George, 2007). 

Gihbrellins and abscissic acid are lesser used PGRs. Gibbrellie acid (GA3) is 

mostly used for internode elongation and mcristcm growth. Abscissic acid 

(ABA) is used only for somatic enibrvogcnesis and for culturing woody species 

(Ithitu and Shastri. 2007). 

2.2.5 Solidifying agents 

Solidifying agents are utilized for preparing semisolid tissue culture media to 

enable explant to be placed in right contact with nutrient media on surface or 

slightly embedded for providing good aeration. Agar is high a polysaccharide 

with molecular weight and obtained from sea weeds which can bind water. It is 

added to the medium in concentration ranging from 0.5 percent to 1 percent 

(w/v). Agar is preferred over other gelling agents due to its inert nature. it does 

react with other media component and also not digested by plant enzymes. A 

purified extract of agar called Agarose' is used for protoplast culture. Cielrite is 

another gelling agent unlike agar which is transluccnt and therefore easier to 

detect contamination. Mechanical support to cell or tissue growth can also be 

supplied without using any gelling agent but with Filter Paper Bridge, perforated 

cellophane and polyurethane foam etc. (Rhitu and Shastri. 2007). 
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2.2.6 pH 

The p1-1 of a solution is the negative logarithm of hydrogen ions (II') 

concentration. Absorption of loris and also solidification of gelling agent is 

greatly affected by the pH of culture media. Optimum p11 for culture media is 

5.8 which must be adjusted before autoclaving. p1-1 values of culwre media lower 

than 4.5 or higher than 7.0 greatly limits the in vitro growth and development. 

The p11 of culture media generally decreases by 0.3 to 0.5 units after autoelavirig 

and due to oxidation, differential uptake and secretion of substances by growing 

tissue it keeps changing through the period of culture (Rhitu and Shastri. 2007). 

2.3 Salt stress 

Salt stress is one of the most important ahiotic factors in limiting plant 

productivity (Munns. 2002a). It results from a number of' detrimental processes 

including an ion imbalance and toxicity, the iinpairnient of mineral nutrition, a 

reduction in the water status of the plant tissues and oxidative stress, linked to 

the production of reactive oxygen species, which cause damage to lipids, 

proteins and nucleic acids (Hernandez ci al.. 2000). Salt stress is leading to 

negative impacts on almost every economic scctor in Bangladesh. mainly in 

agriculture. The farmers of Bangladesh. especially in the coastal zone, are 

struggling with the adverse impacts of salt stress. About 53 percent of the coastal 

areas of Bangladesh are aIi'ected by salinity problem (1-taque. 2006). Salinity 

intrusion in soil caused by climate-induced hazards., especially cyclones and sea 

level rise (Rabbani ci at, 2013) and also by man-induced hazard like unwise 

Shrimp culture, irrigation with salt water, the use of potassium as fertilizer. 

which can form sylvite, a naturally occurring salt etc. As soil salinity increases, 

salt effects can result in degradation of soils and vegetation. 

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 relèrred to as the 

osmotic effect of salt stress, which starts immediately after the salt concentration 
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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 and the third one is nutritional stress (Montoliu ci at. 2009: Gorncz-Cadenas 

et at. 1998). Within many species. documented genetic variation exists in the rate of 

accumul ation of Na' and Ci in leaves, as well as in the degree to which these ions 

can be tolerated (Munns and I'ester. 2008). For most species. Na appears to reach a 

toxic concentration before Cl-  does. Tiowever for some Cl considered being the more 

toxic ion (Lopez-Climent etal.. 2008; Moya c/at, 2003). 

2.3.1 Effects of salt stress on plant cell 

Most crops are unable to grow well on salt containing soils. The main reasons 

behind that the salts prohibit the water uptake and reduce the amount of water up 

taken by plant for growth and development. Also, it is lethal for plant when 

some salts present in extravagant amount. The adverse effects due to salinity 

have been caused by mainly Na and Cl-  ions and these ions create the critical 

conditions for plant survival through bugging different plant mechanisms. I Ugh 

salinity creates both hyperionic and hyperosniotic stresses and cause plant death 

(Hasegawa ci at, 2000). It is reported that plants growing under salt stress 

conditions are affected in three ways: reduced water potential in root zone 

causing water deficit for plant uptake. phyiotoxicitv caused by Sodium ions and 

Chloride ions and thereby nutrient imbalance, dejecting uptake and transport of 

nutrients (I Iasanuzzanian ci at. 2013). K is an essential plant nutrient ion but 

when in salt stress condition Na4  (primary toxic ion) competes with K • for 

binding sites essential for cellular functions and may cause potassium deficiency 

(Munns. 2002b) as well as and disturbs stomatal regulation which ultimately 

causes water loss and necrosis. This is called salt-specific or ion-excess effect of 

salinity (Kuniar a at. 200$). 

On the other hand. Cl-  which is the most dangerous than Na' (Tavakkoli ci at, 

2010) induces chlorotic toxicity symptoms due to interfering with production of 

chLorophyll (ChI). Though in plant cells, Cl is required for the regulation of 
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some enzyme activities in the cytoplasm and also a co-factor in photosynthesis 

and is involved in maintaining turgor and p11 but it is toxic to plants at high 

concentrations (White and Broadlcy. 2001; Xu ci at, 2000). Higher 

accumulation of Cl-  led to a significant reduction in growth and water use 

efficiency in plants. Nevertheless, the uptakc of these ions depends on Ihctors i.e. 

the plant growth stage. genetic characters, temperature. relative humidity, light 

intensity etc. The toxic ions enter into the plant with the water flow up taken by 

plant through root system. The ions move from soil to the vascular system of the 

plant root by apoplastic and symplastic pathways (liasanuzzaman ci at, 2013). 

2.3.2 Mechanism of salt tolerance 

The salt tolerance of a plant is the degree to which the plant can withstand, 

without any significant adverse effects in growth and development, in practical, 

salt tolerance is a relative term. It varies plant to plant. Some are more tolerant to 

a high salt concentration than others. Though the mechanisms involved in salt 

tolerance are poorly understood but there arc some points at which salt transport 

is regulated. For overcoming salt stress. plants have evolved protective 

mechanisms that allow them to acclimatize. 

2.3.2.1 PhsiologicaI mechanisms 

2.3.2.1.1 Accumulation of 1)roline 

The protective physiolocical mechanisms for salt tolerance, include osmotic 

adjustment that is usually accomplished by accumulation of compatible solutes 

such as proline, glycine hetaine and polyols (Cihoulam et at. 2001) but Proline 

(Pro) is probably the most common compound accumulated by plants as 

(Grigorc ci aL, 2011; Szahados and Savouré. 2010: Verbruggen and l-lennans. 

2008). Proline is an u-amino acid, one of the twenty main amino acids 

biosynthetically derived from the amino acid L-glutamate. Proline is known to 

accumulate under salt stress in many crops (Munns and Tester. 2008). Their 

main role is probably to protect plant cells against the ravages of salt by 

maintaining the osmotic balance, stabilizing subcellular structures, such as 
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membranes and proteins, and scavenging Reactive oxygen species (ROS 

(Ashraf and Foolad. 2007). 

there are many published reports showing that, under controlled laboratory 

conditions. the concentration of proline in plants increases in parallel with an 

increase of the external salinity level, and there are also some studies on proline 

contents in plants collected from the field (Parvaix and Satyawati 2008: Munns. 

2005; Tester and Davenport 2003; Marcum. 2002). Some of the earliest data 

regarding proline accumulation in halophytes are those recorded by Stewart and 

Lee (1974) who found that proline levels in Triglochin ,naritim.a were low in the 

absence of salt, but increased as the salinity was raised. More recently. Naidoo 

and Kifi (2006) reported a significant increment of proline in plants of .Juncus 

kraztcszi treated with NaCl. When comparing the levels of proline in plants with 

different degrees of salt sensitivity, they are often higher in the more resistant 

ones; however, there are also many examples in which there is no positive 

correlation between proline contents and tolerance (Ashraf and Foolad. 2007: 

Chcn et at, 2007: (uerrier, 1998: Lutis el at, 1996). 

2.3.2.1.2 Control of Na infringement 

There is physiological evidence that control Na' encroachment of the tissues is a 

key determinant of salt tolerance (Niu et al.. 1995; Yco and Flowers. 1986). The 

mechanisms involved in this control are poorly understood. As for example 

selective uptake from the soil solution, loading of xylem. loading of the phlocm, 

removal of salt from the xylem in the upper part of the plant and excretion 

through salt glands (Munns. 2002a.h). Based on osmotic potential, plant can 

control the toxic ions like Na to enter into the cell through enerav driven 

pathway (Garciadeblas et at.. 2003). In an experiment presenting the effects of 

the over expression of a Na1/I1' tonoplastic antiporter in Arabidopstc has noticed 

the first experimental evidence that control of Na transport within tissues has a 

great effect on salt tolerance (Apse et al., 1999). 
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2.3.2.2 Genetic mechanisms 

Regulation of gene expression in salinity stress includes a wide range of 

mechanisms that arc used by plants to up regulate or down regulate (increase or 

decrease) the production of specific gene products (protein or RNA). Various 

mechanisms of gene regulation have been identified (luring the central dogma. 

from transcriptional initiation. to RNA processing, and to the posttranslational 

inodi ication of a protein. 

Transcription factors are considered as most important regulators that control 

gene expressions. Among them. bZIP. WRKY, AP2, NA C, C2H2 zinc finger 

gene. and DREB Ilimilies comprise a large number of stress-responsive 

members. These transcription factor genes are capable of controlling the 

expression of a broad range of target genes by binding to the specific cis-acting 

element in the promoters of these genes (Gupta and Iluang. 2014). 

Transcriptions factors such as OsNAC5 and ZIP 179 showed an upregulation 

under salinity stress, which may regulate the synthesis and accumulation of 

proline, sugar, and LEA proteins that in turn play an integral role in stress 

tolerance (Song ci (,it. 2011). 

A large number of genes and transcription factors are upregulated in response to 

salinity in different plant species, which serve diverse functions (Chakrahorty ci 

at, 2012; Zou etal.. 2012; I.ini ci at, 2010; Zou ci at, 2009 Roshandel ci at, 

2009). Examples of sail-responsive are mainly classified into the following 

functional categories: ion transport or honeostasis (e.g., SOS genes. AziVI-JX/. 

and H'-ATPase), senescence-associated genes (e.g.. SAG). molccular chaperones 

(e.g.. LISP genes). and dehydration-related transcription factors (e.g.. DREB). 

Among stress-responsive genes. the SOS gene family is believed to play a very 

intriguing role in ion homeostasis, thereby conferring salt tolerance (I-lasegawa 

et at, 2000; Liu c/ al., 2000; SM ci al., 2000; Yen ci at. 2000). Some ROS-

scavenging and osmotic-regulating genes are also upregulated by salinity in 

some plant species. 
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Downregulated genes are emerging now as essential components of the response 

to 	salinity. 	For example downregulation 	of carotene hydroxylase 

increases carotene and total carotenoids enhancing salt stress tolerance in 

transgenic cultured cells of sweet potato (Kim et al., 2012). It seems that mutual 

regulation mechanism exists between different genes and proteins and signals 

underlying different processes of plant adaptation to abiotic stress. 

In addition to protein coding genes. recently discovered mieroRNAs (miRNAs) 

and endogenouks small interfering RNAs (siRNAs) have emerged as important 

players in plant stress responses. Initial cities suggesting that small RNAs are 

involved in plant stress responses stem from studies showing stress regulation of 

iriiR.NAs and endogenous siRNAs. as well as from target predictions fbr some 

miR}JAs (Sunkar et at, 2007). 

2.4 Capskwn 

Capsicum is the most consumed spice in the world. It is used in the food. 

medical and chemical industries, in preparations as diverse as sauces, pain 

medication and agro-ehemical insecticides. The genus C.'apsicum is a member of 

the Solanaeeae family and consists of approximately 22 wild species and live 

domesticated species. The live domesticated species are C. annuzun L., C. 

baccaizem L.. C chinense Jacq.. C. j)-uiescens L. and C. pubescens R. and P. 

The production of Capsicum is concentrated in a few countries, mostly 

developing nations. India is the dominant producer (44%), followed by China 

with a 9% market share in. From 1990 to 1999. Bangladesh was the world's 

fastest growing producer of Capsicum and by 2004, its third largest producer. 

Thailand and Peru are also significant exporters and producers. In 2004. the top 

three exporting countries of Capsicutn were China. India and Spain, which 

managed to capture 27%. 16% and 11% of the market, respectively and the top 

three importers of capsicum were the US. Malaysia and Germany. with a market 

share of 23%, 8% and 7% of the market, respectively (SADC. 2004). Malaysia is 

the largest importer of Indian Capsicwn (-30%). followed by other traditional 
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importers like Bangladesh (-20%), Sri Lanka (15%), USA (9%), and UAE (8%) 

(Reddy ci at, 2014) 

capsicum is a valuable spice and one of the most important cash crops grown 

also in Bangladesh. It is available and used in the form of green. dried and 

powdered. It has become an essential ingredient in Bangladeshi meals. Most of 

our households always keep a stack of fresh hot green C'apsicwn at hand, and 

use them to flavor most curries and dry dishes. It is typically lightly fried with 

oil in the initial stages of preparation of the dish. Red Capsicums contain large 

amounts of vitamin-C and small amounts of carotene (provitamin-A). Green 

Capsicuins (unripe fruit) contain a considerably lower amount of both 

substances. In addition, peppers are a good source of most vitamin-B and 

vitamin-86 in particular. They are very high in potassium, magnesium and iron. 

The Gapsicum is a plant of tropical and sub-tropical region. It grows well in 

warm and humid climate. Deep. loamy, fertile soils rich in organic matter are 

preferred by the crop for satisfactory growth. Also need well drained soils with 

adequate soil moisture for the growth of the crop. C'apsicum grows well in the 

dry and the intermediate pan of the country. C'apsicwns should not be in a 

position where the nightly temperature fulls below 12°C. Growth will he 

inhibited if temperatures fall below 15°C. Capsicum pepper plants is a type of 

seasonal crops (annual plant) which only live for one season then died. 

A total of 434757 acres of land are under Cap.yicwn crop (BBS. 2014). Average 

gross margin and net return of green capsicwn were Tk.121315 and Tk.92250 

respectively. The benelit cost ratio for green Capsicum was 1.64, which 

indicated that C.'apsicum cultivation is profitable in the areas (TIoq etal., 2013). 

2.4.1 In vitro investigations in C'tspsicusn 

In vitro is a Latin word meaning 'in glass'. Investigations or studies that 

are performed with cells or biological molecules outside of their normal 

biological circumstance, for example cells in artificial culture medium. In vitro 

investigations informally also called "test tube experiments", these studies 
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in biology and its sub-disciplines are traditionally done in test-tubes, 

flasks. Petridishes etc. in vitro studies include: the isolation, inoculation, growth. 

subcultures, cellular or sub cellular extracts: purification of molecules 

(ofttn proteins, DNA. or RNA, either individually or in combination) and the 

commercial production of' antibiotics and other pharmaceutical products etc. 

Several in vitro investigations have been conducted on &zpsicum in difièrcnt 

applications i.e.. in vitro regeneration from C2spsicwn pepper (Berljak. 1999). 

production of virus free plants (Meena, ci at. 2014). genetic transformation 

(Arcos-Ortega ci at. 2010) and studies about the effect of variety and plant 

growth regulators on direct and indirect organogenesis and regeneration (Swainy 

ci at, 2014: Ashrafuzzaman etat, 2009; Santana-Buzzy ciat. 2009; Kaparakis 

and Alderson. 2008: Rakshit ci at. 2007; Khan ci at. 2006: Stasolla and Yeung. 

2003: Reddy c/ at, 2002; Kintzios et at, 2001: Nanakorn c/ at. 1994; Ilarini 

and Lakshmi Sita. 1993). 

In vitro plant regeneration from pepper (Capsicwn WWUUIn 1.. cv. Soroksari') 

explants were investigated by Berljak (1999). Shoot-tip. cotyledon and 

hypocotyl explants excised from 2 weeks old seedlings were cultured on 

Murashige and Skoog medium supplemented with B5  or L2  vitamins, and 

different content of growth regulators: 2.4-Dichlorophcnoxyaeetic acid. 

benzyladenine. indole-3-acetie acid, and zeatin. 

Shoot fonitation from different explants as apical meristern. cotyledons. stems 

intemodes. leaves. anthers and inllorcsccnccs has been reported in C'apsicum 

(Verma ci at. 2013; (3rozeva etal.. 2012; Otroshy,  ciat 2011  a,b; Adhikery and 

Amin. 2011: Rakshit ci al., 2007; Kehic ci at, 2011: Aboshama. 2011: Kumar 

and l'am, 2010; Ashrafijzzaman ci at, 2009; Sanatombi ci at, 2007; Joshi and 

Kothari. 2006: Mathew, 2002; Shivegowda ci at, 2002; Kintzios ci at, 2001: 

Kim el at, 2001; Thu ci at, 1996). 1 laploid technology in pepper includes 

induction and regeneration of' haploid embryos from anthers or microspore 

culture. Genetic analysis is easy in ease of plant regenerants containing a single 

set of chromosome, originating from in vitro anther culture due to its low 
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chromosome number (Pauk ci at 2010: Nervo et at 2007: Andres et at. 2004: 

Zagorska ci at, 2002: Steinitz ci at, 1999: Atanassov ci al.. 1995). By doubling 

of the haploid genome a fti!!y homozygotic line can he obtained within a short 

period of time which is important for creation of genetic variation with higher 

quality. Regeneration from haploid callus derived directly from anther or 

microspores and haploid embryos has been attempted successfully achieved by 

many scientist (Basay and E!!ialtioglu. 2013; Nowaezvk cx al.. 2009; Lantos ci 

at, 2009: Kim ci at. 2008: Asakaviciute. 2008: Irikova. 2008; Ba! and Ahak. 

2007: Rodeva ci at 2007: Nowaczyk and Ki.siala, 2006; Supena. ci at. 2006: 

flrcan et al., 2006; 'l'ouraev and llcberle-Bors. 2003; Com!ekeioglu cial., 2001: 

Dumas-de-Vaulx, 1990; Gresshoff and Doy 1972; Wang ci at. 1973). In vitro 

selection and screening of abiotic stress tolerant eel! lines 1kw genetic variability 

analysis have been also reported in C'apsicun (Solis-Marroquin et at. 2011: 

Mohammed and Mohammed. 2007). 

2.4.2 Genotypic variation of ('apsicun: genotypes in vitro 

As that of other factors like explants and media components. genotypes also play 

a significant role in in vitro response. 

2.4.2.1 Variation due to (litierdnt growth regulators 

In an investigation conducted by Fari ci at (1990), two important breeding lines 

and seven cultivars of chilli were compared on the basis of their regeneration 

potential. Di!Thrent excised organs of seedlings were used as explant. They 

found considerable shoot regeneration potential difference among chilli 

genotypes. The common phenomenon was that in all genotypes IAA stimulated 

shoot regeneration; however some moderatc regeneration was observed even 

without IAA. In contrast to this, differential in vitro regeneration response was 

also observed among six cultivars and one Guatemalan wild accession. The wild 

accession showed the best regeneration response. Out of six cultivars, in lola 

wonder L. occasional elongation of shoots was attained by incubating cultures in 

the dark rather than light on a medium containing 10 rng/L I3AP and I mg.1L 
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IAA (Liu et ci. 1990) but Kumar ci ci (2012) noticed that MS medium 

supplemented with 5 nig/L BAP and I mg/I. IAA gave maximum shoots per 

explants. In another investi2ation. Christopher and Rajam (1994) detected 

maximum number of shoots on MS medium containing 88.8 pM BAP or It 6.2 

pM kinetin in Capsicum annuwn and 66.6 pM BAP or 92.9 pM kinetin in 

Capsicum practermissum after 4 weeks of culture, expected rooting was noticed 

on Tll3A + BAP or kinetin media in both the species. 

Szasz ci at (1995) studied the comparative shoot regeneration potential among 

17 (JO Hungarian and 7 Italian) bell pepper genotypes on media supplemented 

with BAP + IAA in addition to a standard inbred lines (No. 40017. R-l3). Only 

cv. Cunco 18 ISO and cv. Piknik regenerated shoots but foniied pale lear like 

structures on shoot elongation medium. In another study difibrent responses to 

regeneration were also observed even within the C. annuum species.. Better 

regeneration response was observed in Byadagi Dabbi compared to Arka L.ohit 

(Mathew. 2002). In a study, Christopher and Rajam (1996) attained in vitro plant 

regeneration in Capsicum annuum cvs. C. baccaiwn, C'. praetdunissunz. 

I3hiwapuri sweet pepper, hybrid pepper and Cayenne pepper. Shoots were 

induced from hypocotyls, cotyledon and leaf explants on MS medium containing 

5.7 pM. IAA + 13.3 pM BAP; 22 pM BAP; 44 pM BAP, respectively. 

In counterpoint. Ge el at (1991) could not find any considerable differcace 

among the genotypes in terms of callus production when explants are excised 

from seedlings of Capsicwn annuwn var. annuum and var. ,ninimwn, Capsicum 

baccaiwn var. baccatz.em and var. pendulum. Capsicum chinense. Cap.vicwn 

Irutescens and capsicwn puhescens. Pundeva and Simeonova (1992a.b) also 

observe no significant difference among Capsicum annuwn eultivars: Sivriya. 

Ziaten Medal, Pazardzishka Kapia, Kurtovska Kapiya and Satiyska Kapia to 

produce callus on MS medium containing IAA and NAA but differences among 

genotypes in terms of the type of callus. 
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2.4.2.2 Variation due to different explants to different medium composition 

Cotyledonary leaf is most commonly utilized as exp]ant for regenerating a new 

plant by tissue culture process. First effort to in vitro regenerate of Capsicwn 

was made by Gunay,  and Rao (1978). They analyzed the effect of different 

eytokinins and noticed 6-benzyl amino purine (BAP) was more effectual in 

producing shoots li'oni eotyledonarv leaf. Verma et at (2013): carried out an 

experiment to standardize a protocol for high efficiency in vitro plant 

regeneration system in ('apsicum annuum L. cv. California Wonder using 

cotyledon explants. MS medium supplemented with 6.0 mg/i. BA and 0.3 mg/L 

JAA gave highest percentage of shoot regeneration (80.95%). For elongation. 

regenerated shoots were transfer to MS medium suppleniented with 2.25 mg/L 

BA and 2 mg/L GA3. Halltstrength MS medium containing 0.25 rng/L IAA used 

for obtaining highest percentage (50%) of in vitro root induction. The rate of 

plant regeneration was noticed to depend on genotype. explants type and culture 

medium. The cotyledons were more effective as explants for bud induction and 

subsequent plant elongation than hypocotyls. The highest regeneration frequency 

was obtained in cotyledons from Maritsa variety on culture medium containing 

0.2 mg/L AgN01  but medium containing Ilumates containing 5.0 mL/L 

promoted plant regeneration in hypocotyls (Cirozeva et at. 2012). 

The best perfOrmance for cotyledons was observed by Otroshy et at (201 Ia) on 

MS medium containing 6 nig/L BAP and I mg/L IDA. From histochemical 

analysis he found that only the cotyledons brought out a direct induction olniore 

embryological protuberances that grew around the cut end of the explants. In 

another study with nodal segment used as explants. Otroshy ci at (2011 b) 

noticed that in vitro micro propagation among different concentrations of 

cytokinins BAP. KIN. Zea and Tl)Z the best buds per explant and percentage of 

rooting potentiality was observed on medium containing 2 rngiL BAP and 0.5 

mg!L IBA. After hardening, the rooted plants were transfelTed to the greenhouse 

conditions where they grew, matured and flowered normally with a survival rate 

of 85 per cent (Otroshy ci at. 201 Ia). Adhikery and Amin (2011) conducted a 
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study with cotyledon of chilli as explants [or regeneration on MS medium 

supplemented with different concentrations of auxins and cytokinins. lie found 

that the highe percentage of callus (96.29%) was obtained from MS medium 

containing 1.0 ing/L kinctin and 3.0 in 	2,4-0 within about 13 days. Among 

three genotypcs he used. t 1013' showed the height potential on callus 

induction. During working with two varieties Sujamukhi and Bally. Rakshit e 

al. (2007). found that callus derived from cotyledons was white and friable and 

showed excellent growth MS medium containing MS 2.0 mg/I. NAA or NAA 

+ 0.5 ing/L Kn I 5.0 mg/I. 2,4-0 was the best for callus initiation. For shoot 

induction 0.5 mg/L IAA— 1.0 mg/L BAP showed good response. 

Kehie et at (2011); found that maximum number of shoot was induced in 
00 	

capsiewn c/zinense Jacq. cv. Naga King Chili with bud-forming capacity (RFC) 

index of 10.8. by culturing nodal segments in MS medium enriched with 18.16 

lM TDZ followed by 35.52 IM BAP and by culturing shoot tips as explants. 

multiple shoot was also induced with BFC 8.3 in MS rnediuni supplemented 

with either 18.16 IM TDZ or 35.52 IM BAP. Best rooting of elongated shoot was 

noticed on MS medium containing 5.70 IM indole-3-acetic acids (IAA). 

Kuniar and Tata (2010) studied an experiment on shoot bud dilibrentiation from 

hypocotyls explants and obtained best result from I 5 day old hypocotyl 

explants and MS supplemented with BAP (4.0 mg/I.) and IAA (0.5 mg/I.) was 

found to be the best medium. From an investigation on regeneration potential 

determination of ('apsicum, Ashrafuzzaman el al. (2009) reported that the callus 

induction as well as shoot initiation was higher in hypoeotyls than cotyledon. 

The highest callus was brought on from hypocotyl in MS medium supplemented 

with BAP (5.0 tng/L) and NAA (0.1 mg/L) and cotyledon in a combination of 

BAP (5.0 mg./L.) with IAA (1.0 mgIL). He also found that Shoot elongation was 

accelerated by using additional subjoining of CiA3  and AgNO3  and on the MS 

medium supplemented with 0.1 mg/L NAA + 0.05 mg/L NA regenerated shoots 

rooted best but Ahoshama (2011) noticed that higher doses (1.5 and 2.0 mgiL) 

negatively affected the regenerative capacity 
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In an investigation Sanatombi et at (2007) used shoo-tip and axillary shoot-tip 

as explants in case of an ornamental chilli eultivar 'Morok Amuba(. Best 

performance he obtained from MS medium supliniented with 10 mg/L Zea and 5 

mg/I. BAP in combination with I mg/L IAA. Rooting and elongation of the 

shoot buds lie used MS medium supplemented with 0.5 mg/I. IAA or IRA. 

Auxiliary shoots were indticed on the rooted plantlets by decapitation and the 

axillary shoot-tips explants were used for further induction of shoot buds by 

culturing them on a medium containing combinations of BAP with IAA. The 

shoot buds were rooted on a medium containing 0.5 mg/I. IRA. The plantlets 

showed 80-90% survival during transplantation. In another experiment 

Sanatombi and Sharma (2006) used shoot tip and axillary shoot explants for in 

vitro regeneration and mass imiltiplicanon of two C'apsicum wmuuzn L. 

cultivars, Meiteimorok and !Iaomorok. They showed that shoot tip explants 

excised from in vitro raised seedlings can be used for multiple shoot induction in 

MS medium supplemented with BAP alone or in combination with IAA. 

Maximum number of shoots was obtained from MS medium supplemented with 

22 MM BAP after four weeks of culture in the cultivar lIaomorok. 

Multiple shoots were induced from nodal segments explants excised from one 

month old seedlings of red pepper (Capsiciwi annuuin L. cv. Pusa Jwala) on MS 

medium containing (0.1-10 pM) thidiazuron (TDZ). Best result obtained from 

MS medium supplemented with 1.0 MM TDZ (Siddique and Anis. 2006). Joshi 

and Kolhari (2006) used eotvlcdonarv explants of Capsicum annuum L. cv. 

235 to look into the effect of copper sulphate on differentiation and elongation of 

both shoot induction and elongation. Media were supplemented with different 

levels of CuSO4  (0-5 pM). They noticed the levels of CuSO4  in medium highly 

influenced the shoot formation and their subsequent elongation. Highest number 

of shoots per explant was received at the concentration of CuSO4. 30 times 

increased to the normal MS level. 

According to Mathew (2002) whole cotyledons cultured on MS with 2 zng/L 

BAP + I nig/L GA3  resulted in maximum average number of buds. In an in t'ilro 
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regeneration study Shivegowda eta! (2002) used cotyledonary explants olchulli 

on MS medium supplemented with 9-18 pM zeatin in combination with GA3  

(2.89 pM). Venkataiah c/ al. (2004). observed that leaf explants are more 

conformable to adventitious shoot formation tbllowed by cotyledon and 

hypocotyl on MS medium with 3 mg/L BAP - 1 m/L IAA. By using stem 

segments and shoot tips Kintzios ci at (2001) developed an efficient protocol of 

direct somatic embryo genesis (without involving intermediate callus) of 

Capsicum annuum L. They cultured explants on MS medium supplemented with 

TDZ. Among the various concentrations of IDZ tested, best result obtained 

from 0.5 pM concentration. Induction, maturation and germination were attained 

on the same medium. Kill) ci at (2001); used hypocotyls explants for obtaining 

plant regeneration on a MS medium supplemented with 3 mg/L zeatin (zea) and 

0.3 mg/L IAA. Other explants that have been used for shoot induction include; 

embryo cultures, apical mcristem, leaf discs. Zhu e/ at (1996); used leaf disc as 

-in explant and induced buds on 8 ing!L BAP and 2 mg/L IAA. This explant on 

medium with cytokinins (Kin. BAP. Zea. and Zip) dramatically increased both 

the percentage of explants forming buds and number of buds.. By a comparative 

study on in v/Ira regeneration of leaf explants Fari et at (1990) noticed that the 

best regeneration was obtained from cotyledonary explant. Using apical 

meristem as explants Madhuri and Rajam (1993) developed a protocol of 

Capsicwn regeneration on medium with 2 mg/L BAP and observed it induced 5-

7 percent multiple shoots. 

Relatively high frequency of shoots was produced on MS medium with 0.5 nigiL 

TDZ from the cotyledonary leaves (Manoharan c/ at, 1998). Rama (1997). 

showed that good morphogenetie response obtained from cotyledonary leaves 

than hypoeotyls explant on MS medium containing 10 mg/L BAP and 2 mg/L 

GA6  and callus was observed in the absence of GA3  and presence of NAA. 

Agarwal el al. (1997): also reported that number of multiple shoots induced was 

more in cotyledon compared to hypocotl explants on MS medium containing 

higher levels of BAP. About 95 percent shoot regeneration from cotyledonary 

explants was obtained on MS medium containing 5 mg/L BAP and 0.1 mg/L 
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IAA (Shen et at. 1994; Gatz and Rogozinska. 1994). Ebida and Flu (1993), 

studied prolileration of buds from cut surlhces of cotyledon on 3.0 mg/I. RAP 

and 0.1 mg/L NAA. TDZ was used to regenerate shoots directly from excised 

cotyledons of two genotypes of Capsicum by Sasz ci at (1995). However, 

increasing the concentration of BA]? (5 rng/L) resulted in the increased induction 

of multiple buds directly in 80 percent of cotyledonary leaf (Agarwal et at, 

1989). Kniitel (1991). described the regeneration from cotyledons of mature 

zygotic embryos. Agarwal and Chandra (1983) noticed that shoot formation and 

increase in size of the cotyledon when embryos were cultured on 0.57 mM IAA 

and !dn. But Arroya and Revilla (1991) observed that percent regeneration was 

better in case of hypocotvls then cotyledon explants. 

Half seed. containing proximal part of the hypocotyls and the radical was used as 

explant by Binzel ci at (1996). Ezura et at (1993): utilized proximal part of 

hypocotyl of Capsicum as explants for regeneration with Gellan gum (0.4%). A 

higher concentration of RAP (10 rng/I) was utilized by Ebida and Hu (1993) to 

proliferate multiple shoots from cut surfaces of hypoeotyls. A novel protocol for 

regeneration of Capsicum was shown by Valera-Montero and Ochoa-Alcjo 

(1992), from rooted hypocotyl on MS media supplemented with 5 mg/L RAP 

and 0.3 mg/I. IAA, where shoot induction per cent ranged from 46.7-100. In an 

investigation of morphogcnetic response of cultured hypocotyl segments of 

Capsicum annuum varied from apical to basal segments on MS medium 

supplemented with 0.5 mg/L IAA + 3 ing!L RAP where result shows that apical 

segments produced shoots and callus while basal segments produced callus and 

roots (Christopher ci at. 1991). Fari and Czako (1981). noticed shoots from 

apical segments of hypocotyl. while middle and basal segments produced roots 

and callus respectively. The best concentration for shoot differentiation from 

hypocotyls was 5 mg/I. RAP (Aganval ci at, 1989). Shoot tip and hypocotyls 

segments are also used for producing shoots. Shoot tip explants cultured on MS 

medium supplemented with 5 mg/I. RAP produced vigorous shoots and a large 

number of shoots, intervening callus was observed with 0 to 5 rng/L BA]? and 
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low levels of Indole I3utyric acid (IRA) (Aganval ci at, 1988; Aganval ci at, 

1989). 

Elwan (2009) reported that leaf explants were signilicantly better than 

cotyledonary explants and also reported that the adaxial position of both explant 

types responded better comparing to ahaxial one. Subhash and Christopher 

(1988). got multiple shoots from 10 percent of cultured leaf segments of 

Gapsicum on medium with 1.0 mg/L kinetin (kin) and 1.0 mg/L naphthalene 

acetic acid (NAA). The regeneration of' shoots from embryo culture was 

obtained by Christopher ci at (1986) on a medium fortified with 2.4-D (0.5 

mg/L) and RAP (2.0 mg/L). Stem segments and cell suspensions established 

from hypocotyl explant showed very good. differentiation on MS medium 

supplemented with 1.0 mg'l. IAA and 2.0 nig/L BAP (Garcia. 1990). Again in 

another study Liu c/ at (1990) noticed that there is no signilicant dilièrence 

among cotyledonary leaves, hypocotyls and leaf tissue in respect of shoots 

regeneration frequency. 

2.4.3 Problems associated with in vitro studies of capsicum spp. 

Preliminary reports about various inhcrent problems related with in vitro studies 

of C'apsicwn as severe unmanageable morphogenie nature, formation of rosette 

shoots or poorly developed shoot buds, genotypic dependence have clearly 

noticed. These problems alone or together can alIcet the whole tissue culture 

attempts as well as crop improvement through genetic modification. 

2.4.3.1 Recalcitrant morphogenic nature 

Recalcitrance is the problem associated with in vitro culture. the inability of 

plant cells, tissues and organs responding to tissue culture. Ability of explants to 

response in tissue culture is greatly influenced by three main &ictors i.e. 

physiology of donor plant, in vitro manipulation and in vitro stress physiology 

(Benson. 2000). It is very hard to stud>' in vitro with Capsiewn as compared to 

other solanaceous crops like tobacco, toniato, potato which are frequently used 

as standard systems because of their great potentiality to regenerate new plants 
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(Rak.shit ci at, 2007). Many researchers consider pepper a recalcitrant species 

and the reported number of androgenic embryos obtained per 100 cultured 

anthers often ranges from 0 up to approximately 10 embryos (Ercan arid Ayar 

Sensoy, 2011: S'egui-Simarro et at, 2011). 

Although. there are several relative success reports on shoot morphogenesis in 

capsicum (Venkataiah ci at. 2003: Husain c/ at. 1999: Ramirez-Malagon and 

Ochoa-Alcjo. 1996; Valera-Montero and Oehoa-Alejo, 1992; Ochoa-Alejo and 

Ireta-Moreno. 1990; Agrawal ci at. 1989) but genetic engineering is still limited 

because of possessing low niorpliogcnetic potential (Ochoa-Aleio and Ramirez-

Malagon, 2001; Steinitz ci at. 1999). By Selecting proper explants at specific 

responsive stage. modii'ing different components in nutrient media and by 

adding other growth additives may helpful to overcome the recalcitrance 

problem. 

2.4.3.2 Formation of abnormal shoots or rosette shoot buds 

One of the most important fhctors, which limit the in vitro regeneration in 

Capsicum, is the formation of rosette shoots or abnormal lea&  shoots which 

protest bud and shoot elongation. Several activities directed to overcome 

problems of shoot elongation have been noticed. Arroya and Revilla (1991) 

directly rooted the rosette of buds and elongation took place in the field itself. To 

overcome the problem of bud and shoot elongation different growth adjutants 

utilized like phenylacetic acid (Flusain ci at, 1999) a laetone 24-epibrassinolide 

(Franck-Duchenne ci at. 1998) and AgNO3  (Hyde and Phillips.. 1996). 

2.4.3.3 Cenotypic dependence 

Genotyp is another factor on which organogenesis of capsicum culture depends. 

The strong potentiality of genotype in the regeneration capacity of different 

(apsicunz cultivars demands a different regeneration protocol for each (Mathew. 

2002; Christopher and Rajam. 1996; Szasz ci at, 1995: Fad et at. 1990: Liu ci 

at, 1990). Alizah and Zaniri (2013) studied the effect of genotype on 

regeneration of Malaysian cHIli explants using two varieties MCI I and C134 
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where, C134 showed the best response and MCI I was the least responsive. In an 

in vitro study with three chili pepper cultivars (Capsicum annuwn L. var. 

235'. var. PC- F and var. 'Pusa Jvala). Kumar and l'ata (2010) noticed that 

among three cultivar Capsicwn L. var. X-235' gave better result than others. 

As because dilièrent genotypes shows different response to regeneration it is 

necessary to optimize in vitro propagation protocols for the specific (Japsicuin 

cultivar (S'anatonibi and Sharma. 2006: Ezura ci at, 1993). 

2.5 Callus 

Callus refers to dividing unorganized mass of cells induced in artifitial culture. 

Gencrally, a higher auxin concentration in the growth medium induces callus 

formation (Skoog and Miller. 1957). The quantity and quality of callus produced 

depends on a wide variety of conditions like explants, genotypes, growth 

regulators and light' dark incubation etc. (Patil. 2001). A Nobel callus 

experiment was conducted by Mangang (2014) with different explants the 

placental tissues of immature green pods of (Japsicuin chinense Jacq. cv. 

'Iimorok' and he found that MS media supplemented with 2 mg/I. 2,4-D and 0.5 

mg/L KIN produced a good amount of friable and proliferating callus. 

2.5.1 Callus induction and proliferation in ('apsicun: 

Callus Induction and Proliferation Callus production is an essential step in the 

use of tissue culture studies for various physiological phenomena including 

resistance against various ahiotic stresses. Callus is an unorganized. proliferative 

mass of predominantly parenchyrna cells. Studies have revealed that better 

response of callus was obtained when callus cultures were kept in dark. Chen ci 

al. (1988): reported that morphogenic callus could form most readily from the 

leaf explants with most proliferating callus when kept in dark. Aftab ci aL 

(1996); have also reported that embryogenic callus could he obtained from 

young leaves on modified MS medium under dark conditions. Studies have 

suggested that amongst all the media tested for callus induction and proliferation 

by different workers, the best medium was modified MS medium (Baksha c/ a/.. 
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2002; Aftab etal., 1996; (juiderdoni. 3986; I,iu and Chen, 1974). Role of auxins 

have also been studied for callus induction and proliferation. Naclar e/ al. (1978): 

found that embryogenic callus forms when auxin is added to the medium. On the 

other hand, no embryogenesis was observed in callus cultures on auxin-free 

media. Callus proliferation in modified MS medium with various levels of 

auxins and cytokinins was also reported by l3hansali and Singh (1982). Studies 

have shown that amongst ditkrent auxins tested for callus induction, addition of 

2.4-D in the medium always produced better callus growth than any other 

growth regulator. 

In another in vitro propagation study, live varieties of (apsicum red, yellow. 

green. purple and white were cultured on MS medium. supplemented with 

hormones BAR kinetin (Kin), the combination of BAP + Kin, RAP with NAA 

and RAP with IAA and 2.0 mg/L BA!' with 0.1 mg/L NAA media was observed 

to he more suitabie for callus formation and the number of regenerated shoot 

buds was highest in MS medium supplemented with 2.0 mg/I. RAP and 0.5 

mg/L IAA. IAA was observed to he more suitable for green variety of C. 

annuwn. Plantlets were successfully acclimatized in greenhouse (Swamy et at, 

2014). 

In an in vitro callus induction experiment of Capsicun annuwn L. Rakshit ci at 

(2007); showed that callus developed from cotyledons was white and friable and 

showed excellent growth on MS media supplemented with 2.0 mg/L NAA or 

NAA, 0.5 mgIl. KIN and 5.0 mg/L 2.4-D . Media containing 0.5 mg/L IAA and 

1.0 mg/I. RAP showed good response shoot induction. 

Nanakorn ci at (1994): examined on effect ol plant grovih regulators on callus 

initiation and growth from leaC petiole and internode segments of C'apsicun? spp. 

cultured on MS media supplemented with different concentration of NAA. 2.4-

D. BA? and kinetin and the results showed that petiole had the highest 

percentage of callus initiation percent on media supplemented with 0.5 mg/I. of 

NAA or 1.0 mg/L of 2,4-0 and largest callus on media supplemented with 0.5 

mg/I. of 2.4-0. NAA facilitate the lbrmation of compact callus while 2.4-D 
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promoted a formation of friable callus. The highest percentages of callus 

initiation were 100 percent and 96.67 percent from leaf and internode. 

respectively on the MS media supplemented with 1.0 mg/I. of 2.4-D combined 

with 1.0 mg/I. of BAP. The highest number of shoots was obtained from seed of 

C. amzuuin L. cultured on the media supplemented with 10.0 mg/I. of BAP. He 

found that Kinetin had no effect on inducing multiple shoot in C. frutescen.c L. 

but node of C annuum L. could form multiple shool when supplied with 5.0 and 

10.0 mg/i. of kinctin. 

Neither BAP nor kinctin (2, 4. 8 and 10 mg/L) along with NAA could regenerate 

plants from callus cultures on both solid and liquid media. On 2.4-D above 3 

mg/L the highest prolilbration was observed in callus from seeds compared to 

other explants such as shoot tips. intcrnodcs and leaf bases. Low level of 2.4-D 

(below 3 ing./L) showed inability to induce callus. On the oilier hand NAA 

induced long roots from cut ends of the explants (Mathew. 2002). When 

hypocotyl and root explants were cultured. Pundeva and Simeonova (I 992a. 

1992b) observed slight callus induction along with roots on medium with IAA 

and NAA and coarse friable callus on 2,4-f) medium. But. cotyledons produced 

compact callus at the same level of 2.4-D (Agarwal c/at. 1997). 

Kinizios ci at (2001): studied. the effect of difibrent inorganic micronutrients 

and vitamins on callus induction. growth. and development of somatic embryos 

from young mature, fully expanded leaves of chilli pepper (Capsiczun anmiwn 

L.). They utilized solid MS medium containing 8 percent (w/v) sucrose. 9 l.tM 2, 

4-didi lorophenoxvacetic acid, 12.9 pM 6-bcnzyladenine. and 0.5 mg/L thiamin 

MCI in various concentration of 11 different vitamins. In lieu, explants were 

cultured onto a solid medium containing MS macro and micronutricnts but the 

salts of Mn. Zn. Cu and Co were excluded. which were added at either the 

standard MS concentration or at a tenfold increased (Cu, Co) or decreased (Mn. 

Zn, I) concentration. At the end of the day they noticed that somatic 

embryogenesis from pepper leaves is preferred by the addition of nicotinic acid 

to the culture medium and the increase of copper concentration without reducing 
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embryo maturation and germination. Though protoplast can be obtained easily in 

chilli, but cell division and plant regeneration have been rarely found. 

Saxena ci at (1981); got the first shoot regeneration from cultured protoplast by 

transferring the callus induced on MS medium with 4 ing/L IAA. 2.5 mg/L 

kinctin and 3 percent sucrose incubated in the dark for 15 days and then returned 

to the standard photoperiod. Prakash et al. (1997); reported that protoplast 

isolated from cotyledons was unable to divide and thereby dcgenerated finally, 

but protoplasts isolated from fully expanded leaves (21 days old) pure shoots 

when cultured on medium containing 1.0 rng/L NAA. 1.0 ing/L 2.4-D and 0.5 

mg/I. RAP stieeeed in division. In medium containing 2 mg/L NAA and 0.5 

mg/I. RAP micro caili and macro calli were formed, respectively. Regeneration 

of callus found on MS gelled medium suplenmented with 10 mg/I. RAP. 0.5 

mg/I. IAA and 2 mg/I. GA3 (Prakash ci at. 1997). Murphy and Kyle (1994) 

optimized procedure for isolation of protoplasts from leaf tissues of three 

cultivars of (Japsicum annuum and two genotypes of Cl c/zfnense from sliced 

leaves. Protoplasts from these preparations were found to be excellent systems 

for viral RNA infection by electroporation. Power and Chapman (1985). isolated 

teal' protoplasts from pure shoot cultures formed callus on MS medium 

containing KMBP and zcatin respectively which regenerated plants on MS with 

6 mg/L RAP. 

By culturing mature embryos of (Japsicum annuum variety MS medium 

enriched 0.5 mg/L. 2.4-D and 0.5 ing/L kinetin to induce callus from green 

cotyledons and complete plantlets were obtained from compact callus on MS 

medium supplemented with 0.1 mg/L IAA and 0.5 mg/L BAP (Christopher ct 

at, [986). Petiole cultured on medium containing 0.4 mg/L 2.4-D and 0.03 mg/L 

Kinctins howed continuous callus growth. 1-Iowcver, hypocotyls and cotyledon 

explains cultured on MS medium containing 2,4-D proved in vigorous, friable 

callus (Dix and Street, 1975). Shoot development of Pimento and C'apsicwn 

fruilesceuc cv. Bharat. was detected in California Wonder and Pimento 

genotypes only on medium supplemented with a commixture of I M and RAP 
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but, they failed to develop buds from callus or explant tissue itself MS medium 

supplemented with 8.8 l.tM BAP and 5.7 pM IAA facilitate callus induction from 

hvpocotyls (Fad and Czako. 1981). According to Nagata and Tabakc (1971) 

recovery of callus was observed from protoplasts. cultured on MS containing 1 

mg/L 2.44). 1.0 mg/I. NAA and 1.0 mg/L BAP. 2 percent sucrose and 0.5 M 

mannitol. but no plant regeneration was reported. 

2.5.2 Effect of NaCl on callus 

NaCl decrease the growth of calli as the salinity is high (Vaziri ci at. 2004). 

This effect is more in calli grown in presence of light compared to those grown 

in the dark. Some parts of calli grown in the light show necrosis. The adverse 

effect of salt is more pronounced on total protein content of callus (Priya et ci.. 

2011). Previous results also suggest that the praline accumulation in callus is an 

index of salinity tolerance. NaCI also effects callus color in the medium. Gupta 

ci at (2014); studied the effect of NaCl on callus and obtained yellow-green and 

compact calli from in vitro raised Stevia leaves sub-cultured on MS medium 

supplemented with 2.0 nig/L NAA and different concentrations of NaCI (0.05-

0.20%). 

2.6 In t'ftro selection 

In vitro selection is essential for desirahlc genotypes asceptically under control 

and treated environments. Reports on the use of this technology have dwindled 

over the years. alter an explosion of reports following the awareness of its 

potential as a source of biological variation Using whole plants. organs or 

undifferentiated tissues (George. 2007). The production and productivity of 

several crops adversely affected by various biotic and abiotic stresses are 

responsible for tremendous economic losses worldwide. Traditional breeding 

technologies and proper management strategies continue to play a vital role in 

crop improvement. The conventional breeding programmers are being employed 

to integrate favorable genes of interest from inter crossing genera and species 

into the crops to induce stress tolerance. I Iovvever. conventional breeding 
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methods have little success and have failed to provide desirable results (Purohit 

c/ ut. 1998) on the other hand in vitro techniques for developing stress tolerant 

plants, are known to be might demonstrate to be a luster way towards improving 

crop varieties (Borsani ci at, 2003; Yamaguchi and l3lumwald, 2005). In recent 

years in vitro technique has come forth as a feasible and cost-effective 

alternative tool for selection of stress-tolerant plants with limited space and time 

(Sakhanokho and Kelley, 2009) 

The selecting agents usually employed for in vitro selection include NaCl (for 

salt-tolerance). PEG or mannitol (for drought-tolerance), specific fungal culture 

filtrate (FCF) or phytotoxin such as flisarie acid or the pathogen itseli (for 

disease-resistance). The explants are exposed to a broad range of thcse selective 

agents addcd to the culture medium. Only the explants capable of sustaining 

such environments survive in the long run and are selected (Purohit ciaL. 1998). 

In spite of having many advantages, development of stress tolerant plants 

through in vitro selection has some limitations like loss of regcneration ability 

during selection, lack of correlation between the mechanisms of tolerance 

operating in cultured cell, tissue or organ and those of the whole plants. and 

phenomenon of epigenetic adaptation (Tal. 1994). 

In vitro culture is a useful tool to evaluate the effect of salinity and to select salt-

tolerant varieties in plant species (Queiros et at, 2007; Davenport ci at. 2003). 

In vitro selection procedure and Agrobacterium-mediatcd trans formation offer a 

meaningful tool for development of such tolerant lines (Hossain ci at. 2007). 

This is being done using a number of systems (callus, suspension cultures, 

somatic embryos, shoot cultures, etc.) which are screened for variation in their 

ability to tolerate relatively high levels of salt (NaCI) in media (Woodward and 

Bennett, 2005). In majority of salinity studies, the salt used is NaCl. Several 

researchers, however, have compared the response of other Cl-  and SO2  salts 

including KCI. Na2SO4. and MgSO4  during in vitro screening. Difkrent 

responses were found in jVicoiiana tahacuin when growth on seavatcr. synthetic 

seawater. manitol. NaCl and other Cl and SO{ salts was compared When ci at, 
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1980). Use of multiple salts as a selection pressure will parallel the salinity under 

field conditions and may be a better choice. Most of works so 11u done in 

relation to in vitro selection are based on ton-horncostasis and compatible solutes 

mainly proline pool (lie ci at. 2009: ilassan ci at. 2008: Lu ee at. 2007: 

(janclonou ci at. 2006: Singh ci at. 2003: Liii and Staden, 2000: Barakat and 

Abdel-Latif, 1996: S'abbah and Tal. 1990: Ilassan and Wilkins. 1988). 

2.6.1 In vitro selection of salt tolerance in other crops 

To cope with abiotic barriers for crop production the mechanism of 

resistance/tolerancc to these stresses is must (Dita ci at. 2006). 'the development 

of salt-tolerant crops that can tolcrate high levels ol'salinity in the soils would be 

a practical solution of such problem (Yarnaguchi and Blumwald. 2005). Since 

first report in Nicoilana svlvcsiris (Zenk. 1974) many attempts have been made 

to produce salt tolerant plants using in vitro techniques (Ilossain ci at. 2007: 

(iandonou ct at. 2006; Zairet at. 2003: Singh ci at. 2003: Patnaik and L)ehata. 

1997a,b; Winicov. 1996: Barakat and Abdel-Latif. 1996: Tal, 1994). 

In vitro selection and screening for salinity tolerance have been reported in 

tomato by (Mcreacio ci at, 2000: Yusuf ci al.. 1994). Aazami ci at (2010): 

conducted an experiment that the response of calli of six tomato cultivars 

(Lycopersicon cscuknium Mill.) to salt stress was investigated tinder in vitro 

conditions. Callus relative growth rate (RGR), dry matter percentage (DM). 

osmotic potential and proline content were evaluated. Significant differences 

were found among cultivars re2arding above traits. Any increase in salinity 

levels in the media led to decrease of RUR and in contrast increased DM and 

osmotic potential in all treatments compared to control. In all cultivars, proline 

levels increased in response to salinity stress. I ugh callus fbrmation was 

correlated with low proline content. Differences were also found from callus of' 

0.2 g in callus relative growth rate (ROR), fresh and dry weights. proline. Na 

and K contents from 0.2 g callus of hpocotyls in tomato grown under previous 

salt levels for four weeks. Rooting parameters are the most useful traits for rapid 
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evaluation and screening of tomato species and segregating populations through 

in vitro shoot apex culture (Cano etal., 1998). 

Using in vitro selection development or abiotic stress tolerant plants especially 

for salt reporled in a wide range of plant species including cereals, vegetables. 

fruits and other plant species commercially important (Raia ci at. 2011) as for 

example Cucumber (Cucwnis sativus L) by Abu-Romman (2010). Malik ci 

a/.(2010): Potato (So/oman tuberoswn) by Sajid and Afiab, (2014). Amin ci at 

(2013). Queiros ci at (2007). Ochatt ci at( 1999). Sabbali and Tal (1990): Sour 

orange (Citrus aurantitun) by Koc ci at (2009): Sweet potato (lponzoea bob/as) 

by He ci at (2009): Tobacco (Nicotiana tabacum) by Rout ci at (2008); 

Munghean (V/gnu radiata) by Ilassan ci al. (2008); Bermuda grass (Lynodon 

transvaalensis x c dactylon) by Lu a at (2007); Chrysanthemum 

(Chn'sant/zc,num inorjfo/iwn) by I lossain ci at (2007); Sugarcane (Sacc/iaruin 

sp.) by Gandonou ci at (2006); Mulberry (Mona sp.) by Vijayan ci at (2003); 

Wheat (Triticurn aesilvum) by Zair a at (2003); larakat and Abdel-1.atif, 

(1996). Karadimova and Djambova. (1993). Vajrahhaya ci at (1989). Galiba 

and Yarnada. (1988). Bamboo (Denciroca/amus sir/c/us) by Singh a at (2003): 

Kaller grass (Dip/achnefuisca) by Nanakorn ci at (2003); Cauliflower (Brass/ca 

oicracea) by Elavumoottil ci at (2003); Strawberry (Fragaria x  ananassa) by 

Dziadczyk ci cit (2003): Sunflower (Helianihus annus) by Davenport ci at 

(2003): Rice (Or),za sat/va) by Zinnab ci at (2013), Lee ci at (2003). 

Shankhdhar etat (2000). Basu ciat (1997). Binh and lleszky (1990): Tomato 

(So/anuin esculenturn) by Kripkyy ci at (2001): Soya bean (Glyc/ne max) by Liti 

and Staden (2000); Palma rosa (Gyinbopogon martini!) by Patnaik and Debata 

(1997a): Lemon (C//na i/won) by Piqueras ci at (1996): Alfalfa (Medicago 

sat/va) by McCoy (1987). Sathnie lad ci at (1996): Rapesced (Brass/ca napus) 

by Rahman ci at (1995); Indian mustard (Brass/ca juncea) by Jain ci at (1990). 

Kirti clot (1991); Shamouti orange (Citrus s/ncnsis) by Ben-I Iayyim and Goffer 

(1989); Wild tomato (So/anion peruv/anwn) by Hassan and Wilkins (1988): 

Barley (Jlordeu,n vu/gore) by Ye ci al. (1987) and flax (Linum usilat/ssinzum) by 
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McI lughen (1987). &ipindus Irfbliatus  can tolerate high concentrations olNaCI 

without affecting growth. 

2.6.2 In vitro selection for salt tolerant calli in ('apsicum spp. 

Though in vitro method is a vary rich method for selecting stress toletent 

genotype and (Japsicum also a very important crop. but a few works has been 

conducted on in vitro selection of salt tolerant Capsicum spp. Solis-Marroquin et 

aL (2011): conducted an experiment to understand the elièct of NaCl salinity on 

growth and development of somatic embryos of 1-lahanero pepper. They 

notiched that the addition of 75 and 100 mM NaCl into the medium greatly 

increased the growth and development of somatic embryos and favored the 

proliferation but supplementation of 200 and 300 mM NaCI to the medium 

showed a negative effect. Concentration increases of NaCl caused a significant 

reduction of the embryos survival rate with the average lethal dose (46%) being 

registered in the treatment of 100 mM. The results they obtained suggest that 

somatic embryos of C. chinense can tolerate concentrations of NaCl up to 100 

mm without their development being affected. 

In an experiment Mohammed and Mohammed (2007), reported that leaf' explants 

are higher tolerated to salinity levels than cotyledon explants and the leaf 

explants produced more shoots exposed to 50 mM NaCl compared with the 

control condition. During the regeneration process he also found that, enhanced 

shoot fresh weight as well as shoot survival rate obtained under higher NaCl 

concentration (200 mM) from leaf explants than with lower salt level (50 mM) 

but no rooting occurred when the regenerated small shoots were exposed to 

higher salinity level (200 mM). 

2.6.3 In vitro selection on the basis of proline accumulation as an indicator 
of salt tolerance 

Proline is the most common compatible osniolyte in plants and has therefore 

been extensively studied. The accumulation of this amino acid is an important 

regulatory mechanism under osmotic stress (I3ojOrquez-Quintal ci al.. 2014: 
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lluang et at. 2013). Proline is a multifunclional amino acid (Szahados and 

Savouré, 2010). In many plant species, the accumulation of proline has been 

assoeiatcd with tolerance to salt stress and has even been used as a markcr to 

select tolerant genotypes (Ashraf and lIarris, 2004). However, a negative 

correlation hetwcen the accumulation of proline and salt tolerance has also been 

reported. indicating discrepancies in its function (l.utts ci at. 1999: Chen et at. 

2007). Proline accumulation is made possible by the increase in the expression 

and activity of the synthesis cnzymes (pyrroline-5-carhoxylate synthetase. P5CS; 

pyrroline-5-carboxylatc reductase. P5CR) or by the decrease in the degradation 

enzymes, proline dehydrogenase or proline oxidase (POE-I or PDX). and P5C 

dehydrogenase (P5CI)H) (Huang et al., 2013). Under salt stress, the PSCS/ and 

PD/I genes arc positively and negatively regulated, respectively (Jaarsma ci at, 

2013; Verslues and Sharma. 2010; Kishor ci at. 2005). Similarly, the 

overexpression of the P5C'S gene increases proline synthesis under salt stress 

and improves tolerance to salt (I-Tmida-Sayari cial.. 2005: Kishore ci at. 1995). 
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CHAPTER III 

MATERIALS AND METHODS 

The experiment was conducted in three different steps, viz, selection of plant 

material for explants using ten genotypes of Capsicum spp., in vitro callus 

induction using the selected five genotypes and in vitro salt tolerance assay at 

different concentration of NaCl (0 mM, 50 mM, 100 mM, 150 mM and 200 

mM). The materials and methods of this experiment are presented in this chapter 

under the following headings - 

3.1 Experimental Site 

The experiment was conducted at the Genetic Engineering Laboratory, 

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

University, Dhaka. The geographical location of the place is about 23.77° North 

latitude and 90.37° East longitude (Anonymous. 2014). The location of Sher-e-

Bangla Agricultural University in Bangladesh map is shown in Appendix I. 

3.2 Experimental materials 

Genotypes of Capsicum spp. were collected from Spices Research Centre. Bogra 

and Bangladesh Agricultural Research Institute. Joydebpur, Gazipur. Five 

genotypes from them were selected as explant source on the basis of their 

germination ability. The list of initial five genotypes is given in Table 1. 

Table 1. List of the selected genotypes of Capsicum spp. for getting explants 
in vitro 

SI. No. Genotype No. Accession No. Collected From 

01 0 C0611 SRC, Bogra 

02 02 CO 525 SRC, Bogra 

03 03  SRC 02 SRC, Bogra 

04 04  SRC 05 SRC, Bogra 

05 05  SRC14 SRC, Bogra 
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3.3 Laboratory materials 

The instruments, chemicals, glasswares and other accessories used in this study 

are stated below: 

3.3.1. Instruments 

Aautoclavc, hotplate with magnetic stirrer, automatic drying oven, freezers. 

microwave oven, dark incubator, laminar air flow cabinet, pipette. pipette pump, 

plant growth chamber, water distillation system, p1-I meter, electric oven, line 

and course electric balance. spectrophotometer and digital camera 

3.3.2 Glass wares 

Petri dishes, test tubes, conical flasks, beakers. volumetric flasks, measuring 

cylinders and glass pipette. 

3.3.3 Other accessories 

Autoclave tape, hand sprayer. stainless steel scalpel, forceps. scissors. wash 

bottle, mortar and pestle, marker pen. pencil. Whatman no.1 and 3 filter paper 

and sieve. 

3.3.4 Chemicals 

3.3.4.1 Chemicals for culture media 

MS medium with vitamins (powder) (Duchefa. Netherlands) was used for seed 

germination, callus induction and salt tolerance assay. The MS powder includes 

macro nutrients. micro nutrients, iron source and vitamins (Appendix II) Sucrose 

was used for carbon source and agar was used for solidification ol culture media. 

Growth hormones such as. Napthalene acetic acid (NAA). 2,4- Dichlorophenoxy 

acetic acid (2.4-D) and Kinetin (KIN) were used in the media for callus 

induction and growth. NaCl (laboratory grade) was used in the medium l'or 

giving stress to the calli, NatO! 1(10 N. I N) and HCI were used for adjusting pt1. 

KCI (3 M) to keep p1! at neutral level, methilated spirit was used in lamp 
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3.3.4.2 Chemicals for sterilization 

Absolute ethanol. 70% ethanol, fungicide (carbendazim), mercuric chloride 

(0.1% l-IgCl2). Tween-20, and detergents were used for sterilization of seeds and 

other accessories such as scalpel, forcep. scissor and spatula 

3.3.4.3 Chemicals for proline extraction 

Ninhydrin, glacial acetic. sulphosalicylic acid and roluenc were used for 

extraction ofprolinc from control and stressed caili. 

3.4 Culture media 

Three types of media were used for this experiment. Basic Murashige and Skoog 

(1962) medium (powder) was used as in vitro aseptic seed gernhination and 

raising of seedlings. MS media supplemented with auxin (NAA and 2.4-D) and 

cytokinin (KIN) were used as callus induction media and this medium 

containing different concentrations of NaCl (0 mM. 50 mM. 100 mM. 150 mM 

and 200 mM) were used for salt stress treatments. The composition of basal MS 

medium has been presented in Appendix II. The methods of preparation of these 

three types of media are stated below and some of the steps of media preparation 

are presented in Plate I. 

3.4.1 Preparation of media for germination 

A glass beaker (I I.) filled with 800 ml; double distilled water was taken on the 

hot plate with magnetic starrier. Stirring speed Was adjusted at optimum level. In 

stirring condition 4.4 g of MS powder was added.Thcn 30 g of sucrose was 

added. After proper mixing the p11 of the solution was adjusted to 5.8 with the 

addition of 0.lN NaOH and/or 0.1 N HCI whichever was necessary. The volume 

was made to the 1000 mL by adding double distilled water. The prepared media 

were equally divided into two 1000 niL conical flasks (500 mL each). 4 g agar 

was added in each Ilask before autoclaving. The medium was allowed to cool 

and aliquote tinder the laminar hood. The media was stored at 4±1°C until use. 
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A 

11 
Plate 1. Media preparation: (A) Adding of ingredients of MS medium, 

(B) Stirring of medium ingredients (C) pH adjustment (9) 
Media with agar before sterilization 
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3.4.2 Preparation of media for callus induction 

MS medium supplemented with diflèrent hormones viz.. NAA. KIN and 2.4-I). 

was used as callus induction media. The hormones were added in the mcdiuni 

after adding sucrose. Stock solutions for NAA, KIN and 2.4-D were prepared at 

bOX concentrations. I niL of stock solution will provide 0.1 rng NAA, KIN and 

2.4-1) per litre of MS medium. The preparations of stock of these hormones are 

stated below. 

3.4.2.1 Preparation of NAA stock 

2.0 mu/L of NAA was used for callus induction and treatment media. For 

preparing 0.1 mgfL NAA stock 10 mg NAA was taken in a 100 ml, beaker and 

then dissolved with few drops of I N NaOTT solution. The volume was made up 

to the tOO mL with sterilized distilled water and stirred well until mixed 

properly. 20 mL/L stock provided 2 mg/L NAA. 

3.4.2.2 Preparation of 2,4-D stock 

5 mg/L of 2,4-i) was used for callus induction and treatment media. For the 

preparation of 0.1 ing/L 2.4-D stock 10 nig 2,4-fl was taken in a 100 niL 

beaker and then dissolved with few drops of IN NaOH solution. The volume 

was made up to the 100 niL and stirred well until folly mixed. 50 mIll, stock 

provided 5 mg/I. of 2,4-1). 

3.4.2.3 Preparation of KIN stock 

0.5 mgJL of KIN was used for callus induction and treatment media. For the 

preparation of 0.1 mg/L KIN stock 10 ing KIN was taken in a 100 mL beaker 

and dissolved with few drops of IN NaOI I solution. The volume was made up to 

the 100 ml. and stirred 'veil until fully mixed. 5 mL/L stock provided 0.5 mg/i. 

of KIN. 
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3.4.3 Preparation of media for salt tolerance assay 

Callus induction mcdia supplemented with different concentrations of NaCI (0 

mM. 50 mM, 100 mM. 150 mM and 200 mM) were used for salt tolerance 

assay. The molecular weight of NaCl is 58.44 g. For preparing I M NaCl 

solution 58.44 g NaCl was added in I I. of distilled water. So. for preparing 50 

mM concentration. 2.92 g of NaCl was added to I L of MS medium. 5.84 g of' 

NaCl was added to I L of MS medium for getting 100 mM concentration. 8.77 

g of NaCl was added to the I L of MS medium to get 150 mM concentration and 

to obtain 200 mM concentration: 11.68 g of NaCl was added to the 1 L of MS 

medium. 

3.5 Preparation of other required solution 

3.5.1 Preparation of 0.1% Carbendazini solution 

For preparing 0.1% Carbendazim solution. 0.1 g of carbendazim was taken in a 

100 inL volumetric flask and the volume was made up to the mark. 

3.5.2 Preparation of 0.1% 1719Cl2  solution 

For obtaining 0.1% concentration. 0.1 g of I19C12  was taken in a 100 niL 

volumetric flask and the volume was made up to the mark 

3.5.3 Preparation of 1 N NaOH 

40 g of NaOH pellets were weighed and dissolved in 900 jnL of sterilized 

distilled water under stirring condition. The flask was kept in a thermo regulator 

at 20CC  for in hour and made the volume with sterilized distilled water up to I L. 

3.5.4 Preparation of 700/u ethanol 

In a tOO mL measuring cylinder, 70 ml. of 99.9 percent pure ethanol (absolute 

ethanol) was poured. Then measuring cylinder was filled with double distilled 

water up to the mark. The solution was stored in a sterilized glass bottle. This 

solution was made fresh each time before use. 
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3.5.5 Preparation of 6 M orthophosphoric acid 

In a 500 inL measuring cylinder. 204 mL orthophosphoric acid was poured and 

filled with double distilled water up to the mark. 

3.5.6 Prepa ration of ninhydrin reagent 

At first 30 mL glacial acetic acid was poured in a 100 nil. beaker then. 20 niL of 

6M orthophosphoric acid and 1.25 g ninhydrin solute was added and gently 

stirred with slight heat (not more than 70CC) until completely dissolved 

3.6 Sterilization 

3.6.1 Sterilization of culture media 
The mouth of conical flasks containing prepared culture media were wrapped 

carefully with aluminum foil and marked with different codes with the help of a 

water proof permanent glass marker to indicate specific hormonal supplements 

and different concentration of NaCI. The medium was autoelaved at 15 psi 

pressure at 121°C for 20 minutes. The medium was then transfer into the culture 

room and aliquol to petridishes and cooled at 24°C temperature beibre used. 

This process was for petridishes but in case of test tube, the culture media were 

melted perfectly with microwave oven and media was aliquot to test tube and 

mouths of each test tube were "rapped with aluminum foil and marked with 

different codes with the help of a water proof permanent glass marker to indicate 

supplements. then autoclaved at IS psi pressure at 12 1°C for 20 minutes. 

3.6.2 Sterilization of glassware and instru ments 

Glass wares like test tubes, beakers. petridishes. pipettes, slidcs, plastic caps and 

other instruments such as forceps. needles, scissors, spatula, surgical blades. 

brush, cotton. instrument stand and aluminum foil were sterilized in an autocLave 

at a temperature of 121°C fbr 20 minutes at IS psi pressure. 

3.6.3. Sterilization of culture room and transfer area 

At the beginning, the culture room was sprayed with formaldehyde and then the 

room was kept closed for one day. Then the room was cleaned thoroughly by,  
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gentle wash of the floors, walls and rakes with detergent. This was followed by 

careful wipe with 70% ethanol. This process of sterilization of culture room was 

repeated at regular intervals. The transfer area was also cleaned with detergent 

and also sterilized twice in a month by 70% ethanol. Laminar air how cabinet 

was usually sterilized by switching on the EJV (Ultra Violet) ray for 30 minutes 

which kills the microbes inside the cabinet. The working surface was wiped 30 

minutes before starting the transfer work and frequently during working with 

70% ethanol. 

3.6.4 Seed sterilization 

At first about 20 seeds of each selected Gapsicwn lines were taken and soaked in 

small beakers for 48 h separately. Then they were taken under the laminar hood 

and washed three times with sterilized distilled water. Atler that they were 

surface sterilized with 70% ethanol for live minutes, rinsed three times in sterile 

distilled water, soaked in a solution of 0.1% tiingieide (Carbendazim) for 4 

minutes, then again rinsed three times in sterile distilled water and soaked in a 

solution Of 0.1% 1-I9Cl2  plus 2 drops of Twecn-20 for live minutes and washed 

three times with sterilized distilled water. Seed sterilization is shown in Plate 2A. 

3.7 In vitro raising of seedling as source of explants 

The sterilized seeds of selected genotypes (Table 1) were inoculated in hormone 

free MS (Murashige and Skoog, 1962) basal medium containing 30 g sucrose 

and 0.8% agar adjusted with p11 5.8. All the steps of inoculation were performed 

under laminar hood to prevent contamination. The cultures were incubated in 

dark condition at 27±lC for 10 days to accelerate germination. i\fIer 

germination, they were shifted to a l6h/81i light/dark photoperiod with the 

illuminations of white fluorescent lights (40-50 tmol-nf2-s') at 25t2 C. Twenty 

days old seedlings were used as explants source. Seed inoculation, germination 

and raising of seedlings are presented in Plate 2(13-D). 
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Plate 2. Seed sterilization, inoculation and rising of seedling: 
(A) Seed sterilization (B) Seed inoculation in 
hormone free basal MS medium (C) Inoculated seeds 
(D) Germinated seedling for collection of explants 
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3.8 Explant collection, inoculation and subculture 

The explants (cotyledons leaves and nodal segments) were collected from the 20 

(lays old seedlings. Cotyledone and nodal segments were excised at 

approximately 0.5 cm segments. For callus induction the protocol reported by 

Rakshit ci at (2007) was used. Briefly, the explants were cultured on MS basal 

medium supplemented with 2 mg/I. NAA. 0.5 mg/L KIN and 5 mg/L 2.4-D for 

callus formation. The media were solidified with 0.8% Agar and the p1-I was 

adjusted to 5.8 before sterilization (121'C for IS mm). The culmrcs were 

incubated at 16 h/S h light/ dark photoperiod with the illuminations of white 

fluorescence lights (40-50 pmol_m*s') at 25±2 °C for 4 weeks. Calli were cut 

into 5 mm pieces for suhculturing onto freshly prepared medium aficr every Thur 

weeks. The explants collection, inoculation and subculture (Plate 3) were done 

for all live genotypes with three replications. 

3.9 Precautions to ensure aseptic condition 

All inoculation and aseptic manipulations were carried out under laminar air 

flow cabinet. The cabinet was usually switched on with Ultra Violet light (UV) 

half an hour before use and wiped with 70% ethanol to reduce the chances of 

contamination. The instruments like scalpels, forceps, needles, surgical blades. 

scissor. pipettes, slides, plastic caps. spatula, brush, cotton etc. were sterilized by 

autoclaving and subsequent sterilization were done by dipping in 70% ethanol 

followed by flaming and cooling method inside the laminar flow cabinet. While 

not in use. the instruments were kept inside the laminar airflow cabinet into the 

instrument stand. Hands were also sterilized by 70% ethanol. It is also necessary 

to \srear  apron and mask to avoid contamination rate. Other required materials 

like distilled water, culture vessels, beakers, glass plates. petridishes etc. were 

sterilized by autoelaving. The neck of test tubes was flamed after open and 

before closing. Aseptic conditions were followed during each and every 

operation to avoid the contamination of cultures, 
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7:1 

Plate 3. Explant inoculation, callus initiation and subculture: (A) Inoculation of 
cotyledonary leaves and nodal segments (B) Callus induction (C) Fully 
developed caHi (1 Subculture of calli 
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3.10 Salt tolerance assay 

The salt tolerance assay was performed as described by Zeba (2009). To 

evaluate the effect of NaCl on hiomass changing of callus size and weight. calli 

pieces of 5 mm size were transferred on to the MS medium supplemented \Vitl) 

different NaCl concentrations (0 mM. 50 mM. 100 mM. 150 mM. and 200 mM). 

Culture condition was same as describe in 3.8. Alter 4 weeks, all treatments 

were evaluated on the basis of their change in size and weight from the day of 

inoculation to the 8 and 36th  day. 

3.11 Determination of Proline content 

3.11.1 Proline extraction from calli 

Free proline content was estimated according to Bates ci al. (1973) method. At 

tirst 0.5 g of fresh callus sample from each treatment was taken separately. Then 

they were homogenized in 3 perceni aquous sulphosalicylic acid with the help of 

mortar and pestle. Then the solutions were filtered by What man No. I filter 

paper. 2 ml. supernatant was mixed with 2 mL ninhydrin and 2 mL glacial acetic 

acid in a test tube and covered with aluminum tbil. They were then boiled at 

lOOt for 1 It in water bath. By cooling the tubes in an ice bath the reaction was 

stopped. Then 4 mL of toluene per test tube were added and shaken vigorously 

for 15-20 seconds and were allowed to separate in layers for 30 minutes. The 

chroniophore formed was extracted and the absorbance of the resulting organic 

layer was measured with the help Spectrophotomctcr at 520 urn. 

3.11.2 Preparation of proline standard curve 

80 ing of pure proline was dissolved into 100 mL of distilled waler to get 800 

ppm proline stock solution for preparing prolinc standard curve. By diluting this 

solution, 50 ppm, 100 ppm. 200 ppm. 400 ppm and 800 ppm solution were 

prepared in 20 mL each. The absorbances were measured with the help of 

Speetrophotometer at 520 nm. By plotting the concentration of proline (ppm) in 

axis and obtained absorbance reading in 'Y axis a standard curve was 

prepared (Appendix IV). From the absorbance reading obtained from samples. 
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their respective proline content was estimated in ppm by using proline standard 

curve and converted into micro gram per gram (ig/g) unit using the following 

Ibnriula: 

X 	10 Amount of proline (ig/g) = - x - x 1000 
2 500 

Here. x= proline content in ppm 

3.12 Data recorded and statistical analysis 

Data were collected and evaluated in terms of the bioniass callus weight with 

digital line balance and size (diamctcr) using verneer slide calipers, at 0 DAT 

(Days after treatment), 18 DAT and 36 DAT. Tubes were arranged on the 

shelves of laboratory growth chamber according to a Completely Randomized 

Design (CR1)). Each tube had a single callus and was considered as an 

experimental unit. Callus response data were analyzed using the means and the 

genotype treatment interactions were analyzed using MSTA'T'C software. Data 

were processed with analysis of variance (ANC)VA) and the means were 

compared using DMRT (Duncan's New Multiple Range •fest) at 5% level of 

significance. 
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Chapter IV 

Results and Discussion 



CHAPTER IV 

RESULTS AND DISCUSSION 

The experiment was carried out at the Genetics and Plant Breeding Laboratory. 

Sher-e-Bangla Agricultural University. Dhaka-1207 to study the perlbrrnance or 

five ('apsicum genotypes under different NaCl concentrations [hr salt stress on 

callus initiation and biomass changing of callus in terms of fresh weight and 

diameter. This study dealt with the in vitro selection of salt stress tolerant callus 

lines in capsicuin to made the progress of regeneration and eventually gene 

expression analysis and thereby identify and isolate the genes involved in the 

process of salt stress tolerance for future gene transfer program. As salt stress in 

soil is variable and plant tolerance depends on the stage of plant developnient, in 

this study, calli were phenotyped at several salt stress conditions and at the most 

sensitive stages (18 Days and 36 Days old ealli). The genotypes were denoted as 

G, 07, 03. 04  and 05. The NaCl concentrations were denoted as l' (0 mM). 12 

(50 mM). 13 (100 mM). T4  (150 mM) and 1 5  (200 mM). 

4.1 In vitro seed germination and response of explants to callus in(luCtiOn 
medium 

The seeds of live Capsicuin genotypes were surthee sterilized and placed on 

hormone free basal MS medium in petridishes. The seeds started to germinate 

within twelve days of incubation and took about 20 days for maximum 

germination. Within one month of seed inoculation the length of seedlings were 

in suitable size to serve as explants source for cotyledonarv leaves and nodal 

segment. Berljak (1999) agreed with this regeneration process. He also 

regenerated pepper plants in vitro. Some other previous studies about the seed 

germination and regeneration were also in agreement with this germination and 

regeneration processes (Swamy et at, 2014: Ashrafuzzaman et at. 2009; 

Santana-Buzzy et at, 2009; Kaparakis and Alderson, 2008; Rakshit ci at. 2007). 

In this study, the cotylcdonarv leaves and nodal segments from five Capsicum 

genotypes were segmented into about 0.5 cm sizes and inoculated on MS media 
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supplemented with auxin (NAA and 2.4-D) and eytokinin (KIN) and incubated 

in light. Within onc week the explants became enlarge and start swelling. 

Within four weeks of culture the swelled explants gradually turned into whitish 

green coloured callus. For amplification and maintainance. the callus of each 

genotype cut into pieces aseptically and subculiurcd in the fresh callus induction 

medium. The gradual change of cotyledonary leaves and nodal segment to the 

callus is presented in Plate 3. Different capsicum genotypes showed significant 

variation for days to callus initiation, growth and callus type. The genotype G1  

and G3  was produced compact type and genotype G2. G4  and GY 5  produced friable 

type of callus. The induction and proliferation of callus largely depends on the 

explants, growth regulators. genotypes and light' dark incubation etc. Similar 10 

this experiment, cotyledonary leaves and nodal segments were also used by 

several researchers for callogenesis (Kehie et ci. 2011; Kuniar and lata. 2010; 

Ashrafiizzaman ci al.. 2009; Siddique and Anis. 2006). However, unlike this 

experiment some researchers used other explants for callogenesis like, shoot-tip 

(Rerljak. 1999), axillary shoot tip (Sanatoinbi ci at, 2007), leaf explants 

(Venkataiah ci at, 2004; Fari et at, 1990). leaf disc (Zhu ci at, 1996). petiole 

(Nanakorn ci ci.. 1994) and embryo (Christopher ci at, 1986). Like in this study. 

NAA. 2,4-D and KIN horniones were used by different researchers (Mangang. 

2014; Otroshy ci at. 2011b; Rakshit ci at, 2007: Nanakon ci al.. 1994). 

However in disagreement with this result. other hormones like. IAA. BAP and 

GA3  were also used by some other researchers (Swamy ci al.. 2014; Verma ci 

at, 2013; Prakash ci al.. 1997). Studies of some of the previous researchers have 

revealed that better response of callus was obtained when callus cultures were 

kept only in dark (Aftab c/ al.. 1996: Chen ci al.. 1988) which was not in 

agreement with the incubation condition of this research where the calli were 

incubated in li2ht. 

4.2 Performance of different genotypes under control and salt stress 
condition based on biornass changing in callus size and weight 

To illustrate the interaction effect of genotype and NaCl treatment (salt stre5.$). 

5 mm pieces of calli containing 0.1 g weight, were inoculated in the MS medium 
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supplemented with 0 mM. 50 mM. 100 mM. 150 mM and 200 mM of NaCl. 

Callus size and weight was the indicator for salt stress tolerance. So. the callus 

diameter and weight were assayed two times afier treating with different NaCI 

concentrations. Initial weight and diameter of each callus of every genotype 

were also measured to compare with those data which were taken after 18 and 36 

days afler treating with NaCl. The callus growth was the highest in control 

condition (0 mM of NaCl) and at severe to more severe stresses gradually it 

decreases except with some genotypic variations as the salt stress (NaCl 

concentration) increases that is. in 50 mM. 100 mM. 150 mM and 200 mM 

respectively. There were also variations among the genotypes based on their 

stress period (Appendix Ill). Initially the calli looked fresh and vigorous and it 

continues up to 18 days of' stress period with some genotypic variation and 

almost all of them were whitish green (Plate 4 and Plate 5). At prolonged stress 

period that is. from 18 days to 36 days the).-  gradually became brown to dark 

brown and eventually died (Plate 6). 

For coniroling as well as providing salt stress, MS media was used and similar to 

this study, some researchers' studies have suggested that among all the media 

tested fbr callus induction and proliferation, the best medium was MS medium 

(Baksha eta?.. 2002: Aftab et al.. 1996: Guiderdoni, 1986: Liu and Chen. 1974) 

but alniost all of them modified their media according to their experiment in the 

concentrations and type of carbon source, growth regulators, macronutrients, 

mieronutrients, vitamins etc. The callus diameter and fresh weight were 

measured lip to 36 days and the results obtained from these studies have been 

presented and discussed separately under different headings. Each of (lie 

parameter as iniluenced by genotypes, treatments and their interactions are 

discussed below: 

4.2.1 Performance of different genotype on the basis of their callus hiomass 
change 

Calli sizes were significantly varied among different ('apsicuin genotypes 

(Appendix III). NaCl treatment was given in every genotype and data were taken 
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Plate 4. Biomass changing of callus at 0 DAT (days after treatment) under different 
NaCl treatments (T1  = 0 mM, T2  = 50 mM, T3  = 100 mM, T3  = 150 mM, T5  
= 200 mM (NaCI); G = CO 611,62 = CO 525, Cj = SRC 02, G4 = SRC 05, 
65= SRC 14) 
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PlateS. Biomass changing of callus at 18 DAT (days after treatment) under different 
NaCl treatments (T" = 0mM, T2  = 50mM, T3  = 100 mM, T4  = 150 mM, T5  
200 mM (NaCI); G = CO 611,62 = CO 525,63  = SRC 02, 64 = SRC 05, G 
=SRC 14) 
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Plate 6. Biomass changing of callus at 36 DAT (days after treatment) under 
different NaCI treatments (Ti  = 0 mM, T2 = 50 mM, T3 = 100 mM, T4 = 
150 mM, T5 = 200 mM (NaCI); C1  = CO 611, C2 = CO 525, C3  = SRC 02, 
G4 =SRCO5,C5=SRC 14) 
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at 18 DAT and 36 DAT. The biggest size (diameter) olcallus was found in the 

genotype 0; (13.37 mm). which was statistically similar with genotype 02 

(12.27 mm) and 0., (12.15 mm) at 18 DAT and gradually increased upto 36 

DAT (16.8! mm. 15.57mm and 16.27 mm. respectively) (Table 2). The smallest 

size of callus was Ibund in genotype (i  (7.268 mm and 7.639 mm. respectively 

at 18 and 36 DAT). At 18 DAT the heaviest callus was found in genotype 0, 

and G. (1.24 g and 1.318 g. respectively) and at 36 DAT in genotype G2. 0 and 

Ci., (1.895 g. I .697g and 1.636 g, respectively). The lowest weight of callus was 

found in genotype (I and 05  (0.5124 g and 0.5146 g, respectively) at IS DAT 

and only in genotype (i (0.5156 g) at 36 DAT (Table 2). Different genotypes 

showed different response to callus induction and growth, and it was necessary 

to optimize in vitro callus induction protocols for the specific (Japsicwn 

genotypes as were done by other researchers (Sanatombi and Sharma. 2006; 

Ezura et at, 1993). 

Similar signiFicant genotypic variation was found by Swamy c/al. (2014) while 

working with five varieties of Gapsicwn. Significant differences were also found 

among cultivars of different plants regarding above traits by Aazami et al. 

(2010). Vijayan et al. (2003). Tewary c/ at (2000) and Ben-Ilayyim (1989). 

4.2.2 Effect of different NaCl treatments on callus biomass change 

The main effect of different concentrations of NaCl showed significant variation 

on biomass changing of callus at different DAT. In all of the genotypes. 0 mM 

(T1 ), 50 mM ('F7) and 100 mM (T3) treatments showed the best callus size at 18 

DAT (8.053 mm. 8.266 mm and 7.24 mm. respectively) and at 36 DAT only 0 

mM ('1',) and 50 mM (T,) showed the best callus size (10.45 mm and 10.60 mm, 

respectively) whereas 200 mM (T5) NaCl showed the smallest callus size for 

both 18 DAT and 36 DAT (4.615 mm and 4.371 mm. respectively) (Table 3). 
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Table 2. Performance of different genotype on the basis of their callus 
biomass change 

Biomass size (mm) Biomass weight (g) 	- 
Genoty - pes 

0 DAT 18 DAT 36 DAT 0 DAT 18 DAT 36 DAT 

C1 5 7.268 	c 7.639 	c 4  0.1 0.5124 	c 0.5156 	e 
C2 5 12.27a 15.57a 0.1 

	

1.24 	a 	1.895 	a 

	

0.9377 	h 	1.697a 
C3 

- 

5 13.37a 16.81a 0.1 
C4 

5 12.15a 16.27a 0.1 

	

1.318 	a 	1.636a 

	

0.5146 	c 	0.8552b 

	

0.2483 	0.3206 

C5 
5 9.706b 12.51b 0.1 

LSD(o. )  NS 1.722 2.17 NS 

NS  Non signilicant 
Means having similar letter(s) is/are statistically identical and those having dissimilar 
letter(s) differ significantly as per 0,05 level of probability 

i'able 3. Effect of different NaCl treatments on callus biomass change 

Biomass size (mm) 	 Biomass weight (g) 
Treatments -i ________ ____________ - 	_________ 

ODAT 	18 DAT } 36 DAT 	ODAT 	18 DAT 	36 DAT 

T1 5 	8.053a 	10.6a 	0.1 	0.2974b 	0.6044a 
T2 

1 5 8.266a 10.45a 0.1 0.3557a 0.5421b 

5 7.24a 7.6391) 0.1 0.2595c 0.1931c 
T4 5.673b 

4.615b 

6.302b 0.1 0.1595 	d 0.1876c 

01471 	d 

10.03926 

T5 
5 4:311_C  0.1 

NS 
0.1439d 

0.03206 LSD(O.OS)  NS 1.343 1.601 

NS Non significant 
Means having similar lelter(s) is/arc statistically,  identical and those having dissimilar 
letter(s) differ significantly as per 0.05 level olprobability 
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Any increase in salt levels in the media led to decrease of callus growth was also 

found by Aazami ci al. (2010). The heaviest callus was found in 50 mM (Ti) 

atiS DAT (0.3557 g) and in 0 mM (T1 ) at 36 DAT. The lowest biomass weight 

was observed by 200 mM (T5) NaCl treatment for both 18 DAT and 36 DAT 

(0.1471 g and 0.1439 g. respectively) (Table 3). The results of other researchers 

also agreed with this experiment in regard to the supplementation of NaCl at 

different concentrations in modified MS media including hormones (Solis-

Marroquin ci at 2011; Zeba. 2009; Mohammed and Mohammed. 2007). 

4.2.3 Interaction effect of genotype and treatment on the basis of callus 

biomass change 

The interaction effect of different Gapsicwn genotypes and NaCl concentrations 

showed significant variation on biomass changing of callus at different DAT 

(Table 4). 5 mm sizes of calli were inoculated for all of the genotypes of 

(Japsicwn under different NaCl concentrations and evaluated at 18 DAT and 36 

DAT. At IS DAT the biggest callus was observed in (i3'F (13.66 mm) that is 

genotype G1  treated with T (0 mM NaCI) and the size continually increased 

(18.44 mm) up to 36 DAT. At 18 DAT the smallest callus was found in 05 F5  

(3.301 mm) which was statistically identical with (bT4  (3.63 mm), ChTc (3.91 

mm). 04T5 and GT1 (4.26 mm) (Table 4) whereas in G5T4 interaction the lowest 

callus size (3.12 mm) was also observed at 36 DAT which was statistically 

identical with (I5T4  (3.78 mm) and 61 15 (3.22 mm) among all the genotypes. 

Interaction of C.'apsicum genotypes and salinity treatments significantly affects 

the callus weight at 18 DAT. 0.1 g was the initial weight for all the genotypes at 

all NaCl concentrations. Maximum callus weight was found in (33T 1  interection 

(0.6729 g) and whereas minimum callus weight was found in G5T4  (0.0638 g) 

(Table 4). At 36 maximum callus weight was found in G3T1  (0.9977 g) whereas 

minimum callus weight was found in GjL1  (0.0122 g) which was statistically 

identical with G5T3  (0.0185 g) (Table 4). Several authors reported the use of 

NaCl for in vitro salt tolerant screening in different plants (Vijayan ci a/.. 2003: 

Zhao ci al.. 2007). In this study, the adaption capacity to different NaCl level 

varied with the genotype's degree of tolerance. 
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Table 4. Interaction effect of genotype and treatment on the basis of callus 
biomass change 

I- Interaction l3iomass size (mm) 
36 DAT 

Biomass weight (g) 
ODAT IS DAT 36 DAT 

C1T1 S 6.974 
J 

Igh 8.522 g 0.1 0.346 e 0.463 IF 

6112 5 
_ 

6.416 ghij 6.227 ijk 0.1 0.274 f 0.275 h 

61T3 5 5.567 ijkl 4.727 Imn 0.1 0.254 g 0.175 

0.163 

jk 

k G1I74 5 4.952 	lain 4.557 	lmn 0.1 0.127 	I 

5 6.245 ghijk 5.258 kIm 0.1 0.173 j 0.123 I 

G21'I 5 6.571 ghi 8.669 g 0.1 0.114 I 0.579 e 

5 8.256 de J 9.924 ef 0.1 0.460 c j 	0.673 c 

5 7.701 ef 7.298 hi 0.1 0.427 d 0.281 h 

C2T4 5 3.633 o 6.714 Iuj 0.1 0.228 i 0.455 1 

5 3.910 no 4.433 nina 0.1 0L250 - gli 0.280 h 

63T1 5 13.660 a 18.44 a 0.1 - 0.672 a 0.997 a 

63T2 5 12.510 h 
J 	

15.54 b 0.1 0.541 b 0.827 h 

631'3 5 9.692 e 12.38 c 0.1 0.218 i 0.263 - It 

631'4 5 7.383 cfg L 8.777 Ig 0.1 0.144 Ic 0.193 j 

(1131'5 5 5.348 jklm 5.815 kI 0.1 0.117 I 0.157 k 

64T1 5 6.498 ghi 6.373 ijk 0.1 0.234 hi 0.372 g 

6412 5 5.994 liijkI 11.95 cd 0.1 0.343 e 0.671 C 

G3T3 5 8.969 

7.257 

ed 

efg 

8.566 g 0.1 0.284 1 0.227 

0.114 

0.125 

i 

I 

I 

64'1'4 

641 

s 	f 7.684 	gh 0.1 0.233 	I 

5 4.269 	mao 3.224 	op 0.1 - 0.096 

0.118 

m 

I GsTi 5 6.559 ghi - II de 0.1__-  0.609 d 

5 8.150 	de 8.616 	g 0.1 0.158 	jk - 0.262 

0.018 

h 

n GF 5 4.268 	ntiio 5.219 	kIm 0.1 0.114 	I 

5 5.142 kIm 3.780 nap 0.1 0.063 a 0.012 n 

5 3.301 a 3.124 p 0.1 0.080 m 0.048 m 

LSD NS 0.998 1.158 NS 0.016 

8.57 
- 

0.023 

CV (%) 0.0 9.00 8.97 0.0 6.22 

Non signilicant; G1 = C56I I.G2  = CO 525, U1  - SRC 02. G4  = SRC 05. G SRC 14:T 1  0mM, T 50 
inN!, 1 3  100 mM, 14 = ISO mM, 	200mM (NaCI). 
Means having similar letter(s) Ware statistically identical and those having dissimilar letter(s) differ 
significantly as per 0.05 level of probabiliw 
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The genotypic variation for salt stress tolerance in this study agreed with the 

result of Rus ci at (2001) and Perez-Alfocea ci at (1994). Callus growing in this 

study under the increasing NaCl eoncentrations reduced relative growth rate. A 

similar observation was found by Yusuf ci at (1994); Cano ci al. (1998) while 

Mercado et al. (2000) using tissue culture techniques for in vitro selection otsalt 

tolerance. The reduced relative growth rate in all Capsicum genotypes, except 

variation in some of the genotypes in this study was also in agreement with Ben-

l-layyiin (1989); Zhang etal. (2004) and Amini and Ebsanpour (2006). 

As in this study. they also concluded that in vitro plant tissue culture is useful 

and quick tool to evaluate plant tolerance to salt stress. The addition of NaCL to 

the culture media decreased the osmotic potential of the media inducing water 

stress that adversely affected the callus growth. Several The genotypic variations 

observed in this experiment might be due to the function of different genes 

controlling the traits. Some of the transcription Ilictor genes regulate stress 

response such as. bE?, WRKY. AP2, NAC, 0112 zinc linger gene. and DREB. 

These transcription factor genes are capable of controlling the expression of a 

broad range of target genes by binding to the specific cis-acting element in the 

promoters of these genes (Gupta and Huang. 2014) and thereby might regulate 

the synthesis and accumulation of proline. sugar. and LEA proteins that in turn 

play an integral role in stress tolerance (Song ci al., 2011). 

4.2.4 Biomass changing of callus size under salt stress 

Size of callus of five genotypes was recorded for 18 days and 36 days after 

treatment (DAT) in different NaCl concentration and significant differences 

were recorded (Appendix Ill. Plate 5. Plate 6 and Figure I). 'Ilie genotype G3  

showed the highest hiomass size in control condition (0 mM NaCl) at 18 DAT 

and upto 36 Days (13.66 mm and 18.44 mm. respectively) (Plate 5. Plate 6 and 

Figure 1). Genotype 02 showed better performance at low to moderately high 

salt stress condition that is from 50 mM to 100 mM at short duration salt stress 

period (18 DAT) (Figure 1). 
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Figure 1. Size (diameter) of callus of five genotypes at 0 DAT, 18 DAT and 36 DAT in different NaCl concentrations (0 mM, 50 mM, 100 
mM, 150 mM and 200 mM) 
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At prolonged stress period that is at 36 DAT 02 also showed better performance 

at low salt stress condition (50 mM). Whereas, regarding totypotency. G3  

showed better performance at moderate to severe stress and from short duration 

(18 DAT) to long duration (36 DAT) stress period. They remained whitish 

green, fresh and live for long duration (Plate 5 and Plate 6). Undcr stress 

condition Ci., initially decreased in size at low salt stress (50 mM) but later as the 

stress increased it recovered in size at moderate stress (100 mM). It might be due 

to the adaptation capacity of the genotype. Similar result was observed by Bray 

e( al. (2000) in Mesernhrj'antheinwn crvsta/!inu,n due to the l'unction of MTP-

related genes where turgor was lost at early stage of NaCl stress but later it 

recovered. Oenotypic variation for biomass size is evident in control (0 mM) 

and in stressed condition (50 mM. 100 mM. 150 mM and 200 mM) (Figure 1). 

Up to 18 DAT (days ailer treatment) callus size was not reduced at all at low salt 

stress (50 mM NaCl) but increased in case of genotype 0, and 05  (-1.69 mm and 

-1.59 mm, respectively) followed by better perfbrmance in genotype 04 (0.505 

mni) (Table 5). At moderate stress (50-100 mM NaCI) genotype (14  increased in 

callus size (-2.97 mm) and genotype G, showed lowest reduction of callus size 

(0.56 mm) among other genotypes. Later due to stress shock genotype G, 

reduced in size (4.07 miii) at 150 mM of NaCI but later recovered at 200 mM of 

NaCl (-0.277 mm) (Table 5) due to acclimatization. Similar result was observed 

by Bray (2000) in Mese,nbrra,uhemz,m crvskz/Imunz due to the function of MI P-

related genes where turgor was lost at early stage of salt stress but later it 

recovered. It suggests that for short duration salt stress(18 days) 04  was the best 

performer at low to moderate salt stress whereas 02 was the best performer 

under severe stress. Al prolonged stress period i.e.. at 36 DAT, also 04 and G 

showed better tolerance under low salt stress, i.e.. their callus increased in size 

under low salt stress (-5.57 mm and -1.25 mm, respectively) (Table 5). 

4.2.5 Biornass changing of callus weight under salt stress 

Bioniass weight of calli was recorded in control (0 mM) and in salt stress 

condition (50 mM. 100 mM, 150 mM and 200 mM) at 0 DAT. 18 DAT and 
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Table S. Reduction of callus size from low to severe salt stres 

Size reduction (mm) 

Genotypes 
18DAT 36DAT 

0-50 mM 50-100mM 100-150 mM 150-200 mM 0-50 mM 50-100 mM 108-150 mM 150-200 mM 

GI 0.558333 0.848333 0.615333 1.042 2.294533 1.500333 0.169667 -0.701 

G2 -1.68567 0.555333 4.068 -0.277 -1.25467 2.625667 0.584333 2.281 

C3 1.151667 2.819333 2.309333 2.034667 2.898667 3.157 3.607667 2.961667 

G4 0.504 -2.97467 1.711667 2.987533 -5.572 3.379667 0.881667 4.46 

CS -1.59133 3.881667 -0.87333 1.840667 2.383 3.396667 1.439333 0.655667 

ci1  = C0611.cb=CO 525, G=SRC 02, 04=SRC  05. G5  = SRC 14 
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36 DAT. Significant genotvpic variation fbr bioniass weight was recorded (Plate 

4. Plate 5 and Figure 2). The genotype (17  showed better performance at low 

stress and more or less remained constant up to moderate salt stress (100 mM) 

and then gradually decreased as the salt stress increased at short stress period (18 

DAT) (Figure 2). At prolonged stress period 02 showed the same perlbrniance 

up to 50 mM of NaCl concentration. U.1  increased in (heir weight up to 50 mM 

of NaCl concentration (low stress) and then gradually decreased but still up to 

the severe stress condition (150 mM) it showed the same weight as it was in 

control condition (0 mM) (Figure 2). At prolonged stress period (36 DAT). 04  

increased in its weight UI)  to 50 mM of NaCI concentration and then gradually 

desereased as the salt stress increased. Upto 18 DAT (days aller treatment) 

callus weight was not reduced at all at low salt stress (50 mM NaCl) but 

increased in ease of 07. U4  and 05  (-0.35 g. -0.11 g and -0.04 g, respectively) 

(Table 6). At moderate stress that is at 50-100 mM of NaCl, 07  continued 

showing tolerance but G also recovered at this level. At moderate to severe 

stress, 05 recovered well and followed by 04. So. 07. (14  and 05 continued 

showing tolerance from low to moderate severe stage. At prolonged stress period 

(36 DAT). U.1  followed by 07 were the best performer under low stress (-0 ..30 g 

and -0.09 g. respectively) ('ruble 6). 

4.3 Performance of different genotypes under control and salt stress 
condition based on proline accumulation 

Proline is one of the well-known osmoprotectants and its accumulation is widely 

observed in various organisms tinder salt stress. Significant gcnotypic variation 

was found in this experiment regarding proline accumulation under control as 

well as under salt stress condition (Plate 7). In Plate 7. the amount of proline 

content (tg/g) acuumulated in calli is presented below each respective test tube. 

Under control condition (0 mM). (31  calli showed the highest accumulation of 

proline (1846.67 ig/g) followed by 03 (1055 tg/g). Under low stress (50 mM). 

G3 ealli followed by (3 calli showed better proline accumulation (1503.33 pg/g 

and 1046.67 pg!g). Under treatment T3  (100 mM) (14 and 03  increasingly 

accumulated proline (2968.33 pg/g and 1610 tgIg. respectively). Under 
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Figure 2. Weight of callus of five genotypes at 0 DAT, 18 DAT and 36 DAT in different NaCI concentrations (0 mM, 50 mM, 100 mM, 
150 mM and 200 mM) 
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Table 6. Reduction of callus weight from tow to severe salt stress 

Weight reduction (g) 

Genotypes 
18 DAT 36 DAT _______  

0-50mM 50-100mM 100-150 mM 150-200 mM 0-50 mM 50-100mM 100-150 Mm 150-200 mM 
GI 0.0715 0.020567 0.1266 -0.04567 0.1875 0.1004 0.012 167 0.039633 
G2 -0.346 0.0335 0.198733 -0.02253 -0.09437 0.392467 -0.17383 0.174533 

G3 0.131633 0.3232 0.073367 0.0271 0.1705 0.5642 0.069833 0.0358 

C4 -0.1087 0.0588 0.051367 0.136067 -0.2995 0.444 0.113233 -0.01147 

65 -0.04003 0.044933 0.0502 -0.0169 0.347333 0.243967 0.0063 -0.03603 

Gi = CO 611,02 =CO 525.G3  = SRC 02, 04=SRC 05, G5  = SRC 14 
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Plate 7. Difference of prolinc accumulation in calli under different NaCl treatments 
(T =0 mM, T2= 50 mM, TrlOO mM, T4=150 mM, Tr200 mM; G1= CO 611, 

= CO 525, C3 = SRC 02, G4 = SR COS, C5 = SRC 14) 
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treatment T.I. (13  Followed by G4  showed better accumulation of proline (5681.67 

pgig and 4184.67 ig/g, respectively). Under treatment T5  (200 mM). genotype 

G (SRC 02) showed best accumulation of proline (7985 Mg1g)•  These flndings 

concluded that. 03 (SRC 02) showed gradual increase of proline accumulation iii 

calli under stress conditions which supported the totipotency trail of this 

genotype where the calli remained green, fresh and alive (Plate 6) compared to 

the other genotypes. Ashraf and Harris (2004) also used proline as a marker to 

select tolerant genotypes. Improved accumulation of' proline coniërred salt 

tolerance and this result supported that proline Ilinctions to regulate cellular 

osmotic balance. Additionally. proline is also utilized for protein synthesis. 

Proline serves to rezulatc osmotic adjustment. In this experiment proline levels 

increased with the inercasing salt concentrations (Plate 7) which also 

corresponds with the result of Qasim et al. (2003), Ashraf ci al. (1998. 1994). 

Dracup (1991). Lulls ci al. (1999) and Chen c/al. (2007), however contradicted 

with this result where the): showed a negative correlation between the 

accumulation of proline and salt tolerance, indicating discrepancies in its 

function. By the increase or decrease of several enzymes viz.. pyrroline-5- 

carhoxylate synthctase, P5CS and pyrrolinc-5-carboxylate reductase, P5CR 

(increasing enzymes) or proline dehydrogenase or proline oxidase. PDIl or PDX. 

and P5C dehydrogenase. P5CDH (decreasing enzymes). accumulate proline 

(Huang ci cii., 2013). Several genes like. PJCSJ and PDH are positively and 

negatively regulated the accumulation of proline, respectively (Jaarsnia ci al.. 

2013: Verslucs and Shan'na. 2010: Kishor ci al.. 2005) by the increase in their 

expression and activity. Similar genes could be overexpressed to increase proline 

synthesis tinder salt stress to improve tolerance to salt. 
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CHAPTER V 

SUMMARY AND CONCLUSIONS 

I'his experiment was conducted under five different salinity conditions to study 

the tolerance of five Capsicum genotypes at in vitro celluar level as well as to 

investigate the underlying genetic mechanism for tolerance. Five Capsiewn 

genotypes were selected on the basis of their germination ability. These 

genotypes were used as in vitro explant source in this study. The genotypes were 

collected from SRC. Bogra. From twenty days old seedling, cotyledonary leaves 

and nodal segment were excised as explants. Calli were developed from these 

explants using modified MS medium supplemented with 2 mg/L NAA. 0.5 mg/L 

KIN and 5 rng/L 2.4-D. The calli were then cut into pieces of same sizes and 

inoculated into callus induction medium supplemented with 0 mM, 50 mM, 100 

mM, 150 mM and 200 mM NaCl. NaCl prevent plant cells from uptaking water 

necessary for physio-chcmical activity. Salt tolerance assay of these calli in low 

to severe stresses has been carried out at different duration. The environment 

was controlled with 25°C and a 16 h photoperiod from white Iluorescent lamps 

(40-50 p.tmol-m 2-s1). Evaluation of response of ealli was performed at 18 days 

and 36 days of inoculation. Initially the calli looked fresh and vigorous and it 

continued up to 18 days of stress period with some genotpic variation and 

almost all of them were whitish green. At prolonged stress period that is. from 

18 days to 36 days the),  gradually became brown to dark brown and eventually 

died. Estimation of callus size and weight revealed that significant genotypic 

variation exist among the calli of five genotypes at 18 DAT and 36 DAT. The 

size and weight of calli were the indicators of salt tolerance. Regarding 

totipotency. (i showed better performance at moderate to severe stress and from 

short duration (18 DAT) to long duration (36 DAT) stress period. They remained 

whitish green, fresh and live for long prolonged stress period. For short duration 

salt stress (IS days) 64 was the best performer at low to moderate salt stress 

whereas (1, was the best performer under severe stress. At prolonged stress 

period i.e.. at 36 DAT, also G., and G2  showed better tolerance under low salt 
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stress. i.e., their callus increased in size under low salt stress (-5.57 mm and - 

1.25 mm. respectively). Upto 18 DAT (days after treatment) callus weight was 

not reduced at all at low salt stress (50mM NaCl) but increased in case of (h. (I 

and Ci (-0.35 g. -0.11 g and -0.04 g respectively). At prolonged stress period (36 

DAD. 0:1 followed by G were the best performer under low stress (430 g and - 

0.09 g. respectively). Proline accumulation tinder salt stress is an indication of 

salt tolerance. In this experiment. 63  showed gradual increase of proline 

accumulation in ealli under stress condition. This genotype also performed better 

-is compared to the other genotypes and this data supporter the totipoteney trait 

of this genotype where they remained green. fresh and alive. 

In this experiment a protocol for in vitro induction of salt tolerant calli using 

cotyledonary leaves and nodal segments was established. Significant genotypic 

variation was observed among the genotypes. treatments and genotype x 

treatment interaction. The genotypes G2  (SRC 05) . 0 (SRC 02) and (14  (CO 

525) showed tolerance to salt stress condition at different duration as the 

hioniass changing of ealhi in Cczpsicum was comparatively better than those of 

other genotypes under stress condition. I'roline accumulation continuously 

increased in 03 tip to 200 mM of NaCl which supports the totipotency for longer 

stress period in 03. 'these results indicate the expression of lunctional gene 

occurs at high salt stress in case of (3, 63  and G.  which accumulate prohine 

gradually in the ealli. 

ihis investigation dealt with the in vitro selection of salt tolerant callus lines in 

Capsicuin spp. and could be made the progress of regeneration Ibllowed by gene 

expression analysis. So, further experiment by R'l'-PCR or Northern 

hybridization is required. Field trial is quiet necessary of regenerated plants in 

coastal region of Bangladesh. The identification and isolation of the gene(s) 

involved in the process of salt tolerance is necessary lbr future genetic 

transformation or hybridization to other economically important crop plants. 
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APPENDICES 

Appendix I. Map showing the experimental site under the study 
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Appendix II. Murashige and Skoog (1962) medium salts 

- 	 Components Concentralions 
(nig/L) 

Potassium nitrate (KNO3) 1900 

Macronutrients 
or 

Major salts 

Ammonium nitrate (NH4NO) 1650 

370 

332.20 

-__________  
Magnesium sul late heptahydrate 
(MgS01.7H2O) 

Calcium chloride (anhydrous) ( CaCI.,) 

Potassium phosphate (KEI7PO4) 

Boric acid (lIMO) 

170 

6.2 

Manganese Sulphate tetrahydrate 22.3 

Micronutrients 
(MnSO4.4H20)  

Zinesu Ifate tetrahydrate (ZnSO.4H0) 8.6 

Minor salts Potassium iodide (KI) 0.83 
Sodium molybdate dihydrate 0.25 
(Na,M00.2H20)  

Cobalt chloride hexahydrate 0.025 
(CoCI1.61120) 

Cupric sulfate pcntahydrate 0.025 
(CuSC)4.5H70) 

Ferrous sulfite hcptahvdrate 	- 27.80 
Iron Sources (FeSO4.7H20) 

Disodium FIYI'A dihydratc 37.260 
(Na,EDTA.21 120)  
Thiamine-HO 0.1 

Vitamins Nicotinic acid 0.5 

rPyrodoxine-ucl 0.5 
Sucrose 3000.00 
Agar 8000.00 
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Appendix UI: Analysis of variance of the data on callus size and callus weight 

Source of variation Degrees 

freedom 

(dt) 

of  
Mean Sum of Square 

Size (mm) Weight (g) 

0 DAT 18 DAT 36 DAT 0 DAT 18 DAT 36 DAT 

Factor A (genotype) 4 O.00O 43.134 95.05t' O.00O 0.1 15 0.257' 

Factor II 
(salinity_treatments) 

4 
_ 

0.000 37.316' 108.268r 0000NS 0.123' 0.722' 

AxB 16 0.000 8.508' 13.425' 0.000 0.04? 0.062 

Error 50 	1.000 0.371 0.499 1.000 0.001 0.001 

Signhlicantat 0.01 level of probability. ' Non significant 
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y = O.00óx - 0.034 
R0.998 
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Appendix IV. Proline standard curve 
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