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SUMMARY

Various aspects of the micropropagation of strawberry (Fragaria 

ananassa Duch.) from shoot tips and from single mesophyll cells were 

investigated.

1. The conditions affecting shoot proliferation were studied in two 

types of tip culture experiments : one without subculturing for 60 days, 

the other with subculturing at 10 day intervals. The basal medium 

used was that of Murashige and Skoog (1962). IBA (0.5 pM) was always 

present in the medium. No callus formation occurred during these 

experiments.

2. The effect of BA (0-40 pM) was found to be different in the two 

types of experiments. In the experiments involving continuous sub

culture, the shoot proliferation rate increased with BA concentration up 

to 5 pM BA both at low (2 watts/m^) and at high (13.5 watts/m^) light 

intensities. At concentrations of BA higher than 5 pM, the proliferation 

rate decreased. In cultures left without subculturing up to 60 days,

the 1 pM BA was found to support maximum shoot proliferation. At this

BA level, shoot numbers increased to 2714% over the initial numbers at 
213.5 watts/m light intensity. Shoot tip proliferation did not occur 

without BA.

3. Shoot tip proliferation was preceded by a lag phase of up to 30 days when 

the shoot tips were obtained from plants grown on BA free medium. The 

length of this lag phase was dependent on the length of time that the

donor plants spent in BA free medium.

4. The presence of myoinositol stimulated shoot tip proliferation while 

glycine was less effective although it did not suppress proliferation. 

Interestingly, nicotinic acid, pyridoxine HCl., and thiamine HCl., when 

present together reduced the shoot tip proliferation rate. Therefore,
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these three vitamins are not required in the medium when micropropagation 

of strawberry is the objective. When, in addition to these 3 vitamins, 

folic acid, biotin, C,a. pantothenate, riboflavin, and ascorbic acid were 

also present, the shoot proliferation rate was restored to the level 

reached without vitamins.

5. Sucrose was found essential for proliferation and the optimum

concentration was in the range of 3 - 6%. The response to sucrose
2varied with the light intensity. At 2 watts/m light intensity, 0.75%

2sucrose and at 13.5 watts/m light intensity, 3% sucrose resulted in 

maximum proliferation in long term cultures. In the experiments with 

continuous subculture, 6% sucrose was found best.

6 . For shoot tip proliferation light was required. No multiplication

occurred when the shoot tips were cultured in the dark. Shoot tip
2proliferation increased with light intensity; 13.5 watts/m was the highest 

light intensity used; this supported the maximum rate of shoot 

proliferation.

7. Rooting of in vitro produced shoot tips occurred readily in simple 

media. Maximum rooting occurred on a medium containing MS inorganic salts. 

The extent of rooting was directly related to light intensity. No root 

formation occurred in the dark, or at low light intensity, or in sucrose 

free medium.

8 . Roots were formed directly when shoots without roots were transferred to 

the soil, when the shoots were taken from MS inorganic salts with 2% 

sucrose. In the greenhouse, mist was found necessary for the first 7

days for the survival of plants.

9. Callus was established from aseptically produced roots and 2,4-D was 

most effective while NAA and lAA was moderately and least effective 

respectively. Kinetin was little better than BA in stimulating callus
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initiation. Organogenesis did not occur in callus produced on roots.

10. Mesophyll cells of strawberry were isolated mechanically. Cells 

were isolated from aseptically produced plants maintained either on MS 

inorganic salts (Appendix A, A to C inclusive) with 2% sucrose or on 

whole modified MS medium (Appendix A, A to N inclusive containing 1 pM BA 

and 3% sucrose).

11. Optimum plating efficiences of the order of 60 - 70% were obtained 

in cultures supplemented with a range of* organic additives, including 

kinetin and 2,4-D, grown on filter sterilized media at low light 

intensities and at low sucrose concentration; at 25° or 30°C. Autoclave 

sterilization, high osmotic pressure, additional sucrose, and high light 

intensities separately or together have all reduced the plating 

efficiencies.

12. In some of the treatments, cell division led to the formation of cell 

clusters without any change of media. Groups of these cell clusters have 

been visible to the naked eye within 60 days. These groups of cell 

clusters did not develop further on changing the medium.

13. The viability of mesophyll cells from strawberry. Asparagus 

sprengeri and from Macleaya cordata was assessed by observing the 

exclusion of various dyes from the cells. The penetration of some 

commonly used dyes, such as Evan's blue into the cells was found to be 

dye concentration dependent.
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1 General Introduction

In recent years it has become increasingly apparent that some of the 

techniques of plant tissue culture can be harnessed to benefit 

agriculture and horticulture in the vegetative propagation or cloning 

of crop plants. The main advantage of the new technology, which has 

become known as micropropagation is, that it offers proliferation rates 

which are unobtainable by conventional methods of vegetative propagation 

and which can be maintained irrespective of season throughout the year. 

This, coupled with the possibility of economical storage of the 

propagated material, and with the possibility of the guaranteed maintenance 

of the phytosanitary state of the process, often makes micropropagation 

an attractive alternative to conventional propagation methods.

The development of the new technology over the last two decades has also 

drawn attention to two considerations, both of which are important in 

practice : the maintenance of the genetic stability of the propagated

material during the in vitro stages and the reduction of the cost of the 

operations to acceptable levels. As an oversimplification it may perhaps 

be said that, at present, it is possible to satisfy the first of these 

requirements for many crops, but usually not both of them simultaneously.

The strawberry, subject of the studies reported here, is an important 

horticultural crop of the temperate regions. The basic requirements 

for its micropropagation from shoot tips have been worked out by previous 

workers (Boxus, 1978). The results obtained are apparently conflicting 

and some aspects, such as the vitamin and light requirements of 

strawberry shoot tips have not so far been investigated at all. In 

addition it was known that it is possible to isolate mesophyll cells of 

strawberry purely mechanically. This fact, together with the relative 

ease with which strawberry shoot tips can be micropropagated, suggested
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that it would be worth while to investigate the possibility of using 

mechanically isolated single mesophyll cells as potential propagules 

for micropropagation; this has been shown to be possible, via somatic 

embryogenesis for some other species by previous workers (Kohlenbach, 

1978). Success in such endeavour should reduce the cost of the operations 

and, provided that genetic stability of the crop could simultaneously be 

maintained, should make the micropropagation of strawberries a more 

competitive operation than it is at present.



CHAPTER TWO

SHOOT TIP CULTURE
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2. SHOOT TIP CULTURE

2A INTRODUCTION

Most of the vascular plants have permanently embryonic regions at the 

tips of their stems, small groups of cells remaining embryonic as long 

as the flowering process has not been induced. These are the apical 

meristems. Usually one finds a dormant bud in the axil of each leaf 

which in turn also has meristems, the so called axillary meristems. The 

apical meristem is a complex organ and morphologists do not agree entirely 

on the interpretation of its organization. Propagation by tissue culture 

technique may be started from existing meristems (shoot apices) or from 

explants taken from different parts of a plant suitable for the induction 

of adventitious meristem. The culture of apical meristem is advantageous 

in that the tissues are perpetually young, capable of being stimulated 

by a number of factors and response to the tissue conditions. They are 

usually free of infections and are relatively undifferentiated. These 

meristem cells are free of high ploidy.

Cutter (1965) referred to apical meristem only that part of the shoot apex 

lying distal to the young leaf primordium, whereas the shoot apex includes 

the apical meristem plus a few subjacent leaf primordia.

In 1934 White after having success in culturing tomato roots in vitro 

studied the distribution of viruses in tobacco roots. He dissected the 

tobacco roots and found that first 2 cm portion of roots were generally 

free of viruses. At the same time Samuel (1934) was also working on 

tobacco viruses and supported the findings of White (1934) that young 

parts contained much less virus than adult leaves. But it was not until



1950 when Limasset and Cornuet put forward the hypothesis that apical 

meristem must be free from virus.

Ball (1946) developed entire plant starting from apical meristem of lupin; 

Lupinus allius but he failed with Tropaeolum majus. He further reported 

that if the excised tip includes three visible leaf primordia and some 

subjacent stem tissue, it was possible to achieve rooting and complete 

plant development. Later the apical meristem remained the main plant part 

to free the infected plants from pathogens. Morel (1948) used NAA in his 

medium to culture carnation shoot tips for virus elimination. He further 

suggested which was later confirmed by other workers that by growing 

the meristematic shoot, virus can be eliminated from infected plants 

(Morel and Martin, 1952, 1955; Quak, 1977; Phillips, 1968).

Since that time methods have been devised to produce virus free plants 

from a wide range of species and clones so derived are widely used 

commercially (Quak, 1977; Walkey, 1978, 1980). But with many species 

viruses are known to be present in apical meristems (Walkey and Webb, 1970; 

Walkey and Cooper, 1972).

Use of plant tissue culture for the propagation of vegetatively 

propagating plants was also started alongside virus elimination by shoot 

apical meristem. Rotor, (1949) used flower stalk bud for the propagation 

of Phalaenopsis species and got active growth of bud on simple Knudson 

medium after 2 months. Large scale horticultural use of tissue culture 

began with the orchids, the crops with which Morel (I960) demonstrated 

that shoot apex cultures enabled clonal multiplication rates that were 

several times faster than commonly employed horticultural methods. Morel 

(1964 b) discovered a new phenomenon to obtain many hundreds "seedlings" 

plants of orchids from a single bud in a year. He used Knudson medium 

and subdivided the growing protocorm after every two months to subculture 

on the same medium. Later Morel (1971) showed that the clonal
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propagation of orchids is based on the regenerative properties of the 

juvenile cells located near the apex.

In plant tissue culture the turning point came when Skoog and his 

associates; Skoog and Tsui, 1948; Miller and Skoog, 1953; Skoog and 

Miller, 1957 discovered that organogenesis in tissue culture could be 

manipulated through substances provided in the nutrient medium 

especially auxin and cytokinin. The effort in Skoog’s laboratory of 

Wisconsin (U.S.A.) resulted in the discovery of kinetin (Miller et al.,

1 9 5 5, 195 6) the first of the cytokinin group of plant hormones.

All vegetative propagative plants are susceptible to occassional 

mutation. During propagation it is essential that tissue culture in

itself should not increase the mutation rate. The genetic uniformity of the

propagules and their susceptibility to mutation in vitro depends both on 

the nature of the starting material and on the methods used for 

multiplication (Hussey, 1978, 1980). For long term multiplication and 

storage of a selected genotype, cultures are required that continue the 

genetic stability with the minimum loss of totipotency. This can best be 

achieved by exploiting the mechanism of axillary and adventitious shoot 

formation by suppressing the apical dominance. In plants with apical 

dominance, it has long been known that the applications of cytokinin to 

release lateral shoots from inhibition can partly substitute for 

decapitation and stimulate their growth. The method that depends on

enhanced axillary branching has been based on Wickson and Thimann’s (1958)

discovery that cytokinin could effect the release of lateral buds from 

apical dominance. Sachs and Thimann (1964); Hackett and Anderson (1967) 

succeeded in the propagation of shoots in cultures of carnation by suppressing 

the apical dominance and release of axillary growth. Mauseth (1976) 

found that in cactus under the influence of BA, the dormant axillary bud
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meristem increased in size and became mitotically active. This was also 

mentioned by Earle and Longhan, 1974 (Chrysanthemum); Abbot and Whitely 

1976 (apple).

Hussey (1978) mentioned three ways of shoot tip proliferation.

a. The increase in the number of axillary branching 

by breaking the apical dominance.

b. By encouraging the formation of adventitious meristems.

c. Development of adventitious meristems in callus culture.

Application of plant tissue culture technique expanded rapidly during the 

last two decades after the discovery of growth hormones and this 

technique is available to a wide range of plant species. Shoot tips have
U 't  n
/'shown to be totipotent to produce the whole plant with well developed 

roots and micropropagation mainly depends on the further proliferation of 

shoot tips. During recent years the most substantial use of plant tissue 

culture has been in the rapid clonal multiplication of horticultural crops, 

A wide range of flower and other ornamentals, fruits, vegetables and 

agronomic crops; and a few forest trees are now being reproduced 

commercially through tissue culture (Murashige, 1974, 1977, a,b;

Pierik, 1975; Abbot, 1978). This brings much closer the possibility of 

propagating crop plants in sterile culture as an alternative to cutting. 

Detailed list of such plants being propagated by shoot tip culture up to 

1978 is given by Murashige, 1978. Selected list of such plants is being 

reproduced here in Table 1, although the number of plant species being 

propagated by tissue culture is ever increasing since 1 9 7 8.

Pieces of apical meristems excised above the region of leaf formation 

grow successfully (Phillips, 1968). If the leaf primordia are removed 

at an earlier date from a shoot apex, the prospect of its normal
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TABLE 1.

List of plant species that are propagatable 
______________by tissue culture *____________

S No. Name of plant species S No. Name of plant species

a. Flower crops

1 Chrysanthemum morifolium 
(Ramat) Hemsl.

2 Gerbera jamesonii Bolus
3 Lilium sp.
4 Macleaya cordata (wild) 

R. Br.
5 Petunia sp.
6 Rhododendron sp.
7 Rosa sp.

b. Vegetable Crops
8 Allium sp.
9 Asparagus officinalis L.
10 Brassica sp.
11 Capsicum annuum viz.
12 Cucurbita pepo L.
13 Daucus Carota L.
14 Lycopersicon sp.
15 Phaseolus vulgaris L.
16 Pisum sativum L.
17 Solanum sp.

c. Agronomic crops
18 Avena sativa L.
19 Beta vulgaris L.
20 Glycine max (L.)

merrill.
21 Hordeum vulgare L.
22 Ipomea batatas Lam.
23 Manihot utilissima Pohl.

24 Medicago sativa L.
25 Nicotiana sp.
26 Oryza sativa L.
27 Saccharum sp.
28 Trifolium repens L.
29 Triticum sp.
30 Zea mays L.

d. Fruit crops
31 Ananas comosus L. Merr.
32 Citrus sp.
33 Fragaria sp.
34 Malus sylvestris Mill.
35 Musa Cavendishii Lam
36 Prunus sp.
37 Ribes sp.
38 Rubus sp.
39 Vitis sp.

e. Forrest and medicinal plants
40 Acacia koa Gray
41 Atropa bellandonna L.
42 Datura innoxia Mill.
43 Eucalyptus sp.
44 Pinus sp.
45 Populus sp.

* Selected from Murashige, 1978.



development in isolation becomes difficult to achieve. If the entire 

apex is removed, the smaller the amount of subjacent tissue, the more 

difficult it becomes to maintain the apex in culture. In general well 

developed buds grow earlier than small ones, and larger the diameter 

the more vigorous the plants produced (Rotor, 1949). Depending on plant 

species the meristem tip may be 0.1 - 5.0 mm long. Some workers have 

claimed to have cultured the meristem dome only and others have obtained 

virus free plants from apical segments up to 5.0 mm long (Vine and Jones 

1969). Apices less than 0.5 mm long of several Angiosperms could not be 

cultured (Wetmore and Morel, 1949; Morel and Wetmore 1951). Morel 

(I960, 1965) while working to free the orchids from virus used explants

0.1 mm in width. But in attempting to isolate such a minute amount of 

tissue damage may be inflicted which may either cause death, or retard the 

development of the explant. Therefore, Morel (1965) recommended that 

when the objective is one of rapid multiplication, the meristem should be 

isolated together with 2 - 4  leaf primordia. The width of explant was then 

V. ' between 0.5 - 1.0 mm. Miller and Belkengren (1963) obtained strawberry

mature plants from 10% of their culturesby taking tips of 0 . 5  - 1 . 0 mm.

They used a short period of heat treatment before culturing the tips, 

and they did have some success with non-heat treated material in 

producing virus free plants. With McGrew (1965) the smallest surviving 

size of strawberry excised tip was approximately 2 mm long. This size 

of explant also affected the rooting ability of excised tip. Out of the 

excised tips that did not root, 45% came from explant smaller than 2 mm. 

Later Vine (1968) found that the smaller tips, less than 0.4 mm rooted 

less readily than larger ones (0.4 - 0.8 mm) and grew more slowly to a 

size suitable for potting. Smith and Murashige (1970) developed complete 

tobacco plant by using 80 p long of shoot meristem as explant. Mathews 

et al., (1 97 6) found that the size of bud in the in vitro propagation of



pineapple was not important in itself rather meristem injured by 

surgical treatment gave multiple shoot formation. Kartha et al. (1977) 

regenerated tomato plants in high frequency by using 0.4 - 0.5 mm long 

shoot apical meristemswhich contained 1 - 2 leaf primordia.

It is general routine in plant tissue culture that first to choose and 

modify the nutrient medium and then to establish the conditions suitable 

for a particular plant organ and research interest. Synthetic media for 

in vitro plant studies have been in use for more than a century. During 

years modifications were made in the original formulae, sometimes as a 

result of further studies by the original author, and sometimes by other 

workers who modified a medium for a new and special use for a particular 

plant part and their ultimate goal. In an effort to standardize the 

media for use in culture, different workers have tried to put forward a 

general formulation; Murashige (1973); Gamborg et al. (1976); Huang 

and Murashige (1976); Loneragan (1977); Street (1977, 1979); Street

and Shillito (1977); de Fossard (1981).

The assessment of nutritional requirements of cultured plant organs are 

simplified by considering separately the three major classes of medium 

components : -

a. Inorganic salts

b. Organic constituents

c. Natural or undefined composition, e.g. coconut water.

The selection of a particular medium at the start of a tissue culture 

project does not mean that other media are unsuitable for the particular 

plant under study but rather this is the starting point to find the 

specific requirements of hormones and organic components in the most 

suitable medium. The response of primary cultures to salts is sometimes
I
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influenced by the nutritional status of the plant or organ which is 

used as source of explant.

Inorganic salts has been the common requirement among different genera 

and species. Thus a few major salt mixtures have been adequate to satisfy 

the needs of most plant cell and organ cultures. Among a wide range of 

media in tissue culture laboratories of the world, the MS medium (Murashige 

and Skoog, 1962) is being most extensively used and often serves as a basis 

for further modifications. This medium was developed for tobacco pith 

callus. The basal medium which served as a control was modified White's 

(1 9 5 1) nutrient solution which in turn was designed for the excised 

root culture and itself was based on Uspanski and Uspenskaias medium 

(Murashige and Skoog, 1962).

Morel (1964a) cultured the apical meristem of potato and sunflower and 

found that the apical meristem can only be maintained in culture in the 

presence of high concentration of K**" and NH^ ions and giberellin. He 

thought that a high concentration of mineral ions is made necessary by the 

absence of absorption organs such as absorbent hairs. While enrichment 

of the medium with nitrogen especially as NH^No^ is often desirable 

(Reinert et al., 1967). JacobCS et al. (1968) found that MS medium which 

supported the growth of tobacco pith callus inhibited growth in rose pith 

tissue for extended period. But the medium is not always critical in 

the propagation of plants aseptically (Debegh, 1975). Ma and Wang (1977) 

achieved multiple shoot formation in Azaleas through branching by culturing 

the shoot tips on modified MS medium (5 and 3 strength) with 0.4 mg kinetin/1 

Preil and Engelhardt (1977) while working with Azaleas used 1/10th 

strength of MS medium in combination with 2-5 ppm BA for shoot tip 

proliferation. Later Saka et al. (1980) compared the MS and B5 medium 

for shoot bud formation on soybean stem node explantsand found that B5 

medium was superior to MS for both bud initiation and growth. They further
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noticed that shoot bud formation was enhanced by preconditioning fresh 

tissue on basal medium without growth regulators.

Requirements of organic substances varied among many plant genera, organ 

culture and research objective. The most critical organic substances 

are : -

a. Carbohydrates

b. Aminoacids and vitamins

c. Growth hormones

i . Auxin

ii Cytokinin.

It is well established experimentally that sucrose has been the most 

effective carbohydrate. Sucrose in a concentration of 2 - 3% is most 

extensively used as carbon source while higher concentrations of up to 

12% are advantageous for some species and purposes. Pieniazek (1968) 

found that sucrose was essential in the medium to prevent toxicity of 

some of the medium components. Giladi et al. ( 1977) found that up to 5% 

sucrose with BA induced callus formation slightly in bud explants of 

citrus. They further added that the high level of sucrose was required 

for the growth of shoots from buds cultured on both basal and BA 

containing mediums, while Jacobs et al. (1969, 1970 b) used sucrose 

and glucose together, at 1% each, in the medium for the propagation of 

rose.

Glucose is occasionally used in culture although there are few reports 

where glucose was preferred over sucrose or other carbohydrates (Wang 

and Huang, 1976; Boxus, 1974).

Fructose and starch are also included sometimes in the media for some
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plants, Hildebrandt ana Ricker, 1953; Karsten and Meester-Manger, I960; 

Nickell and Maretzki, 1970. Saka et al. (1980) noticed the stimulation 

of growing bud of soybean by substituting fructose for sucrose.

Certain plant cultures have benefited from the addition of amino acids 

and vitamins in the medium. Amino acids and other organic supplements 

which are most commonly included in the medium are : -

i Adenine vii Glycine

ii Ascorbic acid viii Myo-inositol

iii Biotin ix Nicotinic acid

iv Calcium pantothenate X Pyridoxine HCL

V Folic acid xi Riboflavin

vi Glutamine xii Thiamine HCl.

Detailed lists of amino acids and vitamins being used in plant tissue 

culture are widely available in the literature, Huang and Murashige (1976) 

and Street (1977 ).

Among these adenine is known to promote shoot initiation and enhance 

shoot formation in vitro cultures. Its promotive action was first noticed 

by Skoog and Tsui (1948). Jacquiot (1951) observed the relationship 

between adenine and inositol in shoot initiation of cambium stem culture 

of Ulmus campestris. He noted that adenine stimulated shoot formation 

among explants obtained during the winter, whereas inositol enhanced the 

process in summer - established cultures. Later in 1967 Nitsch et al. 

confirmed stimulatory effect of adenine on shoot initiation in Plumbago 

indica alternate culture. Kamada and Harada (1979) found that alanine 

and asparagine and glutamic acid caused bud stimulation in internodal 

segments of Torenia fournieri.
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Thiamine HCl. is generally considered to be essential or beneficial 

in tissue culture, Murashige (1973, 1974); Huang and Murashige (1976). 

According to Gambprg et al. (1976) only thiamine HCl. is essential 

requirement while nicotinic acid and phyridoxine HCl. enhance growth.

The importance of myoinositol was discovered by Pollard et al. (1961) 

who isolated it from coconut milk. Later it was included into plant 

tissue culture media when it was shown that it was significantly 

stimulatory to callus grown at concentration of 50 - 100 mg / 1  in many plant 

species. Murashige and Skoog (1962); Steinhart et al. (1962). Linsmaier 

and Skoog (1965) when revising the MS medium for tobacco callus growth 

found that lAA, kinetin and thiamine are essential while myoinositol is 

required for rapid growth. The need for numerous other vitamins remains 

equivocal, although many have been included in the media. Biotin, folic 

acid, pantothenic acid and riboflavin are usually used chiefly for 

precautionary reasons. Ascorbic acid where used, is intended to retard 

browning on freshly excised tissues (Giladi et al., 1977). Dutcher and 

Powell (1972) noticed that low concentrations of abscisic acid prevented 

the growth of the apple buds. In 1976 Gamborg et al., suggested that 

aminoacids may not be necessary altogether. In case the inorganic salts 

only are not adequate, the addition of casein hydrolysate (0 . 0 5 - 0 .1%) 

to establish culture is sometimes beneficial.

The widespread use of tissue culture has depended on the identification 

of plant hormones and their effectiveness is judged from their interaction, 

kind and quantity being used. The word hormone was first used in the 

botanical literature by Fitting (1910). The plant growth hormones are 

auxins, cytokinins, gibberellins and others.

An auxin is defined by Thimann (1952) "an organic substance which 

promotes growth i.e. irreversible increase in volume". Nitsch (1950,1954)
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studied the effect of auxin on growth and morphogenesis of strawberry 

and found large amounts of free auxin in achenes as compared with other 

plant parts and the concentration of free auxin varied greatly with the 

developmental stage of the plant. The auxins differ in stability and in 

their influence on morphogenesis. In their effectiveness 2,4-D and lAA 

are the strongest and the weakest respectively among a wide range of auxins, 

The other auxins are more intermediate in effectiveness. Gibberellins 

are used in some types of shoot tip cultures in the recovery of virus free 

plants but their inclusion has never been critical (Morel and Muller,1964).

Cytokinins have been shown to occur naturally in many plant species and 

the actively dividing tissue contains the large part of it. Cytokinins 

are regarded as regulators of cell division and are used in concentrations 

in the range of 0.1 - 3.0 mg/1. Among cytokinins, kinetin and BA are 

most commonly used and equally effective in most cultures. In most cases 

the cultures are dependent upon exogenous cytokinins in the medium for 

growth; in a few instances others are capable of growth without exogenous 

cytokinins (Street, 1979).

In 1957 Skoog and Miller reported that root and shoot initiation is 

regulated by interaction between auxins and cytokinins. Their findings 

were based on tobacco callus which showed that both substances were 

necessary for tissue growth. The optimum concentration of one in the 

medium is dependent on the concentration of the other. The organized 

development is controlled by the relative amount in the medium of the 

two hormones. A relatively high concentration of auxin combined with a 

low concentration of cytokinin resulted in root initiation; the reverse 

relationship lead to shoot formation. Later in 1965 Lee and Skoog 

mentioned that although the control of root and shoot initiation by the 

auxin - cytokinin balance appears to be a general phenomenon in plants.
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other factors do alter the effectiveness of auxins or cytokinins.

Many workers have taken advantage of this effect to culture plants of 

many species often using different media in sequence to induce first shoots 

then root and obtain whole plants. Jacobs et al. (1969, 1970 a,b) studied 

different auxin - cytokinin relationships by using kinetin, NAA, GA^ 

in rose tip cultures. They found that shoot tip survival and leaf 

expansion were favoured by kinetin while GA^ had an adverse effect but the 

high concentration of kinetin overcame the inhibitory effect of GA^. 

Furthermore, root differentiations occurred only in the absence of kinetin 

and in the range of 0.5 - 2.0 mg/1 NAA. No combination of NAA and kinetin 

gave both root and normal leaf growth on the same tissue explant as noted 

by them. In 1972 Grinblant found that the maximum number of buds from 

citrus stem explants were obtained by using 10 mg/1 BA and 0.1 mg/1 NAA 

to the basal medium. While minimal bud initiation occurred in explants 

when 0.1 mg/1 each of BA and NAA was supplemented with basal medium.

Elliot (1972) found that in apple BA enhances shoot growth. Rangan (1974) 

noticed that shoot bud of panic grass only develops on withdrawal of 

2,4-D from the medium or its substitution by low concentration of NAA or 

lAA. Campbell and Durzan (1975, 1976), while working with spruce seedlings 

got 100 scale like segments when they placed hypocotyl segments on a 

medium containing 10 pM BA. They further noticed that NAA inhibited any 

organ formation. The same type of auxin: cytokinin effect was noted by

Abbott and Whiteley (1976) who were working with apple shoot meristem.

They found that apices grown on a modified LS medium with cytokinin but 

in the absence of auxin, gave rise to shoot mass and a multiplication of 

10-fold per month was obtained. Dale (1977) got meristem tip 

proliferations by using different combinations of auxin: cytokinin ratio 

in different grass species. Kartha et al. (1977) propagated tomato by 

shoot apical meristem. They found that BA or Zeatin at various



concentrations from 0 .1 - 100 pM induced shoot differentation in high 

frequency, and all levels of BA or zeatin with lAA also induced shoot 

differentiation. They further mentioned that whole plant regeneration

occurred in media with hormone concentrations of BA and NAA in the range

of 0.1 - 1.0 pM, 10 pM zeatin with 1.0 pM NAA or vice-versa, and 10 pM

lAA. Jona and Webb (1978) when cultured the axillary buds of grapes 

in basal medium supplemented with 10 pM BA obtained continued shoot 

initiation. Rao and Bapat (1978) tested different auxins and their effects 

on regeneration potential on bud formation of hypocotyl segments of 

sandalwood. Among the auxins tested, 2,4-D and pCPA completely suppressed 

the bud formation while lAA, IBA, NAA and NOA were beneficial for shoot 

bud formation. They further found that cytokinin stimulated and enhanced

shoot bud formation better than auxins. The interesting result was that 

the explants excised from adult plants did not respond to any hormonal 

treatment. During a study of rapid clonal propagation of papaya Litz and 

Conover (1978) found that 2 pM BA and 1 pM NAA caused a 7-fold increase in 

the total number of plants during 3 weeks. Roca et al. (1978) got rapid 

propagation of potato by using BA. Moreover, the culture initiation was 

more dependent on the variety than culture proliferation. Tanaka and 

Sakanishi (1978) managed to stimulate the dormant orchid buds to sprout 

by using BA in the medium and BA 2.5 ppm was found to be the optimum 

level. Barnes (1979) studied the effect of the auxin/cytokinin ratio 

on bud formation in shoot tip culture of watermelon. He got an average

4.5 axillary shoots per bud within 5 weeks by using high kinetin (4.6 pM) 

and low lAA (0.28 pM). When he transferred the axillary buds to a medium 

of high cytokinin/auxin ratio, he got 1 0 . 3 axillary shoots on average 

within 5 weeks. When he cultured the shoots on 11.5 pM lAA only, he got 

well developed roots within 3 weeks. In 1979 while working independently 

Hasegawa; Skirvin and Chu reported the propagation of rose. The latter 

group used 2 mg/1 BA and 0.1 mg/1 NAA with MS as basal medium for their 

culture. Although Hasegawa also used the same path and medium for the
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propagation of rose, he used higher levels of growth hormones, 3 mg/1 BA 

and 0.3 mg/1 NAA. In this way he achieved a 3 fold increase in multiplication 

within 8 weeks. When he subcultured these shoots onto the same medium, he 

got 6 times increase of shoots in 8 weeks. Kamada and Harada (1979) found 

that BA causes bud formation in internodal segments of Torenia fournieri.

Novak and Maskova (1979) found that tomato plant rarely developed on basal 

medium containing NAA. Kinetin and BAP in the range of 0.1 - 10 pM 

stimulated shoot development and BAP at 5 and 10 pM induced shoot 

multiplication. Cheyne and Dale (1980) found that different hormonal 

combinations were needed with different basal media for multiple shoot 

formation in different forage legumes. Davies (1980) reported the in vitro 

propagation of rose by stimulating axillary bud formation. By using MS as 

basal medium with BA and NAA he got a multiplication rate between 3 - 5  

per four week period over a series of subcultures. Bhojwani (1980) while 

working with garlic got 8 fold proliferation of shoot buds both axillary 

and adventitious within 6 weeks by using B5 medium supplemented with 2iP 

(.5 mg/1) and NAA (.1 mg/1). Van Aartrijk and Blom-Barnhoorn (1981) 

reported the growth regulator requirements for adventitious regeneration 

from Lilium blub-scale tissue in vitro. They found that NAA strongly 

influenced the adventitious regeneration of plantlets while BA and 2iP 

did not influence the adventitious regeneration, but caused aberrant 

growth of the regenerated plantlets. Roest and Bokelmann (1981) reported 

a 10 fold increase in carnation bud numbers in 4 months by using BA (1 mg/1) 

and lAA (.1 mg/1). Kameya and Widholm (1981) got plant regeneration of 

different species of Glycine by culturing different explants on B5 medium 

supplemented with 0.1 - 10 mg/1 BA and 0.1 - 5 mg/1 NAA. Lundergan and 

Janick (1981) found BA the most effective cytokinin in inducing shoot 

proliferation in apple.

At present for most plant propagation work agar gelled medium is being
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used. But in begonia the influence of the physical form of nutrient 

medium on growth and development of shoot tips was reported by Murashige 

(1973). He mentioned that the best development of begonia occurred in 

shoot tips submerged in liquid culture when agitated gently, perhaps 

through an effect on the availability and rate of assimilation of nutrients. 

In most of the strawberry shoot tip propagation studies, gel solidified 

medium is being used. The physical form of liquid medium apparently played 

a significant role in determining the pattern of organ differentiations 

in excised Cichorium intybus roots. Explants cultivated on a liquid medium 

and supported by a filter paper bridge produced vegetative buds. On the 

other hand, explants placed on agar medium regenerated flower buds. High 

concentration of agar, as much as 2.4%, was necessary to achieve maximum 

differentiation of flower buds (Bouniols and Margara, (1968). In using solid 

medium it is generally important to consider both the gel concentration and 

the quality of agar. Romberger and Tabor (1971) reported that the growth 

of excised Picea olaces shoot apical meristems was influenced significantly 

by the quality of the agar. Best growth has occurred in a nutrient medium 

containing Difco "purified" agar and the poorest in Difco "agar".

Excessive concentration of gel resulted in hard medium inhibits growth of 

plant tissues. Wimber (1963) found differences in the clonal multiplication 

rates of Cymbidium when he put the meristem tip in the liquid culture on 

a rotary shaker or stationary. Agitated flasks gave no shoots while the 

explants not agitated showed shoot proliferation. On solid nutrient agar 

medium protocorm produced shoots and roots. Later in 1970 Churchill et al., 

produced orchid plants from seedling leaf tips by using liquid medium. 

Dutcher and Powell (1972) cultured apple buds on stationary agar and 

rotating agar cum liquid medium. They found that in stationary culture 

shoots developed with short leaves and internodes and that this miniature 

condition is due to inability of the rootless explants to absorb 

sufficient nutrients. In rotating culture where the developing leaves are
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bathed in nutrient solution, shoots of normal size and appearance 

are produced. Rute et al., ( 1977) found that MS liquid nutrient medium to 

be the most suitable for optimal growth and development of cucumber 

explants. Ma and Wang (1977) noticed that Azalea shoot tip culture survival 

and growth could be increased by adding a small volume of liquid medium to 

3 week old agar cultures and rotating them gently for 5 days, and then 

returning them in the stationary state for further development. Roca et al. 

(1 97 8) got rapid proliferation of potato shoots by transferring his explants 

from agar into shaking cultures. Mathews and Rangan (1979) obtained 

multiple shoots from dormant axillary buds of pineapple when they cultured 

buds on MS medium supplemented with auxins and kinetin. Furthermore, they 

noticed that by shaking the culture flasks during growth increased the 

number of multiple shoots formed as compared with stationary liquid cultures,

The pH of nutrient medium is also considered critical factor. Generally 

the more acid the pH, the softer the gel. The usual practice is to set 

the pH of the medium at some value within a range of 5 - 6 .

The major physical factors of the tissue culture environment are light and 

temperature. Relative humidity of the culture condition for the most part 

is considered unimportant. The illumination of plant cultures are 

considered in terms of intensity. Light requirement of tissue cultures are 

different than those of autotrophically developing whole plants. In 

cultures light is required for morphogenetic processes rather than 

photosynthesis. Kassanis (1957) found that artificial light for IBh/day 

induced better potato shoot apex growth. But for shoot formation Nebel 

and Naylor (1968) found that shoot bud formation was related linearly to 

light intensity in the range of 300 - 700 lux. Hasegawa et al. (1973) 

obtained maximum proliferation from shoot apex culture of Asparagus when 

the cultures were illuminated 4 - 20 hours daily with white fluorescent
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or Gro-lux lamps at an intensity of 1000 lux. Successful transfer of 

plants from aseptic culture to soil required a prior reculture in a 

medium lacking NAA and with the light intensity increased to 3000 or 10,000 

lux. Murashige (1974) categorized the optimum light intensity requirement 

according to the developmental stage of Asparagus. According to him the 

light intensity varies from 1000 lux at the start of the culture to 10 ,0 00  

lux at the time when the plants are transferred to the soil, while using 

the white fluorescent tubes with a daily exposure period of 16 hours.

Day length is considered to influence the development of tissue cultures 

of plants which are normally responsive to daily photoperiod. Normally 

the plants that have a photoperiod requirement will show this need in 

tissue culture. Unless photoperiod requirement is known, daily exposures 

equivalent to 16 hours are usually used to obtain the most shoots. Gautheret 

(1969) while working with Asparagus shoot tip cultures found 16 hours per 

day with 1000 lux the optimum light period. Preil and Engelhart (1977) 

found 3000 lux 16 hours/day to be the best for Azaleas meristem culture.

A similar exposure period to a higher light intensity, 3000 - 10,000 lux, 

has been in the final root initiation step.

The general practice has been to maintain cultures in an environment in 

which the temperature is held constant, usually 25°C. This practice does 

not take into account the temperature fluctuations, under which the plants 

normally grow.

Like most vegetatively propagated crops, strawberries are also susceptible 

to different types of viruses and other diseases. In strawberry tissue 

culture was first applied for the elimination of virus with or without 

heat treatment of excised meristem tips from a wide range of species and 

clones so derived are now widely used commercially. This type of work 

showed varying degrees of success; Belkengren and Miller, 1962; Miller
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and Belkengren (1963; McGrew, 1965; Vine 1968; Smith et al.,1970;

Nishi and Oosawa 1973; and Mullin et al., 1974. In vitro propagation of 

strawberry was started with the report of Adams (1972 a,b). He found that 

many shoots originated from the basal callus in the presence of 0.1 mg BA/1 

whereas Boxus (1974) found that 1 pM BA is required to ensure multiple 

shoot formation and to break the apical dominance. Lee and de Fossard,

(1975, 1977); James and Newton (1977) studied the effect of auxin: cytokinin 

ratios on strawberry multiple bud formation. A range of 0.25 - 1 pM IBA and

0.25 - 2.5 pM BA concentrations were found to be the most suitable for 

rapid bud proliferation and for promoting leaf expansion. But for root 

formation they recommended the deletion of cytokinins from the medium.

The work published during the last 10 years showed that the shoot tips of 

strawberry could be induced to proliferate and this state could be 

maintained by serial subculture. However, the manipulation of the medium 

and complex interaction of growth regulators with other constituents of 

the medium and with the strawberry meristem tip needs experimental 

exploration. The initiation of division in excised tissue is related to 

a number of interacting factors such as the nutrient availability, release 

of inhibitors, light, temperature and other environmental factors which 

will be studied during present work.

In commercial propagation of plants, the method requires that the data 

are established as certain economically important growth parameters, such 

as the rate of shoot proliferation and the percentage loss on 

establishment of the plants in soil. Equally important is the consistency 

with which the desired plant is reproduced without any change in 

morphological or cytological characters.
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2B Materials and methods

a. Plant material

Strawberry plants (Fragaria ananassa Duch. CV. Red Gauntlet) were being

maintained aseptically by the department of the University of Bath in

175 ml glass jars with metal screw tops at 25° + 2°C, 16 hours/day under
2'Warm White' fluorescent tubes at 3-6 watts/m luminous flux density.

b. Maintenance of plant material

Shoot tips, 5 - 10 mm long, with no expanded leaves containing a single 

apical meristem, were taken from the plants maintained by the department and 

were transferred to MS inorganic salts with 2% sucrose (MM medium). 

Ingredients of this medium were (Appendix - A, MS A, B, C).

MS-A MS-B

KNOj HjBOj

NH^NO] MnSO^.AH^O

Cacl2 .2H2Ü Na^.EDTA

MgS0^.7H20 FeS0^.7H2Ü

KH^ PO, ZnSO,.4H_02 4 4 2
MS-C

Na^ MoO^. 2H2O 

CUSO^.

The maintenance medium (MM) gave well developed and uniform plant growth, 

healthy fully expanded and well developed leaves (Plate 1). When 

actively dividing buds were taken from plants grown on modified MS medium 

containing 1/iMBA (Appendix A) and transferred to MM medium without hormones, 

they continued to proliferate for a limited period. These plants kept on 

MM medium for at least 2C days were used as a source of explants for all 

types of experiments mentioned in this report. Any deviation from this 

practice is mentioned in the relevant section of this thesis.
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PLATE 1

The strawberry plants are maintained on MS inorganic 

salts with 2% sucrose only (MM medium).
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C. Chemicals and glassware

Chemicals used were supplied by B.D.H. Ltd., Poole, Dorset, Hopkin and 

Williams Ltd., Chadwell Heath, Essex, and Eisons, Ltd., Loughborough, 

Leicestershire, were of "Analar" grade wherever possible.

Pyrex glassware was used throughout for the preparation of media. For 

culture 175 ml glass jars with metal screw caps were used.

d. Washing of glassware

For all the washing of glassware, hand washing method was used. For 

washing detergent was mixed with hot tap water and glassware was soaked 

for some time before scrub with a hand brush and rinsed with tap water. 

Single distilled water was used for final rinse before oven drying at 50°C,

e . Media and culture procedure :-

During all the studies modified MS medium was used. Media were grouped 

into different categories of inorganic and organic salts and stock 

solutions 10 - 1000 times more concentrated than the final medium were 

prepared separately and stored in glass bottles at 4°C. Fresh stock 

solutions were prepared every 2 months. Sucrose was added to the media

at the time of preparation according to the percentage required. Aliquots

were used to prepare the media (Appendix A). Detailed description of 

media and of culture techniques are widely available in the literature 

(Gamborg and Wetter, 1975; Street, 1977 ; Baker and Taylor, 1978).

Single distilled water was used for the preparation of media and for 

final rinse of glassware before use. Agar used to solidify culture media 

was Lab. M type.MC2.

f. pH. adjustment

For all the experiments, media were adjusted to pH.5.5 using solutions 

of 1M NAOH and 0.1M HCl.prior to the addition of agar and prior to



- 2 5  -

sterilization.

g. Sterilization

In all the shoot tip culture experiments media were dispensed in aliquots 

of 25-30 ml into 175 ml glass jars with metal lidP before sterilization. 

Other glassware, like small glass beakers, graduated glass tubes covered 

with autoclavable polyurethanej> plugs, glass hand homogenizer, stainless 

steel wire mesh with other small equipment were autoclaved in bags. All 

bags were sealed with autoclave indicator tape. All the autoclave 

operations were carried out in a portable autoclave or in a pressure 

cooker for 10-15 minutes at 15 lbs in”^ pressure and 121°C temperature. 

Spatulas, knives, forceps and metallic stands were autoclaved in 

autoclave bags before each sterile manipulation; these were carried out 

in a laminar air flow cabinet. Where filter sterilization of media were 

used, Swinnex Millipore MF filter pore size 0.22 (Millipore filter

corporation, U.S.A) was used (Van Bulk, 1971).

The recent advance of the last 20 years is the prevention of airbore 

contamination while manipulating cultures is the use of filtered laminar 

air. The aseptic transfer are ventilated by continuous piston like 

displacement of air that has been passed through a high efficiency air 

filter. These filters can hold particles larger than 0.2 >jm in diameter 

and for practical purposes they sterilize the ambient air of the transfer 

cabinet (Coriell, 1973). The flow cabinet was run at least for 15 minutes 

before doing any sterile manipulation. During sterile manipulations 

autoclaved forceps were immersed in 70% ethanol followed by flame 

sterilization at regular intervals.

h. Culture conditions : -

Glass jars for meristem tip culture experiments were incubated at 25°C,
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under a 16h daily photoperiod. 'Warm White' fluorescent tubes at least 

12" above the glass jars were used as light source. Light intensity 

was varied in each experiment and was given in each experiment separately. 

Light intensity was measured with a Crump light meter; light level 

response sensor was placed inside the glass jar with the metal lid on.

Light intensity was found lower inside than outside the glass jars and 

the measurements represent the actual light intensities reaching the 

growing plants.

i . Origin of explant : -

For each experiment the explants came from MM medium which had the 

following advantages.

i. Plants were on simple medium and were deficient in the medium

component to be tested.

ii. It was found easy to isolate individual explant.

iii. Within 10 days plants on MM medium started rooting.

iv. Roots developed on MM medium were used as explants for callus

initiation experiments while apical buds were used for shoot tip 

culture experiments.

j . Shoot tip culture : -

In all the shoot tip culture experiments, each experiment was started with

16 explants with one explant in each 175 ml glass jar. Each shoot tip

explant was 5 to 10 mm long, 1 to 2 mm wide, without expanded leaves.

After every 10 days the total number of buds formed during that subculture 

period were counted and 16 buds, containirg two meristems of 2-4 mm long,

1-2 mm wide on an average, were chosen at random to subculture in the same 

freshly prepared medium. During subculture the individual meristemsin each 

explant could be seen visually but further subdivision would have damaged 

some meristems and since the object of these experiments was propagation.
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rather than pathogen elimination, it was decided to adopt the explant 

size as described. Each experiment was run for at least 70 days. At 

the end of each experiment, rate of shoot proliferation was calculated 

from the experimental data.

k. Calculation of shoot doubling time : -

Shoot doubling times were calculated from the experimentally determined

proliferation rates as described by Flegmam and Wainwright (1982). The

data were plotted as cumulative values of In ___  against time, where
N

is the average number of shoots produced by each of explants at 

the end of each subculture period. Straight lines were fitted to the 

data by linear regression analysis;

y - (̂ ^ -- ) X + ( ÿ - r X ), where r is the correlation co-efficient,

X and / are the mean values of the corresponding parameters and ^x and

Jy are the standard deviations. Shoot doubling times, t^, were derived
r (T V In 2from the calculated slope K = — ^ as follows, t^ = — ^

Two types of statistical analysis were used to assess the significance of

the results. To test goodness of fit of each straight line, calculated

values of Students’ t for each line :- t = v- where n is the
(1-r^)Z

number of points on the line, were compared with the t distribution. To

test the significance of the difference between the slopes of chosen
Tpairs of straight lines, the parameter, was compared with the
B

N-2K
F distribution wiht K-1 degrees of freedom of the first kind and N-2K 

degrees of freedom of the second kind (Seber, 1977).
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2C Results

To study the effect of length of subculture period, two types of 

experiments were designed. In the first type, sixteen separate shoot 

tips were serially subcultured and transferred to the same medium at 

10 day intervals up to 70 days. In the second type of experiments, 

eight replicate shoot tips were cultured and left under the same conditions 

but without subcultuning for 60 days. After the first 30 days, the number 

of shoot tips in these cultures were counted without disturbing them; 

the same was done after 60 days, but this time the shoot clusters had to 

be subdivided for effective counting of shoot tips. Most of the experiments 

were carried out at two light intensities, as described separately with 

each experiment. In the first type of experiment, with frequent subculure, 

shoot numbers only were counted at the end of each subculture period; in 

the second type of experiments, the following observations were also 

recorded :

i. Stem elongation, leaf development and expansion after 30 and 60

days in culture.

ii. Percentage of explants showing root development.

iii. Average extent of root development scored visually on a scale, 

from zero to +++, for no roots to well developed roots.

Callus formation was not noticed at any stage during strawberry shoot tip 

culture studies.

a. The effect of different BA levels on strawberry shoot tip

multiplication.______________________________________________

To find the optimum conditions for strawberry shoot tip proliferation a

series of experiments were designed with BA concentration as variable.

For this purpose 7 BA levels, 0-40 pM, were selected and this experiment

was run in two stages. In the.first stage, the BA levels, 0, 0.2, 1.0,
2and 5.0 pM were studied under the light intensity 2 watts/m (Fig 1; Table 3!
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No bud proliferation was observed in the control containing no BA.

The buds cultured in the medium which contained 5 pM BA, on the other 

hand, showed the maximum proliferation rate and the shoot doubling time 

was 10.1 days (Fig. 1). The doubling time was found to be inversely 

related to the BA concentration. Buds cultured and maintained on 1 and 

0.2 pM BA took 14.1 and 24.2 days respectively to double in number. The 

5 pM BA treatment was not significantly different from 1 pM BA, but it 

was different from the 0.2 pM BA level. (Table 2).

When the shoot tips were cultured and left without subculture in the media

which contained 0, 0.2, 1.0, and 5.0 pM BA for 30 and 60 days at 2 and 
2

13.5 watts/m light intensities, their response was quite different (Table 3! 

Shoot tips cultured on the medium without any BA responded rapidly. No 

multiplication but elongation of the stem has occurred (Plate 2, 3a,b).

It was found that generally the bud proliferation rate increased with

corresponding increase in the light intensity. Maximum multiplication rate

was found in buds cultured on a medium which contained 1.0 pM BA at both

light intensities and after a period of 30 and 60 days of culture. The

same BA level (1 pM) showed the highest proliferation rate (2714%) at 
213.5 watts/m light intensity which was ever found during this experimental 

study of strawberry shoot tip culture. Shoot tips cultured on medium 

containing 5 pM BA stood second highest in respect of proliferation on 

both light intensities after 30 and 60 days in culture.

Shoot tips cultured at all the BA levels (0.2, 1.0, 5.0 pM) showed compact 

axillary bud proliferation and the expansion of leaves was not noticed 

(Plate 2, 3a, b).

Root formation has not occurred during the series of subcultures at any 

of the BA levels; but when the shoot tips were left without transfer for
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FIG. 1

The effect of BA concentrations (pM) on strawberry
2shoot tip multiplication at 2 watts/m light intensity 

BA concentrations: 5 (^); 1 (° ); 0 . 2  (A) and 0 (•).
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EXPLANATION OF PLATE 2 

The effect of different BA levels (pM) on
2strawberry shoot tip proliferation at 2 watts/m 

light intensity after 30 days of culture.

The BA concentrations (pM) :

a. 0 . 0

b. 0 . 2

c. 1 .0

d. 5 . 0
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60 days, roots have developed on varying degrees in the shoot tips

cultured on 0 - 1.0 pM BA levels. Only the buds cultured on BA free

medium showed maximum percentage and extent of root formation after only 30

days in culture at both the light intensities under study. The percentage

of shoot tips forming roots had decreased with corresponding increase in

BA levels in the medium except at high light intensity after 60 days in
2culture where the buds behaved equally at 13.5 watts/m light intensity 

up to 1.0 pM BA. Root formation was completely inhibited by 5.0 pM BA 

at both light intensities and up to 60 days in culture (Table 3; Plate 2, 

3a, b).

In the second stage of this experiment high BA levels were tested (10, 20
2and 40 pM BA). This part of the experiment was run under 13.5 watts/m 

light intensity (Fig. 2) which is higher than that used in the first half 

of this experiment. In order to make the results comparable with those 

obtained in the first part, one of the BA levels (5 pM) was used again in 

the second part.

Again the shoot tips which were serially subcultured in the medium 

containing 5 pM BA had the shortest doubling time (6.9 days). With the 

increase in BA levels in the medium, the time taken by shoot tips 

cultured on 10, 20 and 40 pM BA was 7.3, 8.1 and 13.2 days respectively. 

Each doubling time was statistically different from every other (Table 2). 

Buds cultured on 10 pM BA took 7.3 days to double in numbers; this 

doubling time was significantly different at 1% level respectively 

from the doubling time of the buds cultured on 5 and 20 pM BA, which took

6.5 and 8.1 days to double respectively. It was evident that light 

intensity played an important role in reducing shoot doubling time. Shoot 

tips cultured on 5 pM BA doubled in 10.1 days and 6 . 6 days at the light
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FIG. 2

The effect of BA concentrations (pM) on strawberry
2shoot tip multiplication at 13.5 watts/m light intensity 

BA concentrations : 40 (V); 20 (▼) ; 10 (d) and 5 (O).
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0.2

5 .0 10 20 40

PLATE 3

The effect of different BA concentrations (pM) on

strawberry shoot tip proliferation at 25°C 16h/day 13.5 
2watts/m light intensity. The BA concentrations (pM): 0.0, 

0.2, 1.0, 5.0, 10.0, 20.0 and 40.0.

a. After 30 days of culture

b. After 60 days of culture



2intensities of 2 and 13.5 watts/m respectively.

2When the shoot tips were cultured and left without transfer under 13.5 watts/m 

light intensity, their behaviour with respect to proliferation generally 

was the same irrespective of whether the cultures were frequently 

subcultured or not; the shoot proliferation rate decreased with increased 

BA levels (Table 3). But this tendency was hardly found after 30 days in 

culture. It became evident that subculture frequency has an important 

effect on the multiplication rate of shoots.

Stem elongation and leaf expansion was not noticed at any of the BA levels 

during the second half of this experiment (Plate 3a, b).

Root formation was not noticed at any of the BA levels studied during the 

second part of this experiment (Table 3; Plate 3a, b). This clearly 

indicated that high BA levels inhibited root formation and high light 

intensity was ineffective in counteracting the effect of high BA 

concentration.

b. The effect of vitamins on strawberry shoot tip multiplication

The modified MS medium was subdivided into groups of components as shown

in Appendix A (A - K), Various combinations of components of the medium
2were tested at 0 . 7 and 13.5 watts/m light intensities; all media

contained 1.0 pM BA, 0.5 pM IBA and 3% sucrose. Initially, four groups of
2medium components were tested under 0.7 watts/m light intensity (Fig 3):

i. inorganic salts only ( A—C inclusive)

ii. inorganic salts + micro-organics (A-E inclusive)

iii Basic MS only (A-F inclusive)

iv Basic MS + extra vitamins ( A—K inclusive)
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The shoot doubling tim^ were in the range between 8.1 days for cultures 

grown on MS + extra vitamins and 31.7 days for those grown on inorganic 

salts only. The shoot tips cultured on basic MS and on MS inorganic salts 

plus micro-organics took 11 and 8.5 days respectively. The difference 

between the doubling times of cultures grown on inorganic salts plus micro- 

organics on the one hand and on MS plus extra vitamins on the other hand 

was not statistically significant. All other doubling times differed 

from each other significantly at 1% level (Table 2).

In another experiment shoot tips were left in these media for 60 days at
20.7 and 13.5 watts/m light intensities without subculturing and these

behaved quite differently from the shoot tips serially subcultured. As
2is clear from Table 4, the maximum proliferation rate at 0.7 watts/m 

light intensity after 30 days was found where the shoot tips were cultured 

on the medium which contained extra vitamins in addition to basic MS.

The maximum increase was 250% as compared with 175% and 170% when the 

shoot tips were grown on inorganic salts with micro-organics and on basic 

MS respectively. Shoots cultured on inorganic salts only showed no sign 

of proliferation (Table 4; Plate 4).

Root formation was not noticed in any of the shoots left on any of the
2media up to 60 days at 0 . 7 watts/m light intensity except in the medium 

which contained MS plus extra vitamins and where 50% of the shoot tips 

developed roots to a moderate extent after 60 days in culture (Table 4).

In all media, except the one which contained MS salts plus extra vitamins, 

and where the shoot numbers has increased to 714% of its original value 

after 60 days in culture, the shoot tips started dying back after 30 days 

in culture. The fresh shoot tips which had formed during the first 30
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FIG.

The effect of different vitamins on strawberry shoot tip
2multiplication at 0.7 watts/m light intensity. The major 

salts only (V) ; major salts + micro-organics (▼) ; Basic 

MS (a) ; and MS + extra vitamins (O).
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i $
Whole MS MS-1 MS-vitarains MS-raicrooi

vitamins -vitamii

IBA * 0 . 5  wm BA ■ 1 ym

PLATE 4

The effect of different medium components on 

strawberry shoot tip multiplication at 25°C 

16h/day 0.7 watts/m^ light intensity, after 30 

days of culture.

1. Basic MS medium only.

2. MS inorganic salts + micro-organics.

3. MS 4- extra vitamins.

4. MS inorganic salts only.
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days have died and so the shoot number after 60 days was not greater 

than at the beginning.

2At the high light intensity (13.5 watts/m ) shoot tips showed better

rooting and higher proliferation rate in the same media. The maximum

proliferation rate was found in the medium which contained MS plus extra

vitajmins; here the shoot numbers increased to 375% and 2714% of their

original value after 30 and 60 days in culture respectively (Table 4).

This medium also induced maximum percentage and extent of rooting in

this experiment. Basic MS medium showed the lowest increase in the number

of shoots, 120% and 275% after 30 and 60 days in culture respectively, while

no root formation was noticed even after 60 days. The other media, like

inorganic salts only and inorganic salts plus micro-organics peformed

better than basic MS both in respect of rooting and shoot tip proliferation 
2under 13.5 watts/m light intensity after 30 and 60 days in culture 

(Table 4; Plate 5a,b).

Stem elongation and leaf expansion was noticed in all the media except in 

Ms plus extra vitamins medium, where the proliferating shoot clusters 

remained compact (Plate 4).

Next, the importance of the various components in the medium was examined 

in greater detail. This time the extra vitamins (Appendix A, G-K) were 

omitted altogether and the basic MS medium (Appendix A, A-F) was divided 

into 4 parts.

a. Inorganic salts only (MS A-C inclusive)

b. Inorganic salts plus myoinositol

c. Inorganic salts plus glycine

d . Inorganic salts plus micro-organics(MS A-E inclusive)
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2This part of the experiment was run under 13.5 watts/m light intensity.

The results are shown in Fig.4. The light intensity used here was 

higher than in the earlier part of this experiment, therefore, two of 

the media used in the first part of this experiment were used again 

in the second part. In this second part of the experiment, the shoot 

tips cultured on inorganic salts, and on inorganic salts plus glycine had 

identical doubling times, 9.6 days (Fig.4; Table 2). The medium which 

contained inorganic salts plus glycine and myoinositol (Micro-organics) 

was found to give the shortest doubling time (6.4 days) among the media 

tested. Shoot tips cultured on inorganic salts plus myoinositol were in 

the middle range and took 8 days to double. The differences between the 

doubling times of 9.6, 8.0 and 6.4 days are all statistically significant 

at the 1% level (Table 2).

When the shoot tips cultured on these media were left for 60 days without

subculturing (Table 4), they behaved differently from those that were

repeatedly subcultured at 10 day intervals for 70 days (Fig.4). The

maximum increase in shoot tip numbers (163% of original value) after 30

days was found in the medium which contained inorganic salts only and after

60 days, the shoot numbers reached 586% of their original number which

was also the highest shoot tip increase in this part of the experiment.

Shoot tips cultured in this medium in the first half of this experiment 
2under 0.7 watts/m light intensity did not proliferate. This clearly

indicates that, using this simple medium, the light intensity was limiting
2factor for shoot tip proliferation at 0.7 watts/m , The medium which 

included inorganic salts with glycine and myoinositol performed very poorly.

In this medium the shoot numbers have increased to only 125% and 343% of 

their original value after 30 and 60 days in culture respectively (Table 4).

Medium composition also affected root formation at different light intensities 

Myoinositol was the only micro-organic component which favoured root
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The effect of different vitamins on Strawberry shoot multiplication 
A = major salts only C = major salts + Glycine
B « whole MS D = major salts + Myoinositol

E = major salts + Glycine + myoinositol

After 30-days at 25°C 16h/day 13.5 watts/m^

T h e  e f f e c t  o f  d i f f e r e n t  v i t a m i n s  on S t r a w b e r r y  s ho ot  mu 11 i p l i c a t i  
A = m a j o r  s a l t s  o n l y  C = m a j o r  s a l t s  + G l y c i n e  
B « w h o l e  M S I) .  m a j o r  s a l t s  + M y o i n o s i t o l  

E = m a j o r  s a l t s  + G l y c i n e  *  m y o i n o s i t o l

A f f n r  n n- da vs  at 2 S ° C  1 6 h / d a v  1 3. 5 w a t t s / m '
PLATE 5

The effect of different medium components in strawberry 

shoot tip proliferation at 25°C 16h/day 13.5 watts/m^.

A = 

B = 

C = 

D = 

E =

(a)

(b)

MS inorganic salts only.

Basic MS.

MS inorganic salts + glycine.

MS inorganic salts + myoinositol.

MS inorganic salts + glycine + myoinositol, 

after 30 days of culture 

After 60 days of culture.
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formation over glycine alone or in combination with it, under high

light intensity after both 30 and 60 days in culture (Table 4; Plate 5a,b).

Leaf expansion and stem elongation was suppressed by 1.0 pM BA in the 

medium where extra vitamins were added to the MS medium. But the inhibitory 

effect of BA was reduced when the shoot tips were cultured on medium which 

contained no extra vitamins other than those already present in the basic 

MS medium; here leaf expansion and stem elongation was noticed (Plate 4,

5a, b).

c. The effect of sucrose concentrations on strawberry shoot tip

m u l t i p l i c a t i o n . ____________________________________________

This experiment was designed to test the effect of sucrose concentrations
2on strawberry shoot tip proliferation at the light intensity of 2 watts/m . 

Five sucrose levels were studied; 0, 0.75, 1.5, 3.0, and 6.0%. The 

shoot tips were serially subcultured up to 70 days. In order to examine 

the effect of frequency of subculturing, another experiment was run in 

parallel in which the cultures were left undisturbed for 60 days. Shoot 

tip numbers were evaluated after 30 and 60 days of culture.

Figure 5 shows that the shoot doubling time ranged from 7 days at 6% 

sucrose concentration to 82.5 days at zero sucrose concentration. The 

shoot tips serially subcultured on media which contained 1.5, 3.0, and 

0.75% sucrose took 7.6, 8.2 and 26.9 days respectively to double, as shown 

by the regression line calculated from the experimental data. Shoot tips 

cultured on media containing zero or 0.75% sucrose took 82.5 and 26.9 days 

respectively to double; the doubling times were significantly different 

from each other at 1% level (Table 2).
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When the shoot tips were left without subculturing for 60 days, the

responses were different at both light intensities (Table 5). Root

formation or shoot tip proliferation was not noticed even after 60
2days in the medium which contained no sucrose under 2 watts/m light

2intensity. But at 13.5 watts/m light intensity, the shoot numbers

increased to 125 and 285% of their original values after 30 and 60 days
2

respectively. At low light intensity (2 watts/m ) and after 30 days

in culture, shoot proliferation was maximum at 3% sucrose level, while

after 60 days, the maximum proliferation occurred at 0.75% sucrose level,

although at this sucrose level root formation did not occur. It was

noticed that proliferating shoot clusters started to die back after 30

days in culture at low light intensity. On the side of the dying shoot

clusters new bud proliferation was noted at 0.75% sucrose level, these new

shoot clusters were fragile and dark green in colour (Plate 6, 7a,b).

The shoot tips at high sucrose levels did not proliferate much after

30 days in culture at low light intensity. At high light intensity 
2(13.5 watts/m ), the rate of shoot tip proliferation increased with the 

corresponding increase in the sucrose level up to 3% sucrose after both 

30 and 60 days in culture. Generally, the same tendency could be seen 

for root formation. Moreover, the 3% sucrose level proved better than 

others both with respect to root formation and shoot proliferation after 

30 and 60 days in culture at both light intensities under study (Table 5).

At high light intensity the highest sucrose level (6%) produced plants with 

well developed leaves and shoots after 30 and 60 days in culture (Plate 7a, 

b). Plants cultured at 0.75%, 1.5% and 3% sucrose levels at the high 

light intensity produced compact new branches at the base of the explant.

It is clear from table 5 that an energy source is required for both root 

formation and bud proliferation. Generally the extent of rooting increased 

with sucrose level and with light intensity.
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FIG. 5

The effect of sucrose concentrations (percentage) 

on strawberry shoot tip multiplication at 2 watts/m' 

light intensity. Sucrose levels: 6 (O) ; 3 (□) ;

1.5 ; 0.75 (V) and zero (#,.
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PLATE 6
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The effect of sucrose (I) on Strawberry shoot multiplication

After 30-days at 2S°C ISh/day 13.5 watts/m^
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A f t e r  o O - d a y s  at 2 5 ° C  1 5 h / d a y  1 3. 5  w a t t s / m '

PLATE 7

The control of strawberry shoot tip proliferation by

different sucrose levels (%.) at 25°C 16h/day 13.5 
2watts/m . The sucrose concentrations (%): 0, 0.75,

1.5, 3.0, and 6%.

(a) After 30 days of culture.

(b) After 60 days of culture.
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d. The effect of different light intensities on strawberry

shoot tip proliferation_____________________________________

For this study five light regimes were selected; 0, 1.5, 3.0, 6.5 and 
28.0 watts/m at culture level to find the optimum light intensity for 

shoot tip proliferation and root formation. Illumination was provided 

to the cultures by ’Warm White’ fluorescent tubes of 40 watts each. 

Different regimes of light intensities were obtained by using neutral 

density filters.

Shoot tip proliferation rate increased with the corresponding increase in

the light intensity in the experiment where the shoot tips were serially

subcultured (Fig. 6). Shoot tips cultured in the dark showed no signs of

proliferation while the shoot tips subcultured at the highest light
2intensity (8 watts/m ) showed maximum proliferation rate and the shoots

took 5.3 days to double. Shoot doubling time increased with decreasing
2light intensity; at light intensities of 6.5, 3.0 and 1.5 watts/m 

shoot tips took 6.1, 7.5 and 10.3 days to double and all the doubling 

times were significanly different from each other at 1% level. (Table 2).

When the shoot tips were cultured and left at the same light intensity

for 60 days, the extent of root formation and proliferation rate increased

with the corresponding increase in the light intensity (Table 6). No
2roots were formed at light intensities below 3 watts/m . Compactness of 

proliferating and proliferated shoot clusters increased with the increase 

in light intensities. The internodes of shoots cultured in the dark 

elongated without any leaf expansion (Plate 8a, b).

e. The Control of strawberry shoot tip proliferation by BA

This experiment was designed to see whether the control of proliferation 

rate of strawberry shoot tips by BA was reversible. For this purpose two 

BA levels, 0.2 and 1.0 pM were selected and the experiment was run at
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TABLE 6

The effect of different light intensities 
on strawberry shoot tip proliferation and 
rooting after 30 and 60 days of culture.

30 Days 60 Days

Rooting * Rooting *

S.No.

Light 
Intensity 
(watts/m ) "o

Extent
of

rooting % age
No

***
X  100 Extent

of
rooting % age

**1 0 120 + 17 — 0 120 + 13 — 0

2 1.5 200 + 36 - 0 444 1  38 - 0

3 3.0 333 + 33 ++ 88 600 + 53 +++ 88

4 6.5 417 + 31 ++ 100 500 + 33 +++ 100

5 8.0 667 + 33 ++ 100 857 + 127 +++ 100

+ =

++ =

+++ =

No root formation 

Low " "

Medium "

High "

= Standard error of the mean 
= N^q = No of shoots after 30 days

N^q = No of shoots after 60 days



- ob -

In
o

7

6

5

4

2

1

0
60 7040 50302010

DAYS

FIG. 6

The effect of different light intensities (watts/m ) 

on strawberry shoot tip multiplication. Light 

intensity levels : 8 (♦); 6.5 A ) ; 3 (^); 1.5 (V)

and zero .
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The effect of different light intensity (watts/mM 
on Strawberry shoot multiplication

After 30-days at 25°C 16h/day

T he  e f f e c t  o f  d i f f e r e n t  lig ht  i n t e n s i t y  ( w a t t s / m * ) 
on S t r a w b e r r y  s h o o t  m u l t i p l i c a t i o n

A f t e r  6 0 - d a y s  at 2 5 ° C  1 6 h / d a y

PLATE 8

The control of strawberry shoot tip proliferation 

by different light intensities (watts/m^) at 25°C 

16h/day. The light intensities (watts/m^) : 0.0,

1.5, 3.0, 6.5, and 8.0.

(a) After 30 days of culture.

(b) After 60 days of culture.
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213.5 watts/m light intensity. There were 16 replicates at each 

BA level. Shoot tips were serially subcultured every 10 days and 

the BA level was varied as follows.

In the beginning, the shoot tips were kept at the same BA levels (0.2 

or 1.0 pM) for 50 days; then, the tips were transferred from the 

lower to the higher BA level and vice versa after every 40 days up to 

200 days. The course of shoot tip proliferation under these conditions 

is shown in Fig. 7. In the experiment, the proliferation of the shoot 

tips started without a lag phase. For the first 30 days the shoot tips

responded more or less equally to the two BA levels but from the 30th to

50th day, the proliferation rate of the shoot tips subcultured at the 

low BA level started decreasing as compared to that of the tips

cultured at the high BA level (1.0 pM). When the shoot tips were

transferred from high to low BA level, the proliferation rate was generally 

reduced but when the shoot tips were transferred from low to high BA level, 

their proliferation rate was increased. After every change in the BA 

level the buds responded very quickly during the first subculture time 

but later the response decreased at the high BA level and increased in the 

low BA level. Those shoot tips culturea at the high BA level (1.0 pM) 

at the start of the experiment maintained their higher proliferation rate 

compared with those shoot tips cultured at the low BA level (0.2 pM).
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2D DISCUSSION

The results presented in this study confirmed the dependence of

shoot tip proliferation on the presence of BA in the medium.

Proliferation was found to be directly related to BA in the medium

but the requirement for maximum proliferation was found to depend

on subculture frequency (Table 3, Fig. 2, 3). The effect of IBA was

not studied separately and it was always present in the medium at constant

concentration (0.5 pM) and the proliferation of strawberry shoot tips was

controlled by varying the amount of BA in the medium. The amount of BA

(1 pM) was found optimum for maximum proliferation when the cultures

were left for 60 days. This BA concentration was higher than used by

Adams (1972a) in strawberry shoot tip meristem culture. Adams (1972a)

got callus growth around the base of the explant while callus formation

was not noticed at any stage during the present studies. The reason for

this difference could be that the concentration of IBA used by him was

10 times higher and BA was one half than used in the present studies.

Boxus (1974) in strawberry shoot tip culture studies used IBA (1 mg)

which was the same concentration as used by Adams (1972a). But Boxus

( 1974); Boxus et al. (1977) used high concentration of BA (1 mg/1) which

was nearly 5 times higher than the average concentration (1 pM) used in

the present studies and he also did not get any callus. This clearly

shows that in the present studies IBA concentration was not high enough

for callus formation even where the BA was absent in the medium. The

present findings did not support Nishi and Oosawa (1973) when they got
-5

callus formation through strawberry meristem tip when the BA (10M) was 

present irrespective of the presence or absence of auxin in the medium.

Lee and de Fossard (1975) also developed callus from strawberry anthers. 

They used cytokinins and auxins in the range of 1 - 10 pM. They 

associated low sucrose concentration wifh callus formation from anthers
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excised from smaller buds; and anthers from older buds also produced 

callus at high cytokinin concentrations. Although in the present 

studies the growth hormones and other medium constituents were similar 

to those used by Lee and de Fossard (1975) in strawberry shoot tip 

culture but the absence of callus in the present studies could only be

due to the low level of auxin present in the culture media during 

the shoot tip culture studies. Giladi et al. (1977) also found callus 

formation where the sucrose was omitted from the medium in citrus bud 

explants; high sucrose level was needed for the growth of shoots from 

buds cultured on both basal and BA containing media. Callus formations 

seems to be related to individual nature of plant species. Cheyne and 

Dale (1980) found different amount of callus formation among different 

shoot tip culture studies in forage legumes. They found that callus 

formation was low in clovers but high in lucerne. Callus formation is 

rather avoided during shoot tip proliferation where genetic stability 

is the prime objective during rapid micropropagation. This object was 

well achieved during the present studies.

The present findings are in agreement with the work of James and Newton 

(1977) who found that BA in the concentration range 0.25 - 2.5 pM and IBA 

0.25 - 1.0 pM was most suitable for rapid proliferation of strawberry shoot 

tips in cultures grown for 6 weeks. In the present work shoot tip 

proliferation was reduced in all cultures with 40 pM BA but the reduced 

proliferation rate was found in the range of 10 - 40 pM BA which showed that 

the optimum concentration range for strawberry shoot tip proliferation lies 

between 1 - 5 pM BA where the normal and healthy proliferated buds were 

produced (Table 3, Fig. 3). Increasing the BA level above this range 

resulted in the drastic reduction of shoot tip proliferation rate and the 

buds were stunted and lacked turgor. Mathe\Æ and Rangan (1979) and 

Lundergan and Janick (1980) agreed that BA was the most effective



cytokinin in inducing apple shoot tip proliferation and at high 

BA levels the shoots were stunted and the presence of BA and IBA in the 

medium was necessary for obtaining healthy shoots. The present work was 

carried out with modified MS medium and the best auxin: cytokinin ratio

was found to be IBA (.5 pM) and BA (1-5 pM) and was in line with Saka et al. 

(1980). Saka et al. (1980) used modified MS and B5 media. They found 

that BA (1-5 pM) with IBA (0.005-0.025 pM) was the best combination with 

modified MS medium for soybean shoot bud proliferation. With B5 medium a wide 

range of BA (1-50 pM) was required for shoot bud proliferation and that B5 

medium was found superior to modified MS medium.

In the present studies the optimum BA level for maximum proliferation was 

different in two types of experiments conducted. In serially subcultured 

experiments, high BA level (5 pM) was found necessary for maximum 

proliferation (Fig. 1, 2). Although light intensity played an important 

part in determining the effective concentration of BA required for maximum 

proliferation, 5 pM BA remained the optimal BA level in serially 

subcultured experiments.

Two factors are considered especially important in micropropagation: 

the culture medium and the explant origin. In shoot tip culture 

experiments explant origin played an important part in determining the 

multiplication rate. The shoot tip explants came from the plants maintained 

on MS inorganic salts only for at least 20 days before the explants were 

excised. In serially subcultured experiments a lag phase of up to 30 days 

was found before the shoot tip started proliferating (Fig 1). It was not 

tried to use the explants from the cultures grown on modified MS medium 

supplemented with growth hormones for fear of nutrient taken over with 

the explants in the medium being tested. The lag phase, of course, 

can be eliminated by growing the doner plants on the same medium as the
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one to be evaluated for supporting shoot tip proliferation. Even in 

the experiments where the cultures exhibited a lag phase, the maximum 

multiplication rate occurred at 5 pM BA and the buds took 10.1 days 

to double (Fig 1). Litz and Conover (1978) had to transfer the papaya 

plantlets on BA, NAA containing medium, after this they obtained a 7 fold 

increase per 3 week period. They considered it necessary to subculture 

the axillary buds after every 3 weeks for maximum proliferation. Barnes 

(1979) in watermelon obtained 4.5 axillary shoots per explant in 5 weeks 

on high cytokinin/low auxin ratio medium. When he subcultured the shoot 

tips on the same medium, an average of 10.3 axillary shoots in 5 weeks 

were obtained. Hasewaga (1979) doubled the proliferation rate in rose 

shoot tips when he subcultured the proliferating shoots onto the same 

medium. Davies (1980) got 3 - 5  fold multiplication rate per 4 week 

period with rose shoot tip explants. Roest and Bokelmann (1981) in 

carnation shoot tip culture got 10.6 fold multiplication rate over 4 

months by using 1 mg/1 BA and 0.1 mg/1 lAA. All these results are in 

agreement with the present findings where the cultures retained the ability 

to proliferate successfully when the actively proliferating buds were 

subdivided and subcultured on the same fresh medium after every 10 day.

From the experiments conducted here, it seems that it is possible to 

reduce the subculture frequency to once in 30 days without loss in plantlet 

quality; after 60 days without subculturing, the quality of the plantlets 

declined. It is considered that the rapid micropropagation is dependent 

on the regenerating ability of the meristematic cells based near the 

apex. To keep the cells in regenerative character, it could be possible 

to subdivide the proliferating shoot buds into 1 - 3 groups of dividing 

meristems after every 30 days and subcultured on the same fresh medium.

If the proliferating shoot buds are left for more than 30 days, the
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regenerating meristematic cells start differentiating and produce 

fully expanded leaves and elongated stem which reduce the regenerative 

potential of the dividing buds. The reduction in regenerative potential 

may probably be due to the depletion of water (humidity) in the nutrient 

medium due to uptake of the growing plant, the humidity which make 

easier availability of nutritive substances to the proliferating explant. 

The other reason could be asserted that the nutrient present in the 

medium is taken up by the proliferating shoots and therefore, the 

subculture of these shoots to fresh medium is found necessary.

For the normal development of shoot tips the presence of exogenous growth 

hormones has the tremendous influence,as the shoot tips developed fully 

expanded leaves and well developed stem very quickly where the-exogenous 

growth hormones were absent altogether from the medium.or where only 

IBA was present alone. It was found that the shoot tips cultured on BA 

free medium started developing into complete plant which supported 

results obtained by Boxus (1974). The present findings did not support 

Novak and Maskova (1979) when they could not develop tomato plant on 

basal medium containing NAA. The present findings do support them when 

they mentioned that BA at 5 and 10 pM induced shoot multiplication. The 

difference in the optimum BA requirement for shoot tip multiplication 

between tomato and strawberry could be asserted due to the differential 

nature of two plant species.

This work has confirmed that strawberry shoot tip proliferation is 

dependent on the presence of BA and the proliferation rate can be 

controlled by changing the BA level in the medium (Fig. 7). To show 

that BA control the proliferation rate, 0.2 and 1.0 pM BA concentrations 

were selected in one experiment. Although some random variation in the
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proliferation rate has occurred with the change of BA level in the 

medium, the shoot tip proliferating rates using the two BA concentrations 

remained very close. The reason for this could be that the difference 

between the two BA levels used (0.2 and 1.0 pM) was too small for such 

type of experiment. Another reason could be that there was a BA carry 

over effect from one hormone regime to the other. If the shoot tips 

were kept on the same hormone regime for more than 40 days, the length 

of time period used in one experiment (Fig 7); the difference in the 

proliferation rate could have been shown, as is shown in Fig. 1. In 

any case, the shoot tips cultured at the high BA level (IpM) in the 

beginning, retained a higher proliferation rate during the whole period 

of this experiment. This confirms the findings in the previous experiments 

(Table 3, Fig. 1) that 1.0 pM BA kept higher proliferation rates in 

strawberry shoot tips than does 0.2 pM BA. This type of experiment could 

probably be improved by increasing the subculture interval and increasing 

the difference between two BA levels used.

It seems that the addition of auxin and cytokinin is not the only organic 

additives required for rapid shoot tip proliferation (Table 3, Fig. 3, 4). 

Shoot tip explants on inorganic salts only exhibited longer doubling time 

than those grown on media containing additional organic supplements, and 

the shoot tips started growing into normal plants with well developed 

healthy leaves. Similar results have also been obtained by Campbell and 

Durzan (1976) in Picea glauca. The need for organic supplements vary with 

different plant species. Wimber (1963) observed proliferation of 

Cymbidium expiants on simple salt solution without any growth hormone.

On the other hand with Debergh (1975) the medium was not critcal in 

the propagation of Dracaena dermensis.

The effect of different modified MS medium constituents showed varied
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response at different light intensities. Nicotinic acid, pyridoxine HCl. 

and thiamine HCl. were not found stimulating for shoot tip proliferation 

(Table 4, Fig. 3). The presence or absence of these three vitamins in 

the medium did not make any difference to shoot tip proliferation. In 

serially subculture experiment where these vitamins were the only ones 

present, the shoot tips took 11 days to double and when these vitamins 

were absent from the medium, the shoot tips took 8.5 days to double (Fig.3), 

Although the results were not significantly different but it does show that 

these three vitamins should better not be added in the medium to make 

medium more simple. The results obtained in serially subcultured 

experiment about the effect of 3 vitamins, present in MS medium, on shoot 

tip proliferation were confirmed by another experiment when shoot tips 

were cultured and left undisturbed for 60 days, where the total number of 

buds obtained after 60 days were less as compared with the shoot tips 

cultured on other media in that experiment (Table 4). The concentration 

of these vitamins used in the medium was as described by Murashige and 

Skoog (1962). Murashige and Skoog (1962) retained the concentration of 

these vitamins without any change as if they did not produce any 

stimulatory effect on tobacco callus growth. Thiamine HCl. was certainly 

required in tobacco cultures as mentioned by Murashige (1973). Thiamine 

HCl. has been used in culture media since as early as 1948 by Morel; and 

supported the growth of carnation shoot tip culture (Stone, 1963).

Nicotinic acid and pyridoxine HCl. were used by Morel and Martin (1955) 

in their medium for culturing tobacco shoot tips. The individual effect 

of these three vitamins was not tested in the present studies but these 

were not found essential in the medium for strawberry shoot tip 

multiplication although these vitamins are included more or less in most 

of the culture media being used in the world in plant tissue culture 

research.

When tested at a time, myoinositol stimulated shoot formation more than
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glycine, although when present together myoinositol and glycine 

were found to be synergistic to shoot proliferation in continuous 

subculture experiments. The stimulatory effect of myoinositol has already 

been pointed out by Murashige and Skoog (1962) and they recommended 90 mg/1 

in a medium; this value was adopted during the present studies. It 

would need further experimentation to ascertain the optimum level of 

myoinositol in strawberry shoot tip culture experiments.

Glycine was found less effective than myoinositol and it looks as if it is 

not required. Where it was present alone, shoot tip proliferation was 

checked which shows that its absence from the medium makes no difference 

to shoot tip multiplication and if present inhibit the effectiveness of 

myoinositol (Table 4).

The role of extra vitamins included into the medium was not studied 

individually but collectively they exert a stimulating effect on shoot 

proliferation. Ascorbic acid is considered to counteract the browning 

of explants in culture. Its individual effect was not studied in this 

part of the work. Stimulatory effect of ascorbic acid was confirmed by 

Morel (1964 a) where his potato meristems when cultured on 2% ascorbic 

acid developed rapidly into vigorous stems. The beneficial effect of 

extra vitamins (Appendix A) added to the MS medium was more evident where 

the explants were cultured at low light intensity. Explants cultured on 

the media lacking extra vitamins started dying back after 30 days in 

culture at low light intensity while the explants cultured on medium with 

extra vitamins kept proliferating. Maximum shoot tip proliferation was 

obtained where the extra vitamins were present in the medium. Use of 

biotin and ca. pantothenate in cultures goes back as early as 1948 by 

Morel (Stone 1963) and their beneficial effect was reported by Morel and 

Martin (1955). The same extra vitamins were used and found effective by
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Lee and de Fossard (1975).

Mixed response was shown by cultures at different sucrose levels (Table 5,

Fig.5). At low light intensity 0.75% sucrose level produced maximum

proliferation but 3% sucrose produced maximum proliferation at high light

intensity in cultures left undisturbed for 60 days. On the other hand,

Murashige and Skoog (1962) while developing their medium for tobacco pith

callus found that at low light intensity, 3% sucrose supported the maximum

growth of callus. They never used high light intensity while they were

developing their MS medium. In the present studies the resultl show that,

at different light intensities, the optimum osmotic level for maximum

shoot tip proliferation by strawberries is different. The other reason

could be that at low osmotic level nutrients in the medium were available

over a larger period of time while at high osmotic level (3-6% sucrose),

the rate of nutrient uptake by the proliferating shoot tips was faster and

that is why the formation of new adventitious buds slow down (at 6% sucrose

level) or stopped altogether (3% sucrose). As shown by Table 5, at 13.5 
2watts/m light intensity 3% sucrose produced maximum shoot tip proliferation 

The proliferating shoot buds were dark and compact at high sucrose level 

while at low sucrose level the mass of shoot buds were light green and 

friable at low light intensity. The differences in results at different 

light intensities and sucrose levels shows that the MS medium needs 

modification for strawberry shoot tip proliferation. This was also 

mentioned by Marashige and Skoog (1962). During the course of 5 years 

when they were developing MS medium, their results varied from very good 

growth to no growth of tobacco pith callus and they recommended that the 

MS medium should be modified according to the needs of individual tissue. 

They were of the opinion that several passages may be required for a 

particular tissue to adapt the high nutrient level. Although it is 

difficult to believe but during the present studies the low performance of
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6% sucrose level at low light intensity could be the slow adaptability 

of shoot tips cultured at high sucrose level. When the shoot tips were 

placed on medium without sucrose, they were unable to proliferate 

although all the other medium constituents and growth hormones were present. 

This shows that strawberry shoot tips are unable to utilize other energy 

source present in the medium in the form of organic and inorganic salts.

In experiments with continuous subculture, the results were different from 

those recorded during long term culture experiments. The effective sucrose 

concentration was varied from 1.5 - 6%. Sucrose at 1.5% was found to give a 

shorter doubling time than at 3%, the reason for this is not clear. It is 

interesting to point out that at low light intensity, a sucrose level of 

0.75% gave higher proliferation rate than 1.5% sucrose (Table 5); but, 

in experiments involving continuous subculture, the opposite was true 

(Fig. 5).

Sucroæ is the most extensively used energy and carbon source in tissue 

culture (Huang and Murashige, 1976) but other carbohydrates have also 

been used. As opposite to the general trend, Saka et al. (1980) found 

that the sucrose was least effective in soybean shoot bud stimulation 

and they obtained better results by substituting fructose for sucrose.

Boxus (1974) used 4% glucose during his strawberry shoot tip culture 

studies.

Light intensity was shown to play an important part in controlling the

shoot tip multiplication rate (Fig. 6, Table 6). For one shoot tip to
2double 10.1 days were required at 2 watts/m light intensity. This time

was reduced to 6.6 days when the shoot tips were cultured at high light
2intensity (13.5 watts/m ). In the present studies no shoot tip proliferation

et al.,
was noticed in cultures kept in the dark, while Marashige / 1974 (Gerbera); and 

Lee and de Fossard, 1975, 1977 (strawberry) found shoot division in their 

shoot tip cultures left under complete darkness. In the present studies
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complete darkness encouraged the growth of internodes (Plate 8a, b)

with etiolation which support the findings already reported by Murashige

et al. (1974); and de Fossard (1975, 1977). In the present studies an

increase in light intensity resulted in the corresponding increase in

the number of proliferated shoots obtained. The proliferation rate
2increased with light intensity up to 13.5 watts/m ; this was the highest

light intensity used in the present studies. It seems likely that the

multiplication rate could be increased by using higher light regimes
2

as Adams (1972 a); James and Newton (1977) used 15 watts/m light

intensity for strawberry shoot tip multiplication. The optimum light

intensity required for maximum shoot tip proliferation varies with

different crop plants. A maximum number of Asparagus plants were

obtained by Hasegawa et al. (1973) when they incubated their shoot tip

cultures at 1000 lux light intensity. Murashige et al. (1974) also

found that 1000 lux light intensity gave maximum shoot tip proliferation

in Gerbera in vitro; they found a decrease in shoot proliferation

rate at higher or lower light intensities. At 10,000 lux they found

chlorosis in proliferating shoots while during the present studies

proliferating buds were found healthy and no chlorosis was noticed at 
213.5 watts/m light intensity. The highest light intensity requirement 

for maximum strawberry shoot tip proliferation needs further 

experimentation.

Root formation occurred widely in all types of culture media in aseptic and 

soil conditions. In aseptic conditions rooting was favoured mostly where 

the BA concentration was low. BA did not inhibit root formation up to

1.0 pM. Similar results were obtained by Jona and Webb (1978) in grapes. 

The present studies do not support other workers when they mention that 

root formation can only occur in their explant in the presence of auxin 

and where the cytokinin is present or absent from the medium, Jacobs 

et al. 1979 (rose); Preil and Engelhardt, 1977 (Azaleas) ; Litz and 

Conover, 1978 (papayas); Mathews and Rangan, 1979 (pineapple);
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Bhojwani, 1980 (garlic). Boxus (1974) reported that rooted plants are 

only formed in the absence of BA in strawberry shoot tip culture while 

in the present studies low level of BA did not inhibit root formation and 

the presence of auxin in the medium was not found necessary for root 

formation (Table 3). Boxus (1974, 1978); Boxus et al. (1977) failure 

in getting root formation in the presence of BA (1 mg/1) could be 

understood if one looks at the make up of the medium used by him. In 

the present studies root formation did not occur where the basic MS 

medium was used alongside added growth hormones under any light intensity 

studied (Table 4). In the present studies limiting factor for rooting 

was nicotinic acid, thiamine HCl. and pyridoxine HCl. Effect of these 

vitamins was not studied individually but when these 3 vitamins were 

taken out of the medium, root formation occurred in 71 - 83% of the shoot 

tip explants cultured. On the other hand when extra vitamins, other than 

the three already present in basic MS medium, were added into the 

medium, 100% explants formed roots. This shows that the root inhibiting 

effect of 3 vitamins; nicotinic acid, thiamine HCl., and pyridoxine HCl. 

was overcome and cancelled by extra vitamins in the medium and rooting 

was encouraged collectively by extra vitamins. Myoinositol favoured 

rooting better than glycine when these were present alone. Glycine 

when present together with myoinositol reduced the extent of rooting and 

the number of explants formed roots were less which showed that although 

glycine did not check root formation altogether but it did not favour 

rooting as compared with myoinositol. It looks that in vitro rooting 

in strawberry shoot tip culture is not a problem as it occurs where MS 

inorganic salts were present alone with growth hormones in the media 

although rooting was not 100%. It shows that growth hormones at low 

concentration do not inhibit root formation even when the medium is simple

Sucrose played an important role in root formation and the maximum 

rooting occurred at 3-6% sucrose level (Table 5). But at high light 

intensity the percentage of rooted explants was • reduced to 80% in 6%
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sucrose. This shows that the optimum sucrose requirement for rooting 

is around 3% and interaction of light intensity and sucrose percentage 

is deciding factor for root formation. This shows the reason of lack 

of rooting when James and Newton (1977) used 2% sucrose and could not 

obtain root formation in the presence of cytokinin. The sucrose 

requirement for optimum root formation may be 4% but it needs further 

experimentation. Boxus (1974) used 4% glucose in his cultures as a 

constant component for rooting and shoot proliferation. For root 

formation the carbon source is found indispensible as rooting did not 

occur where the sucrose was not part of the medium component. Even 

the high light intensity remained ineffective to induce rooting and 

only 20% of the explants formed roots (Table 5).

Light intensity was an important deciding factor and played an important

role in root formation and the rooting was maximum at high light intensity

(Table 5, Fig 6). The present findings did not support Hasegawa et al.

(1973) who got root formation in the light regimes of 0 - 3,000 lux and

was found to be the optimum light intensity for root formation in

Asparagus. They could not find root formation at 10,000 lux. In the

present studies rooting did not occur in complete darkness and up to 
21.5 watts/m light intensity. The upper limit of light intensity beyond
213.5 watts/m was not tried but up to this light intensity shoot tips

showed extensive rooting although the medium contained both auxin and

cytokinin. The present findings did not agree with James and Newton

(1977) when they mentioned that rooting only occurred in strawberry apical
2meristem cultures lacking cytokinin although they used 15 watts/m light 

intensity, which was higher than used in the present studies.
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3 ROOTING

3A Introduction

Rooting usually occurs in the media without hormonal supplement but it 

may be improved by including a relatively high dose of auxin or on a

medium lacking cytokinin and containing an auxin (James, 1981). It

is also frequently enhanced by lowering the salt concentration (Skirvin 

and Chu, 1979) and sometimes rooting was achieved by etiolation 

(Harrison-Murray, 1981). Generally rooting is achieved on agar 

solidified medium in vitro but there are reports when it was improved 

by continuously agitated liquid culture with 5 strength MS, (Sriskandarajah 

and Mullins, 1981).

Boxus (1 97 4, 1978); Boxus et al. (1977) reported that by omitting 

cytokinin from the medium, strawberry buds started growing and developed 
roots. While Lee and je Fossard (1975) produced roots on callus, 

produced from strawberry buds. Later in 1979 James tried to increase the 

rootin^hbility in strawberry by phloroglucinol and IBA but these reduced 

rooting compared with other treatments.

Kartha et al. (1974) could only induce root in rape plant without addition 

of auxin to the medium. Ma and Wang (1977) reported the development of 

roots on shoot clusters produced in Azaleas aseptically. They used low 

salt concentration of MS medium and without any hormones and rooting was 

better on filter paper bridge in liquid medium than in agar gelled medium. 

Same year Preil and Engelhardt while working with Azaleas used 2 ppm lAA and

0 .25% active charcoal without any cytokinin for root development.

Fonnesbech and Fonnesbech (1979) got root development from shoots of 

Spathiphyllum very easily on basal medium without any hormones. In 

1979 Harney and Knap found that in vitro produced African Violet rootless 

plantlets could be established in a commercial soil, as it was not always 

necessary to induce rooting aseptically.
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Studies for the rooting of aseptically propagated rose tips were 

carried out in 1979 independently by Hasegawa; Skirvin and Chu.

Hasegawa used 0.3 mg/1 each of BA and lAA with MS as basal medium and 

got 50% rooting of the shoots and rooted plants were transferred to 

the soil successfully after 2 weeks. While Skirvin and Chu just used 

the qth strength of the MS medium without hormones and the rooted shoots 

were transferred to the soil. Davies (1980) got 15 - 85% rooting by 

direct transfer of shoots from cultures to soil and with the addition of 

.05 or .1 mg/1 NAA the rooting percentage was 100 and 71 respectively.

There are some plants where rooting is difficult by normal conventional 

methods and different rootstocks of apple is one of the typical examples 

which are briefly summarized by James (1981).

James and Thurborn (1979, 1981) studied the rooting ability of apple

rootstock M9 by using phloroglucinol and found that the cultures grown in 

the presence of this compound gave higher rooting percentages than control 

They further found that IBA (3 mg/1) and phloroglucinol (1620 mg/1) were 

most favourable combinations for root development. Favourable effects

of phloroglucinol on rooting in plum rootstock was reported by Jones and

Hopgood (1979). They found that the addition of phloroglucinol in the 

media promoted shoot production and the growth of roots and shoots of 

Pixy rootstock (plum) but showed no effect on cherry rootstock F12/1.
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3B Materials and Methods

In all the in vitro rooting experiments MM medium was used, the 

constituents of this medium have already been outlined in the previous 

chapter, shoot tip culture (No. 2B b). General materials and methods 

have also been outlined before. This medium always contained 2% sucrose 

with pH 5.5. Plants for rooting experiments were cultured on this medium 

aseptically at 25°C + 2°C 16 hours daily photoperiod under 9 watts/m^ 

luminous flux density. Except otherwise mentioned, the explants came 

from the MM medium and the modified MS medium used in the shoot tip culture 

experiment which contained 1.0 pM BA with 3% sucrose (Appendix A, MS,- 

A-N). Initiation and development of roots directly into the soil was 

also tried.

a. Measurement of rooting

In all the rooting experiments, the following data for root formation 

were recorded after 20 or 30 days of culture (Bohm, 1979).

1. Percentage of explants developing roots.

2. Number of roots developed in each treatment.

i. Average number of roots per explant.

ii. Maximum number of roots on one plant.

3.1 Maximum length of root in a treatment.

ii The number of roots in that plant which had the maximum length

of root in each treatment.

4 .1 Total fresh weight of roots in a treatment.

ii Total dry weight after 24 hours drying in an oven at 60°C.
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3C RESULTS

Nutritional, soil and climatic factors were studied to establish defined 

conditions for successful root initiation and further development in 

aseptically produced strawberry plants under both aseptic, and soil 

conditions in greenhouse.

a. Effects of chemical and physical factors on aseptic root formation.

For root formation in aseptic culture many external, chemical and 

physical factors were studied during the process of shoot tip multiplication 

experiments. In external chemical factors different combinations of MS 

medium salt compositions, different BA and sucrose concentrations were 

investigated while in physical factors different levels of light regimes 

were studied.

It was found that root initiation and extent of rooting was directly 

related to the increase in the light intensities (Table 3 - 6 ) .  For root 

formation exogenous carbon as energy source was found necessary and no 

root formation was observed in the shoot tips cultured in the medium which 

had no sucrose, and 3% sucrose level was found to be the optimum for root 

formation (Table 5).

Different BA concentrations from 5 pM upwards completely inhibited the 

root formation (Table 3). Different chemical compositions of modified MS 

medium when studied showed variation in rooting intensity at different 

light intensities (Table 4).

Detailed observations of the results are given in the previous chapter, 

shoot tip culture.
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b. Effect of media on root formation in aseptic culture 

It was tried to simplify the MS medium suitable for root formation. For 

this purpose MS inorganic salts (MM medium) was tried and further studied 

into different combinations. Different combinations of these salts 

mixtures tried were : MS A, B, C, AB, AC, BC, and ABC (Appendix A). For 

this experiment 2% sucrose only and single distilled water only were also 

included as control to see the response of shoot tips for root formation. 

(Table 7).

Root formation ranged from 27 to 100%. Maximum root formation occurred 

where all the MS inorganic salts (MS A + B + C: Appendix A) were present 

together (100%) while the shoot tips cultured on MS major salts alone 

(MSA) performed very poorly and only 27% shoot tips produced roots, MS A 

alone or in combination with MS B and MS C where present, shoot tips 

produced less roots. Shoot tips cultured in the medium which contained 

MS B and MS C alone or in combination together behaved the same way and 

produced roots in the range of 75 - 85%. Shoot tips cultured in single 

distilled water and in 2% sucrose did not encourage much of root formation 

(Table 7) and the root formation was 28% and 57% respectively.

The culture media which contained MS A and MS B salts alone produced the 

maximum number of roots but the same pattern was not shown in respect of 

other characters studied; i.e. maximum length of root and dry weight. 

Moreover, shoot tips cultured on MS B medium alone or on medium which 

contained MS B salts in combination with MS A and MS C produced browning 

in the medium and dark brown to black spot could be seen in the agar at the 

base of the explant (Plate 9) and the leaves were of reddish green in 

colour. Where all the salts were present together (MM medium), healthy 

plants and well developed green leaves were produced (Plate 9).
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& j

After 20-deys at 25®C 16h/day 9 watts/m'

2»

PLATE 9

The shoot tips response for aseptic rooting to 

different combinations of MS inorganic salts 

(Appendix A), 20 days after culture. Media were: 

MSA, B, C, AB, AC, BC, ABC, Sucrose 2%, and water
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The effect c _%plant origin on aseptic root formation 

Salts of MM medium were used to see the effect of different explant origin 

on root formation. Three different types of shoot tip explants were 

selected and they came from the background of : - 

A = Explants were taken from the plants being maintained on the

same medium (MM medium).

B = Actively proliferating meristem buds were taken from 1 pM BA medium 

which vere cultured one month before the explants were taken. 

(Appendix A, A-N).

C = Explants were taken from the meristem tips cultured 2 months

before on 1 pM BA medium (Appendix A, A-N).

Eight explants of each type were cultured and left on the medium for 20

days before the data were recorded.

Buds taken and cultured on the same medium (type A) produced maximum 

number of roots (Table 8). Although in rooting percentage explant types 

A and B stood equal (100%) but in most other characters the explants 

excised from ’A' type of plants performed better over type - B. Explants 

of type - C performed very poor in every respect studied and only 50% 

explants could produce root.

It was noticed that the shoot tips initiated roots on MM medium within
210 days at light intensity 9 watts/m . Some of the cultures were then

2transferred to the low light intensity (1.5 watts/m ) where the growth of

the plants was slown down. After 6 months the shoot tips from these

plants were excised and cultured on the same medium (MM medium) for 10
2days at high light intensity 9 watts/m for root initiation. Once the 

roots initiated within 10 days, the cultures were again transferred to low 

light intensity for further 6 months. Hopefully, this cycle can be 

repeated for unlimited period, but in the present studies this process was
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repeated only twice to see its applicability in germplasm conservation.

d. The effect of explant origin on rooting in the soil

Three different types of plants were selected to be included in this

experiment which came from the background of :

A = Plants being maintained on MM medium were transferred to the soil 

with already well developed roots and these plants were treated as 

a control.

B = Plants were being maintained on MM medium. Before transfer to

the soil their roots were removed with the edge of long spatula.

C = Actively proliferating meristem tips (1 - 3) were taken from the

one month old culture of 1 pM BA medium (Appendix A, A-N).

Plants of these three different types were transferred to small plastic pots 

filled with Levington universal compost (which contained peat and sand). 

Plants were transferred under the mist at 25°C for first 10 days and then 

shifted to the greenhouse at the same temperature without mist for further 

20 days when the data were recorded (Table 9).

Those plants treated as a control (type A) performed better in every 

respect in greenhouse conditions. Plants taken from MM medium (type B) 

showed better rooting over the plants taken from 1 pM BA medium (type C). 

Only 25% plants taken from 1 pM BA (type C) survived under greenhouse 

conditions while 100% plants of type B produced roots (Table 9). As is 

clear from plate 10a, the plants potted with roots (type A) showed quick 

morphological growth and produced runners within 30 days. With the 

decrease in explant size, the morphological growth of plant and root 

development was reduced accordingly (Plate 10b). Possibly survival rate 

and rooting percentage of type C explant could be increased by using 

large size of plant.
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F f f e c t  o f  e x p l a n t  o r i g i n  on r o o t i n g  in th e soil 3 0  d a y s  a f t e r  p o t t i n g .

PLATE 10

The effect of in vitro produced plant types on 

rooting in the soil. Plants from three different 

types of background were potted in the soil for 30 

days under greenhouse conditions. Plants transferred 

to soil with roots (A); without roots (B); 

meristems tip (C).

a = Plants show different stages of morphological

growth. Plants of type A have produced runner 

within 30 days of potting, 

b = Variation in extent of rooting among plants of

3 different backgrounds.
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e . The effect of mis, and différer types of soils on rooting

To test the rooting ability of asepti^ally produced plants under greenhouse

conditions, this experiment was designed with different types of soils.

The effect of mist on the survival of plants was also studied.

The soils were of 5 different types :

A = Levington universal compost which contained peat and sand.

B = Irish moss compost which contained peat.

C = Levington potting compost which contained sand.

D = Sand only

E = Grit only

Plants were taken which were being maintained on MM medium. At the time 

of potting their roots were removed with the edge of long spatula and 16 

plants were potted in each type of soil, one in each small plastic pot. 

Eight plants from each type of soil were transferred directly under mist 

at 25°C for 7 days and then transferred to greenhouse without mist at 

25°C for further 13 days. Other 8 plants in each type of soil were 

transferred directly to greenhouse without mist at 25°C for 20 days.

Data were recorded 20 days after potting (Table 10).

All those plants transferred directly to greenhouse without mist died and,

therefore, the data were available from those plants which were kept for

7 days under mist (Table 10). All types of soils supported the initiation

and development of roots and 100% plants produced rooting except Levington

potting compost, which contained sand and where two plants were in the

process of dying and did not produce any roots, and where only 75% plants

showed rooting. Plants grown on Irish moss compost produced the smallest
with

roots and weighed less as compared / plants grown on other types of soils. 

Plants grown on grit produced maximum number of roots and the roots 

contained the highest dry weight but the plants turned to pale green
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^ If* -t uf diffvteni potfing icJia on

PLATE 11

S t r c w b c i r y  roofing alter

The effect of different types of soils on root 

formation in aseptically produced plants 20 days 

after pottings. Soil types: Levington universal

compost (A); Irish moss compost (B); Levington 

potting compost (C); Sand (D); and Grit (E). 

a = Plants shows the morphological variation grown

on different types of soils, 

b = The variation in the extent of rooting in

different soil types.



- 8 8  -

in colour (Plate - 11a,b). Plants grown on Levington universal compost 

which included peat and sand produced lengthy roots (17 cm) and stood 

second highest in respect of total dry weight of roots (70 mgs) and the 

plants were quite healthy.



3D Discussion

Root development in the aseptically produced plants was investigated to 

simplify the medium and other factors related to the root formation and 

successful transfer of strawberry plants to the soil. Differences among 

medium components, explant origin, other physical and chemical factors 

were observed towards root formation.

It was tried to simplify the inorganic salts of MS medium and it was 

found that the roots developed very quickly and the use of auxin or full MS 

medium was not necessary (Table 7). Plants were healthy in aseptic culture 

with healthy well developed green leaves grown on MS inorganic salts only. 

Boxus (1974, 1978); Boxus et al. (1977) used 1 mg/1 IBA and got root 

formation in strawberry plants. Boxus never tried to further simplify 

the medium rather he always used 1 mg/1 IBA for root formation. But not 

all auxins act as stimulating for root formation. Sriskandarajah and 

Mullins (1981) found that up to 80% apple cuttings formed roots in IBA 

and NOA but 2,4-D was inhibitory. As is reported by Boxus et al. (1977) 

most workers except him recommended the transplantation of explants on a 

different medium for rooting after 4 weeks of culture. During the 

present studies, the root initiation was started within 10 days of culture 

of explant and the change of the same medium or to different medium was not 

found necessary for root formation. Medium recommended in the present 

studies for the micropropagation of strawberry contained 1 pM BA which 

served dual purpose; proliferation and root formation (Table 3). The 

present studies support Lee and de Fossard (1975) who got shoot 

development and root formation in the same medium which contained both auxin 

and cytokinin under equal alternate cycle of light and dark/day.

Hasegawa (1979) used .3 mg/1 each of lAA and BA for root formation in 

rose.
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MS medium was further simplified by using MS inorganic salts only.

Where all the mineral salts were present together, all the shoot tips 

formed roots within 20 days and the plants were quite healthy with well 

developed green leaves. The fresh and dry weight of roots developed 

within 20 days was also higher than other mineral salts or in different 

combination among themselves. Shoot tips cultured on micro-inorganic 

salts of MS medium; Mnso^. AH^O, Na^EDTA, FeSo^. TH^O, and

ZnSo^-AH^O; (MS B, Appendix A) showed browning at the base of the explant. 

The colour of the browning was from dark brown to black. Although this 

character mostly confined to woody plants only but the reason of its 

appearance here was not clear. Browning only occurred where micro-inorganic 

salts were present alone or in combination with the salts Na^MoO^. and

CuSo^. BH^O. in the medium (Plate 9). Browning of explants were never 

noticed in other types of media during the present studies.

Superiority of low salt concentration of the medium over full strength 

medium without any growth hormones was also reported by Ma and Wang (1977) 

in Azalea but the success of rooting was only 85-90% on filter paper bridge 

in liquid culture medium and they found liquid culture technique for 

rooting better over agar gelled medium. In the present studies 100% shoot 

tips developed roots on agar medium and therefore liquid culture medium was 

not tried. Sriskandarajah and Mullins (1981) also got 80% root formation 

when apple cuttings were grown in coninuously agitated liquid culture. In 

strawberry aseptic root formation seems not a problem as strawberry shoots 

developed root even in simple distilled water (Table 7).

Skirvin and Chu (1979) developed roots in aseptically produced rose shoots 

on Ith strength of MS medium without any growth hormones. Boxus (1974,

1978) always used full MS medium and IBA for root formation but he (1978) 

reduced the mineral solution by half to favour rbfzogenesis and the
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recovery of plants on transfer to soil conditions. This shows that he 

also favoured the low salt concentration of MS medium but he never 

tried for root initiation.

In the present studies it was found that once the roots develop at 

high light intensity within 10 days, the plants can be shifted to low 

light intensity where the growth nearly stops or slows down and where 

the plants can be kept for at least 6 months (longer period was not

tested). After six months shoot tips (without leaves) were again taken

and cultured on the same mineral salt solution for the repitition of the

above mentioned process. The present findings also support Boxus (1974)

but for subculture he used plants with 2-3 fresh leaves without any roots.

In the present studies shoot tip explants taken from MM medium (inorganic 

salts of MS medium + 2% sucrose) when cultured on the same medium 

developed fresh leaves and roots very quickly and behaved like the mother 

plant which was in line with the findings of Boxus (1974).

Differences in root formation were observed when the explants were taken 

from 1 pM BA medium to culture on MM medium. All the actively proliferating 

buds developed roots while 50% bud explants taken from 2 month old 1 pM BA 

medium could develop roots. This supports the previous findings that 

low level of BA is not inhibitory for root formation. Bud explants from 

high BA levels were not tried but it was shown on previous pages that 

BA concentration 5 pM or above completely suppressed root development.

Direct root formation in the soil was found successful. All the shoot 

tip explants taken from the MM medium developed roots in the Levington 

universal compost while only 25% bud explants taken from the actively 

proliferating 1 pM BA could survive and developed roots. Shoot tip size
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taken from MM medium was bigger than the actively proliferating bud.

The effect of explant size on root formation was never tried in these 

studies but the low success of buds taken from BA medium could be 

attributed to the smaller size of the explant (1-3 meristem tip).

This does support Davies (1980) when he mentioned that direct root 

formation in rose could be achieved in the soil conditions. He used a 

mixture of 2 parts course perlite, 2 parts peat, 1 part loam. His 

success rate was 15 - 85% while in the present studies 100% success was 

achieved in most of the soils tested except Levington potting compost. 

Plants developed roots where only the grit or sand was present and the 

percentage of success in rooting was 100% although the plants were not 

healthy. Successful rooting under greenhouse conditions depend on the 

transfer of plantsunder mist for first few days. Plants were kept under 

mist for at least 7 days, where the survival rate was 100% as compared 

to those plants transferred to the greenhouse directly without mist 

where all the plants died. This supports the view and findings of most 

of the researchers who mentioned that mist or high humidity level is 

necessary for the survival of plants under greenhouse conditions. Boxus

(1978) specified first 2 weeks for keeping the plants under mist or higher 

relative humidity as precautionary measures for acclimatization of 

aseptically produced plants in the soil conditions. Length of time 

expressed by him seems to be towards higher side as during present studies 

the 100% success was achieved by keeping the plants under mist for the 

first one week only.

These studies were carried out with one cultivar of strawberry only but it 

is hoped to be applicable nearly to all the strawberry cultivars with 

more or less little variation.



CHAPTER FOUR

CALLUS CULTURE
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4. CALLUS CULTURE

4A Introduction

Callus culture is an alternative technique of plant tissue culture which 

can be applied for the propagation of crop plants. Although cellular 

heterogeneity is common in callus culture but there are some reports 

where the regenerated plants are genetically uniform (Lustinec and 

Horak, 1970; and Davies, 1973). Almost any plant part can be induced to 

produce a callus but GCamborg (1975) preferred roots for the initiation 

of callus in dicotyledonous plants.

In 1922 Haberlandt's student Kotte was successful in culturing root tips 

of grasses while Robbins also achieved this independently in America 

in the same year. Continuous culture of tomato roots and callus cultures 

of carrot and tobacco were not achieved until 1934 by White and Gautheret, 

Subsequently, Gautheret, Nobecourt and White in 1937 established callus 

cultures from a wide range of plants proliferated to form large masses 

of disorganized tissue when placed on a nutrient medium containing 

mineral salts, glucose, thiamine and auxin. These proliferations became 

known as callus (wound callus).

The basic technique of excised root culture was outlined by White in 

1943. Subsequent development of root and shoot primordia and whole 

carrot plantlets in callus cultures was first reported by Levine (19 50) 

and Wiggans (1954). The isolated root culture technique was further 

elaborated and reviewed by Street (1957); Butcher and Street (1964); 

Street and Henshaw (1966); Gamborg (1975); and Butcher (1980).

The callus formation is the result of cell division and expansion over 

the surface and the cut end of explant. For its stimulation it is often
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necessary to include growth regulators to the culture medium. Rao and 

Harada (1974) studied the callus cultures of Petunia and Antirrhinum 

and found that NAA promoted abundant root initiation whereas lAA 

caused localised root development and limited callus formation while 

2,4-D was very effective in causing friable callus growth and 

differentiation of somatic embryos. Scheunert et al. (1977) cultured 

tissues of two barley varieties in vitro for 4 - 5  years. Callus tissue 

derived from variety ’Elgina* was cream coloured, soft and growth 

proceeded without any organ formation. The callus culture of variety 

'Bulgarische Nackte' was yellow brown and hard which showed distinct 

root forming capacity. In 1981 Chin et al., reported the growth and 

sugar uptake of excised root and callus of tomato. They found that roots 

strongly preferred sucrose over glucose and fuctose while callus grew 

well in sucrose and glucose. They thought that the inability of the 

excised tomato roots to take up glucose and fructose was due to the 

failure of these two sugars to support growth of excised tomato roots. 

Mathews and Rangan (1981) when cultured pineapple callus on MS medium 

devoid of any growth regulators, regenerated shoot buds. Addition of BA 

did not enhance shoot bud regeneration, but two variants (albino types) 

were occurred among the BA induced regenerated plants. The callus 

generated shoot buds produced multiple shoots when transferred to MS +

NAA + IBA + kinetin medium.

The earlier work showed that the strawberry tissues (anthers, fruits and 

meristems) could be induced to form callus and these calluses could be 

maintained and differentiation of the callus to form plantlets could be 

obtained by manipulating the constituents of the medium; Fowler et al; 

1971 (anthers); Nishi and Oosawa, 1973 (meristem); Asahira and Kano, 

1977 (fruit).
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In 1974 Oosawa et al., studied the ca_ forming capacity from 

strawberry anthers taken from virus infected plants and found that the 

rate of virus infection did not have any effect on the callus forming 

capacity. Callus formation rate per anther was varied from 12 - 70% 

among 5 clones tested with NAA, lAA, and BA contained media. Strawberry 

plants were also regenerated from callus produced by anthers independently 

in 1975 by Lee and de Fossard; and Rosati et al.

Callus formation from strawberry root cultures has not been reported 

yet have several characteristics which make them another alternative for 

plant regeneration via callus. Firstly, roots which have a high growth 

rate and profuse lateral development can provide an unlimited supply of 

uniform clonal material for experiments. Secondly, isolated roots are 

grown under controlled environmental conditions in the absence of 

contaminating micro-organisms. Thirdly, root cultures which grow on 

simple nutrient media provide best source of explant.
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4B Materials and Methods

a. Formation of Callus

For the initiation of callus fully developed roots were taken from the 

plants being maintained on MM medium for at least 60 days in aseptic 

culture. Before culture agar from the roots was removed with the help of 

forceps and scalpel. Since the MM medium was the simplest one, the carry

over of nutrients to be tested did not occur (For detail of MM medium 

see chapter No. 2Bb).

For culture roots were separated from the shoots in a disposable sterile

Petri dish and placed on 35 - 40 ml nutrient solidified medium in 175 ml

glass jars with metallic lid. Preparation of media and culture procedure

has already been described. Culture were incubated at 25° + 2°C 16 hours
2daily photoperiod under 1.5 watts/m flux density for 30 days when the 

data were collected.

b. Growth media for Callus formation.

For the initiation of callus completely defined whole MS medium was used 

(Appendix - A, MSA - F). This medium contained 2% sucrose and was 

adjusted to pH 5.5 with 1M NAOH and 0.1M HCl. To solidify the medium 

0.7% agar was used and added to the medium after the adjustment of pH. 

Media were autoclaved after pouring into glass jars.

c . Measurements of Callus formation

Callus formation was scored after 30 days of culture as follows :

- = No visible callus formation

+ = Very little callus formation

++ = Medium callus formation

+++ = Well developed callus formation

Each culture jar was separately scored; scores for the various treatments



represented average of the 8 replicate jars. The colour of the callus 

was recorded as follows :

W = White colour 

B = Brown colour 

LB = Light brown 

P = Pink
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4C RESULTS

In order to investigate the possibility of callus formation from 

strawberry roots, three experiments were designed with 3 auxins and 2 

cytokinins. In each experiment one auxin was tested alone or with each 

cytokinin separately (Table 11 - 13). Concentrations of the auxins and 

cytokinins were :

Auxins (M) = 2,4-D, NAA, lAA (2 x 10“^, 10“^, 10"^)

Cytokinins (M) = Kinetin, BA (10"^, 10"^, lO"?).

a. The effect of 2,4-D, kinetin and BA on callus formation from

strawberry roots_______________________________________________

The ability of the roots to form callus was studied in first of the three 

experiments with 2,4-D, kinetin and 3a with 8 replications per treatment 

at the start of the experiment.During incubation some jars were found 

contaminated which were immediately destroyed and the data were collected 

from the available cultures mentioned in Table 11.

It was found that auxin alone or in combination with cytokinin was 

necessary for callus formation as no callus was noticed in the control. 

The amount of callus formed was reduced with the decrease in 2,4-D 

concentration in the medium. Although 17 out of 22 media produced callus 

but the average callus formation was reduced at 10”^M 2,4-D and the 

colour of the callus was also changed from fragile white pink, white 

and brown to compact brown in the 2,4-D concentrations of 2 x 10 ^M,

10 and 10 respectively. (Plate 12). It was found that white 

colour of the callus was directly related to average callus formation.

At high 2,4-D concentration (2 x 10”^M) well developed callus was 

produced and so the colour of the callus was white with little pink areas, 

As the callus formation was reduced with the decrease of 2,4-D 

concentration in the medium, the colour of the callus was also changed 

correspondingly from white to brown.
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TABLE 11

The effect of 2,4-D, kinetin and BA on callus 
formation from strawberry roots.

Concentrations of 
phytohormones Cultures

S.No.

1
2
3

4

5

6
7

8
9

10 

11 

12

13

14

15

16

17

18

19

20 

21 

22

2,4-D
(M)

Kinetin
(M)

BA
(M)

No. of 
Cultures.

producing
callus

(%)

Extent of
callus
formation

Colour
of

Callus

0 0 0 8 0 .

X 10“^ 0 0 II 100 + + + W, P
If 10-5 0 II 25 + W
If 10-6 0 II 100 + + + W, P
II 10-7 0 7 100 +++ W, P
II 0 10-5 8 0 - -

II 0 10-6 II 87.5 + W
II 0 10-7 II 100 + + + W, P
10"^ 0 0 II 100 W, B
II 10-5 0 II 12.5 4- W
II 10-6 0 II 100 +++ W
II 10-7 0 II 100 + + + W
II 0 IQ-5 II 0 - -

II 0 10-6 II 75 + w
II 0 10-7 II 100 ++ W, B
10-G 0 0 II 100 +4- B
II 10-5 0 II 0 — -

II 10-6 0 II 100 4-4- B
II 10-7 0 7 100 4-4- B
II 0 10-5 8 0 - -

II 0 10-6 6 50 4- B
II 0 10-7 7 100 4-4- B
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K in et in  ;Mi

A u x in  c y t o k i n i n  int er ac ti on s  in the in v i t ro  c a l l u s  i ni ti at io n  froa 
s t r aw be rr y  roots.

PLATE 12

Auxin: cytokinin interaction in the in vitro callus

initiation from strawberry roots after 30 days of 

culture at 25°C 16h/day, 1.5 watts/m^ light intensity

Auxin = 2,4-D (2x10"5, 10"5, lO'^M).

Cytokinins = BA, kinetin (10“5, lo"^, lo'^M).
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Kinetin produ;ed better callus than BA. High BA concentration (10 '

did not prcdu:e any callus with 2,4-D concentration.

Cultures, khere callus was produced, were left for 60 days but no shoot 

formation was found even when the cultures were transferred to high or 

low light intensity.

b. The effect of NAA, kinetin and BA on callus formation from

strawberry roots.____________________________________________

This experiment was designed to test the effect of NAA with kinetin and 

BA for the initiation and further development of callus.

The maximum amount of callus was formed where the lowest concentration 
V —6of kinetin (10” M) and NAA (10“ M) were present together (Table 12).

High BA level (lO'^M) did not produce any callus. At high NAA

concentration (2 x lO'^M) BA performed better over kinetin but at low

NAA concentration (IO'^m ), the roots cultured on kinetin containing 

medium produced more callus than those roots cultured on BA medium.

It was noticed that the colour of the callus was linked with the amount 

of callus formed in a particular medium. Where less amount of callus 

was formed at high NAA level, the colour of the callus was brown. With 

the decrease of NAA concentration in the medium, the amount of callus was 

increased and the colour of the callus was white (Plate 13). Among the 

cultures which produced callus, the maximum amount of callus was produced 

in one medium while 12 cultures produced little callus all along the 

surface of the explant. Likewise, most of the cultures produced light 

brown callus and only two types of media produced white callus.

Organogenesis in any of the cultures was not noticed up to 60 days of

culture.
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TASLx 12

The effect of NAA, kinetin and BA on callus 
formation from strawberry roots.

Concentrations of 
phytohormones

.No.
NAA
(M)

Kinetin
(M)

BA
(M)

No. of 
Cultures.

xux uures 
producing 
callus 

(%)

average 
extent of 
callus 
formation

Colour
of

Callus

1 0 0 0 8 0 .

2 2 X 10-5 0 0 II 37.5 + B

3 It 10-5 0 II 0 - -

4 II 10-6 0 II 12.5 + LB

5 II 10-7 0 II 37.5 + LB

6 II 0 10-5 II 0 - -

7 II 0 10-6 II 25 + LB

8 II 0 10-7 II 100 4- LB

9 10"5 0 0 II 100 4-4- LB

10 II 10-5 0 II 37.5 4- LB

11 II 10-6 0 II 100 4- W, LB

12 II 10-7 0 II 100 4- W, LB

13 II 0 10-5 II 0 - -

14 II 0 10-6 II 75 4- LB

15 II 0 10-7 II 100 4- LB

16 10-6 0 0 II 100 ++ LB

17 II 10-5 0 II 25 4- LB

18 II 10-6 0 II 100 4-4- LB

19 II 10-7 0 II 100 4-4-4- W, LB

20 II 0 10-5 II 0 - -

21 II 0 10-6 II 62.5 4- W

22 II 0 10-7 II 100 ++ w
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10"

10-5

2 X lO"

SAA(M)

A 10-5 iQ-6 10-7 10-5 10-6 lo"?

BA(M) Kinetin (M)

Auxin cytokinin interactions In the In vitro callus Initiation from 
Strawberry roots.

PLATE 13

Auxin : Cytokinin interaction in the in vitro callus 

initiation from strawberry roots after 30 days of 

culture at 25°c 16h/day, 1.5 watts/m^ light intensity

Auxin = NAA (2x10"5, loT^M).

Cytokinins = BA, kinetin (ICT^, 10"^, lO'^M).
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c. The effect of lAA, kinetin and BA on callus formation

from strawberry roots._________________________________

Profuse callus formation was not noticed in any of the 22 types of media 

tested (Table 13). The colour of the callus was mostly light brown 

(Plate 14). Callus was only produced in 7 out of 22 media. Callus was 

produced either where the lAA was present alone or in combination with 

the lowest concentration of kinetin (lO* M). Only in one case BA (10” M) 

lAA in the concentration of 10 was found to be the optimum level for 

callus formation. The lAA (10 ^m ) and cytokinin (ICT^M) was found to be 

the best combination for callus formation (Table 13).

Root or shoot formation was not observed in any of the callus even when 

the callus forming cultures were left for 60 days under low or high light 

intensities.



- 105 -

TABLE 13

The effect of lAA, kinetin and BA on callus 
formation from strawberry roots.

Concentrations of 
phytohormones. Cultures

i.No. lAA
(M)

K in e tin
(M)

BA
(M)

N o.of 
c u ltu re s .

producing
c a llu s

(%)

ex te n t o f
c a llu s
fo rm ation

Colour
o f

C a llus

1 0 0 0 8 0 _

2 2 X 10'-5 0 0 II 87.5 + B

3 It 10-5 0 II 0 _

4 fi 10-6 0 II 0 - -

5 M 10-7 0 II 87.5 4- LB

6 It 0 10” 5 II 0 - -

7 II 0 10-6 II 0 _

8 II 0 10-7 II 0 _

9 10-5 0 0 II 100 4- LB

10 II 10-5 0 II 0

11 II 10-6 0 II 0 - -

12 II 10-7 0 II 100 4- LB

13 II 0 10-5 II 0 - -

14 II 0 10-6 II 0 - —

15 II 0 10-7 II 37.5 4- LB

16 10-6 0 0 II 87.5 4- LB

17 II 10-5 0 • II 0 - —

18 II 10-6 0 II 0 - -

19 II 10-7 0 II 12.5 4- LB

20 II 0 10-5 II 0 - -

21 II 0 10-6 II 0 - -

22 II 0 10-7 II 0
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I A A ( M )

r

lO -S  1 0 -®  1 0 - ^  1 0 - 5  l o - b  1 0 -

K l n e t l n  (M)

Auxin: cytokinln Interactions in thf- in vitro callus initiation irom 
strawberry roots

PLATE 14

Auxin : cytokinin interaction in the in vitro callus 

initiation from strawberry roots after 30 days of 

culture at 25° 16h/day, 1.5 watts/m^ light intensity,

Auxin = lAA (2x10"'’, 10“ ,̂ 10"^M)

Cytokinins = BA, kinetin (10"^, 10"^, 10"?M).
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4D DISCUSSION

The results presented in this study showed that the initiation of 

callus from strawberry roots was dependent on external growth hormones 

(Table 11 - 13). Except in NAA (2 x 10~^M), 100% cultures in the media 

where 2,4-D or NAA was present alone produced maximum amount of callus.

The amount of callus formed was reduced from 2,4-D through NAA to lAA. 

Maximum amount of callus was formed where 2,4-D was present alone or 

in combination with kinetin. (Table 11). Limited amount of callus was 

formed where lAA was present alone or in combination with cytokinins 

(Table 13). The present findings support Rao and Harada (1974) when 

they reported that lAA caused limited callus formation in organ cultures 

of Petunia inflata and Antirrhinum majus. They further mentioned that 

the levels of hormones used in cultures of Limmophila chinensis 

determined the types of callus formed. The present findings are in 

agreement with those of Boyes and Sink (1981) when they got callus from 

leaf explant of Salpiglossis sinuata L. on MS + 2,4-D at all concentrations 

studied. In the present studies the callus was formed at all the auxins 

concentrations studied, and therefore the results are not in agreement 

with those of Oosawa et al. (1974). They reported that strawberry anthers 

did not produce callus where lAA or NAA at the concentrations of 10"^M 

or 10”^M were present in the medium. It seems that the difference in 

results are due to the difference in the explant origin. It shows that 

the callus is produced more easily from strawberry roots than anthers.

In the present studies the roots cultured on a media which contained 

high BA (10"^M) level did not produce any callus. (Table 11 -13). It 

shows that high level of BA suppressed callus formation even when 2,4-D 

(2 X 10 ^M), which is highly stimulant for callus formation, was present. 

This does not support the findings of Nishi and Oosawa (1973); Oosawa 

et al. (1974) who found that NAA or lAA (lO'^M) in combination with BA
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(10~^M) produced the maximum amount of callus from strawberry meristems 

and strawberry anthers respectively. In the present studies BA (10 '̂ M) 

produced maximum amount of callus in all the cultures where 2,4-D or 

NAA was present in the medium (Table, 11, 12). Different combinations 

of auxins and cytokinins did not produce any shoot although in some 

cases the BA level was higher than auxin in the medium. These findings 

are not in line with those of Asahira and Kano (1977) who got callus and 

shoot formation from strawberry fruit. They cultured the strawberry 

fruit without seed on medium containing 1 or 5 mg/1 BA + 0.1 or 1 mg/1 

2,4-D and got green firm callus from the entire surface of the explant 

and then shoots were formed from this callus. The present findings do 

support them when they cultured strawberry fruit with seed on medium 

supplemented with zero or 0.1 mg/1 BA and 1 or 5 mg/1 2,4-D, and they got 

white friable callus around the basal part of the explant. They got 

shoot development when they subcultured this callus on the medium 

supplemented with 10 mg/1 BA + 0.1 mg/1 2,4-D. This shows that for shoot 

formation callus need subculture. In the present studies callus was 

never subcultured and therefore, the shoots were not formed.

Kinetin was found to be good combination with 2,4-D and NAA. With lAA 

only one kinetin level (10 '̂ M) produced little callus and all the 

explants produced callus where lAA (10”S;) was present with kinetin
n

(10" M) in the medium (Table 13). Nearly the same lAA : kinetin 

combination, 1 mg/1 each, was found good enough for callus formation 

from strawberry anthers by Fowler et al. (1971). The present findings 

support Jona and Webb (1978) who got callus formation from grapes by 

using different plant parts on a medium which contained NAA (1 mg/1) and 

kinetin (0.2 mg/1). The present findings are in agreement with them 

when they were unable to induce organogenesis in the callus by 

alteration in the levels of NAA or kinetin in the medium.
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In the present studies callus of different grades of colour (white to

dark brown) was formed which seems to be related to the amount of callus

formed. In cultures where 2,4-D was used in the medium, the colour of

the callus changed with the concentration of 2,4-D in the medium. At
-5high 2,4-D concentration (2 x 10 M) the colour of the callus was white 

with little pink areas; and at the lowest 2,4-D concentration (10”^M) 

used in the present studies, the callus was of brown colour. All these 

different grades of callus colour which appeared during callus formation 

experiments were directly related to the amount of callus formed, which 

was related to the ratio of auxin : cytokinin present in the media. 

Although the colour of the callus is related to the amount of growth 

hormones used but it gives some indication of shoot bud formation. In the 

present studies green callus was not noticed while Asahira and Kano (1977) 

reported that green callus produced by strawberry fruit formed shoots 

while the white callus has to be subcultured on different media before 

any shoots appeared. In the present studies white callus was not 

subcultured on the same or different media. This could be the reason 

why the shoots or roots were not produced on the originally formed callus 

on the strawberry root explant.

Oosawa, et al. (1974) used 3% sucrose in their anther culture of vegetable 

crops and. got shoot growth from callus while 2% sucrose was used in all 

the media in the present studies. Brown et al. (1979) reported that 3% 

sucrose is required for maximum shoot formation from tobacco callus. They 

suggested the use of mannitol to give the optimum osmotic pressure for 

the cultures grown on lower sucrose level than 3%. In the present studies 

sucrose was used as a carbon source which was in line with Chin et al. 

(1981). They mentioned that root and callus preferred sucrose, and 

sucrose and glucose respectively over other typ% of carbon source.

The inability of callus to form roots or shoots in the present studies
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could only be asserted that the callus need to be subcultured on 

media containing high cytokinin and low auxin. Although the formation 

of callus from strawberry roots has been achieved but to get organogenesis 

need further experimentation.



CHAPTER FIVE

MESOPHYLL CELL CULTURE
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5 Mesophyll Cell Culture

5A Introduction

The vegetative clonal propagation of plants has traditionally employed 

organized units (cuttings, buds, tubers, bulbs etc) which when isolated 

will grow and regenerate the entire plant. Because such structures are 

repititively produced in the ’terminal ended’ organ formation of plants, 

they permit a given stock to be multiplied. But the genetic identity 

of all members of the clones also applies, theoretically, to all the 

living cells which are derived from the zygote, therefore, the maximum 

multiplication of a given unique individual would occur if it could be 

achieved from separated cells as the starting material. The methods of 

aseptic plant tissue and cell culture have brought this long recognized 

theoretical possibility into the realm of practicality.

One of the chief aims of tissue culture is to reveal the mechanism of 

differentiation i.e. to know how the cells from a genetically homogenous 

mass of tissue organize to form various types of organs. The non-zygotic 

embryo in tissue culture was discovered first time by Reinert (1959) in 

Daucus carota. Since then much progress has been made in isolation and 

culture of single cells of Angiosperms during the last two decades.

Although in principle free cells of Angiosperms may be cultured and give 

rise to plantlets, for many such cultures the conditions still have to be 

worked out. Whenever the growth occurs, it is slow; and organized growth 

is not readily obtained. However, much of the work is done with single 

cells isolated from callus. The cells separated from callus carry the 

inherent possibility that the genetic stability of such cells is impaired 

(Gautheret, 1955; Muir et al., 1958; Street and Henshaw, 1963; and Dale, 

1975). The mesophyll cells have a definite advantage over the single cells 

isolated from a callus mass by virtue of their origin from a relatively 

uniform organized tissue. Despite the reports that mesophyll cells could
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be cultured, the conditions conducive to the rapid production of 

plantlets in large numbers remained elusive. Reviews of the literature 

are widely available (Kohlenbach, 1977a, b, 1978; Reinert et al., 1977; 

Wetherell, 1978).

At the turn of the century in 1902 Haberlandt used three minocotyledon 

genera; Tradescantia, Erythronium, and Ornithogalum and mechanically 

isolated green mesophyll and palisade cells that were mature and highly 

differentiated. For the isolation of cells he teased apart small leaf 

fragments on a slide in a few drops of Knop’s solution with two needles 

until examination under a low power objective showed the presence of 

numerous isolated palisade and mesophyll parenchyma cells. He was of the 

opinion that only plant parts with cells loosely organized in tissues, so 

that they were easy to isolate by mechanical means, could be used for 

experimental purposes. White (1943) has pointed out that, except for the 

uncorroborated report of Schmucker (1930) of division of isolated 

mesophyll cells, all mature plant tissues have failed to yield successful 

tissue culture up to the time of his writing. However, Schmucker's (1930) 

report was corroborated by Fiedler (1938). Ball and Joshi (1965); Joshi 

and Ball (1968 b) studied the regenerative potentiality and growth values 

in mesophyll cultures of Arachis hypogaea in liquid culture. They found 

that neither vitamins nor inositol assisted the growth while very small 

amount of ammonium chloride together with casein hydrolysate greatly 

accelerated the growth. Joshi and Ball (1968 a) successfully excised 

under sterile conditions the mesophyll from 10 kinds of Angiosperm leaves 

and cultured them in liquid medium on a shaker. They reported callus 

formation on Heller's macro-elements with 2,4-D and kinetin in liquid 

culture. They found that modified Heller's medium did not permit further 

survival of callus but noticed that Linsmaier and Skoog's medium proved 

adequate.
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Rossini (1969) isolated parenchyma cells of Calystegia sepium leaves

mechanically with a hand homogenizer. When he cultured the cells on

synthetic medium containing auxins and cytokinins; the cells divided and

formed colonies. In 1973 Jullien studied the in vitro growth of mesophyll

cells of Asparagus Officinalis L. and obtained 55 - 65% free living cells

by the isolation and hand homogenization method in a liquid medium. He

found cellular concentration as very important for the behaviour of
5

cultured cells. At higher cellular concentration, 3.5 x 10 cells/ml, 40%

of the living cells showed division but the resulting colonies did not
4

form more than 10 cells. At lower concentration of 5 x 10 cells/ml, less 

than 5% cells divided but the dividing cells gave rise to cell colonies 

from 1-4mm in size. He further found that the substances liberated during 

homogenization of leaves exert a favourable effect on mitosis of cultured 

cells. Correlation between cultured cell concentration and their further 

division was reported later by Kao and Michayluk (1975). They supported 

the findings of Jullien (1973) that at high cell population density of 

cultured cells, cells were able to grow in simple salt solution, supplemented 

with sucrose, few vitamins and 2,4-D. But at low population densities cells 

were not able to survive in a simple medium unless supplemented with organic 

supplements and phytohormones. This inability of plant cells to grow at 

a very low population density may be caused by excessive diffusion of 

metabolic intermediates into the medium resulting in their dilution in the 

cell to a level below that required for survival. It has already been 

suggested long ago by Haberlandt (1902) that it should be possible to 

culture single cells and that the cultured tissues may release substances 

that stimulate the growth of free or isolated cells.

Kohlenbach published a series of papers on mesophyll cell culture of Macleaya 

cordata from 1959 to 1978. In 1959, I960 he isolated the mesophyll cells
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of Macleaya cordata by cutting the lamina into thin stripsand agitating the 

strips in liquid medium. He further reported the origin of small cell 

groups (up to 150 cells) from single palisade cells. Later he induced the 

formation of non-zygotic embryos in cultures of mesophyll cells of 

Macleaya cordata, using White's medium with coconut water and 2,4-D 

(Kohlenbach, 1965 a). In 1965 b and 1966 Kohlenbach reported the division 

and plantlet formation from mesophyll cells of Macleaya cordata. In 1967 

he noted callus formation from the isolated palisade cells which formed 

roots with solid endosperm of coconut in the medium, and described Macleaya 

cordata as a model plant for studies on somatic embrogenesis (Kohlenbach, 

1978).

In 1975 Kohlenbach and Schmidt; Lang and Kohlenbach reported the 

mechanical isolation of mesophyll cells of Zinnia elegans, and regeneration 

of plantlets from the mechanically isolated mesophyll cells of Macleaya 

cordata. In 1978 Lang and Kohlenbach cultured the isolated mesophyll 

cells of Quamoclit coccinea Moench; Ipomoea purpurea Roth (Syn Pharlitus 

purpurea voigt); Convolvulus cantabrica L.; and Macleaya cordata. In all 

cases they found cell division in liquid medium stationary culture when the 

medium contained 5 pM each of kinetin and 2,4-D. In almost all plant 

species studied they noticed that small colonies were formed in the first 

culture medium. In Macleaya cordata, in addition to cell division, 

cytodifferentiation, organogenesis,embryogenesis, and plant regeneration was 

achieved.

In 1979 Potrykus et al., reported for the large scale testing of culture 

media variations in hanging microdrop cultures of single cell systems.

They called it multiple drop array technique (MDA). It was claimed that 

large numbers of medium combinations could be rapidly tested using this 

method. Also in 1979 Harms et al., applied the above mentioned technique(MDA
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for testing the effects on cell division of 7 auxin like substances and 4 

cytokinins were examined in Nicotiana tabacum protoplast culture. They 

tested the phytohormones in 1 auxin/1 cytokinin combinations over a wide 

range of concentrations.

The single cells of many plant species can be isolated and be cultured on 

agar and cell suspension. Two ways of isolating mesophyll cells being 

used are: mechanical and enzymatic.

A typical dicotyledon leaf is composed of three major types of tissue : 

epidermis, major venation, and mesophyll and these appear to be present in 

roughly equal amounts(Racusen and Aronoff, 1953). Whereas epidermal cells 

may be obtained frequently merely by stripping, no procedure was known 

for obtaining mesophyll cells prior to about 1950's. Racusen and 

Aronoff (1953) reported that mesophyll cells of soybean leaves could be 

obtained by using a test tube homogenizer with loosely fitting pestle for 

mechanical isolation. When carefully ground with 0.25 M scurose, 0.05M 

phosphate (PH. 6.8) at 4^C, filtered through bolting silk, centrifuged at 

very low speed for several minutes, a tissue free preparation of 

parenchyma cells was obtained by them. Miksch and Beiderbeck (1976) tested 

the leaves of 98 dicotyledon plants for their yield of single cells after
6

treatment of the leaves tissue with a potter homogenizer. They got 2 x 10 

cells/gram fresh weight of leaves from about 30% of the species tested.

They found that differentiation and division could be induced in the cells 

of some species. They further suggested that cells isolated in this 

manner may provide a system for more related cells within an intact plant 

than protoplast. Jullien and Rossini (1977) studied the advantage and 

potentialities of mechanical isolation of mesophyll cells from higher 

plant leaves. They found that mechanical isolation of mesophyll cells is



— 116 —

not always feasible and the success depends on the anatomy of the leaves.

The leaves should have a spongy structure with loosely connected cells and 

strong cell walls. They tested the mechanical mesophyll cell isolation 

method on 200 species among which only 27 from 20 different genera gave good 

results; some of them were of agronomic interest. They further found 

that most of the isolated cells were viable and could divide when cultured 

under suitable conditions. Jullien and Rossini (1977) were supported by 

Colman et al. (1979) and Bown (1981). They mentioned that aerenchyma tissue 

of Asparagus cladophylls is particularly suited for mechanical separation 

of mesophyll cells because the walls of adjacent cells have only a small 

area of contact. Colman et al. (1979) isolated mesophyll cells from 

Asparagus cladophylls by gently grinding the tissue by hand. Of the 60 - 

65% leaf cells released on chlorophyll basis, 80 - 90% of these cells were 

intact.

A selected list of plant species from which mesophyll cells can be isolated 

mechanically is given in table 14. However, the amount of cells supplied 

by mechanical method of isolation is sometimes quite small so that only 

limited types of experiments can be performed.

Difficulty arose in isolating mesophyll cells from large number of plant 

species mechanically; this led the plant tissue culture workers to look 

for other means to overcome this difficulty. The use of pectinase was 

adopted and made it possible to isolate large amounts of intact mesophyll 

cells from various higher plants (Takebe et al., 1968); Otsuki and Takebe, 

1969; Usui and Takebe, 1969). The mesophyll cells of tobacco isolated by 

this method retained not only the morphological integrity but also the 

biosynthetic activity which they possessed in viro. Among cells isolated,

50 - 90% were morphologically intact and were converted into spherical



- 117 -

TABLE 14

The list of selected plant species which have 
yielded mesophyll cells - through mechanical 
isolation.

S No.

2 ,

3,

4,

5,

6 ,

7.

8 , 

9.

1 0 , 

1 1 , 

12

13

14

15 

16,

17

Name of species 

Arachis hypogaea

Asparagus clodophylls 

A. officinalis

D.T,

D.

D.T,

Astragalus cicer L. D.T.

Calystegia sepium L. D.T.

Chrysanthemum Coryrabosura L. D.T.

Convolvulus arvensis L. D.T.

C. cantobrica T.

Fragaria vesca D.

Ipomoea purpurea Roth. D.

Macleaya cordata D.T,

Potentilla argentea D.

P. rupestris L. D.T,

P. verna cr. nana L. D.

Quamoclit coccinea m.

Rosa hybrida, Baby
Masquerade. D.T,

R. hybrida, Zwergkonig D.

References

Ball and Joshi,1965; Joshi and 
Ball,1968a.

Colman et al. 1979; Brown, 1981

Jullien, 1973; Jullien and 
Gauthert, 1974.

1 XX

1 Rossini, 1972 

1 

1
Lang and Kohlenbach 1978.

1
Lang and Kohlenbach, 1978.

1

1

1

1
Lang and Kohlenbach, 1978

1

1 .

X = D = Differentiation

T = Division

XX = 1 = Mirksch and Beiderbeck (1976).
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protoplasts by cellulase treatment (Takebe et al. 1968). Intact 

mesophyll cells and their protoplasts were obtained from 18 herbaceous 

species of Angiosperms (Otsuki and Takebe, 1969) and the single 

mesophyll cells isolated enzymatically from tobacco leaves grew into 

aggregates (Usui and Takebe, 1969).

The successful isolation of mesophyll cells and protoplasts from tobacco 

encouraged other workers to extend the application of this procedure to 

other higher plants. In 1971 Jensen et al., and Francki et al., isolated 

the tobacco mesophyll cells enzymatically by treatment with pectinase to 

study the metabolism of separated cells in suspension culture. Jullien 

and Gautheret (1971) isolated the parenchyma cells from leaves of 

different varieties of Nicotiana tobacum with pectinase. These cells 

divide in vitro and formed colonies on synthetic media and developed into 

plant. Later in 1974 they got plantlet from parenchyma cells of Asparagus 

officinalis L..Aono et al. (1974) isolated the cells from spinach leaves 

on a large scale enzymatically to study the photosynthetic activity and 

to see the effect of CO^. Chen et al. (1974) isolated mesophyll cells 

from nutsedge leaves with a mixture of cellulase and pectinase followed by 

a gentle mortar and pestle grind for metabolic studies. Colman and Mawson 

studied the role of plasmolysis in the isolation of leaves mesophyll cells 

in 1978. They described a procedure for the isolation of mesophyll cells 

from Lycopersicon esculentum, Phaseolus vulgaris, and Pisum sativum leaves 

which depend upon gentle dehydration of a tissue followed by maceration 

with pectinase. In 1980 Sidney and Shepard isolated the mesophyll cells 

of sweet potato enzymatically and got colony formation when they plated 

the cells on defined media. These mesophyll cells derived colonies contained 

proliferation to callus on a range of secondry media.

Isolation of mesophyll cells of strawberry leaves has not been reported. 

Leaves of strawberry have deep-set stomata, large air spaces, large
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epidermal cells, and a thick cuticle (Darrow,1966) which render the 

mechanical isolation of mesophyll cells feasible. It will be tried to 

culture the isolated cells for further growth.
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5B Materials and Methods

a. Plant material

Strawberry plants were being maintained on MM medium (Appendix A, MS A

B, C) in 175 ml glass jars with metallic screw tops at 25° + 2°C 16 h daily
2photoperiod under 'Warm White' fluorescent light of 1.5 to 8 watts/m 

intensity.

b. Isolation of Cells

Cells were isolated mechanically in a glass tissue homogenizer (Miksch and 

Beiderbeck, 1976) in the medium to be used for culture. After isolation 

the cell suspension was filtered through a stainless steel wire mesh of 

45 pm pore size. The cells were collected by centrifuging and were 

washed by centrifuging three times with the culture medium at 100 g for 5 

minutes. If more than one medium was used in an experiment, then the cells 

were isolated in the simplest of the media. After the first centrifugation, 

the cell suspension was transferred into graduated glass tubes. The cells 

in each tube were then washed with the medium to be used for culture.

c. Cell Count

The cell number per ml was adjusted according to experimental requirement.

For counting the cells, a cell counting chamber was constructed by mounting

a microscope glass slide (1 mm thickness) onto another of the same size;

the top slide had 3 holes drilled in it, each hole of 1 cm diameter.

Three drops of cell suspension were placed in each of the counting

chambers, which were then covered with coverslips. The cells in ten fields

were counted in each counting chamber. The average cell counts were then

converted into total cell number/ml as follows :
^  2 2Area of the field = T T  r cm

Depth of well = 0.1 cm

No. of cells/ml = No. of cells per field .
Area of the field ^
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4 5The cells were cultured in the concentration range of 10 - 10 cells/ml

as measured before adding the cells to the agar.

d. Culture media

The mesophyll cells of strawberry were grown in two different modified 

synthetic media

i. A medium according to Lang and Kohlenbach (1975) which was based 

on Lin and Staba (1961) and referred to as LS medium (Appendix B).

ii. A medium proposed by Murashige and Skoog (1962) and referred to 

as MS medium (Appendix A).

The use of undefined medium constituents such as coconut milk, yeast 

extract etc., was avoided in this work. Concentrated stock solutions of 

medium constituents except the carbon source, were prepared every two 

months and aliquots used to prepare the media (Appendix A, B). All the 

stock solutions were stored at 4°C.

e. Filtration of culture media

For aseptic work media were filtered using Swinnex filter holders fitted 

with a 45 mm membrane filter with pore size of 0.22 pm (Van Bulk 1971). 

Filtrate was collected in a preautoclaved wide mouth 150 ml glass jar. 

Separate Millipore filters were used for different types of media. Usually

one membrane filter was enough to filter-sterilize up to 80 ml of medium.

When mannitol was used as osmoticum, more than one membrane filter was

needed to sterilize 80 ml of medium.

Swinnex filter holders with membrane filter in place were autoclaved in 

autoclave bags each time before use. Sometimes the membrane filter was 

found displaced in the filter holder after autoclaving and during the 

process of filtration the media passed through such filters rapidly, and 

without the need for the application of any external pressure. Such 

filters were rejected and the medium was refiltered.



- 122 -

f . Plating of isolated mesophyll cells

The establishment of single cell clones by the raft technique (Muir et al.

1954, 1958) or in microchambers (Jones et al. I960) is a difficult and 

time consuming process involving a high failure rate. Therefore, the cell 

preparation was plated out by the method of Bergmann (1959, I960). A 2% 

solution of agar in each medium was autoclaved and afterwards diluted to

0.5% by adding filter sterilized medium. Two ml. of this 0.5% agar 

solidified medium was quickly poured into 5 cm sterile disposable plastic 

Petri dishes (supplied by Sterilin). When the agar medium was still in the 35̂  

40°C temperature range^one ml. of cell suspension, which had already been 

prepared in the same medium, was added to the top of the solidifying medium 

drop by drop, to cover virtually all the top surface as evenly as possible. 

Sometimes part of cell suspension did not solidify and remained in liquid 

form at the top of the solidified agar medium. At least 3 Petri dishes 

were prepared for each type of medium. When cool, the Petri dishes were 

sealed with a strip of Parafilm to prevent desiccation and contamination 

and were incubated in plastic boxes at 25° + 2^C, 16 hours daily photoperiod 

under low light flux density. The plated cells were observed through the 

base of the Petri dish with an inverted microscope. At the cell densities 

used, any developing cell clusters were separated from each other. Cells 

and cell clusters were first counted during the first 2 days of culture; 

a second count was taken after a suitable time interval. The observations 

were recorded from 10 fields in each Petri dish, and the average of the 3 

dishes was taken.

g. Plating efficiency (P.E.)

The mean percentage of cell clusters (PCC) for each treatment were 

calculated from the primary data. The plating efficiency (P.E.) was then 

estimated for each treatment as the difference between the final and initial 

cell cluster percentages.

P-E. = PCC final - ECC initial.
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The standard errors of the plating efficiencies (c) were obtained 

by a combination of the standard errors (a and b) of the initial and 

final cell cluster percentages :

c -J  a^ + b^

Clones derived from single cells did not grow to sufficient size to be 

visible by the naked eye; but groups of cell clusters, growing near each 

other in the agar could often be seen by the naked eye. Such groups of 

cell clusters, together with the surrounding agar, were picked out when 

possible and transferred to fresh agar medium to induce them to grow 

further.

h. Multiple drop culture technique

It was attempted to utilize a modification of the multiple array drop 

technique (Potrykus et al., 1979) for the evaluation of the mitotic 

potential of the mechanically isolated mesophyll cells.

Eight small drops of approximately 50 pi volume each of the experimental 

media to be tested were placed in one half of a 9 cm diameter, 2 compartment 

plastic Petri dish, with a sterile Pasteur pipette (Diagram - 1). Each 

medium was represented by at least 3 drops. One drop of cell suspension 

in full LS medium (Appendix B, A to J inclusive) was then added to each 

drop of medium already in the Petri dish. A piece of autoclaved filter 

paper, moistened with the medium, was placed into the other half of the 

Petri dish, to maintain the required relative humidity. Finally, the Petri 

dishes were sealed with Parafilm and were put into sealed plastic boxes in 

which a high relative humidity was maintained; these boxes were incubated

at 25° + 2°C, under a 16 h daily photoperiod provided by ’Warm White'
2fluorescent tubes, 1.5 watts/m light intensity at culture level.

i . Estimation of cell viability

The viability of the mechanically isolated strawberry mesophyll cells was 

estimated by the dye exclusion method. The procedure used is described 

in Appendix E, materials and methods. The dyes used were acid alizarine 

black-R and Durazol red, which were shown to be excluded from strawberry
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mesophyll cells over a wide range of dye concentrations (Fig. 14). The 

viability of the cells was found to be in the range of 85 - 90%.
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Petri dish

Filter paper*

►Drop

DIAGRAM 1

Diagramatic representation of single drop 

culture technique
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5C Results
7Approximately 10 cells could be isolated mechanically from one gram of 

healthy green leaves. One plantlet from 175 ml culture jar usually yielded 

one gram of leaf tissue.

a. Test of different culture media; multiple drop method 

Preliminary experiments were set up, using the multiple drop technique, to 

test the effect of various hormones, sucrose levels and cell densities in 

540 combinations; each combination was replicated six times. It was noticed 

that within 4 days the cells came together at the top of the drops and 

stayed together which made it impossible to collect any quantitative data.

The multiple drop technique as applied to strawberry mesophyll cells is not 

suitable to give even qualitative results with any certainty and therefore

it cannot be used to select suitable media that would support cell division.

b. Experiments with cells in thin stationary liquid layers

Next it was attempted to culture the cells in thin unstirred liquid layers.
2For this purpose, 4 ml aliquots of cell suspension were placed in 25 cm 

sterile, polystyrene tissue-culture flasks (Sterilin Ltd.) and these were 

kept in incubators at 25° + 2°C.

Again, problems due to cell aggregation were experienced when trying to 

estimate the frequency of cell divisions. In the thin liquid layers, these 

problems were less severe than in the sessile drops but were sufficient to 

indicate that, for collecting cell division data by in situ cell counting 

cultures of cells in thin liquid layers are not very suitable.

c. Preliminary experiment with agar plated cells

Cells were isolated from fully expanded leaves taken from plants grown on 

MM medium. The cells were isolated and cultured in MS basal medium 

(Appendix A, A to F inclusive) with 1% sucrose and 0.5 M mannitol and 

contained hormone combinations as follows : -
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1. Kinetin (10“^M)

2. Kinetin (10“^M) + NAA (10“®M)

3. Kinetin (10”^M) + 2,4-D (5x10“^M)

4. BA (10“^M)

5. BA (10'^M) + NAA (10“®M)

6. BA (10"^M) + 2,4-D (5x10”^M)

7. Basic MS medium only.

The media were sterilized by autoclaving. The cells were plated out on 

top of the agar as described in Section 5B (f) (page No. 122) and were 

maintained at 25° + 2°C at 10.5 watts/m^ light intensity, under a 16 h 

daily photoperiod.

The cells and cell clusters were only counted once after 30 days of culture; 

the results were as follows (Table 15).

TABLE 15

Cell cluster percentages after 30 days

Treatment Cell cluster percentage
 _________  _____ after 30 days_____

1 2.8 + 1.0 *

2 2.5 + 0.2

3 2.9 + 0.3

4. 3.2 + 0.1

5 2.1 + 0.5

6 6.9 + 2.0

7 2.8 + 0.3

standard error of the mean)

These figures are not plating efficiencies, but cell cluster percentages 

and as such, must be regarded as upper limits to the true plating 

efficiencies under the present experimental conditions. All the results 

are low, below 10%. Nevertheless, the experiment has provided experience
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with the plating technique and showed that its use was feasible.

d. Test of medium components (vitamins)

In view of the generally low plating efficiencies (less than 10%) observed 

in the previous experiment, it was decided to test the effect of the 

addition of a range of vitamins to the culture medium. The media compared 

were :

LS Medium - Appendix B

1. Inorganic salts only (A to C inclusive)

2. Inorganic salts + micro-organics (A to E inclusive)

3. Complete LS + extra vitamins (A to J inclusive)

The media which also contained 2,4-D and kinetin at 5 pM concentration

each and sucrose at 1%, were autoclaved. Mesophyll cells were isolated from

the fully expanded leaves of plants maintained on MM medium and incubated at 
21.5 watts/m luminous flux density 16 hours daily photoperiod (Appendix C 

and D, Fig. 8) and the cell clusters were counted after 2 and 10 days of 

culture. The results show that the plating efficiencies in media lacking 

vitamins were low; and also that the inclusion of only the three common 

vitamins; nicotinic acid, pyridoxine HCl. and thiamine HCl. has made 

no significant difference. Addition of folic acid, biotin, glutamine and 

adenine did, however, raise the plating efficiency very significantly, 

even though the medium was autoclaved (Fig. 8).

e. Mode of sterilization experiment

A reasonable plating efficiency has been obtained in the previous experiment 

with the fully supplemented LS medium. In fact, the result of nearly 50% 

plating efficiency was unexpectedly high considering that the medium was 

sterilized by autoclaving. It was therefore decided to test the method 

of sterilization of the media and compare autoclaving with filter 

sterilization.
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FIG 8

The effects of inorganic salts (1); inorganic 
salts + micro-organics (2); and whole LS medium 
with vitamins (3) on strawberry mesophyll cell 
division after 10 days in culture.
The bars represent the standard error of the mean.
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FIG 9

The effect of autoclaving compared with filter 
sterilization of the medium on the plating 
efficiency (P.E.) of mesophyll cells after 10 
days of culture.

autoclaved (1) filter sterilized (2)
The bars represent the standard error of the mean.
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Mesophyll cells were isolated from actively proliferating buds cultured on

complete MS medium containing 1 pM BA and 3% sucrose, (Appendix A, A to M

inclusive) the medium which was used for shoot tip proliferation. The basal

medium used for cell culture was LS (Appendix B, A to J inclusive) which

also included 5 pM each of kinetin and 2,4-D with 1% sucrose and 0.5 M

mannitol. This medium was either filter sterilized or autoclaved. The cells
2were incubated at 1.5 watts/m luminous flux density and the cells and cell 

clusters were counted after 3 and 10 days of culture.

The results (Appendix C, D; Fig. 9) showed that there was indeed a

significant difference between the plating efficiencies obtained in filter 

sterilized as compared to autoclaved media, as expected, in favour of filter 

sterilization.

f . Mode of sterilization and osmotic pressure experiment

In view of the discrepancy between some of the results of the previous two

experiments, the next experiment was designed partly to repeat the comparison

between the two methods of medium sterilization. In addition, it also

involved a test of three concentrations of mannitol to provide additional

osmotic pressure. The medium used was LS (Appendix B, A to J inclusive)

which was supplemented with 2,4-D and kinetin each at 5 }iM concentration

and with 1% sucrose. The mannitol concentrations tested were 0.0, 0.5M and

0.8M. Cells were isolated from actively proliferating buds cultured on 1 ^M

BA medium, the medium used for shoot tip proliferation (Appendix A). Cells
2were incubated under 1.5 watts/m luminous flux density and the data were 

collected after 2 and 20 days of culture (Appendix C, D; Fig 10).

The clearest result of this experiment was that filter sterilization has 

again proved superior to autoclaving at all mannitol concentrations tested. 

Among the autoclaved cultures, the different mannitol concentrations used 

did not lead to significantly different plating efficiencies. All filter
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FIG 10

The effect of mannitol as osmoticum on the plating 
efficiency (P.E.) of mesophyll cell on autoclaved ( q  
and filter sterilized medium (i— \ ) after 20 days of 
culture.
The bars represent the standard error of the mean.
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sterilized media supported cell divisions better than autoclaved ones; 

but with the filter sterilized treatment, best results were obtained at the 

lowest osmotic pressure (zero mannitol). The additional mannitol has 

reduced the plating efficiency by about 30%.

The Petri dishes in this experiment were kept under observation for 36 days 

in all. After this time, groups of cell clusters could be observed in the 

dishes containing the filter sterilized media; the mean number of such 

groups of cell clusters is given in Table 16.

TABLE 16

The effect of mannitol on cell cluster formation

No. Mannitol Average No. of groups of
concentration cell clusters per Petri

(M) dish

1 0.0 30

2 0.5 6

3 0.8 3

The individual cell clusters did not reach sufficient size to be seen by 

the naked eye; their largest dimension was in the 100 - 200 pm range, and
3they seemed to consist of approximately 10 cells each.

g. The effect of different sucrose levels on mesophyll cell division

In all the experiments so far, 1% sucrose was used as energy source. It

was decided to set up cell cultures supplemented with various levels of

sucrose to investigate the effect of this variable on the plating

efficiency of strawberry mesophyll cells. The medium used was whole LS

(Appendix B, A to J inclusive) with 5 pM each of kinetin and 2,4D, and 0.5 M
2mannitol. L i ^ t  intensity was 1.5 watts/m . The different sucrose 

concentrations tested were; 0, 1, 2, 4% (Fig. 11). The media were filter 

sterilized. Mesophyll cells were isolated from actively proliferating buds 

growing on MS medium (Appendix A) with 1 pM BA, one of the media used for
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FIG 11

The effect of sucrose concentrations on the 
plating efficiency of mesophyll cells of 
strawberry after 10 days of culture.
The bars represent the standard error of the mean
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strawberry shoot tip culture. Initial cell cluster counts were taken 

within the first 3 days; final counts were taken after 10 days of culture 

(Appendix C and D, Fig. 11).

In the absence of sucrose, the observed plating efficiency was near zero.

The highest plating efficiencies were observed at 1% sucrose concentration; 

the results showed a downward trend of plating efficiencies with increasing 

sucrose concentration up to the highest sucrose level tested (4%).

h. The effect of light intensity on mesophyll cell division

Most cell culture experiments up to the previous one were carried out at
21.5 watts/m light intensity except the preliminary experiment reported in

2Section 5C (c), page No. 127, which was run at 10.5 watts/m . 'The plating

efficiencies obtained in the preliminary experiment were all low, (less than

10%) and this could have been due, at least in part, to the relatively high

light intensity used. It was therefore decided to investigate light

intensity as a variable affecting the plating efficiency of mesophyll cells.
2The light regimes tested were 0.0, 1.5, 3 and 6 watts/m .

Again, whole LS medium was used (Appendix B, A to J inclusive) with 5 pM 

each of kinetin and 2,4-D, 1% sucrose and 0.8 M mannitol. The media were 

filter sterilized. Mesophyll cells were isolated from actively proliferating 

buds cultured on MS medium (Appendis A) with 1 pM BA and data were collected 

after 2 and 20 days of culture (Appendix C and D, Fig. 12).

The highest plating efficiencies were obtained in the absence of light and 
2at 1.5 watts/m light intensity. Higher light intensities have significantly

reduced the plating efficiency, particularly at the highest light intensity 
2tested (6 watts/m ).

i . The effect of temperature on mesophyll cell division

The standard temperature used in these experiments was 25° + 2°C. A 

temperature optimum for mitotic potential is expected somewhere in this
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50.
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Light intensity

FIG 12

The effect of different light intensities on plating 
efficiency of mesophyll cells after 20 days of 
culture.
The bars represent the standard error of the mean.
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temperature region, but it is not known where the optimum lies, nor how 

temperature sensitive the process is. It was therefore decided to test the 

temperature as a variable in mesophyll cell culture experiments.

The cells were isolated from the actively proliferating buds grown on MS

medium (Appendix A) containing 1 pM BA. The cells were cultured on filter

sterilized whole LS medium (Appendix B, A to J inclusive), with 5 pM each

of kinetin and 2,4-D and with 1% sucrose; final agar concentration in the
2Petri dish was 1% in this experiment and cultured at 1.5 watts/m light 

intensity. The temperatures tested were; 15°, 20°, 30° and 35°. Initial 

cell cluster counts were taken during the first 2 days of culture; final 

counts after 10 days of culture (Appendix C and D, Fig. 13). The cells 

cultured at 25°C became contaminated and no data could be obtained at this 

temperature.

The highest plating efficiency was obtained at 30°C (Fig. 13). The plating 

efficiencies at 20° and 35° were very significantly lower; at 15°C 

virtually no cell divisions were observed.

The summary of the results of all experiments, with treatments and plating 

efficiencies, are shown in Table 17.
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FIG 13

The effect of different temperatures on the plating 
efficiency of strawberry mesophyll cells after 
10 days in culture.
The bars represent the standard error of the mean.
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5D DISCUSSION

In the present studies intact mesophyll cells of strawberry were isolated 

mechanically by grinding with a glass hand homogenizer. From one gram
7

of healthy green leaves, approximately 10 cells were obtained. Miksch and 

Beiderbeck (1976) obtained more than 2 x 10^ cells per gram fresh weight of 

leaves from 30% of the species tested for isolation of cells after treatment 

with a Potter homogenizer. The mechanical method of mesophyll cell isolation 

is not always applicable. Jullien and Rossini (1977) tested 200 species 

among which only 27 from 20 genera yielded good isolated mesophyll cells.

The reason for the successful mechanical isolation of mesophyll cells from 

strawberry leaves is related to the anatomy of the leaf tissue. According 

to Jullien and Rossini, 1977, for successful mechanical isolation of 

mesophyll cells, leaf tissues should have spongy structure with loosely 

connected cells and strong cell walls. The study of the anatomy of the 

strawberry leaf tissue was beyond the scope of the present work, but Darrow 

(1966) has outlined the characteristics of strawberry leaves.in the present 

studies the growth conditions fulfilled the requirements for successful 

mechanical isolation of mesophyll cells.

Haberlandt (1902); Ball and Joshi (1965); Joshi and Ball (1968 a,b) isolated 

mesophyll cells by scraping the leaves. Some of the other workers who 

isolated mesophyll cells mechanically were, Racusen and Aronoff (1953); Rossini 

(1969); Gullien and Gautheret (1974); Colman et al. (1979); and Born (1981). 

Colman and Mawson (1978) combined mechanical and enzymatic methods for the 

isolation of bean and tomato mesophyll cells. They thought it necessary to 

plasmolyse the cells slowly prior to maceration, although this was not 

found necessary in the present work.

The multiple drop array technique of Potrykus et al. (1979) was found to be 

of little use for obtaining quantitative data on the mitotic potential of 

strawberry mesophyll cells. The author has attempted to compare 540
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different media combinations using the multiple drop array technique. 

Quantitative data could not be obtained, as all the cells in a drop 

collected at the top of the drop at the air-water boundary and stuck 

together, making it difficult to assess the number of cells undergoing 

division. This confirmed Ball and Joshi*s (1965) findings who reported that 

cells and cell groups soon adhered together. But Potrykus et al. (1979) 

were of the opinion that cells in the drops form monolayers which allows 

quantitative assessment of results. Later Harms et al. (1979) used the 

multiple drop array technique to test 1372 different phytohormone combinations, 

They assessed their results by estimating the percentage of drops in which 

cell divisions have taken place. The starting material in Potrykus et al's 

work (1979) were protoplasts, rather than cells. Although protoplasts do 

regenerate cell wall before they undergo mitosis, the spherical shape of 

protoplasts does no doubt make it easier to distinguish divided from 

undivided cells.

An advantage of the multiple drop array technique, where it can be used, is 

that a large number of medium combinations can be screened in a relatively 

small space. There are however, other than space limitations on testing 

large numbers of medium combinations; one of them was found to be the need 

to filter sterilize the medium components (Fig. 10, 11) and this makes the 

preparation of a large number of types of media very tedious.

The method of estimating the plating efficiency of mesophyll cells on agar 

plates adopted in this work (See 5Bg, page 122) underestimates the plating 

efficiency because the division of cells in small cell clusters that have 

passed the 45 pm steel mesh and were plated as small clusters, will escape 

notice; but it is the best estimate under the circumstances.

The plating efficiencies recorded here are likely to be underestimates 

for another reason, too. Although cell viability has been established as
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being in the range of 85 - 90% using the dye exclusion technique (Fig. 14), 

the viability of the cells and cell clusters has not been estimated 

separately in any of the individual experiments. The plating efficiency has 

here been estimated as the difference between final and initial cell cluster 

percentages; since the final cell cluster ratio is depressed more than the 

initial cell cluster ratio by neglecting to make corrections for dead cells or 

cell clusters, the plating efficiency will be underestimated.

Initial cell cluster percentages (Appendix C) were estimated generally after 

2, or at most, 3 days of culture. It was assumed that the cell cluster 

present at this stage were not products of mitosis but cell aggregates 

derived directly from the donor tissues, or artefacts of the plating 

technique.

The duration of the lag phase prior to mitosis in culture varies for 

different plant species. Free mesophyll cells of Calystegia sepium cultured 

by Rossini (1972) began to divide after 3 days in culture. He thought that 

the onset of divisions and the size of the colonies formed depends among 

others, on the cell density and on the pH of the medium. In sweet potato 

petiole mesophyll cells, the first cell divisions were noticed after as late 

as 14 days of culture (Bidney and Shepard, 1980).

The preliminary experiment on agar plates which was run on normal MS medium 

containing only thiamine, pyridoxine and niconitic acid as vitamins (Table 15) 

has given low cell cluster ratios. Since these have not been corrected for 

initial cell clustering, they only give an upper limit to the plating 

efficiency; the true plating efficiencies must have been very low, possibly 

near zero in this experiment.

Reports by previous workers (Kohlenbach, 1978) indicate that cell clusters, as 

distinct from organ cultures, have more exacting nutritional requirements.
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To test this possibility, the next experiment (Fig. 8) compared three media, 

all based on the inorganic salts of Lin and Staba (1961), but containing 

an increasing number of vitamins and other micro-organic additives. As 

expected, the first two treatments, which contained no micro-organic additives 

other than glycine and myoinositol, have yielded low plating efficiencies 

only. The third treatment, containing a rather full range of seven extra 

micro-organic additives, mostly vitamins, has given a plating efficiency in 

the 40 - 50% range.

This result, the first instance in which a plating efficiency of over 10% 

has been obtained in this work, was encouraging; but it was based on one 

treatment of one experiment only (3 Petri dishes). The medium, though it 

contained a fairly wide range of micro-organics,has been pre-autoclaved; 

it is suspected that at least some of the vitamins may not be wholly stable 

under the conditions of steam sterilization.

The next experiment was therefore designed to see whether the relatively 

high plating efficiencies obtained with extra vitamins could be repeated, 

and at the same time, to test the effect of autoclaving compared with filter 

sterilization.

An additional change introduced into the general procedure at this stage 

concerned the nature of the donor plants from which the mesophyll cells 

were obtained. So far, these donor plantp were grown on hormone free MM 

medium (Appendix A, A to C inclusive), with 2% sucrose. From this 

experiment onwards, the donor plants were grown on a much more complete 

medium, based on MS (Appendix A, A to N inclusive) with 1 pM BA and 3% 

sucrose.

The results (Fig. 9) show that a high plating efficiency of the order of 

50% was again obtained; but only if the medium was filter sterilized. Pre- 

autoclaving the medium has resulted in a low plating efficiency of less than
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10%. This would indicate that the media do contain something which is heat 

labile and is necessary for high plating efficiencies.

In the following experiment which, as all those that follow, were conducted 

with cells grown on the 1 pM BA containing medium, the effect of autoclaving 

has again been tested against filter sterilization (Fig. 10). In addition, 

the effect of mannitol has also been tested. This experiment has again 

confirmed the superiority of filter sterilization compared with autoclaving. 

The effect of the extra mannitol (0.5 and 0.8M) was to reduce the P.E. of 

the cultures grown on filter sterilized media.

The last three experiments were designed to test the effects of sucrose 

concentrations, light intensity and of temperature on the plating efficiency. 

The major difference between the plating efficiencies in the sucrose 

experiment (Fig. 11) were between the cultures containing sucrose and those 

that did not. In the absence of sucrose, there was hardly any cell division.

Regarding the effect of sucrose, increasing sucrose levels tended to
f

decrease the plating efficiency; this is consistent with the general idea 

that higher osmotic pressures depress the plating efficiency as has been 

shown in an earlier experiment with mannitol (Fig. 10).

Light intensity has been shown to have a rather marked effect on the plating

efficiency (Fig. 12). The highest plating efficiencies were obtained in
2the absence of light or at low light intensities (1.5 watts/m ). Above this

level the light has reduced the plating efficiency. There seems to be a

difference between the light requirements of single cells and organs,

such as shoot tips in relation to cell division; the proliferation of shoot
2

tips has been promoted by light up to an intensity of 8 watts/m (Fig. 6).

The experiment designed to test the effect of temperature gave very clear 

indications about the optimum of this environmental variable with regard to 

plating efficiency. Results of Petri dishes kept at 25°C were unfortunately 

lost due to contamination, but it can be inferred from previous experiments
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that the plating efficiency would have been above 50%. At 30°C, the 

plating efficiency exceeded 60%; whereas at 20^C and at 35°C it dropped 

below 20%. At 15°C, no cell division was observed. It would seem, 

therefore, that the optimum temperature for initiating mitosis in isolated 

strawberry mesophyll cells is in the region of 25 - 30°C.

One factor which is very likely to be of significance with respect to 

plating efficiency is the cell density in the cultures. Jullien (1973) 

has found that at high cell densities of the order of 3.5 x 10^ cells per 

ml, 40% of Asparagus cladode cells in liquid cultures have divided; at 

10 times lower cell concentrations, cell divisions were rare. In the 

present work, the number of cells was maintained in the range of 3 x 10^
Ato 3 X 10 per ml of total medium including agar; the relatively low 

cell number was necessary to allow the plating of cells on the surface of 

the agar without overcrowding. The minimum cell density required for 

the successful culture of isolated cells varies with species; Kao and 

Michayluk (1975) have found that growth of cells of Vicia hajastana have 

occurred in all replicates at cell densities as low as 1200 cells per ml 

even in the simplest of their media containing only mineral salts, carbon 

source, vitamins, and a suitable auxin and cytokinin.

The results summarized in Table 17 can be rationalised as follows. Optimum

plating efficiencies of the order of 60 - 70% have been observed at low
2light intensity (1.5 watts/m ) or in the dark, in cultures grown on fully 

supplemented filter sterilized LS medium, without extra osmoticum, low 

concentration of sucrose (1%), at 25°C or 30°C (Table 17, Experiment No.4 

and 7). Extra osmotic pressure introduced as mannitol tended to reduce 

the plating efficiencies to about 40 - 50% (Table 17, Experiment No. 3,4,

5 and 6). Sucrose above 1% reduced the plating efficiency by more than 

could be accounted for by osmotic pressure effects alone (Table 17, Experiment 

5), to 20 - 30%. Higher light intensities of the order of 3 to 6 watts/m^, 

have also been found to reduce the plating efficiencies to 20 - 40% (Table 

16, Experiment 3 and 4). Very low plating efficiencies, below 10% were
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observed, where the medium contained only nicotinic acid, pyridoxine, 

thiamine, myoinositol and glycine as micro-organic additives (Table 17, 

Experiment 1 and 2); the lack of sucrose was in itself sufficient to 

prevent cell divisions (Table 17, Experiment 5). Temperatures outside the 

optimum range (such as 35^C, 20°C or 15°C) also reduced the plating 

efficiency. (Table 17, Experiment 7).

The only anomalous result which does not fit readily into this framework is 

that obtained in Experiment 2, Treatment 3 (Table 17). There, a plating 

efficiency of about 50% was obtained from cultures grown at high light 

intensity, on complete but autoclave sterilized medium. The expected 

plating efficiency from all other experiments conducted under similar 

conditions was much lower, of the order of 20% or less. The best results 

that have been obtained here do not necessarily represent optimum plating 

efficiencies obtainable with this system. Apart from the possible cell 

density effect the hormone levels used were not optimized. The 

concentrations used throughout (5 pM each of kinetin and 2,4-D) were those 

found satisfactory by Kohlenbach (1977a) to support the division of Macleaya 

cordata mesophyll cells. The main purpose of this part of the work was to 

establish suitable conditions for allowing regular cell division in plated 

mesophyll cells; although Petri dishes were observed for signs of cell 

cluster formation or of morphogenesis. Cell clusters up to 100 - 200 pm 

size have been observed in more than one experiment; some information on 

the extent of cell cluster formation is given in Table 16. Morphogenesis 

has not been observed in any cultures in spite of attempts to transfer 

the groups of cell clusters to fresh media.



CHAPTER SIX

GENERAL DISCUSSION



—  148—

6. General Discussion

Proliferating adventitious organs in strawberry can be stimulated to 

develop and further proliferation can be controlled indefinitely by 

using BA. During shoot tip proliferation IBA (0.5 pM) remained constant 

and BA levels were varied. Shoot tips responded differently to different 

levels of BA. The maximum proliferation was noticed in 1-5 pM BA when 

the shoot tips were serially subcultured after every 10 day or when the 

shoot tips were left up to 60 days. Analogous results were obtained by 

Kartha et al. (1981) in coffee. They found that multiple shoot 

regeneration can be controlled by using different levels of BA in the 

medium. They further elaborated that the multiple shoot regeneration 

occurred where the shoot apical meristems were cultured on 5 and 10 pM BA 

and 1 pM NAA with MS as basal medium and that the single shoots were 

regenerated if the meristems are cultured at lower level of BA, In the 

present studies it was found that at low BA medium or when the shoot tips 

were cultured on BA free medium, shoot tips developed into a complete plant 

with fully expanded well developed green leaves. Same was observed by 

Adams (1972 a); Boxus (1974, 1978); Boxus et al. (1977). High dose of 

BA, 5 - 40 pM brought the corresponding decrease in the multiplication 

rate. Callus formation never noticed in shoot tip proliferation studies 

which could be asserted due to the low concentration of auxin present in 

the medium.

It seems that growth hormones alone are not sufficient for maximum shoot 

tip proliferation unless other suitable culture medium constituents are 

not present. The three vitamins present in MS medium; nicotinic acid, 

thiamine HCl., and pyridoxine HCl. are not required for shoot tip 

proliferation and root development. Rather, where these vitamins were 

present without extra vitamins in the medium, the shoot tip proliferation 

was low both in serially and long term culture experiments. The effect
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of these vitamins was concealed by the presence of folic acid, biotin,

Ca.pantothenate, riboflavin and ascorbic acid. These extra vitamins 

were studied collectively and, therefore, it was not possible to see 

their individual effect on proliferation. Myoinositol stimulated 

proliferation more than glycine but both together showed complimentary 

effect when the shoot tips were cultured repeatedly after every 10 days.

In long term cultures glycine did not perform well as if it was not 

required for proliferation.

Interaction of sucrose with light intensity was noticed. At low light 

intensity lower sucrose level (0.75% performed better but for maximum 

rapid proliferation higher sucrose percentage between 3 - 6% coupled with 

high light intensity was found most effective.

Among the culture conditions studied, light intensity played an important

part in controlling the shoot tip proliferation. At the highest light
2intensity studied (13.5 watts/m ) shoot tip proliferation was maximum 

provided the other suitable medium constituents were present, while the
2cultures left in continuous darkness or at low light intensity (1.5 watts/m ) 

showed none or little proliferation respectively. Although these results 

do not confirm Lee and de Fossard (1975, 1977) but give some indication 

that if the plants are left at low light intensity (not in continuous 

darkness) ,their growth slows down.

It seems that root formation is not a problem as it occurred in a wide range 

of media in aseptic cultures or directly in the soil. Rooting was inhibited 

only where the shoot tips were cultured in the medium containing BA higher 

than 1 pM or when the cultures were left in complete darkness.
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There are only a few factors for which it is possible to make direct

comparison between the requirements for optimum shoot proliferation and

optimum mitotic frequencies. The additional organic additives (Appendix

B, G to J inclusive) which are of significant benefit in cell culture,

did not have significant effects on shoot tip proliferation. This could

be explained either by the fact that all media used for shoot tip culture

have been sterilized by autoclaving, and thus at least some of the organic

additives in shoot cultures have been inactivated; or by assuming that

shoot tips^ but not cells, can synthesis these extra vitamins and other

additives. The shoot cultures did, however, respond to myoinositol and

glycine, while the cell cultures did not. This may well be due to the

more exacting nutritional requirements of the latter for which myoinositol

and glycine are probably necessary but not sufficient. The optimum

level of sucrose for cell cultures was about 1%, whereas for shoot tip

proliferation it was nearer 6%. Similarly, high light intensities, of the 
2order of 8 watts/m , gave the highest shoot proliferation rates, while

mitosis occurred with the highest frequencies in the dark or at low light
2

intensities (1.5 watts/m ).

Presently the trend is increasing for the germplasm conservation of 

vegetative propagated crops. Since all the vegetative propagated crops 

are liable to virus or other disease infections which increases the chances 

of their elimination from the existing stock, therefore, the research is 

being diverted for the germplasm conservation of vegetative propagated 

crops by tissue culture technique. Westcott et al., 1977 (potato) and 

Kartha et al., 1981 (coffee) reported the possibility of germplasm 

conservation by shoot apical meristem. Kartha et al., (1981) left 

proliferated shoot apical meristems of coffee at 7500 lux and 26°C for 2 

years. Due to slow growing nature of their plant, the plantlets remained in 

good health. The strawberry, on the contrary, is quick growing plant and 

due to quick vetetative growth all the nutrients are taken up within few
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months if the plants are left at high temperature and light intensity.

For germplasm conservation point of view, the culture conditions suitable

for woody plants, because of their slow growing nature, cannot be applied

to herbaceous plant species, which are fast growing. For strawberry

the other culture conditions needs to be established. The strawberry

plants can be left for longer period at low light and temperature. The

cost of maintaining strawberry germplasm can be reduced if the actively

proliferating shoot tips are subdivided after every 30 days and cultured

on MS inorganic salts with 2% sucrose. There the explant, containing 1 - 3

meristem, will continue proliferating for some time and give rise to nearly

6 plants. If these explants are transferred to high light intensity for

first 10 days, 100% rooting will occur. Once the root formation initiated,

the growing plantlets can be transferred to low light intensity (nearly 
21.5 watts/m ) where the growth slows down and the growing plants can be 

kept without subculture for at least up to 6 months. Only this length 

of time was studied in the present research work but the length of time 

can easily be extended for more than one year. Boxus (1974) also 

mentioned that the plants can be kept for a year but he used nearly whole 

MS medium while in the present studies MS inorganic salts only were used 

for maintaining the growing plants. Westcott et al. (1977) extended the 

potato germplasm storage for 6 months by using reduced medium but they 

used growth inhibitors. They were also of the opinion that the subculture 

period can be estended up to one year or longer.

After a particular length of time, which was 6 months in the present 

studies, the shoot tips were taken and subcultured on the same fresh 

medium for another 6 months. This recycling process can be repeated 

indefinitely.

The other culture conditions which can be included for long term aseptic 

culture of strawberry was low temperature. In the present studies all the
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experiments were conducted at 25°C. If the temperature is reduced 

below 15°C coincided with low light intensity, the plants can be left 

for longer period of time.
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7. APPENDIX A

Modified Murashige and Skoog Medium

Medium Concentration 

M.Wt. mg/1

MS - A Macro-inorganics

KN03 101.11 1900
NH^NO^ 80.04 Ï650'
Caclg.PHgO 147.02 440
MgSO^. THgO 246.48 370
KHgPO^ 136.09 170

B - Micro-inorganics
H3BO3 61,83 6.2
MnSO^ AHgO 223.06 22.3
Na^ EDTA 372.24 37.3
FeSO^.TH^O 278.02 27.9
ZnSO^.AH^O 287.56 8.6

C - Nano inorganics
Na^MoO^. PH^O 241,96 0.25
CUSO^. SHgO 249.68 0.025

E - Micro-organics
Myo-inositol 180.2 90
Glycine 75.05 2

F - Vitamins
Nicotinic acid 123.11 0,5
Pyridoxine Hcl 205.6 0,5
Thiamine Hcl, 337.0 0,1

G - Folic acid 441.41 1,0
H - Boitin 244,3 0,05
I - D, Ca-pantothenate 476,5 0,49
J - Riboflavin 376.4 0,39
K - Ascorbic acid 176.12 0,18
L - IBA 203.2 0.1
M - BA - -

N - Sucrose _
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APPENDIX . B

Modified Lin and Staba Medium

M.Wt.

Medium Concentration 

mg/1

LS-A Macro-inorganics 
KN03 101.11 950
NH,NO_ 4 3 80.04 720
MgSO^.THgO 246.48 185
Cacl^.PH^O 147.02 166
KH2PO4 136.09 68

B - Micro-inorganics
Na^EDTA 372.24 37.3
FeSo^.THgO 278.02 27.8
M„SO^ 223.06 25
H3BO3 61.83 10
ZnSO^ .AHgO 287.56 10

C - Non-inorganics
Na^Mo O^.SH^O 241.96 0.25
CUSO^.SH^O 249.68 0.025

E - Micro-organics
Myo-inositol 180.2 ' 100
Glycine 75.05 2.0

F - Organics
Nicotinic acid 123.11 5.0
Pyridoxine Hcl 205.6 0.5
Thiamine Hcl. 337.66 0.5

G - Folic acid 441.41 0.5
H - Biotin 244.3 0.05
T - Glutamine 146.15 14.7
J - Adenine 135.1 20.3
K - Sucrose
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10. APPENDIX D

Plating efficiencies (P.E.) of strawberry 
___________mesophyll cells____

Experiment Treatment Cell
Counts

%

Cluster 
,Initial 
mean

Cell Cluster 
Counts ,Final 

% mean

P.E.
+

S.E.M.

Medium 
Components 
(Vitamins) 
(Appendix B) 
(Fig. 8)

Inorganic salts only 
(A to C inclusive)

Inorganic salts + 
Micro-organics (A to 
E inclusive)

5.4 
3.9 
4.8
8.4 
10.1
6.7

4.7 + 
0.4

8.4 + 
1.0

7.9
7.1
13.2
15.8
12.5
15.2

9.4 + 
1.9

14.5 + 
1.0

4.7 + 
2.0

6.1 + 
1.4

Whole LS medium 
(A to J inclusive)

13.4
16.7
34.7

21.6 + 
6.6

78.4 
52.8
79.5

70.2 + 
8.7

48.6 + 
11.0 -

Mode of 
Sterilization 
(Fig. 9)

Autoclaved 41.5
45.5 
47.1 
42.0

44.0 + 
1.4

49.4 
41.6 
56.0
47.5

48.6 + 
3.0

4.6 + 
3.3

Filter sterilized 44.0
40.9
43.8
30.6

39.8 + 
3.2

93.5 
93.9
87.6 
85.5

90.1 + 
2.1

50.0 + 
3.8

Mode of 
sterilization; 
osmotic 
pressure 
(Fig. 10)

Autoclaved 
Mannitol = 0.0 42.0

42.3
38.8
39.2

40.5 + 
0.9

58.3
41.4
46.0
54.0

50.0 + 
3.8

10 .0 + 
3.9

Mannitol = 0.5M 41.5
45.5 
47.1 
42.0

44.0 + 
1.4

49.4 
41.6 
56.0
47.5

48.6 + 
3.0

4.6 + 
3.3

Mannitol = 0.8M

Filter sterilized 
Mannitol = 0.0

49.7 
50.5 
48.9
57.8

4.0 
2.2
4.1

1.7 +
2.0

3.4 + 
0.6 “

68.6
55.7
66.7 
83.4

79.2
76.8
67.3

68.6 + 
5.7

74.4 + 
3.6

1 7 . 0 + 
6 .0

71 .0 + 
3.6

Mannitol = 0.5M 25.5
26.1
20.2

23.9 + 
1.9

77.0
67.7
67.7

70.8 + 
3.1

47 .0 + 
3.6

Mannitol = 0.8M 35.5
24.5 
21.4

27.1 + 
4.2

70.0
76.5
73,4

73.3 + 
1.8

46.0 + 
4.6
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Experiment Treatment Cell
Counts

%

Cluster 
,Initial 
mean

Cell Cluster 
Counts,Final 

% mean

P.E.
+

S.E.M.

Medium Sucrose (%) = 0.0
Components
(Sucrose)

7.4
1.4 
2.3

3.7 + 
1.9

4.8
4.0
5,7

4.8 + 
0.5

1.1,+
2.0

(Fig. 11) 1.0 5.3
11.9
10.5

9.2 + 
2.0

19.0
59.4
69.7

49.4 +
15.5

40 + 
15.6

2.0 11.3
10.0
5.4

9.0 + 
1.8

56.0
36.6
30.7

41.0 + 
7.7

32.0 + 
7.9

4.0 5.4
4.4
8.4

6.0 + 
1.2 “

34.3
36.9
22.0

31.0 + 
4.6

25.0 + 
4.8

Light intensity 
(Watts/m )
(Fig. 12).

0.0

1.5

11.7 
22.1
19.8
25.5
26.1
19.8

17.9 + 
3.2 “

23.8 +
2.0

54.6
67.0
73.0
70.1 
76.5 
73.4

64.9 + 
5.4

73.3 + 
1.9

47.0 + 
6.3

49.5 + 
2.8

3.0 24.8
19.2
24.7

22.9 + 
1.8

58,8
67.0
55.7

60.4 + 
3.4

38.0 + 
3.8

6.0 14.0 
16.9
12.0

14.3 + 
1.4 “

35.1
36.6
39.6

37.1 + 
1.3

23.0 + 
1.9

Temperature (C°) 

(Fig. 13)

15° 2.2
0.7
0.8

1.2 + 
0.5

2.4
0.6
1.0

1.3 + 
0.5

0.1 + 
0.3

20° 45.1
51.8
55.0

50.6 + 
3.0

89.0
50.0
49.3

62.8 + 
13.1

12.0 + 
9.0 -

30° 2.5
2.9
2.3

2.6 + 
0.2 “

70.7
62.4
64.1

66.7 + 
2.5

64.0 + 
2.5

35° 3.4 
3.9
1.4

2.9 + 
0.8

19.8
22.1
17.7

19.8 +
1.2

17.0 + 
1.4
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11. APPENDIX E

Mesophyll Cell Viability

Introduction

The survival of cells after various treatments has been assessed using 

several staining methods. These include uptake of neutral red stain by 

living cells (Levitt, 1969), exclusion of Evan's blue by cells with a 

functional plasma membrane; Evan's blue is a stain for dead cells 

(Gaff and Okong'o-ogola, 1971). Fluorescein diacetate was used to 

distinguish live from dead cultured animal cells (Rotman and Papermaster, 

1966); pollen (Heslop-Harrison and Heslop-Harrison, 1970).

One well known method for the estimation of viability of plant cells based 

on dye exclusion is that of Gaff and Okong'o-ogola (1971). They tested the 

survival of cells of bean root within 5 minutes by mounting tissue sections 

on glass slides in solutions of Evan's blue (0.05 - 0.25 percent w/v).

They pointed out that live cells retain their semi-permeable properties 

and therefore exclude Evan's blue, whereas dead cells became pigmented as the 

dye penetrated. Their test was based on the retention or loss of semi

permeability of the plasmalemma, rather than that of the tonoplast, which 

in a few species has been observed to retain its semi-permeability even 

after destruction of the cytoplasm. This method allows rapid and easy 

testing of a very large number of cells. It tests the functioning of the 

plasma membrane which is the site of important iron uptake functions of the 

cell (Epstein, 1972), and it is a technique which can be applied repeatedly 

to tissues if required.

In 1972 Widholm tested 27 dyes (used at a concentration of 0.1% in their 

growth medium) by mixing one drop of the dye solution with one drop of a cell 

suspension taken from tobacco, rice, soybean, carrot and tomato cell 

suspension culture on a glass microscrope slide and viewed after 5 minutes.

He found that among the dyes tested fluorescein diacetate was the most 

suitable dye for staining viable cells and phenosafranine for dead cells.
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These dyes stained specifically irrespective of the age or species of the

cells tested. He further confirmed the validity of the recommended tests

by observing whether the cells tested could grow further when cultured.

Taylor and West (1980) tested the survival of plant cells by staining 

hypocotyl tissue sections of Phaseolus vulgaris L. (cv. Brown Beauty) in a 

solution of Evan's blue (0.5% w/v) after exposure of the sections to 

solutions of high and low salt concentrations. They found that living cells 

retained the ability to exclude Evan's blue at the plasma membrane and retained 

their natural colour. Cells damaged by salt or osmotic stress were unable

to exclude Evan's blue and were stained deep blue. The blue colour was

easily distinguishable under the microscope.

Most of the work reported in the literature was carried out using one 

concentration of a particular dye only. When testing phenosafranine, as 

recommended for staining dead cells by Widholm (1972), it was found that the 

staining effect of this dye was concentration dependent. It was therefore 

decided to investigate the concentration dependence of stain uptake by 

mechanically isolated mesophyll cells from three plant species.
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Materials and Methods

a. Plant material

Mesophyll cells of three plant species were used; Fragaria ananassa 

Duch,; Asparagus sprengeri; and Macleaya cordata.

Mesophyll cells of strawberry were isolated mechanically from the well 

developed leaves taken from the plants being maintained on MM medium (for 

detail of MM medium see chapter 2B b). Mesophyll cells of Asparagus and 

Macleaya cordata were isolated mechanically from the leaves taken from 

plants being grown in soil and maintained in the greenhouse at 25°C 

under natural daylight.

b. Stains used for cell viability

The stains tested with mesophyll cell suspension are tabulated in Table 18.

Table 18

List of stains used in cell viability

Name of Stains Nature of stains

1. Acid alizarine black R (Anionic)

2. Durazol red 11

3. Evan's blue II

4. Methylene blue (Cationic)

5. Phenosafranine II

6. Safranin 0 II

7. Sirius supra blue-BL (Anionic)

In the preliminary experiments (a) two stains: methylene blue and

safranin 0 were made up to the required concentrations. One drop of 

strawberry cell suspension was mixed with one drop of dye solution on a 

slide. After lowering the cover slip, the cells were viewed at once under 

the microscope and the number of stained and unstained cells were estimated
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In the second part of the investigation (b, c, d), studies were carried 

out with all three plant species mentioned above. The cells and the five 

types of stains : acid alizarine black R, Durazol red, Evan's blue, 

phenosafranine, and Sirius supra blue-BL were prepared in a solution which 

was 0.5M with respect to mannitol, and 10” M with respect to both NaH^PO^ 

and Na^HPO^. The pH of the solution was 6.8. Dilutions of each dye were 

prepared as shown in Table 19.

Table 19

Different concentrations of stains used for testing mesophyll cell viability

No. Dye Solution
(M)

1. 2.5 X 10”5

2. 5.2 X 10”5

3. 1.04X 10”4

4. 2.6 X 10"^

5. -45.2 X 10

6. 1.04 X 10"3

7. 1.56 X 10”3

8. 2.08 X 10”3

9. 3.12 X 10”3

Two drops each of dye and of cell suspension were transferred into a 

graduated glass tube, mixed, and kept for 5 minutes. One drop of this 

cell: dye mixture was taken onto a glass slide and after mounting of the

cover slip, the stained and non-stained cells were counted under the 

microscope. Ten fields were counted from each slide and the percentage of 

stained and non-stained cells was calculated. Cells, the cell walls of 

which were damaged during mechanical isolation appear to be stained, and 

cells with intact cell walls were green and assumed to be viable (Taylor 

and West, 1980).
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Results

Mechanically isolated mesophyll cells of strawberry, Asparagus and Macleaya 

cordata were tested for their viability by different types of stains.

a. Viability of strawberry mesophyll cells tested with methylene 

blue and safranin 0_______________________________________________

The staining of untreated and heat killed strawberry mesophyll cells were 

tested with methylene blue and safranin 0 dyes at concentrations of 0.05, 

0.1 and 0.5% (Table 20).

All the heat killed cells were uniformly stained at each dye concentration 

by both of the dyes tested. The staining of live (untreated) cells was 

also very rapid by methylene blue and at each of the methylene blue 

concentrations all the cells were stained. In safranin 0, the percentage 

of green (unstained) cells in the untreated sample decreased with the 

increase of dye concentration (Table 20).

Table 20

Percentage of unstained cells with different 
concentrations of safranin 0 and methylene blue

Dye Safranin 0 Methylene blue
Concentration (unstained cells %) (unstained cells %)

(%) _    __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

0.05 93 0

0.1 91 0

0.5 57 0

(Both the cell suspension and dyes were prepared in 0.5M mannitol)

b. The differential staining of strawberry mesophyll cells 

with various dyes.__________________________________________

Durazol red, acid alizarine black-R, Evan's blue and Sirius supra blue-BL 

left 75 - 95% of the cells unstained at all concentrations tested; 

although the percentage of cells taking up Sirius supra blue-BL seemed to 

increase slightly at the higher concentration (Fig. 14). Phenosafranine 

behaved differently; the percentage of cells taking up dye was strongly
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FIG. 14

The effect of 5 different stains each in 9 

different concentrations on the mesophyll cell 

viability of strawberry. Stains were : acid

alizarine black ( ♦  ); Durazol red ( <} );

Evan's blue ( A  ); phenosafranine ( tm );

and Sirius supra Blue-BL ( ^  ).
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concentration dependent and reached nearly 100% at a dye concentration of 

10"^M.

c. The differential staining of mesophyll cells of Asparagus

sprengeri with various dyes__________________________________

Among the stains tested only acid alizarine black-R and Sirius supra blue-BL 

showed persistent dye exclusion by the cells over all the dye concentrations 

tested; the percentage of green cells ranged from 94 - 97% and 94 - 99% 

respectively (Fig. 15). The percentage of cells taking up dye was 

concentration dependent for the other three dyes; Durazol red, phenosafranine 

and Evan's blue. At concentrations about 10“^M, these three dyes stained 

almost all Asparagus sprengeri cells.

d. The differential staining of mesophyll cells of Macleaya cordata

with various dyes.___________________________________________________

The mesophyll cells of Macleaya cordata were also tested for their ability to 

resist the penetration of the plasma membrane by different dyes (Fig. 16). 

Again, the exclusion of Sirius supra blue-BL and of acid alizarine black-R 

was nearly complete at all concentrations tested (Fig. 16). Of the other 

three dyes tested, phenosafranine was found to have been excluded least; 

followed by Evan's blue and Durazol red.
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FIG. 15

The differential effect of stains in 9 

different concentrations each on mesophyll cell 

viability of Asparagus. Stains were: acid

alizarine black ( ♦  ); Durazol red ( 0  );

Evan's blue ( A  ); phenosafranine ( [HJ );

and Sirius supra blue-BL ( A  ).
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FIG. 16

The effect of 5 different stains each in 9 

different concentrations on the mesophyll cell 

viability of Macleaya cordata. Stains were : 

acid alizarine black ( 4  ); Durazol red ( 0  );

Evan’s blue ( A  ); phenosafranine ( tZI ); 

and Sirius supra blue-BL ( ^  ).
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Discussion

The results of the experiments can be rationalized as follows :

The dyes excluded from most of the strawberry cells at all concentrations 

tested (acid alizarine black-R, Durazol red, Evan's blue and Sirius supra 

blue-BL) are anionic; although Sirius supra blue shows partial penetration 

at the higher concentrations (at and above 5 x 10"^M). Phenosafranine, 

which has stained 50% of the strawberry cells at the low concentration of

1.5 X 10“^M and virtually all of them at 10“^ ,  is a cationic dye.

The behaviour of acid alizarine black-R, Sirius supra blue-BL and of 

phenosafranine with Asparagus sprengeri and Macleaya cordata cells can be 

explained in the same way as for the strawberry cells. It is interesting 

to note that Evan's blue, recommended for the testing of the viability of 

plant cells by Gaff and Okong'o-ogola (1971) and used by Taylor and West 

(1980) for this purpose, was shown in this study to stain 50% of Asparagus
-A

sprengeri cells at a concentration of approximately 2 x 10 M, and near

100% of them at 10“^M. For cells of Macleaya cordata, the relevant
-A _3concentrations were approximately 3 x 10 M and 10 M. It can therefore 

be concluded that Evan's blue is not wholly reliable as an indicator of the 

intactness of the plasma membrane of mesophyll cells, and hence of their 

viability.

Durazol red, an anionic dye, has also been found to penetrate Asparagus 

sprengeri and Macleaya cordata cells at the higher concentrations tested.

The reason for this is not obvious. In any case, the dye is not suitable 

for the testing of the viability of mesophyll cells.

The dyes that can be recommended for this purpose are acid alizarine black-R 

and Sirius supra blue-BL, which have been consistently excluded from all 3 

types of cells tested at all dye concentrations.
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