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performances of the proposed algorithms with the existing methods. The 

experimental results show that both methods significantly improve the 

performances compare to the existing methods. The results also prove that second 

method is more effective for large databases. 
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Chapter 1 

Introduction 

Recent years have seen a rapid increase in the size of digital image collections 

together with the fast growth of the Internet. Digital images have found their way 

into many application areas, including Geographical Information System, Office 

Automation, Medical Imaging, Computer Aided Design, Computer Aided 

Manufacturing, Robotics, etc. There are currently billions of web pages available 

on the Internet using hundreds of millions (both still and moving) images. 

However, we cannot access or make use of the information in these huge image 

collections unless they are organized so as to allow efficient browsing, searching, 

and retrieval over all textual and image data. 

The straightforward solution to managing image databases is to use existing 

keyword or text-based techniques i.e., retrieving images by their textual labels 

or surrounding text. Due to the advances of textual information retrieval, text

based image retrieval has been the most successful image retrieval strategy for 

decades. Text and alphanumeric symbols are used to describe images in the text

based approach. The main advantage of this approach is the potential use of data 

modelling, multidimensional indexing and query evaluation methods, which 

have matured in the text-based databases. However, this retrieval paradigm is 

sufficient to meet most users' information needs if images are well-annotated by 

textual information. With the growing popularity of social networks, people are 

now generating and sharing image content at a much faster rate. Many of these 

images are without informative text annotations. Moreover, users are now able 

to easily snap anything they see by using their mobile devices; and they would 

like to use the images they snapped as queries to immediately search for relevant 

images. On the other hand, the rich content of images makes the annotation to 

be a conceptually difficult task. For example, describing a landscape or a country 

map by keywords is hard and underlying visual meaning could not be conveyed 
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completely. Besides, manual annotation is an exhausting and protracted task 

specifically in large-scale databases. Another problem is that, different people 

may perceive a speci fie image differently. Human perceptual judgment is 

essential for many applications and textual approaches may cause unexpected 

and unrecoverable mismatches in the final retrieval stage, because language 

mismatch can occur when the user and the domain expert use different keywords. 

If the image database is very large and to be shared globally, linguistic barriers 

will render the use of text-based approach impractical and ineffective. These 

difficulties have led the researchers to pay attention to an alternative approach 

[1-4], a fully automated Content-based Image Retrieval (CBIR). 

1.1 Research Background 

Images from database are indexed by summarizing their visual contents through 

automatically extracted quantities of features such as color, texture, shape and 

spatial relationship according to user's visual requirement. Color is one of the 

most flexible and reliable visual features used in image retrieval or other image 

classifications systems. The feature is almost independent of image size and 

orientation, which is robust to its background complication. 

Image histogram is widely used for visual representation for its robustness and 

simplicity to image variations. Histogram representations, e.g. , color histogram 

[5], histogram of Local binary patterns [6], and Bag-of-Words based on SIFT 

features [7], have been widely used in computer vision and multimedia 

communities for visual recognition, content based image retrieval, and video 

content analysis. The histogram describes the global visual content distribution in 

the image. These methods are based on first-order image global statistics. 

However, the histogram comparison saturates the discrimination when the 

database contains a large number of images. Thus, it was inevitable to integrate 

local spatial information of an image with its global image information. Layout 

histograms and multi-resolution histograms [8] are the pioneering attempts to 

incorporate spatial information for improving the discriminating capability of the 
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histogram features. In Coherence Vector method [9], proposed by G. Pass et al., 

the histogram bins are divided into two types: coherent and incoherent. According 

to [9], a bin is coherent if it belongs to large color region. Otherwise, the bin is 

incoherent. The coherence vector method shows better performance than 

histograms when the images in the database have mostly uniform colors and the 

image is texture dominated. Auto-correlogram method, introduced by Huang et 

al. [ 10-11 ], is used to characterize both the color distribution of image pixels and 

the spatial correlation of pairs of colors. Instead of the indirect use of spatial 

information, the auto-correlogram method encodes local spatial structure 

information directly into histograms. However, this method only take cares the 

information of within-histogram bins. An effective content-based image feature 

called Markov Stationary Feature (MSF) was introduced by Li et al. [ 12] for 

image representation. It characterizes the spatial co-occurrence of histogram 

patterns by Markov chain models. The methods are generally based on the 

second-order spatial co-occurrence statistics of histogram bins, and their 

effectiveness in characterizing spatial structure are still limited. 

1.2 Motivation 

In general , local spatial relationship modeling (in an image) is receiving more 

and more attention in the community of computer vision arena because of its 

wide prospective applications in image retrieval [13-15], classification [12], 

video analysis [ 16], etc. It has appealed an increasingly larger group of scholars 

to research on this topic. Specifically, the local spatial structure of an image 

encodes two aspects of information named local appearance and local geometric 

structure [ 1 7]. 

A number of state-of-the-art methods for the local spatial relationship modeling 

of an image considers co-occurrence matrix which is actually the co-occurrence 

properties of the image local features [ 14, 18, 19]. A co-occurrence matrix or co

occurrence distribution is a matrix or distribution that is defined over an image 

to be the distribution of co-occurring values at a given offset. For visual 

3 



classification tasks, the co-occurrence matrix can measure the texture of the 

image by considering the image local features, e.g., intensity or grayscale values 

of the image [ 14] or various dimensions of color, as well as other local image 

features such as edges [ 19]. The original co-occurrence matrices are typically 

large and sparse, therefore, various algorithmic extensions and development 

have been proposed to get a more compact and useful set of features. Spatial co

occurrence matrix based Markov chain model introduced by Li et al. [12] to 

encode the intra-histogram-bin and inter-histogram-bin relationships into 

histograms, where the initial and stationary distributions of the Markov chain 

model are combined to form the so-called Markov stationary features (MSF). 

The MSF approach achieves a more compact feature representation from the 

original image feature co-occurrences locally (i.e., pixel pairs) [ 18] for encoding 

local spatial infonnation in image classification jobs [ 12, 17]. 

Despite the successes of improving image discriminating power by the MSF 

approach, there are still many essential issues and problems unresolved in both 

theory and practice. The simple MSF may not be useful to model the local spatial 

information with more than two pixels (3rd-order or higher order moment of 

distribution) [17]. However, the higher-order spatial structure can convey much 

richer and more descriptive information which can be collected by exploiting the 

concept of nonhomogeneous Markov chain model. In this context, this paper 

proposes two extended MSF approaches based on the nonhomogeneous scheme 

to the cope the problems to some extent. 

1.3 Contribution 

The existing content-based image retrieval systems does not contain sufficient 

spatial co-occurrence structures to distinguish images fairly for a huge database 

with large number of categories and greater degree of heterogeneity. In this thesis 

we eliminate the limitations of the existing methods by introducing 

nonhomogeneous schemes. However, the contributions of these research is as 

follows: 
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i) We formulate the nonhomogeneous Markov chain models to collect 

significant amount of spatial information to improve the image 

classification performances. 

ii) Multi-channel nonhomogeneous MSF algorithm is proposed in which 

an image is mapped into a number of color channels. From the color 

channels the co-occurrence spatial information are collected and 

combined for the MCN-MSF. 

iii) Multi-resolution nonhomogeneous MSF algorithm is proposed to 

capture more consistent spatial information to distinguish the images of 

larger databases. 

1.4 Organization 

The organization of this thesis is as follows. Chapter 2 contains the introductory 

concepts of text-based and content-based image retrieval systems. We illustrate 

details about the components of CBIR systems. 

Chapter 3 illustrates the state-of-art formulation of Markov stationary features 

(MSF) based on homogeneous Markov chain model. Then nonhomogeneous 

scheme is introduced and formulate with all necessary mathematical derivations 

and examples. 

Chapter 4 describes the multi-channel nonhomogeneous MSF algorithm. This 

chapter contains key performance metrics including recall, precision and 

accuracy with proper mathematical notations to evaluate the performances of the 

proposed algorithm over the existing methods. The experimental results of the 

methods using two recognized databases named WANG l 000 and 

COREL 10800, and discussions are given with different figures and tables in the 

chapter. 
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Chapter 5 discuss the proposed multi-resolution nonhornogeneous MSF 

algorithm. The performances of the algorithm is evaluated with the same 

databases. The comparative results are given with a number of figures and tables. 

It also contains the summary of comparisons all methods including the proposed 

two algorithms. 

Chapter 6 contains concluding remarks with the direction of future works. 
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Chapter 2 

Brief Overview on Image Retrieval 

2.1 Introduction 

Since 1970s, both Database Management and Computer Vision community has 

been working on image retrieval from different perspectives [20]. While the 

former is interested in text-based image retrieval in which the retrieval system is 

performed by employing the information retrieval based on the surrounding text 

or annotation text of images, while the latter explores the content-based image 

retrieval in which the image is represented by its salient features depending on 

some representations of visual contents of images (such as color, texture shape, 

objects). Thanks to the maturity of textual information retrieval techniques, text

based image retrieval has been well-studied, leading to several successful 

commercial systems like Google Images search. In this chapter, we summarize 

these two approaches by emphasizing the second one. 

2.2 Text-based Image Retrieval 

In text-based image retrieval (TBIR) systems, an operator, more specifically a 

human indexer, manually annotates each image in the collection by text. In other 

words, images are described as a set of keywords or free text [21]. Then, such 

annotations are stored in a traditional Database Management System (DBMS) 

[22, 23] . 

Generally, images are retrieved from DBMS by using conventional queries that 

are executed on exact or probabilistic match of the query text. Query text can be 

either a single keyword or a description of an object depicted in the image. The 

DBMS cannot retrieve the desired images, unless the images in the database are 
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correctly and sufficiently described. Retrieval performance is directly related to 

congruence between the vocabularies of the operator( s) and the user( s) of a TBIR 

system. 

2.2.1 Difficulties with TBIR 

TBIR has two main problems. The first problem emerges due to the human 

subjectivity on complex images. Since "a picture is worth a thousand words", it 

is not always possible to define or describe wide variety of images just by using 

some textual information. Also, different people or the same person in different 

situations describe or judge the same image differently, due to human perception 

subjectivity. Fig. 2.1 shows such subjectivity by example. Some people see a 

rabbit in Fig. 2.1.a while the others see a duck. Again, some people see nine 

human faces and a dog lying on street in front of a haunted house if they carefully 

examine the image in Fig. 2.1.b while the others see immediately an old bearded 

man with his hand resting on one flap of his jacket. 

Fig. 2.1. a) Rabbit or duck? b) Can you see 9 faces or an old bearded man with his 
hand resting on one flap of his _jacket? 

The second problem lies in the difficulty of manual indexing. Thanks to the 

advancement of mobile devices and internet, the number of images gets larger and the 

total amount of time spent in manual image annotation is increased. This results two 

congenital defects. The first defect is that images have to speak for themselves 

since the nature of image is beyond words. Compared to words, it is more 

inherent for users to express their intents by images. Of late, people are more 

willing to snap photos and search directly from mobile devices. This triggers the 
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These  qualities  have  ensured  that  the  economic  importance  of  this  crop  has  

increased throughout  the world  and,  nowadays,  it  remains  as  a  crop  of  primary 

interest  for  both research and fruit production (Mercado 2007). A growing body of 

data suggests that  consumption of  a phytochemical rich diet  reduces the  risk  of  

certain  chronic  human  illnesses  such  as  cancer,  heart  and  neurodegenerative 

diseases. Strawberry (Fragaria × ananassa Duch.) fruits are a rich source of 

phytochemicals (plant chemicals) of which phenolic compounds predominate. Berry 

fruits are  reported  to  contain  a  wide variety  of  phenolics  including  

hydroxybenzoic  and hydroxycinnamic  acid  derivatives, anthocyanins,  flavonols,  

flavanols,  condensed  tannins (proanthocyanidins) and hydrolyzable tannins 

(Machiex 1990). Studies  conducted  in  vitro  indicate  that  berry  phenolics  have  a 

wide  range  of  biological properties  such  as  anti-cancer, antioxidant,  anti-

inflammatory,  and  cell  regulatory  effects (Seeram 2006a, Seeram and Heber 2006b).  

1.2.6. Anticancer Effects  

The anticancer effects of individual phytochemical constituents of strawberries, as well as 

whole strawberry extracts, have been demonstrated (Seeram 2006a). These anticancer 

effects are exerted through multi-mechanistic means of action including the antioxidant 

actions of the berry’s  phenolic  constituents  by  protecting DNA  from  damage,  and  

also  through effects exerted beyond antioxidation (Seeram and Heber 2006b). The 

biological activities of strawberry phytochemicals include the regulation of phase-II 

enzymes and the modulation of gene expression and sub-cellular signaling pathways 

of cell proliferation, angiogenesis and apoptosis (programmed cell death). Although 

there have been many published reports on the anticancer effects of individual 

phenolics known to be present in the strawberry fruit (Seeram 2006). Strawberry  

extracts  have  also  been  evaluated  for  their  ability  to  inhibit mutation by the 

direct-acting mutagen  methyl  methanesulfonate and  the  metabolically activated 

carcinogen, benzopyrene. Ethanol extracts from freeze-dried fruits of several strawberry 

cultivars were also evaluated and hydrolyzable tannin containing fractions from 

strawberries were found to be most effective at inhibiting mutations (Hope et al. 2004).  

 



 12 

(Popescu et al. 1997). In 1989, Nehra and Stushnoff reported successful regeneration 

using greenhouse grown stock plants with surface sterilized leaves excised and cut 

into strips avoiding the midrib and placed adaxial side down onto the media. Nehra 

and Stushnoff (1989) discovered that leaf disks from young plants had a higher 

regeneration rate than the older plants. A study of the regeneration and transformation 

of the cultivar ‘Rapella’ showed higher regeneration rates when the youngest leaves 

were used (James et al. 1990). Passey et al. (2003) studied seven commercial cultivars 

of strawberry using leaf disks, petioles, roots and stipules as explants material. They 

started out by establishing and growing runner tips in vitro and sub culturing them 

every three weeks until enough material was produced to being the experiments. The 

leaf disks had the highest regeneration rates for all cultivars with greater than 90% of 

explants producing shoots (Passey et al. 2003). Graham et al. (1995) used stem tissue 

for their regeneration and transformation studies of ‘Melody’, ‘Rhapsody’ and 

‘Symphony’.  

The reduction in regeneration capacity was offset by the ability of the stem tissue to 

resist destruction by the kanamycin used as a selecting agent in the screening process 

post transformation. Other regeneration methods tested include use of embryos. Wang 

et al. (1984) used embryos excised from strawberry achenes. The tiny strawberry 

embryos were excised from surface sterile achenes under a microscope and placed on 

hormone modified regeneration media.  

Strawberry is high valued fruit mainly grown in temperate and sub temperate region. 

There are many strawberry genotypes grown in tropical and sub-tropical environment 

but fruit of these genotypes are mostly unpalatable. For commercial planting, 

selection of economically important clones are needed freeing these of virus by a 

combination of heat therapy and meristem culture. Tissue culture aimed particularly at 

the rapid propagation of breeding material as briefly described with reference to 

strawberry by Zimmerman (1981). However, through micro-propagation of 

strawberries (Fragaria × ananassa Duch.), several morphological abnormalities were 

detected as somaclonal variation. Changes include leaf colour variants and dwarf 

plants, among other (Swartz et al. 1981; Sansavini et al. 1990; Irkaeva & Matveena 

1997; Morozova 2003). Callus derived “Redcoat” strawberry plants differ 
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2.2.4. Culture Techniques    

The following techniques that were followed for the regeneration of complete 

plantlets of the experimental plants are discussed below:  

2.2.4.1. Collection of the field grown explants and surface sterilization of the explants 

Different explants (runner tips and nodal segments of runner) of the healthy disease 

free and young strawberry plants were collected in a conical flask from the 30-45 days 

old field grown plants. Then, those were washed thoroughly under tap water to reduce 

dust and surface contaminants. The runner tips and nodal segments were cut into 

convenient sizes and taken in a conical flasks containing distilled water. The materials 

were then surface sterilized with 2-3 drops of Tween-80 and a few drop of Savlon for 

about 5-9 minutes with constant shacking. The materials were then washed 4-5 times 

with distilled water for complete removal of sterilizing agents and taken under 

running laminar air-flow cabinet and transferred to 500 ml sterilized conical flask. 

Surface sterilization was carried out in the laminar air-flow cabinet. The explants 

were taken into one, two or more sterile conical flaks and suspended into 0.1% HgCl2 

solution by gently shaking for 5-6 minutes. To remove HgCl2, the materials were 

washed 3-4 times with sterilized distilled water.  

2.2.4.2. Inoculation techniques  

Sterilized plant materials were dissected and cultured on MS medium supplemented 

with GA3 (0.5 mg/l). During inoculation special care was taken that the explants much 

touch the medium equally and do not dip into the medium. All inoculation and aseptic 

manipulations were carried out in a running laminar airflow cabinet. The cabinet was 

switched on half an hour before use and cleaned with 90% ethyl alcohol to reduce the 

chances of contamination. The instruments like forceps, scalpels, and requirements 

like petridishes, filter paper, empty beaker or conical flasks, cotton, distilled water 

were covered with brown-paper and autoclaved by steam sterilization method. These 

were brought to the laminar airflow cabinet. During working time, the dissecting 

instruments like forceps, scalpels, etc. were again sterilized by an alcoholic dip and 

flamed over a spirit lamp for several times. Before starting inoculation, hands were 

also made sterile so far it was possible by spraying rectified spirit.  
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B. Data on following quantitative characters were recorded after 1, 2 and 4 months of 

transplantation.  

Plant height Crown height was measured from the bottom to the top 
using a meter scale. 

No. of leaves/plant No. of leaves was counted on individual plant basis. 

Petiole length Petiole length of at least five leaves/ plant was measured. 

No. of stolon/plant No. of stolon was counted on individual plant basis. 

No. of nodes/stolon No. of nodes/stolon was counted from at least three 
stolon of individual plant. 

No. of crowns/plant No. of crowns/plant was counted on individual plant basis. 

No. of flower clusters/ plant No. of flower clusters/plant was counted on individual 
plant basis. 

Stolon length Stolon length was measured from base of the stolon to 
the tip using a meter scale. 

No. of flowers/cluster No. of flowers was counted from three selected 
flowers/ plant. 

Canopy size Canopy size was determined by measuring the length 
and the breadth of individual plant basis. 

No. of fruits/plant No. of fruits/plant was counted at different time interval.         

No. of fruits/cluster No. of fruits/cluster was counted from three flower 
cluster/plant. 

Days to flowering Days to flowering was counted from the plantation date 
to first flower opening. 

Days to fruit harvest Days to first fruit harvest was counted from the 
plantation date to first fruit harvest. 

Average fruit wt.   At least 10 fruits/plant was weighted and mean value 
was calculated. 

Fruit wt./ plant All fruits of the selected plants were sequentially 
harvested and weighted. 

2.2.8. Data Analysis  

Variant characters for plant characteristics, such as: Plant height, No. of eaves/plant, 

Petiole length, No. of stolon/plant, Nos. nodes/stolon, No. of crowns/plant, No. of 

flower clusters/plant, Stolon length, No. of flowers/cluster, Canopy size, No. of 

fruits/plant, No. of fruits/cluster, Days to flowering, Days to fruit harvest, Average 

fruit wt., Fruit wt./plant were recorded by quantitative measurement. The collected 

data were analyzed following biometrical technique developed by Mather (1949) 
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The explants of strawberry were very sensitive to HgCl2 treatment. 85% runner tips 

and 80% nodal segments were found contamination free when the two type of 

explants were treated with 0.1% HgCl2 for 6 min. On the other hand 15% runner tips 

and 25% nodal segments were found contamination free when the explants were 

treated with 0.1% HgCl2 for 4 min. In this experiment, 100% contamination free 

explants were found when the explants of the selected seven strawberry varieties were 

treated with 0.1% HgCl2 for 8 min. However, incase of 7 and 8 min duration the 

explants died due to tissue killing. The most of the cultured explants showed fungal 

and bacterial contamination within 3-8 days of inoculation. 

Considering the sensitivity of the two types of explants of the selected seven 

strawberry varieties (AOG, JP-2, JP-3, Camarosa, Sweet Charly, Giant Mountain and 

Festival), treatment with 0.1% HgCl2 for 6 min duration was considered to be the 

most suitable for runner tip and nodal explants.  

3.2. PRIMARY CULTURE ESTABLISHMENT AND SHOOT MULTIPLICATION 

3.2.1. Effect of Different Concentrations of GA3 on in vitro Culture 

Establishment of Seven Strawberry Verities in MS Medium 

In this experiment, the results regarding shoot development of seven strawberry 

varieties viz. AOG, JP-2 JP-3, Camarosa, Sweet Charly, Giant Mountain and Festival 

were recorded after 4 weeks of culture on MS medium supplemented with GA3 at 

different concentration viz. 0.1, 0.5 and 1.5 mg/1 are shown in Table 3.1.  Among 

different concentrations of GA3 0.5 mg/l showed best performance on shoot 

development. Maximum shoot induction (75% from runner tip and 70% from nodal 

segment) was observed within 6-8 days for runner tips and 7-9 days for nodal 

segments in this medium. The length of shoots 4.0 cm from runner tip and 3.5 cm 

from nodal segments was recorded on MS medium with 0.5 mg/l GA3.    

3.2.2. Effect of Different Concentrations of Kinetine (KIN) on in vitro 

Culture Establishment of Seven Strawberry Varieties in MS Medium 

The runner tip and nodal explants were also cultured on to MS medium supplemented 

with various concentrations of KIN. The explants were cultured on MS medium with 

0.1, 0.2 and 1.0 mg/l of KIN. Data recorded on percentage of explants responded, 
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Plate 1 
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Table 3.7 
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Plate 3 
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Table 3.17 
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Table 3.22 
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3.4. PLANT REGENERATION FROM LEAF AND NODE DERIVED CALLI  

The calli developed from young and mature leaves and node segments in different 

culture media formulations were subcultured   for plant regeneration. Different PGRs 

formulations such as BA and BA + NAA were used for shoot regeneration from calli 

derived from leaf (both young and matured) and node of strawberry. The calli were 

rescued aseptically on a sterile petridish and cut into convenient sizes by sterile 

scalpel. The callus pieces were sub-cultured onto MS medium supplemented with 

different concentrations of BA either singly or in combination with NAA (considered 

as regeneration media) and the cultures were incubated in light for 8 weeks. The calli 

proliferated in different callus induction media were subcultured separately on to 

regeneration media. Data on morphogenic differentiation of calli in regeneration 

media were recorded eight weeks after sub-culture. The results on the effect of both 

callus induction and shoot regeneration media on % of calli induced shoot 

regeneration and no. of multiple shoots/callus are presented in following paragraphs.   

3.4.1. Effect of BA on Shoot Regeneration   

The calli derived from different explants in different PGRs supplemented callus 

induction media were separately sub cultured onto regeneration media having 

different concentrations of BA only. The results are shown in Tables 3.26, 3.27, 3.28, 

3.29, 3.30, 3.31 and 3.32. Regeneration media supplemented with four different 

concentrations of BA (0.1, 0.5, 1.0 and 1.5 mg/l) were tested to observe the effect on 

regeneration potentiality. The calli induced in 2, 4–D, NAA and 2, 4-D + BA 

supplemented callus induction media all sources of explants failed to survive and did 

not show any morphogenic response. The calli in BA supplemented regeneration 

medium were gradually became brownish in colour and finally necrotic and died. 

Adventitious shoot formation was observed only in regeneration media having 0.1 and 

0.5 mg/l BA. Higher concentrations of BA (1.5 mg/l) were found unsuitable for 

induction of adventitious shoots. In JP-2 and JP-3, calli induced in this callusing 

media formulation showed the highest 6% shoot regeneration and average 

shoot/callus was 1-2 (Tables 3.27, 3.28).  

In case of Camarosa, Sweet Charly, Giant Mountain and Festival, the cultured calli 

survived and continued to proliferate in the shoot induction medium contained with 
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PGR 
supplements in 
callus induction 
medium (mg/l) 

BA supplements in 
shoot regeneration 

medium (mg/l) 
Source of calli 

Morphogenic response after 5 weeks of   
subculture 

Percentage of calli 
induced shoot 
regeneration 

No. of multiple 
shoots/callus 

2, 4-D+BA           
(4.0+1.0) 

0.1 

Young leaf - - 

Mature leaf - - 

Node - - 

0.5 

Young leaf - - 

Mature leaf - - 

Node - - 

1.0 

Young leaf - - 

Mature leaf - - 

Node - - 

1.5 

Young leaf - - 

Mature leaf - - 

Node - - 

NAA+BA    
(0.5+1.0) 

0.1 

Young leaf 4 1 

Mature leaf 6 2 

Node - - 

0.5 

Young leaf 3 1 

Mature leaf 4 1 

Node - - 

1.0 

Young leaf 1 1 

Mature leaf 2 1 

Node - - 

1.5 

Young leaf - - 

Mature leaf - - 

Node - - 

- = No response 
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PGR 
supplements in 
callus induction 
medium (mg/l) 

BA supplements in 
shoot regeneration 

medium (mg/l) 
Source of calli 

Morphogenic response after 5 weeks of   
subculture 

Percentage of calli 
induced shoot 
regeneration 

No. of multiple 
shoots/callus 

2, 4-D+BA           
(4.0+1.0) 

0.1 

Young leaf - - 

Mature leaf - - 

Node - - 

0.5 

Young leaf - - 

Mature leaf - - 

Node - - 

1.0 

Young leaf - - 

Mature leaf - - 

Node - - 

1.5 

Young leaf - - 

Mature leaf - - 

Node - - 

NAA+BA    
(0.5+1.0) 

0.1 

Young leaf 3 1 

Mature leaf 4 1 

Node - - 

0.5 

Young leaf 2 1 

Mature leaf 3 1 

Node - - 

1.0 

Young leaf - - 

Mature leaf - - 

Node - - 

1.5 

Young leaf - - 

Mature leaf - - 

Node - - 

- = No response 
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PGR 
supplements 

in callus 
induction 
medium 
(mg/l) 

BA+ NAA 
supplements in 

shoot 
regeneration 

medium (mg/l) 

Morphogenic response after 5 weeks of 
subculture 

% of calli induced 
shoot regeneration 

No. of multiple 
shoots/ callus 

Young 
leaves 

Mature 
leaves 

Young 
leaves 

Mature 
leaves 

2, 4-D+ BA 
(4.0+ 1.0) 

0.5+0.5 2 3 1 1 
0.5+1.0 - - - - 
0.5+1.5 - - - - 
0.5+2.0 - - - - 
1.0+0.5 2 5 1 3 
1.0+1.0 4 5 2 2 
1.0+1.5 3 4 1 2 
1.0+2.0 - - - - 
1.5+0.5 - - - - 
1.5+1.0 4 6 2 2 
1.5+1.5 6 8 1 3 
1.5+2.0 1 2 1 1 
2.0+0.5 - - - - 
2.0+1.0 - - - - 
2.0+1.5 3 4 1 2 
2.0+2.0 - - - - 

NAA+ BA 
(0.5+ 1.5) 

0.5+0.5 5 7 1 2 
0.5+1.0 - - - - 
0.5+1.5 - - - - 
0.5+2.0 - - - - 
1.0+0.5 7 8 4 6 
1.0+1.0 6 8 1 3 
1.0+1.5 4 6 1 1 
1.0+2.0 - - - - 
1.5+0.5 7 9 3 4 
1.5+1.0 6 6 2 2 
1.5+1.5 4 5 1 2 
1.5+2.0 - - - - 
2.0+0.5 2 2 1 1 
2.0+1.0 3 4 1 3 
2.0+1.5 - - - - 
2.0+2.0 - - - - 

 

- = No response 
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Plant height of JP-2 and its somaclones showed significant variation as shown in 

Appendix 7. The highest plant height was recorded in somaclone JP-2 SC 1 

(24.00±0.29) followed by JP-2 SC 2 (22.23±0.21) and lowest plant height was 

recorded in donor JP-2 (15.47±0.20). LSD and CV% of plant height were analyzed 

and these were 0.5941 and 0.7940 respectively. 

Plant height of JP-3 and its somaclones showed significant variation as shown in 

Appendix 8. The highest plant height was recorded in somaclone JP-3 SC 1 

(25.03±0.26) followed by JP-3 SC 2 (22.00±0.23) and lowest plant height was 

recorded in donor JP-3 (16.13±0.18). LSD and CV% of plant height were analyzed 

and these were 0.3536 and 0.4616 respectively. 

Plant height of Camarosa and its somaclones showed significant variation as shown in 

Appendix 9. The highest plant height was recorded in somaclone Camarosa SC 2 

(24.43 ±0.12) followed by Camarosa SC 1 (22.27 ±0.15) and lowest plant height was 

recorded in donor Camarosa (15.43±0.23). LSD and CV% of plant height were 

analyzed and these were   1.3174 and 1.7483 respectively. 

Plant height of Sweet Charly and its somaclones showed significant variation as 

shown in Appendix 10. The highest plant height was recorded in somaclone Sweet 

Charly SC 2 (24.03 ±0.29) followed by Sweet Charly SC 1 (22.23 ±0.15) and lowest 

plant height was recorded in donor Sweet Charly (15.33±0.17). LSD and CV% of 

plant height were analyzed and these were   1.4779 and 1.9783 respectively. 

Plant height of Giant Mountain and its somaclones showed significant variation as 

shown in Appendix 11. The highest plant height was recorded in somaclone Giant 

Mountain SC 1 (22.30 ±0.15) followed by Giant Mountain SC 2 (22.13 ±0.32) and 

lowest plant height was recorded in donor Giant Mountain (16.47±0.15). LSD and 

CV% of plant height were analyzed and these were   1.4247 and 1.9294 respectively. 

Plant height of Festival and its somaclones showed significant variation as shown in 

Appendix 12. The highest plant height was recorded in somaclone Festival SC 1 

(25.30 ±0.41) followed by Festival SC 2 (22.53 ±0.14) and lowest plant height was 
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In JP-3 and its somaclones the highest stolon length was recorded in JP-3 SC 2 

(150.13±0.23) and lowest stolon length was recorded in donor parent JP-3 

(100.70±0.44). LSD and CV% of stolon length were 1.8710 and 0.3851 respectively. 

In Camarosa and its somaclones the highest stolon length was recorded in Camarosa 

SC 2 (148.20±0.12) and lowest stolon length was recorded in donor parent Camarosa 

(113.73±3.38). LSD and CV% of stolon length were 12.3271 and 2.5021 respectively. 

In Sweet Charly and its somaclones the highest stolon length was recorded in Sweet 

Charly SC 1 (155.23±0.15) and lowest stolon length was recorded in donor parent 

Sweet Charly (109.37±5.33). LSD and CV% of stolon length were 18.8898 and 

3.7726 respectively. 

In Giant Mountain and its somaclones the highest stolon length was recorded in Giant 

Mountain SC 1 (155.67±0.12) and lowest stolon length was recorded in donor parent 

Giant Mountain (115.93±5.53). LSD and CV% of stolon length were 12.8639 and 

2.5145 respectively. 

In Festival and its somaclones the highest stolon length was recorded in Festival SC 1 

(151.73±3.37) and lowest stolon length was recorded in donor parent Festival 

(113.03±0.32). LSD and CV% of stolon length were 12.4074 and 2.4650 respectively. 

3.7.1.7. No. of crowns/plant of seven strawberry varieties and their somaclones 

The mean performances of no. of crowns/plant showed significant differences among 

the somaclones and the seven strawberry varieties as shown in Appendix 48-54. 

Somaclones of seven strawberry varieties also showed better performances than their 

respective parents. 

The highest no. of crowns/plant was recorded in AOG SC 3 (7.50±0.57) and the 

lowest no. of crowns/plant was recorded in donor parent AOG (3.20±0.58). LSD and 

CV% of no. of crowns/plant were 0.5272 and 1.8233 respectively. 

The highest no. of crowns/plant was recorded in JP-2 SC 2 (6.47 ±0.09) and lowest no. 

of crowns/plant was recorded in donor parent JP-2 (3.27±0.12). LSD and CV% of no. 

of crowns/plant were 0.7123 and 4.1657 respectively. 
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In Giant Mountain and its somaclones the highest no. of flower clusters/plant was 

recorded in Giant Mountain SC 1 (6.67±0.33) and lowest no. of flower clusters/plant 

was recorded in donor parent Giant Mountain (5.67±0.33). LSD and CV% of no. of 

flower clusters/plant were 2.4255 and 10.7143 respectively. 

In Festival and its somaclones the highest no. of flower clusters/plant was recorded in 

Festival SC 2 (7.00±0.58) and lowest no. of flower clusters/plant was recorded in 

donor parent Festival (5.33±0.33). LSD and CV% of no. of flower clusters/plant were 

2.9707 and 12.8921 respectively. 

3.7.2.3. No. flowers/plant of seven strawberry varieties and their somaclones 

The mean performances of no. of flowers/plant showed significant differences among 

the somaclones and the seven strawberry varieties as shown in Appendix 76-82.  

In AOG the highest no. of flowers/plant was recorded in AOG SC 3 (21.67±0.33) and 

the lowest no. of flowers/plant was recorded in donor parent AOG (15.67±0.33). LSD 

and CV% of no. of flowers/plant were 3.0440 and 3.2387 respectively. 

In JP-2 the highest no. of flowers/plant was recorded in JP-2 SC 2 (18.67±0.33) and 

lowest no. of flowers/plant was recorded in donor parent JP-2 (14.33±0.33). LSD and 

CV% of no. of flowers/plant were 2.4255 and 3.9474 respectively. 

In JP-3 and its somaclones the highest no. of flowers/plant was recorded in JP-3 SC 1 

(18.67±0.33) and lowest no. of flowers/plant was recorded in donor parent JP-3 

(14.33±0.33). LSD and CV% of no. of flowers/plant were 2.4255 and 3.7500 

respectively. 

In Camarosa and its somaclones the highest no. of flowers/plant was recorded in 

Camarosa SC 2 (18.67±0.33) and lowest no. of flowers/plant was recorded in donor 

parent Camarosa (16.33±0.33). LSD and CV% of no. of flowers/plant were 2.4255 

and 3.7500 respectively. 

In Sweet Charly and its somaclones the highest no. of flowers/plant was recorded in 

Sweet Charly SC 1 (18.33±0.33) and lowest no. of flowers/plant was recorded in 
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Plate 12 
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In Camarosa and its somaclones, the highest �S�K�Q�R�W�\�S�L�F���Y�D�U�L�D�W�L�R�Q�����/2p) was found for 

fruit weigth/plant with a value of 35.833, while the lowest phnotypic variation was 

recorded for no. of stolons/plant with a value of 0.031 (Table 3.41). 

In Sweet Charly and its somaclones, the highest �S�K�Q�R�W�\�S�L�F���Y�D�U�L�D�W�L�R�Q�����/2p) was found 

for stolon length with a value of 26.956, while the lowest �S�K�Q�R�W�\�S�L�F�� �Y�D�U�L�D�W�L�R�Q�� ���/2p) 

was recorded for no. of stolons/plant with a value of 0.023 (Table 3.42). 

In Giant Mountain and its somaclones, the highest �S�K�Q�R�W�\�S�L�F�� �Y�D�U�L�D�W�L�R�Q�� ���/2p) was 

found for fruit weigth/plant with a value of 55.5219, while the lowest phnotypic 

variation was recorded for no. of nodes/stolon with a value of 0.003 (Table 3.43). 

In Festival and its somaclones, the highest �S�K�Q�R�W�\�S�L�F�� �Y�D�U�L�D�W�L�R�Q�� ���/2p) wsa found for 

fruit weigth/plant with a value of 38.128, while the lowest phnotypic variation was 

recorded for no. of nodes/stolon with a value of 0.019 (Table 3.44). 

3.8.3. Error Variation ���/2e) 

In AOG and its somaclones, �W�K�H�� �K�L�J�K�H�V�W�� �H�U�U�R�U�� �Y�D�U�L�D�W�L�R�Q�� ���/2e) was found for fruit 

weigth/plant with a value of 36011.636, while the lowest error variation was recorded 

for no. of nodes/stolon with a value of 0.694 (Table 3.38).  

In JP-2 and its somaclones, �W�K�H�� �K�L�J�K�H�V�W�� �H�U�U�R�U�� �Y�D�U�L�D�W�L�R�Q�� ���/2e) was found for fruit 

weigth/plant with a value of 32402.054, while the lowest error variation was recorded 

for no. of nodes/stolon with a value of 0.228 (Table 3.39). 

In JP-3 and its somaclones, t�K�H�� �K�L�J�K�H�V�W�� �H�U�U�R�U�� �Y�D�U�L�D�W�L�R�Q�� ���/2e) was found for fruit 

weigth/plant with a value of 37491.619, while the lowest error variation was recorded 

for petiole length with a value of 0.279 (Table 3.40). 

In Camarosa and its somaclones, �W�K�H���K�L�J�K�H�V�W���H�U�U�R�U���Y�D�U�L�D�W�L�R�Q�����/2e) was found for fruit 

weigth/plant with a value of 30021.847, while the lowest error variation was recorded 

for no. of stolons/plant with a value of 0.072 (Table 3.41). 

In Sweet Charly and its somaclones, �W�K�H�� �K�L�J�K�H�V�W�� �H�U�U�R�U�� �Y�D�U�L�D�W�L�R�Q�� ���/2e) was found for 

stolon length with a value of 25517.972, while the lowest error variation was recorded 

for no. of fruits/cluster with a value of 0.333 (Table 3.42). 
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Table 3.39. �*�H�Q�R�W�\�S�L�F�� ���/2�J������ �S�K�H�Q�R�W�\�S�L�F�� ���/2�S���� �D�Q�G�� �H�U�U�R�U�� ���/2e) components of 
variation and genotypic (GCV), phenotypic (PCV) and error (ECV) 
coefficient of variability of eight morphological and eight yield 
contributing characters in JP-2 and its somaclones. 

 

Characters �/ 2g �/ 2p �/ 2e GCV PCV ECV 

Plant height 20.279 0.027 20.306 21.9101 21.8957 0.7940 

No. of leaves/plant 4.464 0.129 4.593 9.5348 9.3995 1.6006 

petiole length 0.942 0.128 1.070 7.0315 6.5983 2.4299 

No. of stolons/plant 0.633 0.021 0.654 15.7253 15.4696 2.8243 

No. of nodes/stolon 0.223 0.004 0.228 16.0274 15.8703 2.2388 

Stolon length 455.540 10.188 465.728 15.6068 15.4352 2.3083 

No. of crowns/plant 2.631 0.038 2.669 34.7590 34.5085 4.1657 

Canopy size 2255.401 1.464 2256.866 10.9007 10.8972 0.2777 

Days to flowering 22.111 0.444 22.556 7.3951 7.3218 1.0381 

No. of flower clusters/plant 0.889 0.333 1.222 16.5831 14.1421 8.6603 

No. of flowers/plant 5.000 0.444 5.444 13.8158 13.2399 3.9474 

No. of fruits/cluster 1.000 0.444 1.444 38.6309 32.1429 21.4286 

No. of fruits/plant 17.944 0.278 18.222 36.9411 36.6585 4.5610 

Days to fruit harvest 10.556 0.444 11.000 3.8318 3.7536 0.7702 

Average fruit weight 39.897 2.101 41.998 26.0496 25.3897 5.8266 

Fruit weight/plant 32328.683 73.371 32402.054 54.6890 54.6270 2.6024 
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cultivars of temperate and sub-tropical origin can be grown by importing plantlets 

every year and planting them in the beginning of the winter season preferably in 

October-November. Recent media reports showed that imported plants grow well 

producing flowers and fruits up to March in Bangladesh. During hot summer and 

humid rainy season almost all of the imported plants are perished due to different 

diseases. Strawberry cultivation in tropical climate is vulnerable due to different biotic 

and abiotic factors. It has been observed that strawberry cultivation in Bangladesh is 

highly affected with different disease and environmental factors. Among the different 

diseases, verticillium wilt and crown rots are found to be very prominent. Hot and dry 

weather (above 38°C) and soil pH are major abiotic factors that affect strawberry 

cultivation. These problems should be overcome for sustainable strawberry cultivation 

in Bangladesh. Different biotic and abiotic factors that affect strawberry plants are 

investigated in following heads. 

In the present study seven strawberry varieties and their somaclones were evaluated 

for studying different biotic and abiotic stresses that affect strawberry cultivation. The 

effect of different biotic and abiotic factors on strawberry cultivation and causing 

yield loss are described below. 

3.1. BIOTIC FACTORS 

3.1.1. Phytophthora Crown Rot 

Phytophthora cactorum (Lebert & Cohn) J. Schort produces leather rot on fruits and 

crown rot and wilt of plants. Leather rot symptoms on green fruit are characterized by 

dark brown diseased areas or natural green outlined with a brown margin, and the 

whole berry eventually becomes brown, with a rough texture and is leathery in 

appearance. Infection of ripe fruit may cause a little change in color or can cause 

discoloration, making the fruit dull. The mature fruit will become tough and leathery, 

and under high moisture conditions, a white moldy growth appears on them. Infected 

fruits have an unpleasant odor and a bitter in taste, otherwise no other symptoms are 

obvious. The leather fruit rot incidence increased when wetness duration increased, 

and infection increased up to the optimum temperatures (21ºC) and then declined. P. 

cactorum causes a crown disease. Young leaves turn bluish green and wilt suddenly 

and then turn brown and the whole plant dies within a few days. Internal crown tissue 






