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ABSTRACT 

Experiments were carried out between 2009 and 2013 in the Biotechnology laboratory, 

Department of Plant Science, Ahmadu Bello University Samaru, Zaria with the aim of 

developing tissue culture regeneration, cryopreservation and slow growth protocols for 

conservation of groundnut. Embryonic axes obtained from seeds of Four (4) groundnut 

varieties; (SAMNUT 10, SAMNUT 21, SAMNUT 22 and SAMNUT 23) were used in the 

study. In the regeneration experiment, results showed that maximum shoot multiplication was 

obtained from Murashige and Skoog (MS) medium supplemented with 15 mg/L
 
BAP. 

Among the groundnut varieties evaluated SAMNUT 23 and SAMNUT 22 recorded the 

maximum shoot height (4.7 and 4.8cm, respectively). For in vitro rooting, MS media 

supplemented with 1 mg/L NAA produced the highest root-induction frequency (82%). 

While the hormone free medium recorded the longest roots (7.4cm).  A Significant genotypic 

effect was also observed, with SAMNUT 22 having the highest root-induction frequency 

(60%).  

 

In the cryopreservation study, the desiccation technique gave the highest survival of 97% - 

100% and shoot formation of between 92% and 97% of cryopreserved embryonic axes at an 

average moisture content of 17% after 4 - 5 hr desiccation. Among the varieties evaluated, 

SAMNUT 23 and SAMNUT 22 recorded the highest survival of 65% and shoot formation of 

57-60% respectively. The results of the vitrification technique showed that the highest 

survival (70%) and shoot formation (65%) were obtained from embryonic axes treated for 2 

hr in PVS2. SAMNUT 22 and 23 gave the highest survival of 74% and 76% and shoot 

formation of 72% and 73% after cryopreservation. A significant interaction was observed 
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between the varieties and dehydration time in PVS2 on survival and shoot formation. Highest 

shoot formation was observed in SAMNUT 10, SAMNUT 21 and SAMNUT 23 after 2 hr 

dehydration in PVS2. In the case of SAMNUT 22 this was achieved after 3hr dehydration in 

PVS2.  In the encapsulation-dehydration, the highest survival of 73% and shoot formation of 

63% of encapsulated cryopreserved embryonic axes of groundnut was obtained after 6hr air 

dehydration to moisture content of 20%.  Among the varieties evaluated SAMNUT 23 

recorded the highest survival of 67% and shoot formation of 61% respectively. In the 

encapsulation-vitrification technique, maximum survival rate of cryopreserved encapsulated 

embryonic axes was 48% obtained after 1hr dehydration in PVS2. Among the varieties 

evaluated SAMNUT 22 and SAMNUT 23 produced the highest survival rates of 44% and 

42% respectively. A Slow growth experiment was conducted with four conservation media 

(MS medium+30g/L
 
sucrose, MS medium+20 g/L sucrose +10 g/L

 
mannitol, MS medium+15 

g/L sucrose +15 g/L mannitol and MS medium+10 g/L sucrose +20 g/L mannitol) and for 

four conservation periods (3, 6, 9 and 12 months). Results revealed that the highest survival 

rate (34%) and lowest shoot height (3.03cm) were obtained on MS medium supplemented 

with 10g/L sucrose and 20 g/L
 
mannitol. Among the varieties evaluated SAMNUT 23 

recorded the highest survival (33%). With regard to the effect of different conservation 

periods, the highest survival (74%) was obtained from cultures conserved for 3 months.  

 

This study indicates that MS medium supplemented with 15mg/L BAP and MS medium 

supplemented with 1mg/L NAA is suitable for shoot multiplication and in vitro rooting of the 

groundnut varieties respectively. The techniques of desiccation, vitrification and 

encapsulation could be used for the cryopreservation of embryonic axes of groundnut. Also, 

MS medium supplemented with 10g/L sucrose and 20g/L mannitol could be used for the 
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medium term conservation of groundnut with subculturing intervals of three (3) to six (6) 

months. 
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CHAPTER ONE 

1.0         INTRODUCTION 

1.1 Groundnut Production Statistics and constraints 

Groundnut is an important monoecious annual legume crop currently grown under a wide 

range of environmental conditions between 40ºS and 40ºN latitude in over 100 countries in 

Asia, Africa, Australia and Americas (Waliyar et al, 2007). Total world production of the 

crop was estimated at 45.7 million metric tonnes produced from 25.5 million hectares in 

2013, of which China (37.3%), India (20.8%), Nigeria (6.6%) and the United States (4.2%) 

are the largest producers.  

 

An overview of the production trend in groundnut showed that there was no increase in 

production and yield per hectare between 2004 and 2013 in Nigeria (Figure1.1). Production 

of groundnut was 3.3 million metric tonnes with an average yield of 1.5 metric tons/ha 

produced from 2.1 million ha in 2004. From 2005 to 2006 there was a significant increase in 

the production (3.5-3.8 million metric tonnes) and yield (1.6-1.7 metric tons/ha) even though 

the area of production increased by 0.1 million hectare. However, from 2007 to 2009 

groundnut production and yield steadily declined to 2.8-2.9 million metric tonnes and 1.3-

1.1metric tons/ha respectively, even though the area of production increased from 2.2 to 2.6 

million ha. In 2010 groundnut production increased to 3.8 million metric tonnes produced 

over an area of 2.8 million ha. The yield however, remained low at an average of 1.3 metric 

tons/ha. From 2011 to 2012 groundnut was grown on 2.3-2.6 million ha with a total 

production of 2.9- 3.3 million metric tonnes and an average yield of 1.3-1.2 metric tons/ha. 

While in 2013 the annual production of groundnut was estimated at 3.0 million metric tons 

with an average yield of 1.3 tons/ha produced from 2.3 million ha (FAOSTAT, 2015).  
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Despite its relative importance and wide utilization, yields from Africa and Nigeria in 

particular still remain low. FAOSTAT (2015) revealed the average yield of 1.27tons/ha from 

Nigeria was lower than the world average yield of 1.79tons/ha in 2013. This low yield has 

been attributed to several factors, including non-availability of the seed of improved varieties, 

poor soil fertility, drought, inappropriate crop management practices, pests, and disease. The 

most serious and economically important diseases are groundnut rosette, leaf spots and 

aflatoxin, while important pest includes the aphids, millipedes, termites, thrips, leafhoppers, 

white grubs and nematodes (Echekwu and Ike, 2005). Seed quality has also been identified as 

an important constraint regarding low production of oil seeds, as the seeds which are often 

the source of planting material deteriorate rapidly during storage, thereby reducing the quality 

of seeds (Irfan et al., 2004). 

 

Most of the abiotic and biotic constraints can be overcome through crop breeding. Generally, 

crop improvement programs rely on the availability of an array of plant genetic resources 

(PGR) which in recent years these are fast eroding due to human activities and climate 

change with its accompanying stresses. Unfortunately, adequate sources of resistance to 

various stresses are lacking in the cultivated species of groundnut. The lack of resistances in 

the cultivated germplasm is attributed to its narrow genetic base (Kochert et al., 1991). It, 

therefore, becomes imperative to secure existing germplasm for future breeding programs. 

Advances in biotechnology now provide new options for improved conservation of PGR 

using in vitro culture techniques such as slow growth for short- and medium-term 

conservation and cryopreservation for long-term conservation. 
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Figure1.1 Groundnut production trend in Nigeria (FAOSTAT 2015) 

 

1.2 Plant Genetic Resources (PGR) Conservation  

PGR are the most important components of agro-biodiversity. PGR comprise a diversity of 

genetic material contained in traditional varieties, modern cultivars, crop wild relatives, and 

other wild species. Genetic diversity provides plant breeders with options to develop, through 

selection and breeding, new and more productive crops, that are resistant to virulent pests and 

diseases and adapted to changing environments (Rao, 2004). With the unabated growth in 

human population, the world’s PGR needs to be secured and more thoroughly exploited to 

meet the inevitable expansion in future food need. Genetic resources are disappearing at 

unprecedented rates. The reasons for this loss are many and include deforestation, 

developmental activities such as hydroelectric projects, road laying, urbanization and finally 

modern agriculture and the introduction of new and uniform varieties (Rao, 2004).  
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There are two approaches for the conservation of PGR, namely in situ and ex situ. In situ 

conservation involves maintaining genetic resources in the natural habitats where they occur, 

whether as wild and uncultivated plant communities or crop cultivars in farmers’ fields as 

components of the traditional agricultural systems (Rao, 2004). Ex situ conservation, on the 

other hand, involves conservation outside the native habitat and is generally used to safeguard 

populations in danger of destruction, replacement or deterioration. Approaches to ex situ 

conservation include methods like seed storage, field gene banks, and botanical gardens. 

Among the various ex situ conservation methods, seed storage is the most convenient for 

long-term conservation of PGR (Rao, 2004). This involves desiccation of seeds to low 

moisture contents and storage at low temperatures. However, there are a large number of 

important tropical and sub-tropical tree species which produce recalcitrant seeds that quickly 

lose viability and do not survive desiccation, hence conventional seed storage strategies are 

not possible (Roberts, 1973). There are also a number of other important crop species that are 

sterile or do not easily produce seeds, or seed is highly heterozygous and clonal propagation 

is preferred to conserve elite genotypes. Examples of crop species in this category are the 

banana, sweet potato, sugarcane, cassava, yam, potato, and taro. These species are usually 

conserved in field gene banks. Although field gene banks provide easy access to conserved 

material for use, they run the risk of destruction by natural calamities, pests, and diseases. 

These field gene banks do not represent the entire range of genetic variability within the 

respective crop gene pool. For this reason, safety duplicates of the living collections are 

established using alternate strategies of conservation and it is in this area that biotechnology 

contributed significantly by providing complementary in vitro conservation options through 

tissue culture techniques. In vitro conservation also offers other distinct advantages. For 

example, the material can be maintained in a pathogen-tested state, thereby facilitating safer 

distribution. Further, the cultures are not subjected to environmental disturbances (Withers 
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and Engelmann, 1997).  Several in vitro techniques have been developed for storage of 

challenging crop species. In general, they fall under two categories: (i) slow growth 

procedures, where germplasm accessions are kept as sterile plant tissues or plantlets on 

nutrient gels; and (ii) cryopreservation where plant material is stored in liquid nitrogen.  

 

1.3 Justification and Objectives 

Groundnut is an important crop worldwide for the production of oil and protein from the 

seed.  Groundnut production is hampered by the multitude of biotic and abiotic stresses, of 

which there are few improved varieties that are resistant to these stresses and this is mainly 

due to the narrow genetic base of the cultivated groundnut. Securing existing and novel 

groundnut germplasm is essential for future improvement programs. Conventionally, 

groundnut germplasm is conserved in gene banks. However, even under gene bank condition 

groundnut seeds cannot be stored for long like other true orthodox seeds owing to its high 

lipid content and thin seed coat. In vitro techniques such as slow growth and cryopreservation 

should be considered as important complementary strategies for efficient conservation of 

groundnut germplasm. Slow growth procedures provide short- and medium-term storage 

options, and offer several advantages such as: free from genetic erosion, the possibility for 

the establishment of core collection with long-term gene banks, free from fungi and bacteria, 

not expensive when in vitro facilities are already present, easy and convenient for 

international distribution. While cryopreservation enables long-term storage of the plant 

material and these require less space, labour and it’s cheaper in the long run.  

 

Successful in vitro conservation of cultivated and wild species of groundnut using 

cryopreservation has been reported (Gagliardi et al., 2000; 2002; 2003; Ozudogru et al., 
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2009). However, in vitro regeneration and conservation techniques are strongly genotypic 

dependent. This study aims at developing efficient in vitro conservation techniques for 

Nigerian groundnut cultivars that when applied alongside with the conventional seed bank 

approach will improve the conservation of the crop.  

 

The specific objectives of the study are as follows; 

I. To test the amenability of groundnut varieties to tissue culture. 

II. To develop an in vitro regeneration protocol that will form the basis for 

establishing an in vitro conservation protocol for groundnut. 

III. To identify an efficient cryopreservation protocol for groundnut. 

IV. To establish a slow growth in vitro conservation protocol for groundnut. 
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CHAPTER TWO 

2.0                                                  LITERITURE REVIEW 

2.1 Origin and Distribution of Groundnut Crop 

The cultivated groundnut or peanut (Arachis hypogaea L.) originated in South America. The 

term Arachis is derived from the Greek word "Archos", meaning a weed, and hypogaea, 

meaning underground chamber, i.e. in botanical terms, a weed with fruits below the soil 

surface. There are two most common used names for this crop, i.e. groundnut or peanut. The 

term groundnut is used in most countries of Asia, Africa, Europe and Australia while in 

North and South America it is commonly referred to as peanut. The term groundnut refers to 

the pods with seeds that mature underground; the connotation of peanut is because this crop 

belongs to the leguminous family which includes also other crops such as peas and beans. It 

is a legume crop and the terminology nut is due to its unusual growing habit where flowers 

are formed above the ground and after fertilization the gynoecium penetrates the soil and 

form pods which contain kernels (Prasad et al., 2010). 

 

The earliest archaeological records of groundnuts in cultivation are from Peru, dated 3750-

3900 years before present (BP). Groundnuts were widely dispersed through South and 

Central America by the time Europeans reached the continent, probably by the Arawak 

Indians. There is archaeological evidence of their existence from Mexico, dated 1300-2200 

BP.  After European contact, groundnuts were dispersed worldwide. The Peruvian runner 

type was taken to the Western Pacific, China, Southeast Asia and Madagascar. The Spanish 

probably introduced the Virginia type to Mexico, via the Philippines, in the sixteenth century. 

The Portuguese then took it to Africa via Brazil. Virginia types apparently reached the 

Southeast United States with the slave trade (Prasad et al., 2010). 
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2.2 Taxonomy and Classification 

The genus Arachis belongs to family Fabaceae, subfamily Papilionaceae, tribe 

Aeschynomeneae, subtribe Stylosanthinae. This genus is morphologically well defined and 

distinguished from other genera by having a peg and geocarpic reproductive growth. The 

genus Arachis has more than 70 wild species, of which only Arachis hypogaea L. is 

domesticated and cultivated (Prasad et al., 2010). 

 

The taxonomy of the genus Arachis has been well documented and includes 37 named 

species and a number of undescribed species. The genus has been divided into nine sections 

i.e., Arachis, Caulorrhzae, Erectoides, Extranervosae, Heteranthae, Procumbentes, 

Rhizomatosae, Trierectoides and Triseminalae. The section Arachis comprises an annual and 

perennial diploid (2n=20) and two annual tetraploids (2n=4x=40) (Prasad et al., 2010). There 

are two major subspecies of Arachis hypogaea that mainly differ in their branching pattern 

(Gibbons et al., 1972): Arachis hypogaea subsp. hypogaea with alternate branching 

comprising the Virginia group of cultivated groundnut and subspecies Arachis hypogaea 

subsp. fastigiata with sequential branching comprising the Spanish-Valencia group of 

cultivated groundnut. When these lateral branches are upright, the plant is designated bunch 

or erect type. However, when horizontal and trails the ground, the plant is referred to as a 

runner or trailing type (Prasad et al., 2010). 

 

2.3 Botanical Description 

Groundnut is an annual herbaceous legume. It has a central, upright stem and many lateral 

branches. In runner types, the lateral branches are prostrate, and in bunch types they are more 

or less erect in the young plants but tend to become prostrate at a later stage. Mature stems 
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are cylindrical and hollow, sometimes slightly hairy or pubescent (Okonmah and Eruotor, 

2012). The Valencia and Spanish groundnut are bunch types, while the Virginia groundnut 

consists of both the bunch and runner types (Chapman and Carter, 2000). The plant has 

pinnately compound leaves made up of four leaflets in opposite pairs, with pubescent 

petioles, oval edges extremely rounded, with slightly pointed tips. Stipules are prominent, 

linear and adnate to some length to the petiole and become free at the pulvinus. The leaf 

exhibits nyctiotrophic (sleep) movements, where the adaxial of the leaflets comes together 

and the petiole drops during each night. The leaves of the Virginia types tend to be darker 

green, whereas Spanish and Valencia groundnut tend to have lighter leaves (Okonmah and 

Eruotor, 2012). 

 

The inflorescence is a spike of three to five flowers, borne either singly or in groups in the 

axils of foliage leaves. The flowers are sometimes white, but more often yellow to orange 

(Chapman and Carter, 2000; Okonmah and Eruotor, 2012). Groundnut plants are generally 

self-pollinated (Chapman and Carter, 2000). However, natural cross-pollination occurs at the 

rate of less than 1% to greater than 6% due to a typical flower and action of bees (Coffelt, 

1989). After pollination and fertilization, the flower drops, the corolla close, the calyx tube 

bends and the flower withers. The region behind the ovary which is a meristematic region 

begins to grow and becomes the stalk-like structure (the gynophore) that bends downwards 

(positive geotropic) and forces the ovary into the soil. The ovary at the tip of the peg grows 

into a pod containing the seeds. The gynophore is commonly referred to as peg and the stage 

of the plant development at which the gynophore is activated and elongates is referred to as 

pegging (Chapman and Carter, 2000; Okonmah and Eruotor, 2012). The pod is an elongated 

sphere with different reticulation on the surface and /or constriction between the seeds, and 

contains one to six seeds (Okonmah and Eruotor, 2012). The primary root system is tap root, 
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but with abundantly branched lateral roots, the roots are concentrated in the 5 to 35cm zone 

below the soil surface. Groundnut roots do not have typical root hairs, but rather tufts of hair, 

which are produced in the root axils (Okonmah and Eruotor, 2012; Prasad et al., 2010). 

 

2.4 Utilization 

Groundnut is the world’s 13th most important food crop, 6th most important source of edible 

oil and 3rd most important source of vegetable protein (Waliyar et al., 2007). It is an 

important food and cash crop in Nigeria. It is cultivated as a sole crop, intercrop or mixed 

crop. Almost every part of the groundnut plant is economically important. The seeds contain 

high quality edible oil (47-53%), easily digestible protein (25-36%) and carbohydrate (10-

15%), besides vitamins (B and E) and mineral (Phosphorus) (Prasad et al., 2010). Haulms 

(leaves and stalk) are utilized as fodder while, the cakes formed after the oil extraction is a 

high protein animal feed. The shells are used as fuel, as filler in feed industry and in making 

cardboards. Being a legume with root nodules, it enriches the soil by fixing atmospheric 

nitrogen, thereby contributing to soil fertility (Waliyar et al., 2007). 

 

Groundnut is processed into numerous products for human consumption, like vegetable oil, 

peanut butter, flour used in confectionery etc. The Kernels are consumed directly as food or 

snacks in the form of boiled nuts or roasted nuts also in the preparation of local dishes e.g. 

groundnut soup, Kunun gyada (groundnut porridge), candy, kuli-kuli (groundnut cake) etc. 

 

2.5 Tissue Culture Technique 

Plant tissue culture is a technique of culturing plant cells, tissues and organs on synthetic 

nutrient media under aseptic environment and controlled conditions of light, temperature and 
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humidity (Dagla, 2012). Plant tissue culture is based on the concept of totipotency i.e. all 

plant cells given the correct stimuli have the genetic potential to regenerate into whole 

organisms. Plant regeneration may occur through two pathways, i.e. organogenesis which is 

the production of shoots, followed by root formation, or through somatic embryogenesis 

whereby fully formed embryos are generated and subsequently induced to germinate 

(Razdan, 2002; Slater et al., 2008). 

 

2.5.1 Somatic embryogenesis 

Somatic embryogenesis is the process of a single cell or group of cells initiating the 

developmental pathway that leads to the reproducible regeneration of non-zygotic embryos 

(somatic embryos)   from somatic tissues which are capable of germinating to form complete 

plants (Razdan, 2002; Slater et al., 2008). These somatic embryos can be produced either 

directly or indirectly. In direct somatic embryogenesis, the embryo is formed directly from a 

cell or small group of cells without the production of an intervening callus. Though common 

form for some tissues (usually reproductive tissues such as the nucellus, styles, or pollen). 

Direct somatic embryogenesis is generally rare in comparison with indirect somatic 

embryogenesis. In indirect somatic embryogenesis, callus is first produced from the explant. 

Embryos can then be produced from the callus tissue or from a cell suspension produced 

from that callus.  Somatic embryogenesis usually proceeds in two distinct stages. In the initial 

stage (embryo initiation), a high concentration of 2, 4-dichloro-phenoxyacetic acid (2, 4-D) is 

used. In the second stage (embryo production), embryos are produced in a medium with no or 

very low levels of 2, 4-D. In many systems, it has been found that somatic embryogenesis is 

improved by supplying a source of reduced nitrogen, such as specific amino acids or casein 

hydrolysate (Slater et al. 2008). 
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2.5.2 Organogenesis 

Organogenesis relies on the production of organs, either directly from an explant or from a 

callus culture. There are two types of shoot organogenesis, direct and indirect. In direct 

organogenesis organs (usually shoots) are generated directly from the meristematic primordia 

of the explant. Indirect organogenesis involes the formation of shoots is indirectly from an 

intermediary callus that first develops on the explants (Davies et al., 1997; Kane et al., 

1994).Organogenesis relies on the inherent plasticity of plant tissues, and is regulated by 

altering the components of the medium 

 

The ratio of auxin to cytokinin in the medium determines which developmental pathway the 

regenerating tissue will take. It is usual to induce shoot formation by reducing the auxin to 

cytokin ratio of the culture medium. A high auxin to cytokinin ratio promotes rooting or 

rhizogenesis (Slater et al., 2008). Shoot organogenesis offers several advantages compared to 

somatic embryogenesis viz; shoot organogenesis is more easily achieved in most species than 

somatic embryogenesis;  shoot production is more synchronous than somatic embryo 

formation;  indirect shoot organogenesis is associated with higher genetic variability and has 

more chance for selection of somaclonal variants;  survival rate is higher among plantlets 

produced via shoot organogenesis than those via somatic embryogenesis after transferring to 

greenhouse (Shen, 2007). 

 

2.6 Groundnut tissue culture 

In groundnut, regeneration can be effected by either direct organogenesis (Banerjee et al., 

2007; Matand et al., 2013; Palanive et al., 2014) or by indirect organogenesis (Karthikeyan 
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and Darveena, 2015) through the development of shoots from the callus tissue. Regeneration 

can also occur through somatic embryogenesis (Iqbal et al., 2011).   

 

Tissue culture response in the groundnut is strongly influenced by the plant genotype 

(Banerjee et al., 2007; Nazir et al., 2011; Okello et al., 2015), the age of the explant source 

(Mroginsky et al., 1981) and the plant growth regulator levels of the culture medium 

(Mroginsky et al., 1981; Mckently et al., 1990). Further, the effect of a particular plant 

growth regulator depends not only on the concentrations applied, but also on the presence of 

other plant growth regulators as well as its interaction with endogenous growth regulators 

(Roy and Banerjee, 2003). 

 

2.6.1 Factors influencing organogenesis in groundnut. 

Genotype: Regeneration capacity of plants shows a wide range among families, species and 

even within genotypes from the same species. Generally dicotyledons regenerate more easily 

than monocots. Plants from some dicotyledonous families such as Solanaceae, Cruciferae, 

Gesneriaceae, Begoniaceae, and Crassulaceae have a high regeneration capacity (Yildiz, 

2012). Genotypic difference in response to tissue culture in groundnut has been reported by 

several authors (Banerjee et al., 2007; Marka et al., 2013)  and this culture could also be due 

to different levels of endogenous plant growth regulators within the explants (Banerjee et al., 

2007). Verma et al. (2009) reported maximum multiplication of in three varieties of 

groundnut on MS medium supplemented with 15mg/L 6- benzyl aminopurine (BAP) while in 

the remaining two at 10mg/L BAP.  Marka et al. (2013) also reported maximum number of 

multiple shoot formation in one cultivar of groundnut at 15mg/L BAP while in the other at 20 

mg/l BAP in comparison to all other concentrations and combinations of plant growth 
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regulators used. On the contrary, Banerjee et al. (2007) reported a maximum multiplication 

potential in four varieties at 25mg/L BAP while in the fifth variety at 10mg/L BAP. In vitro 

rooting in groundnut is also strongly influenced by the plant genotype (Verma et al., 2009). 

 

Explant: Regeneration capacity depends on the source, type and age of the explant, generally 

regeneration capacity of older plants is often low. As the organ used for explant source gets 

older, regeneration capacity decreases. (Yildiz, 2012; Yildiz et al., 2002). Four explant types, 

including, the whole cotyledon, mono-side-cut cotyledon, diced cotyledon and two-side-cut 

cotyledon, and root segments from germinating embryos of groundnut were evaluated and 

mono-side-cut cotyledon was overall the most responsive explant for direct shoot formation 

(Matand et al., 2013). Venkatachalam et al. (1998) while evaluating two explant types of 

groundnut on plant regeneration reported that although  both explant types (epicotyl and 

hypocotyl) produced multiple shoots at all the five levels of BAP tested, however epicotyl 

produced the highest number of shoot bud primordia (at 5.0 mg/L). Swathi et al. (2006) 

reported that both the percent regeneration, as well as the average number of shoot buds per 

explant of groundnut, was found to be higher (82% regeneration, 28 ± 1.5), when the adaxial 

side of the cotyledon was in direct contact with the medium compared to the abaxial side 

(58% regeneration, 8.75 ± 2.4). 

 

Plant growth regulators: Plant growth regulators are the most important inducing signal for 

shoot organogenesis. Yadav et al. (2013) reported maximum multiple shoot induction from 

nodal segments of groundnut in MS medium supplemented with 1.0 mg/L BAP, 3.0 mg/L 

kinetin (KIN), 1.0 mg/L α-napthaleneacetic acid (NAA) and 0.5 mg/L NAA+2.0 mg/L BAP 

but best response was observed in medium containing 0.5 mg/L NAA + 2.0 mg/L BAP 

(Average number of shoots 3.52±0.39, shoot length 7.34±0.30cm). While maximum rooting 



15 

 

was on MS medium with 1.0 mg/L indole-3-butyric acid (IBA). McKently et al. (1990) 

reported maximum root induction frequency on MS medium supplemented with 1mg/L 

NAA. On the contrary, Gagliardi et al. (2000) reported a high development of roots on MS 

hormone-free medium. Two different cytokinins BAP, KIN and auxins NAA, IBA were 

tested; among these higher multiple rates were recorded at 5.0 mg/L BAP and maximum 

rooting at 0.5 mg/L NAA (Venkatachalam and Kavipriya, 2012). Regeneration with 

cotyledonary explant was standardized by testing various combinations of growth regulators 

like BAP, KIN, 2,4-D and NAA, with MS medium fortified with BAP at 4 mg/L in 

combination with 0.1 mg/L NAA  the most effective out of the various BAP and NAA 

combinations tested in multiple shoot bud formation (Swathi et al., 2006). Several studies 

have reported that plant growth regulator BAP is the most suitable cytokinin for shoot 

induction and multiplication in groundnut (Banerjee, 2014; Banerjee et al., 2007; Verma et 

al., 2009). However, the optimum concentration of BAP in shoot multiplication varies with 

the genotype of groundnut (Banerjee et al., 2007; Verma et al., 2009). The superior effect of 

BAP over other cytokinins for shoot bud induction has been attributed to the abilities of plant 

tissues to metabolize the natural hormone more readily than other synthetic growth regulators 

or to the ability of BAP to induce endogenous production of zeatin (Barna and Wakhlu, 

1994). 

 

2.7 Cryopreservation 

Cryopreservation or storage in liquid nitrogen (LN) at temperature of –196
0
C, at which all the 

cells are in a state of suspended animation, is the most promising method of in vitro 

germplasm storage (Engelmann, 2004). The advantages of cryopreservation include small 

space requirements, low maintenance costs, and only a modest number of replicates is 
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required to conserve a plant effectively (Shibli and Al-Juboory, 2000). It also has an 

advantage of long-term storage without subjecting to frequent subculturing which is known to 

induce somaclonal variation (Jain, 2011). Besides germplasm conservation, cryopreservation 

may also be used to rejuvenate cell and callus cultures, cryoselect plant material with special 

properties and for cryotherapy (elimination of pathogens from plants). Galerne et al. (1992) 

mentioned that regrowth of cryopreserved Norway spruce callus was higher compared to that 

of non-cryopreserved controls. Aguilar et al. (1993) showed that production of somatic 

embryos from cryopreserved Citrus embryogenic callus was higher compared to that of non-

cryopreserved cultures. This is due to the selection performed by liquid nitrogen exposure 

between different cell types. In cryopreserved samples, liquid nitrogen exposure kills more 

differentiated cells, which do not participate in culture growth, whereas more meristematic 

cells, which are responsible for growth, remain alive and reinitiate growth very rapidly and 

intensely after rewarming. By contrast, non-cryopreserved cell and callus cultures grow more 

slowly, because of the large proportion of differentiated cells, which do not proliferate 

actively (Engelmann, 2004).  Kendall et al. (1990) could select freezing tolerant callus of 

Triticum aestivum by repeating their exposure to liquid nitrogen, and the cryoselected callus 

regenerated plants with enhanced cold hardiness. The seed progeny of some of the lines 

tested exhibited significantly enhanced tolerance up to −12°C. This could be an interesting 

strategy to induce cold tolerance in sensitive species (Cruz-Cruz et al., 2013). Recently, 

cryopreservation has been applied in the elimination of pathogens (Ding et al., 2008; Helliot 

et al., 2002). Classical cryopreservation techniques have been developed in the 70-80s. They 

comprise a cryoprotective treatment followed by slow freezing, which is carried out using a 

programmable freezing apparatus (Kartha, 1985). They are based on chemical cryoprotection 

and freeze-induced dehydration of samples during cooling. The most commonly employed 

cryoprotective substances are dimethylsulfoxide (DMSO), sucrose, mannitol, polyethylene 
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glycol (PEG) and sorbitol. For most materials, optimal freezing conditions consist of a slow 

cooling rate (0.5 to 2
0
C/Min) down to around –40

0
C, followed by rapid immersion of samples 

in liquid nitrogen. Classical cryopreservation techniques are mainly used for freezing 

undifferentiated cultures such as cell suspensions and calluses (Kartha and Engelmann, 

1994).   

 

In recent years, new techniques have been developed for freezing of differentiated tissues and 

organs such as apices, zygotic and somatic embryos (Dereuddre, 1992; Engelmann, 1997). 

They are based on the removal of most or all freezable water by physical osmotic dehydration 

of explants followed by ultra-rapid freezing, which results in vitrification of intracellular 

solutes. Their main advantages in comparison to classical procedures are their simplicity 

since they do not require the use of programmable freezer, and their applicability to a wide 

range of genotypes. They include encapsulation-dehydration, vitrification, encapsulation-

vitrification and desiccation (Engelmann, 2004). 

 

2.7.1 Desiccation technique 

Desiccation is the simplest and practicable techniques for cryopreservation, whereby explants 

are dehydrated by the sterile air current of a laminar air flow cabinet, over silica gel or by 

flow of sterile compressed air prior to cryo-exposure (Normah and Makeen, 2008). This 

technique is mainly used for freezing zygotic embryos or embryonic axes extracted from 

seeds. Desiccation technique has been applied to a wide range of plant taxes, which include 

embryonic axes of groundnut (Gagliardi et al., 2002; Ozudogru et al., 2009) and wild Arachis 

species (Gagliardi et al., 2002), citrus (Makeen et al., 2005), zygotic embryos and seeds of 

jatropha (Prada et al., 2015) 
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2.7.2 Vitrification technique 

Vitrification refers to the physical process by which a highly concentrated cryoprotective 

solution super cools to very low temperatures and finally solidifies into a metastable glass, 

without undergoing crystallization at a practical cooling rate (Fahy et al., 1984). Thus, 

vitrification is an effective freeze-avoidance mechanism. As a glass is exceedingly viscous 

and stops all chemical reactions that require molecular diffusion, its formation leads to 

metabolic inactivity and stability over time (Burke, 1986).The vitrification procedure 

involves the addition of cryoprotective  solution, vitrification in liquid nitrogen, rapid 

thawing and  unloading. During exposure to highly concentrated cryoprotective solutions, 

cells are dehydrated sufficiently without causing osmotic injuries, and later vitrified in liquid 

nitrogen. Certain penetrating solutes, such as dimethysulphoxide (DMSO) and ethylene 

glycol (EG), will permeate into the cells and provide some antifreeze benefits, thereby 

widening the window for survival between excessive cell dehydration and intracellular 

freezing (Meryman and Williams, 1985). The most commonly used vitrification solution in 

the cryopreservation of plant germplasm is the plant vitrification solution (PVS2)  developed 

by Sakai et al. (1990) which contains (v/v) 30% glycerol + (v/v) 15% EG + (v/v) 15% 

DMSO + 0.4 M sucrose. Many species have been effectively cryopreserved using this 

solution (Matsumoto et al., 1995; Niino et al., 1992). Other vitrification solutions have also 

been developed, such as PVS which contains (v/v) 22% glycerol + (v/v) 15% EG + (v/v) 15%  

propylene glycol + (w/v) 7% DMSO + 0.5 M sorbitol (Uragami et al., 1989) and PVS3  

which contains 40% (v/v) glycerol and 40% (w/v) sucrose (Nishizawa et al., 1993) and PVS4 

which contains 35% (v/v) glycerol, 20% (v/v) ethylene glycol and 0.6 M sucrose (Takagi, 

2000). The first step of the vitrification technique is to preculture explants in appropriate 

media, followed by a step where the explants are osmoprotected with a loading solution, 

usually containing 2 M glycerol and 0.4 M sucrose. The loading solution contains a lower 
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concentration of cryoprotectants than the plant vitrification solution (PVS) and is used to 

minimize the chemical toxicity of the PVS applied in the next step (Sakai et al., 2008).  After 

dehydration with a PVS, explants are placed in cryovials with fresh PVS and then plunged 

into liquid nitrogen. This is followed by rapid warming, removal of the vitrification solution 

by unloading in a solution, e.g. 1.2 M sucrose (Sakai et al., 1991) and then recovery (Sakai et 

al., 2008). According to Volk and Walters (2006), the three mechanisms by which PVS2 aids 

cryoprotection of shoot tips are; replaces cellular water, changes the freezing behaviour of 

water remaining in the cells, and impedes water loss during air drying. Because solution 

components permeate into cells, PVS2 treatment can broaden allowable water contents in 

cryopreserved shoot tips by lessening the damage from excessive cell shrinkage and limiting 

the risk of ice formation and growth. 

 

Over the past decade, the vitrification method has become the preferred method for the 

cryopreservation with more than 160 species and cultivars being successfully cryopreserved 

(Sakai, 2000; Sakai and Engelmann, 2007). Cultivated and wild Arachis species have been 

cryopreserved using the vitrification technique (Gagliardi et al., 2002; Ozudogru et al., 

2009). Other important crops cryopreserved by vitrification include both temperate and 

tropical crop species, e.g. embryonic axes of maize (Usman and Abdulmalik, 2010), shoot 

tips of; grape (Matsumoto and Sakai 2003), blackberry and raspberry (Gupta and Reed, 

2006), protocorm-like bodies of orchid (Poobathy et al., 2013; Rajasegar et al., 2015) and 

zygotic embryos and seeds of jatropha (Prada et al., 2015) 

 

2.7.3 Encapsulation-dehydration technique 

Encapsulation-dehydration (ED) procedure is based on the technology developed for the 

production of artificial seeds (Dereuddre et al., 1990). Explants are encapsulated in alginate 
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beads, pre-grown in liquid medium enriched with sucrose for several days, partially 

desiccated down to water content around 20% (fresh weight basis) then frozen rapidly. The 

survival rate is high and growth recovery of cryopreserved samples is generally rapid and 

direct, without callus formation. ED offers many advantages in terms of protocol 

simplification and manipulation of explants (Engelmann et al., 2008). ED also avoids the use 

of harmful cryoprotectants as compared to other methods (Moges et al., 2004). The 

optimizations of the pretreatment procedure and of sample residual moisture content are key 

factors for successful application of ED (Gonzalez-Benito et al., 1998). Removal of most or 

all freezable water from cells causes vitrification of internal solutes to take place during rapid 

exposure to liquid nitrogen, thereby avoiding lethal intracellular ice crystallization 

(Engelmann, 1997). High moisture content has been shown to cause the formation of extra 

and intracellular ice crystals (Moges et al., 2004). ED technique has been successfully 

applied to numerous temperate and tropical species (Gonzalez-Arnao and Engelmann, 2006). 

This technique has been developed for various species such as somatic embryos of olive 

(Shibli  and Al-Juboory, 2000) ovules and somatic embryos of citrus (Gonzalez-Arnao et al., 

2003), protocorm-like bodies of orchid (Subramaniam et al., 2011) and in vitro fragmented 

explant of Rose (Mubbarakh et al., 2014). 

 

2.7.4 Encapsulation-vitrification technique 

Encapsulation-vitrification (EV) developed by Tannoury et al. (1991), combines the 

advantages of both vitrification and ED methods. Explants are encapsulated into sodium 

alginate beads and sufficiently dehydrated through exposure to a high osmolarity vitrification 

solution, which helps induce germplasm tolerance towards ice crystal formation during 

exposure to liquid nitrogen (LN) (Dumet et al., 1993). The critical factor determining the 

success of cryopreservation by EV is the exposure time in the PVS2, longer exposure of plant 
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material in the PVS2 could cause a drastic decline in both survival and subsequent 

regeneration. Therefore, it is important to optimize the exposure time in PVS2 for successful 

cryopreservation of plant material. Exposing cells to high concentrations of cryoprotective 

additives is potentially injurious due to the phytotoxic effects of individual components or 

their combined osmotic effects on cell viability (Towill and Jarret, 1992; Sakai, 2000).  

Preculturing of explants in media enriched with high sucrose concentrations has been 

reported to increase the total soluble protein and sugar contents in the treated tissues. An 

increase in the protein level can be considered as one of the earliest physiological responses 

of osmotically stressed cells, and could be related to the improvement of the freezing 

tolerance of tissues (Wang et al., 2004). It has been applied to apices of pineapple (Gamez-

Pastrana et al., 2004) and shoot tips of cassava (Charoensub et al., 2004) 

 

2.7.5 Genetic stability of cryopreserved materials 

Cryopreservation imposes a series of stresses to plant material, which is susceptible to 

induced modifications in cryopreserved cultures and regenerated plants. It is thus important 

to verify that the genetic stability of cryopreserved material is not altered before routinely 

using this technique for long-term conservation of plant germplasm (Engelmann, 2004). The 

usefulness of cryo-storage only applies if it does not lead to genetic changes in the plant 

species of interest (Zarghami et al., 2008). It is thus recommended to avoid the use of tissue 

in a non-organised dedifferentiated state, such as callus, and to use organised tissue like shoot 

tips instead to reduce the likelihood of non desirable genetic mutations (Harding, 2004). No 

modification has been observed at the phenotype level, biochemical, chromosomal, or 

molecular level, which could be attributed to cryopreservation in regenerated plants 

(Engelmann, 1997). The few studies comparing the vegetative and floral development in the 

field of plants originating from control and cryopreserved material performed with potato 
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(Mix-Wagner et al., 2003) and banana (Cote et al., 2000) did not reveal any differences in the 

characters studied. Most studies have confirmed the presence of genetic stability (Castillo et 

al., 2010; Helliot et al., 2002) and where changes in the genome have been found, such as in 

sugarcane and potato with Restriction Fragment Lengths Polymorphism (RFLP) markers, the 

changes could not be related to the process of cryopreservation itself (Castillo et al., 2010; 

Harding, 2004). Cejas et al. (2013) reported genetic stability of cryopreserved Phaseolus 

vulgaris plants at both phenotypic and molecular levels over time. Random Amplified 

Polymorphic DNA (RAPD) analysis reported no polymorphism in amplified fragments from 

Arachis species cryopreserved (Gagliardi et al., 2003).  

 

2.8 Slow Growth 

The first report of successful in vitro storage was of shoot tips of Vitis rupestris wherein 

darkness is used to limit growth at 9
0
C and cultures were stored up to 290 days (Galzy, 

1969). Slow growth offers several advantages such as: free from genetic erosion, the 

possibility for the establishment of core collection with long term gene banks, free from fungi 

and bacteria, not expensive when in vitro facilities are already present, easy and convenient 

for international distribution (Malaurie et al., 1998). Slow growth procedures allow plant 

material to be held for 1-15 years under tissue culture conditions with periodic sub-culturing, 

depending on species. There are several methods by which slow growth can be maintained. In 

most cases, a low temperature, often in combination with low light intensity (Capuana and Di 

Lonardo, 2013; Withers and Engelmann, 1997) or even darkness is used to limit growth 

(Withers and Engelmann, 1997). Slow growth can also be maintained by the addition of 

osmotic agents such as sucrose, mannitol or sorbitol in the culture medium or in combination 

with low temperature (El-Dawayati et al., 2012; Joshi and Jadhav, 2013; Lopez-Puc, 2013). 
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The use of low temperature 4ºC in combination with sorbitol as osmoticum gave 100% 

survival in garlic after 18months of in vitro preservation (Hassan et al., 2007). It is also 

possible to limit growth by modifying the culture medium, mainly by reducing the sugar 

content and or mineral elements concentration and reduction of oxygen level available to 

cultures by covering explants with a layer of liquid medium or mineral oil. Growth retardants 

are equally used to limit growth (Withers and Engelmann, 1997). Abscisic acid (ABA) and 

high concentration of agar in conservation medium were most effective for growth 

suppression and retention of the ability of regrowth of Garcinia mangostana L. and Lansium 

domesticum after 12 months of conservation (Keatmetha et al., 2006). The main objective of 

slow growth germplasm preservation is to limit the number of subcultures and maintain the 

genetic diversity of a species in a sterile condition without endangering the plant stability. In 

vanilla species Minoo et al. (2006), reported that shoot cultures were maintained for more 

than 7 years with yearly subculture on MS medium supplemented with 15g/L each of sucrose 

and mannitol at 22±2ºC. 

 

2.8.1 Genetic stability of slow growth cultures 

The main objective of slow growth in vitro conservation is to limit the number of subcultures 

and maintain the genetic diversity of a species in a sterile condition without endangering 

plant stability (Moges et al., 2003). Using RAPD genetic stability was maintained after slow 

growth preservation in garlic (Hassan et al., 2007). Similarly, Sarkar et al. (2001) reported no 

detection of somaclonal variation using RAPD in potato microplants conserved for 16 months 

under the combined treatment of ancymidol and low temperature. Determination of stability 

of slow growth cultures of grape using Inter Simple Sequence Repeat amplification (ISSR) 

show no variation among the conserved and non-conserved grape (Hassan et al., 2014). It is 

proposed that genetic stability is maintained when the cultures are derived from meristematic 
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cells. Whereas, when variability is required to be induced, the cultures are grown from 

explants sources other than meristem and callogenesis is first initiated (Sarwar and Siddiqui, 

2004). Generally, organized cultures such as shoots are used for slow growth storage since 

undifferentiated tissues such as callus are more vulnerable to somaclonal variation. 
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CHAPTER THREE 

3.0     MATERIALS AND METHODS 

3.1 Experimental Site 

The study was conducted at the Biotechnology laboratory, Department of Plant Science 

Institute for Agricultural Research (11°11´N, 7°38´E; 686m above sea level) Ahmadu Bello 

University Zaria. 

3.2 Experimental Design 

The experiments in the study consisted of factorial combinations of treatments which were 

laid out in a Completely Randomized Design. Each treatment comprised of three (3) explants 

and this was repeated 10 times. 

3.3 Plant Materials 

Four (4) IAR improved varieties of groundnut; SAMNUT 10, SAMNUT 21, SAMNUT 22 

and SAMNUT 23 were used in the study. Seeds of the varieties were obtained from the 

groundnut breeding unit of IAR. The origin and description of the varieties are given in Table 

3.1. 

3.4 Explant 

Groundnut seeds were surface sterilized using double sterilization sequence under the laminar 

flow hood. The first sterilization sequence involves treatment in 70% alcohol for 5min, 

followed by 10% Chlorox (commercial bleach containing 3.5% NaOCl)) plus 2-3 drops of 

Tween 20 for 20min with occasional stirring. The seeds were then rinsed thrice with sterile 

distilled water. This was followed by the second sterilization sequence when the seeds were 

immersed in 5% Chlorox plus 2-3 drops of Tween 20 for 10min with occasional stirring and 

then rinsing thrice with sterile distilled water. Embryonic axes were dissected from sterile 

seeds and used as explants. 
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3.5 Culture Media  

The basal media for all the experiments in this study consisted of Murashige and Skoog (MS) 

salts and vitamins, containing 3% sucrose and solidified with 0.8% agar (Murashige and 

Skoog, 1962; Table 3.2). All media were adjusted to pH 5.8 before autoclaving at 121
0
C and 

15psi air pressure for 15 min.  

 

The stock solution for macro nutrients was prepared in 10x strength by dissolving appropriate 

quantities of the components in 1L of sterile distilled water. Stock solutions of the macro 

nutrients and vitamins were prepared in 100x strength by dissolving appropriate quantities of 

the components in 100ml of sterile distilled water. To prepare 1L of the MS basal medium, 

100ml of the macro nutrient stock solution and 10ml of the micronutrients and vitamins stock 

solutions were used. 

 

3.6 Regeneration Experiment 

3.6.1 Shoot induction and multiplication experiment 

Embryonic axes were cultured on MS medium containing 30g/L sucrose, supplemented with 

6-benzylaminopurine (BAP) at varying concentrations (0.0, 5, 10, 15, 20 & 25mg/L) and 

solidified with 8g/L agar. The 0.0mg/L BAP served as control. The experiment was arranged 

as 4 x 6 factorial experiments in a Completely Randomized Design of three replicates. 

 

3.6.2 In vitro rooting experiment 

Microshoots of 3cm length were subcultured on MS medium plus 30% sucrose and 

supplemented with different concentrations of NAA (0.0, 1.0 and 1.5mg/L) The 0.0mg/L 

NAA served as control. The experiment was arranged as Completely Randomized Design 
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with 4 x 3 factorial combination of treatments in three replicates. Well rooted plantlets were 

washed under running tap water to remove the medium from the roots. 

 

 

 

Table 3.1: Origin and Description of the Groundnut Varieties 

Varieties Characteristic 

SAMNUT-10 Developed at IAR, Potential pod yield 2000kg/ha, Late maturing (135-150 

days), Rosette resistant; Seed colour-variegated (tan and white); Oil 

content- 55-60% (Dry matter basis); Adaptation-Guinea savannah and 

forest. 

  
SAMNUT-21 Developed at IAR & ILRI-ICRISAT; Potential pod yield 2000kg/ha 

Medium maturing (110-120 days), Seed mass- 45-50g; Seed colour- 

variegated (tan and white); Oil content-51%; Adaptation- Sudan and guinea 

savannah. 

  
SAMNUT-22 Developed at IAR & ILRI-ICRISAT; Potential pod yield 2400kg/ha; 

Potential haulm yield 4000kg/ha; Medium maturing (110-120 days); Seed 

mass-  45-50g; Seed colour- tan; Oil content: 45%; Adaptation- Sudan and 

guinea savannah. 

  
SAMNUT-23 Developed at ICRISAT& IAR; Potential pod yield 2000kg/ha; Early 

maturing (90-100 days); Rosette resistant; Seed mass- 35-38%; Seed 

colour-red; Oil content- 53%; Adaptation-Sudan and Sahel savannah. 

Source: NACGRAB (2014)  
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Table 3.2: Nutritional components of MS media 

Composition Molecular formulae Concentration in 

medium (mg/L) 

Macro Nutrients 

 

  
Ammonium nitrate NH4NO3 1650 

Potassium nitrate KNO3 1900 

Calcium chloride CaCl2·2H2O 440 

Magnesium sulphate MgSO4·7H2O 

 

370 

Potassium dihydrogen orthophosphate KH2PO4 

 

170 

   

Micro Nutrients 

 

  

Potassium iodide KI 

 

0.83 

Boric acid H3BO3 6.2 

Manganese sulphate MnSO4·4H2O 

 

22.3 

Zinc sulphate ZnSO4·7H2O 

 

8.6 

Sodium molybdate Na2MoO4·2H2O 

 

0.25 

Cobber sulphate CuSO4·5H2O 0.025 

Cobalt sulphate CoCl2·6H2O 

 

0.025 

   

Iron source 

 

  

Ferrous sulphate FeSO4·7H2O 

 

27.8 

Sodium EDTA Na2EDTA·2H2O 

 

37.3 

   

Vitamin and Other Supplements 

 

  

Myo-inositol 

 

C6H12O6 

 

100 

Nicotinic acid 

 

C6H5NO2 

 

0.5 

Pyridoxine-HCl 

 

C6H12NO3.HCl 

 

0.5 

Thiamine-HCl 

 

C12H17CIN4OS.HCl 

 

0.5 

Glycine C2H5NO2 2 

Carbon source 

 

  

Sucrose C12H22O11 30000 

pH  5.8 

Source: Slater, et al. (2008).  
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3.7 Slow Growth Conservation Experiment 

To induce slow growth, in vitro regenerated shoots 3cm from the four varieties were cultured 

in sterile test tubes containing 10ml of slow growth media (one shoot per tube). The slow 

growth media  consisted of MS media supplemented with different concentrations of sucrose 

(30, 20,15,10g/L) in combination with different concentration of mannitol (10,15, 20g/L) and 

maintained for different conservation periods (3, 6, 9 and 12 months). The different 

combinations of the media are given in Table 3.3. The cultures were maintained at 26±2ºC. 

The experiment was arranged as 4 x 4 x 4 factorial experiment in a completely randomized 

design of three replicates. Data was recorded at the end of each conservation period (four 

conservation periods).The survived shoots were  cultured on recovery medium (MS medium 

supplemented with 15mg/L BAP)  and cultures were incubated under normal growth 

conditions. 

 

3.8 Cryopreservation Experiment 

3.8.1 Desiccation protocol 

Embryonic axes were excised under aseptic condition and subjected to desiccation under the 

air current of a laminar flow cabinet for 0, 1, 2, 3, 4 and 5 hr exposure period. Moisture 

content (MC) was determined on fresh weight basis after drying in a 100°C oven for 24 hr 

with 3 replicates of 10 embryonic axes per du-ration. Desiccated and non desiccated (0) 

embryonic axes were placed in 2 ml sterile cryovial and directly immersed into liquid 

nitrogen (−196°C) and held for 1 hr. After storing, cryovials were rapidly thawed in a water 

bath at 40°C for 2 min.  Embryonic axes were cultured individually in test tubes containing 

10 ml of MS medium supplemented with 15 mg/L BAP and solidified with 8 g/L agar. The 
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experiment was arranged as 4 x 6 factorial experiment in a Completely Randomized Design 

of three replicates. 

 

Table 3.3: Media components for the induction of slow growth. 

Osmotic agents 

Sucrose (g/L) Mannitol (g/L) 

30 (Standard control) 0 

20 10 

15 15 

10 20 

 

 

3.8.2 Vitrification protocol 

Embryonic axes were excised from the seeds and precultured on solidified MS medium 

supplemented with 0.3 M sucrose for 24 hr. Precultured embryonic axes were then treated 

with a loading solution (2 M glycerol + 0.4 M sucrose dissolved in MS medium) for 15 min 

at 25°C. Treated embryonic axes were transferred to 2 ml cryovials and 1 ml PVS2 [30% 

(w/v) glycerol, 15% (w/v) ethylene glycol and 15% (w/v) dimethylsulfoxide (DMSO) in MS 

medium with 0.4 M sucrose] was added with a micropipette and dehydrated for different 

duration (0, 1, 2, 3, 4 and 5 hr) at 25°C before directly plunged into LN and held for 1 hr. 

After storing, cryovials were rapidly thawed in a water bath at 40°C for 2 min. PVS2 solution 

was drained from cryovials, replaced twice with 1 ml of unloading solution (1.2 M sucrose 

dissolved in MS medium), and held for 10 min. Cryopreserved embryonic axes were then 

cultured on MS medium supplemented with 15 mg/L BAP for recovery. The experiment was 

arranged as 4 x 6 factorial experiment in a Completely Randomized Design of three 

replicates. 
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3.8.3 Encapsulation-dehydration protocol 

Embryonic axes were suspended in 2% (w/v) Na-alginate supplemented with 0.75M sucrose. 

The mixture including the embryonic axes was encapsulated in 0.1M CaCl2 solution 

containing 0.75M sucrose. The encapsulated embryonic axes were then precultured in liquid 

MS medium supplemented with 0.75M sucrose for 72hr. They were then  subjected to air 

drying under sterile air current of the laminar flow cabinet for the following duration; 0, 2hr, 

4hr,  6hr,  and compared with a control (non encapsulated and none cryopreserved embryonic 

axes). Dehydrated encapsulated embryonic axes were then placed in 2ml cryovial, directly 

immersed in liquid nitrogen (-196
0
C) and held for 1hr. After storing, cryovials were rapidly 

thawed in a water bath at 40
0
C for 2min. Encapsulated embryonic axes were then cultured on 

MS medium supplemented with 15mg/L BAP for recovery. The experiment was arranged as 

4 x 5 factorial experiment in a Completely Randomized Design of three replicates. 

 

3.8.4 Encapsulation-vitrification protocol 

Embryonic axes were precultured on semisolid hormone free MS medium supplemented with 

0.3M sucrose for 24hr in the dark. Precultured embryonic axes were then suspended in 

calcium-free MS inorganic medium supplemented with 2% (w/v) Na-alginate and a mixture 

of 2M glycerol plus 0.4M sucrose as cryoprotectants. The mixture including the embryonic 

axes were then dispensed with a sterile pipette into 0.1M CaCl2 solution supplemented with 

2M glycerol plus 0.4M sucrose and held for 1 hr at 25
0
C.  The encapsulated embryonic axes 

were then dehydrated with PVS2 solution in a 100ml flask at 25
0
C for the following duration; 

0, 1hr, 2hr, 3hr and compared with a control. The mixture was gently shaken 2 or 3 times per 

hour during dehydration. After which 5 beads were placed in a 2ml cryovial and 1ml PVS2 
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solution was added to cool rapidly. The cryovials were directly immersed into LN (-196
0
C) 

and held for 1hr. After storing, cryovials were rapidly thawed in a water bath at 40
0
C for 

2min. PVS2 solution was drained from cryovials and replaced twice with 1ml of 1.2M 

sucrose solution (unloading solution) and held for 10min. Thereafter encapsulated embryonic 

axes were then cultured on MS medium supplemented with 15mg/L BAP for recovery. The 

experiment was arranged as 4 x 5 factorial experiment in a Completely Randomized Design 

of three replicates. 

 

3.9 Culture Condition 

Cultures were maintained in a growth chamber at 26±2
0
C under 16hr light/8 hr dark 

photoperiod provided by cool white fluorescence tubes for 4 weeks. After 7days cultures with 

contamination were discarded. 

 

3.10 Acclimatization 

Plantlets were transferred to sterilize riverside sand and covered with transparent plastic bags 

to retain humidity and maintained at room temperature. After 4 days the humidity of the 

microclimate was reduced gradually by punching holes in the bags by 10 days the plastic 

bags were completely removed and plantlets transferred to bigger pots in the screen house. 

 

3.11 Data Collection  

Data were collected on regeneration frequency (%), expressed as percentage of responsive 

embryonic axes producing shoot after four weeks of culture initiation and  on number of 

microshoots/explant which was obtained by counting the number of shoot developing from 

the explant after four weeks and the average was taken for five test tubes per replicate. For 
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microshoot height (cm), this was measured with a ruler from the primordial leaf node to the 

base of the microshoot and the average was taken for five test tubes per replicate. Number of 

axillary branches/shoot was counted per microshoot four weeks after shoot initiation and the 

average was taken for five test tubes per replicate while root induction frequency (%) was 

expressed as percentage of microshoots producing roots within two weeks of subculture. 

Number of roots/plantlet was counted as number of roots produced from the plantlet after 

four weeks and the average was taken for five test tubes per replicate and root length (cm) 

was measured with a ruler from the base of the shoot to the tip of the longest root and the 

average was taken for five test tubes per replicate. Survival rate (%) was determine by the 

appearance of green colour, increase in size, callusing and development of the root or shoot 

pole and expressed as a percentage of embryonic axes that survived within two weeks of 

culturing. Shoot formation (%) was expressed as percentage of embryonic axes regenerating 

shoots within one month after cryopreservation. Moisture content (MC) was determined after 

each dehydration period, in the desiccation and ED experiments. Embryonic axes or 

encapsulated embryonic axes were weighed and dried in a 100°C oven for 24hr and then 

reweighed. The moisture content was calculated using the following formula; 

MC (%) = Fresh weight – Dry weight x 100 

Fresh weight 

 

3.12 Statistical Analysis 

Data collected were subjected to analysis of variance (ANOVA) using the general linear 

model (GLM) procedure of the statistical analysis system (SAS Institute Inc., 1990). Means 

were compared using Duncan’s multiple range test (DMRT) at 0.05 probability level. 
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CHAPTER FOUR 

4.0           RESULTS 

4.1 Effect of 6-benzylaminopurine (BAP) and variety on microshoot height and 

multiplication potential of embryonic axes of groundnut (Arachis hypogaea L.). 

Shoot regeneration by direct organogenesis was observed 4 weeks after culture, and 100% 

regeneration was recorded in all the treatments including the control (BAP-free medium). As 

shown in Table 4.1 and Plate I, the presence and concentration of the BAP in the media 

significantly ((p≤0.05) affected shoot height with the BAP-free medium producing the tallest 

shoots (9.7cm). The addition of BAP in the media decreased shoot height progressively from 

5mg/L BAP to 25mg/L BAP, which recorded the least value (2.3cm). The number of 

shoots/explant, was also significantly ((p≤0.05) influenced by the BAP concentration (Table 

4.1).  BAP application from 5mg/L increased the number of shoots/explant progressively up 

to 15mg/L which produced the highest number of shoots/explant (8.3). Further addition of 

BAP in the media caused a decrease in the number of shoots with medium supplemented with 

25mg/L BAP recording the lowest number of shoots. On the other hand the BAP-free 

medium failed to produce multiple shoots. Table 4.1, shows the effect of BAP on number of 

axillary branches. The addition of BAP in the culture media from 5mg/L also progressively 

increased the number of axillary branches with the maximum number of axillary branches 

(3.1)  obtained in medium supplemented with 15mg/L BAP which was comparable to that 

obtained at 20mg/L BAP. Further increase in BAP to 25mg/L decreased the number of 

axillary branches. While on the BAP-free medium no axillary branching was observed in the 

microshoots regenerated. 

 

Results shown in Table 4.1 indicated a significant difference ((p≤0.05) among the varieties in 

response to the BAP treatment. SAMNUT 22 (4.8cm) and SAMNUT 23 (4.7cm) produced 
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the tallest shoots followed by SAMNUT 10 (4.0cm) and SAMNUT 21 (4.0cm) which are 

statistically similar. In terms of the number of shoots/explant, SAMNUT 22 recorded the 

highest number of shoots/explant (5.1) than SAMNUT 10 (3.4), which was statistically 

similar to that observed in SAMNUT 23 (4.6) and SAMNUT 21 (4.2). As regards to number 

of axillary branches, SAMNUT 23 produced the highest number of axillary branches (2.6), 

which was similar to the value recorded by SAMNUT 21 (2.3). While SAMNUT 21, 

SAMNUT 10 (2.2) and SAMNUT 22 (2.0) are statistically at par with each other.  
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Table 4.1: Effect of BAP concentrations and variety on microshoot height and multiplication 

potential of embryonic axes of groundnut. 

Treatment Shoot height (cm) Mean Number of 

shoots/explant 

Mean number of 

axillary 

branches/shoot 

BAP concentration 

(mg/L) 

   

Control 9.7a 1.0d 0.0d 

5 4.2b 3.5c 2.4c 

10 3.9bc 4.5c 2.5c 

15 3.4c 8.3a 3.1a 

20 2.8d 6.0b 3.0ab 

25 2.3d 3.6c 2.6bc 

SE± 0.22 0.56 0.18 

Variety (V)    

SAMNUT 10 4.0b 3.6b 2.2b 

SAMNUT 21 4.0b 4.3ab 2.3ab 

SAMNUT 22 4.8a 5.3a 2.0b 

SAMNUT 23 4.7a 4.8ab 2.6a 

SE± 0.18 0.45 0.15 

BAP x V NS NS NS 

CV (%) 12.29 31.58 19.07 

Means followed by the same letter(s) within a column are not significantly different at p ≤ 

0.05 level of significance using DMRT. NS, not significant 
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Plate I: Groundnut microshoots regenerated 4weeks after culture on MS media

supplemented with different concentration of BAP. a: hormone free medium b:MS+5mg/L

BAP c:MS+10mg/L BAP d:MS+15mg/L BAP e;MS+20mg/L BAP f: MS+25mg/L BAP

a

b
c d e f
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4.2 Effect of Naphthalene Acetic Acid (NAA) and variety on in vitro rooting of 

regenerated microshoots of groundnut (Arachis hypogaea L.). 

The presence and concentration of NAA in the medium significantly influenced the rooting 

ability of microshoots. Rooting was observed within two weeks in responsive microshoots. 

Medium supplemented with 1mg/L NAA recorded the highest root induction frequency 

(82.4%) compared to 1.5mg/L NAA treatment (63.5%). Similarly, 1.5mg/L NAA treatment 

produced higher root induction frequency compared to the control (NAA-free medium) 

which recorded the least (Table 4.2). The effect of NAA on the number of roots/plantlet was 

significant. Medium supplemented with 1mg/L NAA or 1.5mg/L NAA produced the highest 

number of roots/ plantlet (9.3 & 9.4) compared to the NAA-free medium (Table 4.2; Plate II). 

However, the presence and concentration of NAA in the medium decreased the root length 

with the NAA-free medium, producing the longest root length (7.4cm) among the treatments 

(Table 4.2).  

 

A significant difference ((p≤0.05) was observed among the groundnut varieties in response to 

the NAA treatment. SAMNUT 22 and SAMNUT 21 recorded the highest root induction 

frequency of 60.0 and 55.2% respectively, and were significantly higher than SAMNUT 23 

and SAMNUT 10 (Table 4.2). Similarly, the effect of NAA on the number of roots/plantlet 

was significant, with SAMNUT 22 and SAMNUT 23 producing more number of 

roots/plantlet than SAMNUT 10 which was statistically similar to SAMNUT 21. However, 

SAMNUT 10 and SAMNUT 21 produced the longest root lengths compare to the other 

varieties (Table 4.2). 
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The regenerated plantlets were transferred to plastic cups and acclimatized and subsequently 

established in the screen house in larger pots, the plants flowered and set pods. Stages in the 

regeneration by direct organogenesis are shown in Plate III. 

 

4.2.1 Effect of variety x NAA interaction on root induction frequency of microshoots 

of groundnut. 

Significant (p ≤ 0.05) interaction was observed between the varieties and NAA treatment on 

root induction frequency in the groundnut plantlets (Table 4.3). All the varieties were 

statistically similar on both the NAA-free medium and medium supplemented with 1mg/L 

NAA. However, on medium supplemented with 1.5mg/L NAA significant difference were 

observed with SAMNUT 21 and SAMNUT 22 recording higher root induction frequency 

than SAMNUT 23 and SAMNUT 10. 

 

Keeping the hormonal level constant and varying the variety it was observed that SAMNUT 

10, SAMNUT 21 and SAMNUT 23 recorded higher root induction frequency on medium 

supplemented with 1mg/L NAA than on the other media. On the contrary SAMNUT 22 

recorded higher root induction frequency on media supplemented with 1mg/L NAA and 

1.5mg/L NAA than on the NAA-free medium (Table 4.3).  

 

4.2.2 Effect of variety x NAA interaction on the number of roots/plantlet of 

groundnut. 

Table 4.4 presents the effect of variety x NAA interaction on the number of roots/plantlet of 

groundnut. The NAA-free medium and medium supplemented with 1mg/L NAA did not have 

any significant effect on the number of roots/plantlet in the groundnut varieties. However, 

when the medium was supplemented with 1.5mg/L NAA significant difference was observed 



40 

 

with SAMNUT 23 producing more roots/plantlet than SAMNUT 21 and SAMNUT 10, while 

SAMNUT 22 was statistically comparable to SAMNUT 23 and SAMNUT 21. 

 

Keeping the hormonal level constant and varying the variety, it was observed that SAMNUT 

10 and SAMNUT 21 significantly produced the highest number of roots/plantlet on medium 

supplemented with 1mg/L NAA while SAMNUT 22 produced the highest number of 

roots/plantlet on media supplemented with 1mg/L NAA and 1.5mg/L NAA than on the NAA-

free medium. On the contrary, SAMNUT 23 recorded the highest number of roots/plantlet on 

medium supplemented with 1.5mg/L NAA (Table 4.4). 

 

4.2.3 Effect of variety x NAA interaction on root length of groundnut plantlets. 

There was a significant (p ≤ 0.05) interaction between the varieties and NAA treatment on 

root length of groundnut plantlets (Table 4.5). On the NAA-free medium SAMNUT 10 

recorded more root length than SAMNUT 21 and SAMNUT 23 while SAMNUT 22 is 

statistically similar to all the other varieties.  On the other hand, when microshoots were 

cultured in medium supplemented with 1mg/L NAA it was observed that SAMNUT 21 

recorded longer root length compared to the other varieties. However, when microshoots 

were cultured in medium supplemented with 1.5mg/L NAA the highest root length was 

observed in SAMNUT 10 and SAMNUT 21. 

 

Comparing the varieties while maintaining the hormonal level constant, it was observed that 

SAMNUT 10 recorded longer root length on the NAA-free medium compared to the NAA 

supplemented media. A similar trend was also observed in SAMNUT 22 and SAMNUT 23. 

While SAMNUT 21 recorded longer root length on both the NAA-free medium and medium 

supplemented with 1mg/L NAA (Table 4.5). 
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Table 4.2: Effect of NAA concentrations and variety on root induction in microshoots of 

groundnut. 

Treatment Root induction 

frequency (%) 

Mean number of 

roots/plantlet 

Root length (cm) 

NAA concentration 

(mg/L) 

   

Control 10.4c 1.7b 7.4a 

1 82.4a 9.3a 5.3b 

1.5 63.6b 9.4a 4.9c 

SE± 2.71 0.75 0.15 

Variety (V)    

SAMNUT 10 45.0b 5.2b 6.6a 

SAMNUT 21 55.2a 6.4ab 6.3a 

SAMNUT 22 60.0a 7.6a 5.5b 

SAMNUT 23 48.3b 7.9a 5.1c 

SE± 3.13 0.86 0.18 

NAA x V * * ** 

CV (%) 12.72 26.94 6.36 

Means followed by the same letter(s) within a column are not significantly different at p ≤ 

0.05 level of significance using DMRT **highly significant. 
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Table 4.3: Effect of variety x NAA interaction on root induction frequency in microshoots of 

groundnut. 

Variety 

NAA (mg/L) 

Control 1 1.5 

SAMNUT 10 8.3d 79.4ab 47.2c 

SAMNUT 21 8.3d 85.8a 71.4b 

SAMNUT 22 16.7d 84.5a 78.9ab 

SAMNUT 23 2.3cd 80.0ab 56.7c 

  

SE± 5.42 

 Means followed by the same letter(s) are not significantly different at p ≤ 0.05 level of 

significance using DMRT. 

 

 

 

 

Table 4.4: Effect of variety x NAA interaction on number of roots/plantlet of groundnut. 

Variety 

NAA (mg/L) 

 Control 1 1.5 

    SAMNUT 10 1.0d 9.7ab 5.0c 

SAMNUT 21 1.0d 9.3ab 9.0b 

SAMNUT 22 2.3cd 9.0b 11.3ab 

SAMNUT 23 2.3cd 9.0b 12.3a 

  

SE± 1.49 

 Means followed by the same letter(s) are not significantly different at p ≤ 0.05 level of 

significance using DMRT. 
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Table 4.5: Effect of variety x NAA interaction of root length of groundnut plantlets. 

Variety 

NAA (mg/L) 

 Control 1 1.5 

    SAMNUT 10 7.9a 6.2c 5.7cd 

SAMNUT 21 7.0b 6.6b 5.3de 

SAMNUT 22 7.5ab 5.0e 4.0f 

SAMNUT 23 7.0b 3.3g 4.8e 

  

SE± 0.31 

 Means followed by the same letter(s) are not significantly different at p ≤ 0.05 level of 

significance using DMRT. 
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a cb

Plate II: Groundnut plantlets regenerated on root induction

media. a-plantlet on MS medium+1.5mg NAA. b-plantlet on

MS medium+1mg NAA. c-plantlet on control medium.

 

 

       

Plate IIIa: regenerated plantlets of groundnut (Arachis hypogaea L.) b:plantlets

transferred to cups containing riverside sand for hardening. c: plantlets

acclimatized in air bags. d: regenerated plants flowering

a

b

c

d
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4.3 Cryopreservation of Embryonic axes of Groundnut (Arachis hypogaea L.) by 

Desiccation 

Time of desiccation under the sterile air of laminar hood had a significant influence on the 

extent of water loss of embryonic axes of groundnut, their survival and subsequent shoot 

formation after storage in liquid nitrogen (Table 4.6). The control (non desiccated embryonic 

axes of groundnut) and embryonic axes desiccated for 1 hr failed to survive the cryogenic 

treatment. However, desiccation of embryonic axes from 2 hr to 5 hr rapidly caused 

significant loss of moisture content. This greatly improved the survival and shoot formation 

of cryopreserved embryonic axes. The highest survival (96.67% - 100%) and subsequent 

shoot formation (91.67% - 96.67%) was obtained at an average moisture content of 17% after 

4 to 5 hr desiccation rates. 

 

Results obtained from this study showed significant differences among the varieties evaluated 

(Table 4.6). SAMNUT 23 recorded the lowest moisture content compared to SAMNUT 22, 

SAMNUT 10 and SAMNUT 21 which were statistically the same.  Significant survival of 

cryopreserved embryonic axes was observed among the varieties. SAMNUT 22 and 

SAMNUT 23 which were at par with each other had the highest survival. This was followed 

by values observed in SAMNUT 21 while the lowest survival value was observed in 

SAMNUT 10. Similarly, significant shoot formation of cryopreserved embryonic axes was 

observed among the varieties with SAMNUT 22 recording higher shoot formation value than 

SAMNUT 21 and SAMNUT 10. 
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4.3.1 Effect of variety x time of desiccation on moisture content of cryopreserved 

embryonic axes of groundnut. 

There was a significant interaction between the varieties and time of desiccation for moisture 

content of cryopreserved embryonic axes of groundnut. In the control treatment SAMNUT 10 

embryonic axes had higher moisture content than that of SAMNUT 21 and SAMNUT 23 

which are statistically similar to SAMNUT 22. At the 1hr desiccation time, embryonic axes 

of SAMNUT 10 and SAMNUT 22 recorded higher moisture content than that of SAMNUT 

23 which was statistically similar to that of SAMNUT 21.Thereafter, from 2 hr to 5 hr 

desiccation time all the varieties recorded comparable low moisture content (Table 4.7).  

 

Comparing the varieties while maintaining the desiccation time constant it was observed that 

SAMNUT 10 and SAMNUT 22 recorded lower moisture content from 2hr desiccation time. 

On the contrary, SAMNUT 21 and SAMNUT 23 recorded lower moisture content from 1hr 

desiccation time (Table 4.7).  

 

4.3.2 Effect of variety x time of desiccation on survival of cryopreserved embryonic 

axes of groundnut. 

As shown in Table 4.8 the effect of variety x time of desiccation on survival of cryopreserved 

embryonic axes was significant. At 2hr time of desiccation SAMNUT 22 and SAMNUT 23 

recorded higher survival rate than SAMNUT 21 and SAMNUT 10. A similar trend was also 

observed in 3hr time of desiccation treatment. While in the other treatments no significant 

difference was observed among the varieties. 
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Keeping the time of desiccation constant and varying the varieties, SAMNUT 10 and 

SAMNUT 21 recorded significantly higher survival rate at the 4hr and 5hr time of 

desiccation. On the contrary, SAMNUT 22 and SAMNUT 23 recorded higher values from 

2hr to 5hr time of desiccation (Table 4.8). 

 

4.3.3 Effect of variety x time of desiccation in shoot formation of cryopreserved 

embryonic axes of groundnut. 

Effect of variety x desiccation interaction in shoot formation of cryopreserved embryonic 

axes was significant (Table 4.9). At 2hr time of desiccation SAMNUT 21, SAMNUT 22 and 

SAMNUT 23 comparably produce more shoots than SAMNUT 10. While at a 3hr 

desiccation time SAMNUT 22 and SAMNUT 23 had higher shoot formation than the other 

varieties. All the groundnut varieties comparably recorded high shoot formation at the 4hr 

desiccation time, with the exception of SAMNUT 10 which significantly recorded the least 

shoot formation. However, at a 5hr desiccation time, all the groundnut varieties recorded 

comparably high shoot formation after cryopreservation. When embryonic axes were 

desiccated for 4hr all the varieties with the exception of SAMNUT 10 comparably recorded 

very high shoot formation. In the control, 1hr and 5hr time of desiccation treatments no 

significant difference was observed among the varieties. 

 

Varying the variety and keeping the time of desiccation constant, SAMNUT 10 recorded 

highest shoot formation at the 5hr time of desiccation while SAMNUT 21 recorded 

significantly higher values at 4hr and 5hr time of desiccation.  In contrast SAMNUT 22 and 

SAMNUT 23 recorded higher values from 3hr to 5hr time of desiccation. 
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Table 4.6: Effect of desiccation rate and variety on moisture content, survival and shoot 

formation of cryopreserved embryonic axes of groundnut 

Treatment Moisture content (%) Survival (%) Shoot formation (%) 

Time of desiccation (hr) (D) 

   Control 27.3a 0.0d 0.0e 

1 22.5b 0.0d 0.0e 

2 18.3c 76.1c 59.4d 

3 17.4c 83.8b 78.8c 

4 17.3c 96.7a 91.7b 

5 16.7c 100.0a 96.7a 

SE± 0.74 2.34 1.30 

Variety (V) 

   SAMNUT 10 20.7a 50.4c 44.6c 

SAMNUT 21 19.9a 57.7b 56.3b 

SAMNUT 22 21.1a 64.8a 59.5a 

SAMNUT 23 18.0b 64.7a 57.3ab 

SE± 0.60 1.91 1.06 

G x D ** ** ** 

CV (%) 9.06 9.64 5.87 

Means followed by the same letter(s) within a column are not significantly different at p ≤ 

0.05 level of significance using DMRT. NS non significant, ** highly significant 

 

 

Table 4.7: Effect of variety x desiccation interaction on the moisture content of cryopreserved 

embryonic axes of groundnut. 

Variety 

Time of desiccation (hr) 

Control 1 2 3 4 5 

SAMNUT 10 31.3a 24.7b 18.7c 17.7c 16.0c 15.7c 

SAMNUT 21 26.0b 22.0bc 18.3c 17.0c 17.7c 18.3c 

SAMNUT 22 27.7ab 26.0b 19.0c 18.7c 18.0c 17.0c 

SAMNUT 23 24.3b 17.3c 17.0c 16.3c 17.3c 15.7c 

   

SE± 1.47 

   Means followed by the same letter(s) are not significantly different at p ≤ 0.05 level of 

significance using DMRT. 
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Table 4.8: Effect of variety x desiccation time interaction on the survival of cryopreserved 

embryonic axes of groundnut. 

Variety 

Time of desiccation 

    Control 1 2 3 4 5 

       SAMNUT 10 0.0e 0.0e 53.8d 60.0cd 86.7ab 100.0a 

SAMNUT 21 0.0e 0.0e 71.4c 75.0bc 100.0a 100.0a 

SAMNUT 22 0.0e 0.0e 88.9ab 100.0a 100.0a 100.0a 

SAMNUT 23 0.0e 0.0e 88.3ab 100.0a 100.0a 100.0a 

   

SE± 4.68 

   Means followed by the same letter(s) are not significantly different at p ≤ 0.05 level of 

significance using DMRT. 

 

 

 

Table 4.9: Effect of variety x desiccation interaction on the shoot formation of cryopreserved 

embryonic axes of groundnut. 

Variety 

Time of desiccation 

    Control 1 2 3 4 5 

       SAMNUT 10 0.0f 0.0f 47.5e 60.0cd 70.0bc 90.0a 

SAMNUT 21 0.0f 0.0f 62.5cd 75.0b 100.0a 100.0a 

SAMNUT 22 0.0f 0.0f 66.7bcd 90.0a 100.0a 100.0a 

SAMNUT 23 0.0f 0.0f 60.7cd 90.0a 96.7a 96.7a 

   SE± 2.61    

Means followed by the same letter(s) are not significantly different at P<0.05 level of 

significance using DMRT. 
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4.4 Cryopreservation of Embryonic axes of Groundnut (Arachis hypogaea L.) by 

Vitrification 

To determine the optimum time of exposure to the PVS2, embryonic axes of groundnut were 

dehydrated with PVS2 for different duration prior to a plunge into LN. Dehydration duration 

in PVS2 significantly ((p≤0.05) affected the rates of survival and subsequent shoot formation 

of the cryopreserved embryonic axes (Figure 4.1). Very low survival and shoot formation 

was observed when embryonic axes were treated in PVS2 for 1hr. The highest survival (70%) 

and shoot formation (65%) was obtained when embryonic axes were dehydrated in PVS2 for 

2hr and which was comparable to that recorded in the control treatment. Increasing the 

dehydration time from 3hr upwards significantly ((p≤0.05) decreased the rate of survival and 

shoot formation.  

 

Significant varietal differences were also observed among the varieties in response to the 

PVS2 treatment (Figure 4.2). SAMNUT 22 and 23 which are statistically the same had the 

highest survival (74.4 and 75.6%) and shoot formation (72.2 and 72.8%), than SAMNUT 10 

and SAMNUT 21. 

 

4.4.1 Effect of variety x dehydration time in PVS2 on survival rate of cryopreserved 

embryonic axes of groundnut. 

Significant ((p≤0.05) interaction was observed between variety and dehydration time in PVS2 

on survival rate (Table 4.10). In the control treatment SAMNUT 22 and SAMNUT 23 

comparably recorded higher survival rates than the other varieties. A similar trend was also 

observed when embryonic axes were dehydrated for 1hr, 2hr and 5hr in PVS2. When the 

embryonic axes were subjected to 3hr dehydration in PVS2, SAMNUT 22 recorded higher 
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value than the other varieties. During the 4hr dehydration treatment, SAMNUT 23 recorded 

higher survival rate than the other varieties.  

 

Keeping the dehydration time in PVS2 constant and varying the variety it was observed that 

SAMNUT 10 recorded higher survival values after 2hr dehydration compared to the other 

treatments. SAMNUT 21 recorded higher survival rates in the control treatment than in the 

other treatments.  SAMNUT 22 also recorded comparable high survival values in the control, 

2hr and 3hr dehydration treatment. In SAMNUT 23 comparably high values were observed in 

the control and at a 2hr dehydration time in PVS2 compared to the other treatments.  

 

4.4.2 Effect of variety x dehydration time in PVS2 on shoot formation rate of 

cryopreserved embryonic axes of groundnut. 

A significant interaction was observed between the variety and dehydration time in PVS2 on 

shoot formation (Table 4.11). In the control and 3hr dehydration treatment SAMNUT 22 

recorded significantly high shoot formation rate than the other varieties. When the embryonic 

axes were dehydrated for 1hr in PVS2, it was observed that SAMNUT 22 and SAMNUT 23 

which were at par with each other recorded higher shoot formation compared to the other 

varieties. A similar trend was also observed in 2hr and 5hr dehydration treatments while in 

the 4hr dehydrating treatment the highest value was recorded by SAMNUT 23. 

 

Comparing the varieties while maintaining the dehydration time in PVS2 constant it was 

observed that SAMNUT 10 significantly recorded higher shoot formation rate at a 2hr 

dehydration time in PVS2 than in the control and other dehydration treatments. SAMNUT 21 

and SAMNUT 23 recorded higher values in the control treatment than in the other treatments. 
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SAMNUT 22 also recorded highest shoot formation in the control treatment, but this value 

was similar to that observed in 3hr dehydration treatment. 

 

 

 

 

 

Figure 4.1: Effect of dehydration time in PVS2 on Survival and Shoot formation of 

cryopreserved embryonic axes of groundnut. Vertical bars represent ±SE of means of 3 

replicates. 
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Figure 4.2: Response of groundnut varieties to PVS2 treatment. Vertical bars represent ±SE 

of means of 3 replicates. 

 

 

 

Table 4.10: Effect of variety x dehydration in PVS2 interaction on the survival of 

cryopreserved embryonic axes of groundnut. 

Variety 

Dehydration in PVS2 (hr) 

    Control 1 2 3 4 5 

       SAMNUT 10 66.7c 43.3d 80.0b 6.7f 46.7d 0.0f 

SAMNUT 21 46.7d 6.7f 26.7e 6.7f 0.0f 0.0f 

SAMNUT 22 93.3a 66.7c 86.7ab 90.0a 60.0c 50.0d 

SAMNUT 23 86.7ab 66.7c 86.7ab 83.3b 80.0b 50.0d 

   SE± 6.67    

Means followed by the same letter(s) are not significantly different at p ≤ 0.05 level of 

significance using DMRT. 
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Table 4.11: Effect of variety x dehydration in PVS2 interaction on the shoot formation of 

cryopreserved embryonic axes of groundnut. 

Variety 

Dehydration in PVS2 (hr) 

    Control 1 2 3 4 5 

       SAMNUT 10 66.7d 33.3g 80.0c 6.7j 46.7f 0.0j 

SAMNUT 21 46.7f 6.7i 20.0h 6.7j 0.0j 0.0j 

SAMNUT 22 93.3a 60.0e 80.0c 90.0ab 60.0e 50.0f 

SAMNUT 23 86.7b 60.0e 80.0c 80.0c 80.0c 50.0f 

   SE± 5.71    

Means followed by the same letter(s) are not significantly different at p ≤ 0.05 level of 

significance using DMRT. 
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4.5 Cryopreservation of Embryonic Axes of Groundnut (Arachis hypogaea L.) by 

Encapsulation-dehydration 

The time of dehydration in laminar hood significantly (p≤0.05) affected the rates of both 

survival and shoot formation of encapsulated cryopreserved embryonic axes of groundnut 

(Table 4.12; Plate IV). Embryonic axes not subjected to the cryogenic treatment recorded the 

highest survival and shoot formation compared to those subjected to the cryogenic treatment.  

Among the cryogenic treatments, the highest survival (73%) and shoot formation (63%) of 

encapsulated cryopreserved embryonic axes of groundnut were obtained after air dehydration 

for 6hr to 20% moisture content prior to being plunged into liquid nitrogen. This was 

followed by the survival (62%) and shoot formation (50%) rates obtained after air 

dehydration of 4hr to 26% moisture content respectively. Dehydration time of 2hr 

significantly produced the lowest survival (45%) and shoot formation (40%) rates at 43% 

moisture content. While encapsulated non dehydrated embryonic axes (0) of groundnut with 

moisture content of 66% failed to survive the cryogenic treatment.  

 

Significant (p≤0.05) variation was observed among the varieties in survival levels in response 

to the dehydration time (Table 4.12). SAMNUT 23 produced the highest survival rate, which 

was statistically at par with SAMNUT 22, followed by SAMNUT 10 while SAMNUT 21 

produced the lowest survival rate. Similarly, significant variation was also observed among 

the varieties evaluated in terms of shoot formation with SAMNUT 23 producing the highest 

shoot formation followed by SAMNUT 22. While SAMNUT 10 only produced higher shoot 

formation than SAMNUT 21. Results obtained in this study also show that the moisture 

content of embryonic axes was significantly influenced by the variety. SAMNUT 10 

embryonic axes had the highest moisture content, followed by SAMNUT 21 which was 
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statistically comparable to SAMNUT 22. The least moisture content was recorded by 

SAMNUT 23. 

 

4.5.1 Effect of variety x dehydration time in the laminar hood interaction on the 

survival rate of cryopreserved encapsulated embryonic axes of groundnut. 

A significant interaction was observed between variety and time of dehydration in the 

laminar hood on survival of cryopreserved encapsulated embryonic axes of groundnut (Table 

4.13). In the control treatment all the varieties comparably recorded higher survival rates with 

the exception of SAMNUT 21 which was statistically different while in the encapsulated non 

dehydrated treatment (0) no significant difference was observed among the varieties. When 

embryonic axes were dehydrated for 2hr and 6hr SAMNUT 22 and SAMNUT 23 comparably 

recorded higher survival compared to the other varieties while at 4hr dehydration time 

SAMNUT 23 recorded the highest value.   

 

Comparing the varieties while maintaining the dehydration time constant it was observed that 

SAMNUT 10 and SAMNUT 21 recorded higher survival in the control treatment than the 

other dehydration treatments.  SAMNUT 22 recorded higher survival rates in both the control 

treatment and 6hr dehydration time. While SAMNUT 23 recorded higher values in 4hr and 

6hr dehydration time, which was comparable to that observed in the control treatment.  
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4.5.2 Effect of variety x dehydration time interaction on the shoot formation of 

cryopreserved encapsulated embryonic axes of groundnut. 

There was a significant (p ≤ 0.05) interaction between the varieties and time of dehydration 

under the sterile air of the laminar hood on shoot formation of cryopreserved encapsulated 

embryonic axes of groundnut (Table 4.14). In the control and non dehydrated treatments no 

significant difference was observed among the varieties for shoot formation, while in 2hr and 

6hr dehydration time SAMNUT 22 and SAMNUT 23 comparably recorded higher shoot 

formation than the other varieties. On the contrary, at the 4hr dehydration time only 

SAMNUT 23 recorded higher value than the other varieties. 

 

Comparing the varieties while maintaining the dehydration time constant it was observed that 

all the varieties with the exception of SAMNUT 23 recorded their highest shoot formation in 

the control treatment while in SAMNUT 23 the highest value was observed in the control 

treatment but this was statistically similar to that recorded in 4hr and 5hr dehydration time. 
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Table 4.12: Effect of dehydration time and variety on survival and shoot formation of 

cryopreserved encapsulated embryonic axes of groundnut. 

Treatment Survival (%) Shoot formation (%) Moisture Content 

(%) 

    

Air Dehydration (hr) 

(D) 

   

Control 85.0a 85.0a 26.4c 

0 0.0e 0.0e 65.8a 

2 45.0d 40.0d 43.2b 

4 61.7c 50.0c 26.4c 

6 73.3b 63.3b 20.0d 

SE± 3.16 2.58 0.99 

Variety (V)    

SAMNUT 10 46.7b 42.7c 40.0a 

SAMNUT 21 37.3c 30.7d 36.8b 

SAMNUT 22 61.3a 56.0b 34.6bc 

SAMNUT 23 66.7a 61.3a 33.9c 

SE± 2.83 2.31 0.89 

D x V ** ** NS 

CV (%) 14.62 13.27 6.73 

Means followed by the same letter(s) are not significantly different at p ≤ 0.05 level of 

significance using DMRT, NS non significant, ** highly significant. 0 – none dehydrated 

encapsulated embryonic axes stored in Liquid nitrogen. Control- none cryopreserved 

regenerated embryonic axes 
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Table 4.13: Effect of variety x dehydration time interaction on the survival rates of 

cryopreserved encapsulated embryonic axes of groundnut. 

Dehydration time (hr) 

Variety Control 0 2 4 6 

      SAMNUT 10 86.7ab 0.0g 40.0e 40.0e 66.7cd 

SAMNUT 21 80.0bc 0.0g 20.0f 40.0e 46.7e 

SAMNUT 22 86.7ab 0.0g 60.0d 73.3c 86.7ab 

SAMNUT 23 86.7ab 0.0g 60.0d 93.3a 93.3a 

  SE± 6.32   

Means followed by the same letter(s) are not significantly different at p ≤ 0.05 level of 

significance using DMRT. 0 – none dehydrated encapsulated embryonic axes stored in 

Liquid nitrogen. Control- none cryopreserved regenerated embryonic axes 

 

 

 

 

Table 4.14: Effect of variety x dehydration time interaction on the shoot formation of 

cryopreserved encapsulated embryonic axes of groundnut. 

Dehydration time (hr) 

Variety Control 0 2 4 6 

      SAMNUT 10 86.7a 0.0g 26.7e 40.0d 60.0c 

SAMNUT 21 80.0ab 0.0g 13.3f 20.0ef 40.0d 

SAMNUT 22 86.7a 0.0g 60.0c 60.0c 73.3b 

SAMNUT 23 86.7a 0.0g 60.0c 80.0ab 80.0ab 

  

SE± 5.16 

  Means followed by the same letter(s) are not significantly different at p ≤ 0.05 level of 

significance using DMRT. 0 – none dehydrated encapsulated embryonic axes stored in 

Liquid nitrogen. Control- none cryopreserved regenerated embryonic axes 
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Plate IV: Cryopreserved encapsulated embryonic axes

recovering on MS + 15mg/LBAP. a: 24hr after LN storage. b-

c: shoot bud formed at 2 weeks. d: true shoot formed after 4

weeks

a b c d
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4.6 Cryopreservation of Embryonic axes of Groundnut (Arachis hypogaea L.) by 

Encapsulation-vitrification 

Significant variations in terms of survival for non-cryopreserved (control) and cryopreserved 

embryonic axes of groundnut were observed with the non cryopreserved embryonic axes 

significantly (p≤0.05) producing the highest survival compared with the cryopreservation 

treatments (Figure 4.3). Dehydration of encapsulated embryonic axes of groundnut in PVS2 

prior to a plunge in liquid nitrogen significantly affected their survival, with increasing 

exposure time there was a drastic reduction in the survival rate. The highest survival (48%) 

was obtained after 1hr of dehydration in PVS2 compared with survival rates (25%) obtained 

after 2hr dehydration in PVS2. While dehydration time of 3hr produced the lowest survival 

rate (15%).On the other hand encapsulated non dehydrated embryonic axes, failed to survive 

the liquid nitrogen storage. As shown in Plate V none of the survived encapsulated 

embryonic axes produced shoots. 

 

Significant (p≤0.05) variation was also observed among the varieties in terms of survival in 

response to the dehydration time in PVS2. SAMNUT 22 and SAMNUT 23 comparably 

produced higher survival rates than SAMNUT 10 and SAMNUT 21 (Figure 4.4).  

 

4.6.1 Effect of variety x time of dehydration in PVS2 interaction on the survival of 

cryopreserved encapsulated embryonic axes of groundnut. 

The variety x dehydration time in PVS2 interaction on survival of cryopreserved 

encapsulated embryonic axes of groundnut was significant (Table 4.15). In the control 

treatment, SAMNUT 22 and SAMNUT 23 which were statistically similar significantly 

recorded higher survival than the other varieties. A similar trend was also observed at 1hr 
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dehydration time in PVS2. From 2hr to 3hr dehydration time SAMNUT 22, SAMNUT 23 

and SAMNUT10 comparably recorded higher values than SAMNUT 21.  

 

Varying the variety while maintaining the dehydration time constant it was observed that all 

the varieties recorded significantly higher survival rates in the control treatment compared to 

the dehydration treatments. 
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Figure 4.3: Effect of dehydration time in PVS2 on Survival of cryopreserved encapsulated 

embryonic axes of groundnut. Vertical bars represent ±SE of means of 3 replicates. 

 

 

 

 

Figure 4.4: Response of groundnut varieties to encapsulation and dehydration in PVS2. 

Vertical bars represent ±SE of means of 3 replicates. 
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Table 4.15: Effect of variety x dehydration in PVS2 interaction on the survival of 

cryopreserved encapsulated embryonic axes of groundnut. 

Variety 

Dehydration in PVS2 (hr) 

   Control 0 1 2 3 

      SAMNUT 10 73.3b 0.0e 33.3cd 26.7cd 20.0d 

SAMNUT 21 66.7b 0.0e 20.0d 0.0e 0.0e 

SAMNUT 22 93.3a 0.0e 73.3b 33.3cd 20.0d 

SAMNUT 23 86.7a 0.0e 66.7b 40.0c 20.0d 

  

SE± 8.94 

  Means followed by the same letter(s) are not significantly different at p ≤ 0.05 level of 

significance using DMRT. 0 – none dehydrated encapsulated embryonic axes stored in 

Liquid nitrogen. Control- none cryopreserved regenerated embryonic axes 
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Plate V a: encapsulated embryonic axes. b-c: Shoot bud produced from 

cryopreserved encapsulated embryonic axe

Alginate Bead

Shoot bud

a

b c
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4.7 Effect of Sucrose and Mannitol Concentrations, Varieties and Conservation 

period on survival rates of slow growth maintained cultures. 

The effect of different sucrose and mannitol concentrations, on survival was observed to be 

significant (Table 4.16). Results revealed that the highest mean value of survival rate (33.8%) 

was obtained on MS medium supplemented with 10g/L sucrose and 20g/L mannitol, 

followed by survival rate (30.6%) recorded from medium supplemented with 20g/L sucrose 

and 10g/L mannitol and survival rate (29.4%) recorded by medium supplemented with 15g/L 

sucrose and 15g/L mannitol which were statistically similar.  The lowest mean value of 

survival percentage (25.0%) was observed in the control medium. 

 

As for the effect of variety on survival of cultures, results showed that the highest survival 

(33.1%) was recorded by SAMNUT 23, followed by SAMNUT 22 (29.4%) and SAMNUT 

10 (30.0%) which were statistically the same. The lowest survival rate (26.3%) was recorded 

by SAMNUT 21. 

 

With regard to the effect of different conservation periods, results in Table 4.16 indicate that 

the highest survival (73.8%) was obtained from cultures conserved for 3 months, followed by 

survival rates (45.0%) obtained from 6 months conservation period. Cultures maintained for 9 

months and 12 months, failed to survive. 

 

4.7.1 Effect of sucrose and mannitol concentrations x conservation period interaction 

on survival rates of slow growth maintained cultures. 

Significant (p ≤ 0.05) interaction was observed between the conservation medium and 

conservation period on survival rates of cultures (Table 4.17). At 6 months conservation 

period, MS medium supplemented with 10g/L sucrose and 20g/L mannitol significantly 
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recorded higher survival values than the other treatments. While at 3, 9 and 12 months all the 

conservation media were not significantly different. 

 

Keeping the conservation period constant and varying the conservation medium it was 

observed in the control medium that  higher survival rates was obtained at 3months 

conservation period than at the other conservation periods. A similar trend was also observed 

in the other conservation media.   

 

4.7.2 Effect of variety x conservation period interaction on survival rates of slow 

growth maintained cultures. 

Significant (p ≤ 0.05) interaction was observed between the varieties and conservation period 

on survival rates of cultures (Table 4.18). At 6 months conservation period SAMNUT 23 

significantly recorded higher survival than SAMNUT 21 which was statistically comparable 

to SAMNNUT 10 and SAMNUT 22. On the contrary, at 3, 9 and 12 months all the varieties 

were statistically similar. 

 

Keeping the conservation period constant and varying the variety it was observed that all the 

varieties recorded higher survival values at 3 months conservation period compared to the 

other conservation periods. From 9 to 12 months all the cultures failed to survive.  

 

4.7.3 Effect of variety x sucrose and mannitol concentrations x conservation period 

interaction on survival rates of slow growth maintained cultures. 

A significant interaction was observed between variety, conservation medium and 

conservation period on survival rates of cultures (Table 4.19). At 6 months conservation 
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period in cultures maintained in the control medium, SAMNUT 23 and SAMNUT 22 

comparably recorded higher survival rates than SAMNUT 21 and SAMNUT 10. However, 

when the medium was supplemented with 20g/L sucrose and 10g/L mannitol the highest 

significant survival was observed in SAMNUT 23 and SAMNUT 10 compared to the other 

varieties. In cultures maintained in medium supplemented with 15g/L sucrose and 15g/L 

mannitol, SAMNUT 23 significantly recorded higher survival rates than the other varieties. 

While in cultures maintained in medium supplemented with 10g/L sucrose and 20g/L 

mannitol all the varieties were not significantly different. Also at 3, 9 and 12 months 

conservation periods, no significant difference was observed among the varieties irrespective 

of the conservation medium. 

 

Keeping the conservation period constant and varying the varieties it was observed that in 

SAMNUT 10 that the maximum survival was obtained on medium supplemented with 20g/L 

sucrose and 10g/L mannitol and medium supplemented with 10g/L sucrose and 20g/L 

mannitol. While in SAMNUT 21 higher survival values was obtained from medium 

supplemented with 10g/L sucrose and 20g/L mannitol than on the other conservation media. 

A similar trend was also observed in SAMNUT 22. In SAMNUT 23 the entire conservation 

media supplemented with osmotic agents comparably recorded higher survival values than 

the control. 
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Table 4.16:  Effect of sucrose and mannitol concentrations, variety and conservation period 

on survival rates of slow growth maintained cultures. 

Treatment Survival (%) 

  

Medium supplements (g/L) (M)  

MS + 30 sucrose(Control) 25.0c 

MS + 20 sucrose+10 mannitol 30.6b 

MS + 15 sucrose+15 mannitol 29.4b 

MS + 10 sucrose+20 mannitol 33.8a 

SE± 1.14 

Variety (V)  

SAMNUT 10 30.0b 

SAMNUT 21 26.3c 

SAMNUT 22 29.4b 

SAMNUT 23 33.1a 

SE± 1.14 

Period (months) (P)  

3 73.8a 

6 45.0b 

9 0.0c 

12 0.0c 

SE± 1.14 

M x V x P NS 

CV (%) 18.83 

Means followed by the same letter(s) are not significantly different at p ≤ 0.05 level of 

significance using DMRT. NS non significant, NS not significant 
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Table 4.17: Effect of sucrose and mannitol concentrations x conservation period interaction 

on survival rates of slow growth maintained cultures. 

 Period (months) 

 Medium supplements (g/L) 3 6 9 12 

MS + 30 sucrose(Control) 70.0ab 30.0d 0.0e 0.0e 

MS + 20 sucrose+10 mannitol 77.5a 45.0c 0.0e 0.0e 

MS + 15 sucrose+15 mannitol 72.5a 45.0c 0.0e 0.0e 

MS + 10 sucrose+20 mannitol 75.0a 60.0b 0.0e 0.0e 

 SE± 4.56   

Means followed by the same letter(s) are not significantly different at p ≤ 0.05 level of 

significance using DMRT. 

 

 

 

Table 4.18: Effect of variety x conservation period interaction on survival rates of slow 

growth maintained cultures. 

Variety 

Period (months)  

3 6 9 12 

SAMNUT 10 75.00a 45.00bc 0.00d 0.00d 

SAMNUT 21 70.00a 35.00c 0.00d 0.00d 

SAMNUT 22 72.50a 45.00bc 0.00d 0.00d 

SAMNUT 23 77.50a 55.00b 0.00d 0.00d 

 

SE± 4.56   

Means followed by the same letter(s) are not significantly different at p ≤ 0.05 level of 

significance using DMRT. 
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Table 4.19: Effect of variety x sucrose and mannitol concentrations x conservation period interaction on survival rates of slow growth 

maintained cultures. 

Conservation period (months) 

 3 6 9 12 

 Medium supplement (g/L) Medium supplement (g/L) Medium supplement 

(g/L) 

Medium supplement 

(g/L) 

Variety 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 

SAMNUT10 70.0ab 80.0a 70.0ab 80.0a 20.0d 60.0b 40.0c 60.0b 0.0e 0.0e 0.0e 0.0e 0.0e 0.0e 0.0e 0.0e 

SAMNUT21 70.0ab 70.0ab 70.0ab 70.0ab 20.0d 20.0d 40.0c 60.0b 0.0e 0.0e 0.0e 0.0e 0.0e 0.0e 0.0e 0.0e 

SAMNUT22 70.0ab 80.0a 70.0ab 70.0ab 40.0c 40.0c 40.0c 60.0b 0.0e 0.0e 0.0e 0.0e 0.0e 0.0e 0.0e 0.0e 

SAMNUT23 70.0ab 80.0a 80.0a 80.0a 40.0c 60.0b 60.0b 60.0b 0.0e 0.0e 0.0e 0.0e 0.0e 0.0e 0.0e 0.0e 

       SE± 4.56         

Means followed by the same letter(s) are not significantly different at p ≤ 0.05 level of significance using DMRT. 

1: MS + 30 sucrose (Control) 

2: MS + 20 sucrose+10 mannitol 

3: MS + 15 sucrose+15 mannitol 

4: MS + 10 sucrose+20 mannitol 
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4.8 Effect of Sucrose and Mannitol Concentrations on Shoot height. 

Shoot height was significantly retarded with decreasing concentration of sucrose and 

increasing concentration of mannitol in the conservation medium (Table 4.20). The 

highest shoot height (7.83cm) was obtained in the control medium, followed by shoot 

height (5.25cm) obtained from medium supplemented with 20g/L sucrose and 10g/L 

mannitol and shoot height (4.16cm) obtained from medium supplemented with 15g/L 

sucrose and 15g/L mannitol. Whereas medium supplemented with 10g/L sucrose and 

20g/L mannitol recorded the lowest shoot height (3.03cm). 

 

4.9 Effect of Sucrose and Mannitol Concentrations, Varieties and 

Conservation period on Number of Shoot. 

The analysis of variance data (Table 4.21) showed that only the variety x conservation 

period interaction was significant (p≤ 0.05) for number of shoots. While there were 

insignificant difference observed for the effects of sucrose and mannitol concentrations 

(osmoticums), varieties, conservation period, osmoticums x variety, osmoticums x 

conservation period and osmoticums x variety x conservation period interactions. 

 

At 3 months conservation period, no significant difference was observed among the 

varieties. However, at 6 months conservation period SAMNUT 23 recorded a 

significantly higher number of shoots/explant which is comparable to the number of 

shoots/explant observed in SAMNUT 22 and SAMNUT 10 (Table 4.22). 

 

Varying the variety and keeping the conservation period constant it was observed that 

all the varieties recorded a higher number of shoots/explant at 3 months than at 6 

months conservation period (Table 4.22). 
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Table 4.20:  Effect of sucrose and mannitol concentrations, on shoot height of slow 

growth maintained cultures. 

Treatment Shoot height 

  

Medium supplements (g/L)  

MS + 30 sucrose(Control) 7.8a 

MS + 20 sucrose+10 mannitol 5.3b 

MS + 15 sucrose+15 mannitol 4.2c 

MS + 10 sucrose+20 mannitol 3.0d 

SE± 0.39 

CV (%) 26.53 

Means followed by the same letter(s) are not significantly different at p ≤ 0.05 level of 

significance using DMRT. 

 

 

 

 

 

Table 4.21.  Analysis of variance for shoot height and number of shoots/explant of 

groundnut plantlets under slow growth 

Source of variation Degree of freedom Mean Square  

Shoot height (cm) 

 

Mean number of shoots/explant 

Treatment (T) 3 67.53** 0.40 

Variety (V) 3 0.33 0.94 

Storage period (P) 1 1.03 0.00 

T x V 9 0.55 0.72 

T x P 3 0.15 0.17 

V x P 3 0.22 2.29** 

T x V x P 9 0.05 0.18 

Error 32 1.81 1.81 

**P≤0.01 
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Table 4.22: Effect of variety x conservation period interaction of number of 

shoots/plantlet of slow growth maintained cultures. 

Variety 

Period (months)  

3 6 

  45.0bc 

35.0c 

45.0bc 

55.0b 

SAMNUT 10 75.0a 

SAMNUT 21 70.0a 

SAMNUT 22 72.5a 

SAMNUT 23 77.5a 

 

SE±  1.09  

Means followed by the same letter(s) are not significantly different at p ≤ 0.05 level of 

significance using DMRT. 
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CHAPTER FIVE 

5.0               DISCUSSION 

5.1 Effect of BAP and variety on shoot height and multiplication potential 

from embryonic axes of Groundnut (Arachis hypogaea L.). 

The relative concentrations of auxin to cytokinin in regeneration medium strongly 

influenced shoot organogenesis in plants.  Several studies have reported that plant 

growth regulator BAP is the most suitable cytokinin for shoot induction and 

multiplication in groundnut. However, the optimum concentration of BAP for shoot 

multiplication varies with variety of groundnut (Banerjee et al., 2007; Verma et al., 

2009).  In this study, the effectiveness of different concentrations of BAP was 

evaluated for shoot multiplication in groundnut. The presence and concentration of the 

BAP in the nutrient media significantly reduced shoot height with the BAP-free 

medium producing the tallest shoots. The addition of BAP in the media inhibited shoot 

elongation progressively from 5mg/L BAP to 25mg/L BAP. The inhibitory effect of 

higher BAP concentrations on shoot elongation has been reported in groundnut (Verma 

et al., 2009) and in pineapple (Usman et al., 2013). It is possible that the inhibition of 

shoot elongation by the high concentration of BAP was due to the production of 

ethylene.  According to Cary et al. (1995), ethylene production was stimulated by 

micro molar concentrations of Benzyladenine and could account, in part, for the 

inhibition of hypocotyl elongation in Arabidopsis. Cytokinin had been implicated in the 

enhancement of lateral bud formation in plant (Taiz and Zeiger, 2003). The 

enhancement in the regeneration of multiple shoots in groundnut may possibly be due 

to a better auxin:cytokinin ratio used, which is a crucial factor in regeneration (Banerjee 

et al., 2007). In the present study the number of shoots/explant and axillary 

branching was significantly ((p≤0.05) influenced by the BAP concentrations.  It was 
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observed that supplementing MS media with BAP was necessary in achieving shoot 

multiplication. As the BAP-free medium did not produce multiple shoots, rather growth 

of a single shoot was observed. Increased concentration of BAP progressively increased 

the number of shoots and axillary branching produced, attaining a maximum number of 

shoots/explant (8.3) and axillary branching (3.1) at 15mg/L BAP. Verma et al. (2009) 

also observed maximum shoot multiplication in groundnut at 10-15mg/L BAP.  Marka 

et al. (2013) also reported maximum number of multiple shoots in groundnut at 15-20 

mg/L BAP in comparison to all other concentrations and combinations of plant growth 

regulators evaluated in the study. On the contrary, Banerjee et al. (2007) observed 

maximum multiplication potential in 5 varieties of groundnut in 10 and 25mg/L BAP. 

Further increase in BAP from 15mg/L caused a decrease in the number of shoots and 

axillary branch with MS medium supplemented with 25mg/L recording the lowest 

value. A similar trend in the inhibitory effect of BAP at higher concentrations and 

failure to produce multiple shoots and axillary branches at lower BAP concentrations or 

on BAP-free medium have been reported (B a n e r j e e ,  2 0 1 4 ;  B a n e r j e e  e t  a l . ,  

2007; Okello et al., 2015; Verma et al. 2009). The reduction in the number of shoots 

could be due to the inhibition of adventitious meristem elongation caused by the higher 

BAP concentration (Borchetia et al., 2009).  

 

The response of groundnut varieties to regeneration was significantly different with 

SAMNUT 22 and SAMNUT 23 producing the tallest shoots. In terms of number of 

shoots/explant and axillary branches, SAMNUT 22 recorded the highest number of 

shoots/explant while SAMNUT 23 produced higher axillary branches. Genotypic 

difference in response to tissue culture in groundnut has been reported earlier (Banerjee 

et al., 2007; Marka et al., 2013; Okello et al., 2015).  The observed variation among the 
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varieties for all the parameters evaluated could be attributed to their differential 

genomic constitution. This phenomenon has earlier been reported in groundnut. 

(Radhakrishnan et al., 1994). Similarly, differences in the level of endogenous plant 

growth regulators within the explants have been reported to account for differences in 

the in vitro response in groundnut (Banerjee et al., 2007). 

 

5.2 Effect of NAA and variety on in vitro rooting of regenerated microshoots of 

groundnut (Arachis hypogaea L.). 

The presence and concentration of NAA significantly influenced in vitro rooting in 

groundnut. Medium supplemented with 1mg/L NAA recorded the highest root 

induction frequency (82.42%), while the NAA-free medium (10.42%) recorded the 

least root induction frequency. This result suggests that NAA is essential for in vitro 

rooting of microshoots of groundnut as minimal rooting was observed in its absences. It 

has been established that auxin stimulates lateral root initiation by activating quiescent 

pericycle cells to initiate division and then expansion, which facilitate the lateral root 

emergence (Fukaki and Tasaka, 2009). Therefore, the appropriate synthesis signaling 

and transport of auxin are all required for root formation (Peret et al., 2009). The root 

induction frequency obtained at 1mg/L NAA in our study was higher than the rooting 

frequency of 62.5% reported by McKently et al. (1990) in groundnut at the same 

concentration. On the contrary, Gagliardi et al. (2000) reported successful in vitro 

rooting of 70% of microshoots of groundnut on MS hormone free medium. Okello et 

al. (2015), reported maximum root production of 70-100% in three groundnut cultivars 

on MS medium supplemented with 1 mg/L NAA and 2.0 mg/L IBA supported  
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The effect of NAA on the number of roots/plantlet was significant. Medium 

supplemented with 1mg/L NAA or 1.5mg/L NAA produced the highest number of 

roots/plantlet of 9.3 and 9.4 respectively compared to NAA-free medium. The value 

obtained in our study is higher than number of roots/plantlet of 3.5 reported by 

McKently et al. (1990) in groundnut when rooted in basal medium supplemented with 

1mg/L NAA. Auxin is reported to control cell division, cell elongation and certain 

stages of differentiation (Davies, 2004) which could have accounted for the increased 

number of roots/plantlet observed in this study. Lewis et al. (2011), also reported that 

auxin increases the number of lateral roots. On the other hand supplementing the media 

with NAA significantly decreased root length, with the NAA-free medium recording 

the longest root length (7.35cm).  Taiz and Zegler (2003) reported that although plants 

may require auxin for root induction, but root growth is inhibited at higher 

concentration. Kollmeier et al. (2000) also reported that root elongation phase is very 

sensitive to auxin concentration and it is inhibited by high concentration of auxin in the 

rooting medium. This is because auxin can increase the rate of ethylene biosynthesis 

(Riov and Yang, 1989). Therefore, it could be possible that the high concentrations of 

NAA inhibited root elongation through the inducement of ethylene biosynthesis, which 

is inhibitory to root growth.  

 

Significant differences were observed among the groundnut varieties in response to the 

NAA treatment. SAMNUT 22 and SAMNUT 21 recorded the highest root induction 

frequency while SAMNUT 22 and SAMNUT 23 produced more number of 

roots/plantlets than the other varieties. However, SAMNUT 10 and SAMNUT 21 

produced the longest root lengths compare to the other varieties. This result confirms 
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earlier reports that rooting in groundnut is strongly influenced by the plant genotype 

(Verma et al., 2009). 

Significant (p ≤ 0.05) interaction was observed between the varieties and NAA 

treatment on root induction frequency, number of roots/plantlet and root length of 

groundnut plantlets. All the varieties recorded highest root induction frequency on 

medium supplemented with 1mg/L NAA. On the contrary, maximum number of 

roots/plantlet were observed in SAMNUT 10 and SAMNUT 21 on medium 

supplemented with 1mg/L NAA while in SAMNUT 22 and SAMNUT 23 on medium 

supplemented with 1.5mg/L NAA. SAMNUT 10, SAMNUT 22 and SAMNUT 23 

recorded longer root lengths on the NAA-free medium. While SAMNUT 21 recorded 

longer root length on both the NAA-free medium and medium supplemented with 

1mg/L NAA. The observed differences could be attributed to genotypic influence or 

due to the level of endogenous hormone in the different varieties. According to Roy 

and Banerjee (2003), the effect of a particular plant growth regulator depended not only 

on the concentrations applied, but also on the presence of the other plant growth 

regulators as well as its interaction with endogenous growth regulators. 

 

5.3 Cryopreservation of embryonic axes of groundnut (Arachis hypogaea L.) 

by desiccation. 

Desiccation rates significantly influenced the reduction of cellular water content in 

embryonic axes of groundnut, their survival and subsequent shoot formation after 

storage in liquid nitrogen. Non-desiccated embryonic axes of groundnut failed to 

survive the liquid nitrogen storage. This result corroborates that of Gagliardi et al. 

(2002), who observed no survival of non-dehydrated and cryopreserved embryonic 

axes of Arachis species. Lack of germination of the non-desiccated plant material has 
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also been reported in other crops (Azimi, et al., 2005). Similarly, embryonic axes 

desiccated for 1 hr also failed to survive the cryogenic treatment. This could be 

attributed to the insufficient reduction of cellular water content at this period which 

could have caused the formation of lethal ice crystals that damage the cells during 

liquid nitrogen storage or thawing. Halmagyi et al. (2010) reported that insufficient 

dehydration of explant before freezing can cause the formation of ice crystals during 

freezing or warming leading to the destruction of cellular structures and death of the 

explant. Desiccation of embryonic axes from 2 hr to 5 hr rapidly caused significant 

reduction in moisture content. This greatly improved the survival and shoot formation 

of cryo-preserved embryonic axes with the highest survival (96.67% - 100%) and 

subsequent shoot formation (91.67% - 96.67%) obtained at an average moisture content 

of 17% after 4 to 5hr desiccation rates. Ozudogru et al. (2009) reported 100% 

germination in embryonic axes of groundnut when moisture content was reduced from 

25% to 8.5% which was achieved at 2.5hr desiccation time. While Gagliardi et al. 

(2002) reported 80% shoot development at 18% moisture content after 1hr desiccation 

rate in Arachis species. Maximum survival of 100% was also reported in zygotic 

embryos of jatropha desiccated to 9.4-9.7% MC before liquid nitrogen storage (Prada et 

al., 2015). The improved survival and shoot formation with decreasing moisture 

content could be also be due to the increased accumulation of sugars during drying. 

Percy et al. (2001), reported that accumulation of sugars during desiccation may serve 

to maintain cellular integrity by osmotically decreasing cell volume, or act directly to 

protect by stabilization of membranes. It is also possible that the improved survival and 

shoot formation was due to the probable accumulation of ABA in the desiccated 

embryos. ABA has been reported to promote desiccation tolerance in the mature 

embryo through the synthesis of late embryogenesis abundant (LEA) proteins encoded 
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by mRNA (Taiz and Zegler, 2003). ABA has also been implicated in cold acclimation 

in plants (Xue-Xuan et al., 2010). 

 

Results obtained from this study showed significant differences among the varieties 

evaluated, SAMNUT 23 embryonic axes recorded the lowest moisture content while 

the highest survival and shoot formation was observed in SAMNUT 22 and SAMNUT 

23. These observed differences could be due to genotypic influence, as tissue culture 

response in groundnut is strongly influenced by the plant genotype (Mroginsky et al., 

1981; Banerjee et al., 2007).  Genotypic influence has also been reported in 

cryopreserved embryonic axes of maize (Usman and Abdulmalik, 2010). 

 

There was a significant interaction between the varieties and time of desiccation for 

moisture content, survival and shoot formation of cryopreserved embryonic axes of 

groundnut. SAMNUT 21 and SAMNUT 23 recorded very low moisture content from 

1hr desiccation time while SAMNUT 10 and SAMNUT 22 recorded very low moisture 

content from 2hr desiccation. Significantly high survival rates were observed in 

SAMNUT 22 and SAMNUT 23 from 2hr desiccation time, in SAMNUT 21 from 2hr 

while in SAMNUT 10 3hr desiccation time. As regards to shoot formation rate the 

highest value was observed in SAMNUT 10 at a 5hr desiccation time, in SAMNUT 21 

from 4hr desiccation time while in SAMNUT 22 and SAMNUT 23 from 3hr 

desiccation time. This shows that the varieties attained low moisture contents at 

different times, which also influenced their survival and shoot formation. These could 

be attributed to the differences in the genotypic constitution of the groundnut varieties. 

Wen and Song (2007) reported that, survival and the emergence of post-thaw embryos 

were closely related to their moisture contents prior to freezing. 
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5.4 Cryopreservation of embryonic axes of groundnut (Arachis hypogaea L.) 

by vitrification. 

One of the keys to successful cryopreservation by vitrification is the careful control of 

dehydration and prevention of injury by chemical toxicity. Optimization of the time of 

exposure to PVS2 is important for producing a high level of shoot formation after 

vitrification. In this study, we were able to obtain higher survival and shoot formation 

in embryonic axes dehydrated with PVS2 for 2hr. This result is in agreement with that 

observed by Ozudogru et al. (2009), who observed very high survival rates at 2hr time 

of dehydration in PVS2 in embryonic axes of groundnut. Very high survivals were also 

reported at 1 to 2 hr for embryonic axes of groundnut (Gaglardi et al., 2002). High 

survival of 70% was also observed when embryos of jatropha were pretreated with 0.3 

M sucrose and 60% PVS2 before liquid nitrogen storage (Prada et al., 2015). The high 

survival and shoot formation reported here could be attributed to sufficient dehydration. 

Since only after sufficient dehydration that the cell content will be able to vitrify upon 

rapid cooling in liquid nitrogen without forming lethal ice crystals and hence ensuring 

high survival. According to Volk and Walters (2006), the three mechanisms by which 

PVS2 aids cryoprotection are by replacing cellular water, changing the freezing 

behaviour of water remaining in the cells and impeding water loss during air drying. In 

addition to their physical protective properties, cryoprotectants also impart additional 

protection against cryoinjury as they can stabilize proteins and membranes and act as 

antioxidants (Fuller, 2004).  The poor survival and shoot formation observed at 1h time 

of exposure to PVS2 could be attributed to the insufficient dehydration of the 

embryonic axes. While the drastic decline in both survival and shoot formation rates 

observed from 3 to 5 h dehydration period could be due to the toxicity of the PVS2. 
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Chemical toxicity of PVS2 usually increases with time and causes a decrease in 

survival rates (Yamuna et al., 2007).  

The poor performance of SAMNUT 10 and 21 compared to the other varieties could be 

attributed to the sensitivity of these varieties to the PVS2 treatment. Takagi (2000) 

reported that sensitivity to dehydration of vitrification solution varies among species 

and even within cultivars. Genotypic influence has been reported in vitrified embryonic 

axes of maize (Usman and Abdulmalik, 2010), shoot tips of grape (Matsumoto and 

Sakai, 2003) and potato (Panta et al., 2015). 

  

A significant interaction was observed between the variety and dehydration time in 

PVS2. Maximum shoot formation was observed in SAMNUT 10, SAMNUT 21 and 

SAMNUT 23 after 2hr dehydration in PVS2. On the contrary, in SAMNUT 23 this was 

obtained after 3hr dehydration in PVS2. This suggests that vitrification technique is 

variety-dependent with each variety requiring different dehydration time in PVS2. The 

high post thaw survival and shoot formation recorded in this study could also have been 

enhanced by the preculturing of the embryonic axes on high sucrose medium and 

treating with loading solution before exposure to PVS2. Matsumoto et al. (1994; 1995) 

reported the positive effect of preculturing on high sucrose media and of loading 

treatment on post thaw survival. 

 

5.5 Cryopreservation of embryonic axes of groundnut (Arachis hypogaea L.) 

by encapsulation-dehydration. 

The optimizations of the pretreatment procedure and of sample residual moisture 

content are key factors for successful application of encapsulation-dehydration 
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(Gonzalez-Benito et al., 1998). Removal of most or all freezable water from cells 

causes vitrification of internal solutes during rapid exposure to liquid nitrogen, thereby 

avoiding lethal intracellular ice crystallization (Engelmann, 1997). High moisture 

content has been reported to cause the formation of extra and intracellular ice crystals 

(Moges et al., 2004).  In our study, the highest survival (73%) and shoot formation 

(63%) of encapsulated cryopreserved embryonic axes of groundnut was obtained after 

6hr air dehydration to moisture content of 20%. This result shows that a reduction in 

freezable intracellular water is an important requirement for successful 

cryopreservation. Paul et al. (2000) reported that dehydration to a 21% water content 

resulted in 83.7% recovery of encapsulated-dehydrated cryopreserved shoot tips of 

apple. Similarly, Soliman (2013) obtained the highest survival (74.5%) and regrowth 

(71.8%) of encapsulated cryopreserved shoot tips when precultured for two days in 

medium containing 0.75 M sucrose and dehydrated for 2 hr to 19.55% moisture 

content. The high survival and shoot formation recorded in our study could have also 

been enhanced by Preculturing in 0.75M sucrose for 72hr. Positive effects of extending 

preculture duration for four days in  0.75M sucrose were reported for Dioscorea 

floribunda (Mandal and Sangeeta 2007).  

 

Among the varieties evaluated SAMNUT 23 and SAMNUT 22 produced the highest 

survival rates compared to the other varieties. Similarly, significant variation was also 

observed among the varieties evaluated in terms of shoot formation and moisture 

content with SAMNUT 23 producing the highest shoot formation of 61.3% at the 

lowest moisture content of 33.9%, followed by SAMNUT 22. The better performance 

of these two varieties over the other varieties could be attributed to genotypic influence 

and to the low moisture content of their embryonic axes, which improved their survival 
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and subsequent shoot formation by preventing the formation of lethal inter- and intra- 

cellular crystallization during cryopreservation. Alla-N'Nan et al. (2014) reported 

genotypic differences among coconut accession cryopreserved by encapsulation-

dehydration technique. 

 

A significant interaction was observed between variety and dehydration time on 

survival and shoot formation of cryopreserved encapsulated embryonic axes of 

groundnut. Maximum survival and shoot formation rate was observed in all the 

varieties with the exception SAMNUT 23 at a 6hr dehydration time while in SAMNUT 

23 from 4hr dehydration time. These results showed that the survival and shoot 

formation of the cryopreserved encapsulated embryonic axes was strongly influenced 

by the variety and the dehydration time, which could be due to differences in the 

moisture content of the seeds of the varieties. 

 

5.6 Cryopreservation of embryonic axes of groundnut (Arachis hypogaea L.) 

by encapsulation-vitrification. 

The critical factor determining the success of cryopreservation by encapsulation-

vitrification is the exposure time in the PVS2, longer exposure of plant material in the 

PVS2 could cause a drastic decline in both survival and subsequent regeneration. 

Therefore, it is important to optimize the exposure time in PVS2 for successful 

cryopreservation of plant material. In our study survival rate of encapsulated embryonic 

axes of groundnut was very low reaching a maximum (48%) after 1hr dehydration in 

PVS2. This result contradict several reports that indicated the encapsulation-

vitrification technique produces high recovery and shoot formation from cryopreserved 

shoot tip or meristem in numerous plant species of both tropical and temperate origins 
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(Hirai and Sakai, 1999; Moges et al., 2004). The low survival rate observed in our 

study could be due to the toxicity of the PVS2. The PVS2 is characterized by its high 

chemical toxicity, because it includes the permeating cryoprotectants DMSO and 

ethylene glycol (Kim et al., 2009). Exposing cells to high concentrations of 

cryoprotective additives is potentially injurious. This is due to the phytotoxic effects of 

individual components or their combined osmotic effects on cell viability (Towill and 

Jarret, 1992; Sakai, 2000).  Suggesting the need to optimize the preculturing phase with 

the view to enhance survival and regenerate true plants. The precultured treatment is 

used to increase tolerance of explants to dehydration and subsequent freezing in liquid 

nitrogen. Preculturing of explants in media enriched with high sucrose concentrations 

has been reported to increase the total soluble protein and sugar contents in the treated 

tissues. An increase in the protein level can be considered as one of the earliest 

physiological responses of osmotically stressed cells, and could be related to the 

improvement of the freezing tolerance of tissues (Wang et al., 2004). 

 

Among the varieties evaluated SAMNUT 22 and SAMNUT 23 comparably produced 

the highest survival rates. The high survival recoded by these two varieties could be 

attributed to their better tolerance to the PVS2 compared to the other varieties and to 

genotypic influence. Generally, the tissue culture response in the groundnut is highly 

genotypic dependent (Banerjee et al., 2007; Nazir et al., 2011). 

 

5.7 Effect of sucrose and mannitol concentrations, varieties and conservation 

period on survival rates of slow growth maintained cultures. 

The maintenance of shoot cultures is obtained through the slowing down of cell 

metabolism, as a consequence of shoot growth. The use of osmotically active 
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compounds, such as sucrose and mannitol can interfere on shoot growth and influence 

markedly the maximum storage time (Scherwinski-Pereira et al., 2010). In this study 

the effect of different sucrose and mannitol concentrations, on survival of cultures was 

observed to be significant. Results revealed that the highest survival (33.8%) was 

obtained on MS medium supplemented with 10g/L sucrose and 20g/L mannitol while 

the lowest survival percentage (25.0%) was observed in the control medium (Table 

4.16). Sarkar and Naik (1998) reported that 20 or 40 g/L mannitol in combination with 

sucrose could enhance survival of in vitro conservation of potato. Charoensub and 

Phansiri (2004) also reported that the addition of 20 g/L mannitol to leadwort culture 

medium prolonged subculture time to 8 months. 

 

As for the effect of variety on survival of cultures, results showed that the highest 

survival (33.1%) was recorded by SAMNUT 23, followed by SAMNUT 22 (29.4%). 

The observed difference could be attributed to genotypic influence. Wilkins et al. 

(1988), reported that slow growth storage methods are extremely variable and genotype 

dependent. Ahmed and Anjum (2010) also observed significant genotypic difference in 

terms of survival in pear. 

 

With regard to the effect of different conservation periods, results in indicate that the 

highest survival (73.8%) was obtained from cultures conserved for 3 months, followed 

by survival rates (45.0%) obtained from 6 months conservation period. Cultures 

maintained for 9 months and 12 months, however, failed to survive. The decline after 3 

months and none survival after 9 months to 12 months could be attributed to the 

decrease in nutrients and increased in osmotic stress.  Lack of survival could also be 

due the depletion of oxygen concentration in the nutrient medium which could have led 
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to anaerobic respiration. Plant tissues when subjected to hypoxic (low) or anoxic (zero) 

concentration of ambient oxygen, they are forced to carry out anaerobic respiration. 

Anaerobic respiration could lead to lactate accumulation which promotes acidification 

of the cytosol (Taiz and Zegler, 2003). Maximum survival and healthy shoot cultures in 

the first 3 months of conservation and decreased in survival after 6, 9 to 12 months 

have been reported in grape (Hassan et al., 2014) and in globe artichoke (Shawky and 

Aly, 2007). 

 

A significant interaction was observed between the varieties and conservation period on 

survival rates of cultures. Maximum survival was observed in all the varieties at 3 

months conservation period while at 6 months conservation period SAMNUT 23 was 

only significantly different from SAMNUT 21. Ahmed and Anjum (2010) also 

observed a significant interaction between variety and storage period in pear, with a 

maximum survival rate obtained with 3 months storage period in the varieties. 

 

5.8 Effect of sucrose and mannitol concentrations, varieties and conservation 

period at shoot height. 

Shoot height was significantly retarded with decreasing concentration of sucrose and 

increasing concentration of mannitol in the conservation medium. The tallest shoots 

(7.8cm) were obtained in the control medium. Whereas medium supplemented with 

10g/L sucrose and 20g/L mannitol recorded the lowest shoot height (3.0cm). This could 

be due to increased osmotic stress imposed by the osmoticum in the culture medium 

and reduced nutrients. Osmotic regulators act as growth retardants by causing osmotic 

stress to the material under conservation. When added to the culture medium, these 

carbohydrates reduce the hydric potential and restrict the water availability to the 
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explant (Shibli et al. 2006) thereby reducing the optimal turgor pressure needed for cell 

division and inhibit growth (Tahtamouni et al., 2001). Minoo et al. (2006) also 

observed significant decrease in shoot height of vanilla with increased concentration of 

mannitol and reduced sucrose in culture medium. 
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CHAPTER SIX 

6.0 SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

6.1 Summary 

Experiments were carried out between 2009 and 2013 in the Biotechnology laboratory 

of  IAR Ahmadu Bello University Samaru, Zaria (11°11´N, 7°38´E; 686m above sea 

level) to develop an efficient regeneration protocol for groundnut also to establish 

efficient cryopreservation and slow growth protocols for conservation of groundnut 

germplasm. Four IAR groundnut varieties; SAMNUT 10, SAMNUT 21, SAMNUT 22 

and SAMNUT23 were used in the study. Explants used in the study were embryonic 

axes which were obtained from seeds under aseptic condition. The experiments were 

factorial and treatments were laid out in a Completely Randomized Design replicated 

three times. In the regeneration experiment embryonic axes were cultured on MS media 

supplemented with varying concentration of BAP (0, 5, 10, 15, 20 and 25 mg/L BAP) 

for shoot initiation and multiplication. Results showed that shoot regeneration occurred 

directly without an intervening callus phase in all treatments, with maximum shoot 

multiplication  obtained from MS medium supplemented with 15 mg/L BAP.  

 

Among the groundnut varieties evaluated SAMNUT 23 and SAMNUT 22 proved to be 

the most responsive to in vitro regeneration in terms of vigour and multiplication 

potential with 4.7-4.8cm shoot height and 4.6-5.1 shoots/explant. For in vitro rooting 

microshoots of 3cm length were subcultured on MS media supplemented with 1.0 or 

1.5 mg/L NAA and compared with a hormone free medium (control). Rooting was 

significantly influenced by the presence and concentration of NAA. Microshoots 

subcultured in medium supplemented with 1 mg/L NAA rooted within 2weeks of 

subculture, producing the highest root-induction frequency (82%). While the hormone 
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free medium recorded the longest roots (7.4cm). Significant genotypic effect was also 

observed, with SAMNUT 22 having more number of roots/plantlet and root-induction 

frequency (60%). 

 

Cryopreservation, the storage of biological materials in liquid nitrogen (LN), is a useful 

method for long term conservation of plant germplasm. In this study four commonly 

used cryopreservation techniques were experimented on the groundnut varieties i.e. 

desiccation, vitrification, encapsulation-dehydration and encapsulation-vitrification 

techniques.  

 

In the desiccation technique embryonic axes were desiccated in the laminar hood for 0, 

1, 2, 3, 4 and 5 hr prior to LN storage. The highest survival ranged from 97% - 100% 

and shoot formation of between 92% and 97% of cryopreserved embryonic axes were 

obtained at an average moisture content of 17% after 4 - 5 hr desiccation. Among the 

varieties evaluated, SAMNUT 23 and SAMNUT 22 recorded the highest survival of 

65% and shoot formation of 57-60% respectively. A significant interaction was also 

observed between the varieties and desiccation time for moisture content, survival and 

shoot formation rate. Maximum survival and shoot formation was observed when 

embryonic axes were dehydrated to 17-19% MC prior to LN (-196°C). 

 

For vitrification technique, embryonic axes were dehydrated in plant vitrification 

solution (PVS2) for 0, 1, 2, 3, 4 and 5hr prior to LN storage. Results show that survival 

and shoot formation of cryopreserved embryonic axes were significantly influenced by 

the dehydration duration in PVS2 with embryonic axes treated for 2 hr recording the 

highest survival (70%) and shoot formation (65%). Among the groundnut varieties 
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evaluated, SAMNUT 22 and 23 gave the highest survival (74 and 76%) and shoot 

formation (72 and 73%) after cryopreservation. A significant interaction was observed 

between the variety and dehydration time in PVS2 on survival and shoot formation. 

Maximum shoot formation was observed in SAMNUT 10, SAMNUT 21 and 

SAMNUT 23 after 2 hr dehydration in PVS2. In the case of SAMNUT 22 this was 

achieved after 3hr dehydration in PVS2. 

 

In encapsulation-dehydration embryonic axes were encapsulated in Na-alginate 

precultured on 0.75M sucrose for 72hr before desiccation under the sterile air of 

laminar hood for 0, 2, 4 and 6hr before LN storage. The highest survival (73%) and 

shoot formation (63%) of encapsulated cryopreserved embryonic axes of groundnut 

was obtained after 6hr air dehydration to moisture content of 20%.  Among the 

varieties evaluated SAMNUT 23 recorded the highest survival of 67% and shoot 

formation of 61% respectively. 

 

In the encapsulation-vitrification technique, encapsulated embryonic axes were 

dehydrated in PVS2 for 0, 1, 2 and 3hr before LN storage. Maximum survival rate of 

cryopreserved encapsulated embryonic axes was 48% obtained after 1hr dehydration in 

PVS2. Among the varieties evaluated SAMNUT 22 and SAMNUT 23 comparably 

produced the highest survival rates of 44% and 42% respectively. 

 

A slow growth experiment was conducted with four conservation media (MS 

medium+30g/L sucrose, MS medium+20 g/L sucrose +10 g/L mannitol, MS 

medium+15 g/L sucrose +15 g/L mannitol and MS medium+10 g/L sucrose +20 g/L 

mannitol) and for four conservation periods (3, 6, 9 and 12 months). Results revealed 
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that the highest mean value of survival rate (34%) was obtained on MS medium 

supplemented with 10 g/L sucrose and 20 g/L mannitol. As for the effect of variety on 

survival of cultures, results showed that the highest survival (33%) was recorded by 

SAMNUT 23. With regard to the effect of different conservation periods, the highest 

survival (74%) was obtained from cultures conserved for 3 months, followed by 

survival rates (45%) obtained from 6 months conservation period. Cultures maintained 

for 9 and 12 months, failed to survive. The results also revealed that the lowest shoot 

height (3.03cm) was obtained on MS medium supplemented with 10g/L sucrose and 

20g/L mannitol. 

 

6.2 Conclusions 

I. All the varieties evaluated in this study proved to be responsive to in vitro 

regeneration and in vitro conservation indicating their amenability to tissue 

culture. 

II. Results obtained from this study showed that for regeneration of groundnut 

through direct organogenesis, MS media supplemented with 15mg/L BAP is 

optimum for shoot initiation and multiplication while MS media supplemented 

with 1mg/L NAA is optimum for in vitro rooting of groundnut. 

III. Results obtained from the cryopreservation shows that in the desiccation 

technique, dehydration of embryonic axes to 17 -19% MC prior to LN (-196°C) 

storage was found to be suitable for cryopreservation of the groundnut varieties. 

With regards to the vitrification technique, maximum shoot formation was 

observed in SAMNUT 10, SAMNUT 21 and SAMNUT 23 after 2 hr 

dehydration in PVS2. In the case of SAMNUT 22 this was achieved after 3hr 
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dehydration in PVS2 before LN storage. In the ED technique, maximum 

survival and shoot formation was achieved by dehydration of encapsulated 

embryonic axes of groundnut to 20% MC before LN (-196°C) storage. While in 

the EV technique dehydration of encapsulated embryonic axes for 1hr was 

found to be sufficient for maximum survival in groundnut. 

IV. Results obtained from the slow growth experiment show that MS medium 

supplemented with 10g/L sucrose and 20g/L mannitol effectively reduced shoot 

growth and produced the highest survival after 3 months conservation period. 

 

6.3 Recommendations 

I. The regeneration protocol developed in this study, in addition to being used for 

in vitro conservation could also be utilized for genetic transformation of 

groundnut. 

II. In view of the high survival and shoot regeneration obtained in the desiccation, 

vitrification and encapsulation-dehydration techniques, these techniques are 

hereby recommended for the cryopreservation of groundnut.  

III. In the encapsulation-vitrification technique, although low survival was recorded 

with no shoot regeneration achieved. But the potential is there, if further 

experimentation will be carried out to improve on the protocol. Most especially 

in the preculturing phase. This could enhance tolerance to PVS2 thereby, 

improving the survival rates and regeneration of true plants.  

IV. In the slow growth technique, medium supplemented with 10g/L sucrose and 

20g/L mannitol could be used for the medium-term conservation of groundnut 

with subculturing intervals of three (3) to six (6) months. 
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V. Although no morphological difference was observed between the plants 

regenerated from in vitro conserved cultures and that of the parent plants, 

further studies are recommended to ascertain the genetic fidelity of these 

materials using molecular techniques. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



96 

 

REFERENCES 

Aguilar, M.E. Engelmann, F. & Michaux-Ferrière, N. (1993). Cryopreservation of 

embryogenic cell suspensions of Citrus deliciosa Tan. and histological study. 

CryoLetters, 14: 217–228. 

Ahmed, M. & Anjum, M.A. (2010). In vitro storage of some pear varieties with the 

minimal growth technique. Turkish Journal of Agriculture and Forestry, 34: 25-

32. 

 

Alla-N'Nan, O. Bi, S.G. Tiecoura, K. Konan, J-L. K. & Malaurie, B. (2014). Use of 

plumules cryopreservation to save coconut germplasm in areas infected by 

lethal yellowing. African Journal of Biotechnology, 13 (16): 1702-1706. 

http://dx.doi.org/10.5897/AJB2014.13670 

 

Azimi, M. O'Brien, C. Ashmore, S. & Drew, R. (2005). Cryopreservation of Papaya . 

In W.C. Chang & R. Drew (Eds.), IInd IS on Biotech. of Trop. & Subtrop. 

Species, pp.43-50. 

 

Banerjee, P. (2014) Rapid in vitro propagation of Arachis hypogaea L. var. AK 1224: 

A comparative study using different explants. Centre for Info Bio Technology, 3 

(1): 35-41. 

 

Banerjee, P. Maity, S. Maiti, S. S. & Banerjee, N. (2007). Influence of variety on in 

vitro multiplication potential of Arachis hypogaea L. Acta Botanica Croatica, 

66 (1): 15-23. 

 

Barna, K.S. & Wakhlu, A.K. (1994). Whole plant regeneration of Cicer arietinum from 

callus cultures via organogenesis. Plant Cell Reports, 13: 510-513. 

 

Borchetia, S. Das, S. C. Handique, P. J. & Das, S. (2009). High multiplication 

frequency and genetic stability for commercialization of the three varieties of 

micropropagated tea plants (Camellia spp.). Scientia Horticulturae. 

120(4):544–550. 

 

Burke, M. J. (1986). The glassy state and survival of anhydrous biological systems. In  

A.C. Leopold (Ed.), Membranes, Metabolism, and Dry Organisms (pp.358-

364). Ithaca, NY: Cornell University Press. 

 

Capuana, M. & Di Lonardo, S. (2013). In vitro conservation of chestnut (Castanea 

sativa) by slow growth. In Vitro Cellular & Developmental Biology-Plant, 

49:605–610. http://dx.doi.org/10.1007/s11627-013-9536-6 

 

Cary, A.J. Liu, W. & Howell S.H. (1995).Cytokinin action is coupled to ethylene in its 

effects  on the inhibition of root and hypocotyl elongation in Arabidopsis 

thaliana seedlings. Plant Physiology, 107(4): 1075-1082. 

 

Castillo, N. R. F.  Bassil, N. V.  Wada, S.  & Reed, B. M. (2010). Genetic Stability of 

Cryopreserved Shoot Tips of Rubus germplasm. In Vitro Cellular & 

http://dx.doi.org/10.5897/AJB2014.13670
http://dx.doi.org/10.1007/s11627-013-9536-6


97 

 

Developmental Biology-Plant,46(3):246-256. http://dx.doi.org/10.1007/s11627-

009-9265-z 

 

Cejas, I, Méndez R, Villalobos A, Palau F, Aragón C, Engelmann F.,…… Lorenzo JC 

(2013). Phenotypic and Molecular Characterization of Phaseolus vulgaris 

Plants from Non-Cryopreserved and Cryopreserved Seeds. American Journal of 

Plant Science, 4: 844-849. http://dx.doi.org/10.4236/ajps.2013.44103 

 

Chapman, R.S. & Carter, P.L. (2000). Crop Production; Principles and Practices. Delhi 

India: Surjeet Publications. 

 

Charoensub, R. Hirai, D. & Sakai, A. (2004) Cryopreservation of in vitro-grown shoot 

tips of cassava by encapsulation-vitrification method CryoLetters, 25:51-58. 

 

Charoensub, R. & Phansiri, S. (2004). In vitro Conservation of Rose Coloured 

Leadwort: Effect of Mannitol on Growth of Plantlets. Kasetsart Journal 

(Natural Science), 38: 97 – 102. 

 

Coffelt, T. A. (1989). Peanut. In: G. Robbelen, R.K. Downey, & A. Ashri (Eds.), Oil 

Crops of the World: Their Breeding and Utilization, (pp. 319-338). New York: 

McGraw-Hill. http://dx.doi.org/10.3146/i0095-3679-16-1-10 

 

Cote, F.X.  Goue, O. Domergue, R. Panis, B.  & Jenny, C. (2000). In-field behavior of 

banana plants (Musa spp.) obtained after regeneration of cryopreserved 

embryogenic cell suspensions. CryoLetters, 21:19-24. 

 

Cruz-Cruz, C.A. González-Arnao, M.T. & Engelmann, F. (2013). Biotechnology and 

Conservation of Plant Biodiversity. Resources, 2:73-95. 

http://dx.doi.org/10.3390/resources2020073 

 

Dagla, H.R. (2012). Plant Tissue Culture: Historical Developments and Applied 

Aspects. Resonance, 759-767. http://dx.doi.org/10.1007/s12045-012-0086-8 

 

Davies, P.J. (2004). Plant hormones: Biosynthesis, Signal Transduction, Action! The 

Netherlands: Dordrecht, Kluwer Academic Publishers. 

 

Davies Jr., F.T., Geneve, R.L., Hartmann, H.T. & Kester, D.E. (1997). Principles of 

tissue culture for micropropagation. In: F.T. Davies Jr., H.T. Hartmann & D.E. 

Kester (eds), Plant Propagation: Principles and Practices, (pp. 549-589). New 

Jersey, U.S.A.: Prentice Hall. 

 

Dereuddre, J. (1992). Cryopreservation of in vitro cultures of plant cells and organs by 

vitrification and dehydration. In Y. Dattee, C. Dumas  & A. Gallais (Eds.), 

Reproductive Biology and Plant Breeding, (pp. 291-300). Springer Verlag, 

Berlin. http://dx.doi.org/10.1007/978-3-642-76998-6_28 

 

Dereuddre, J. Scottez, C. Arnaud, Y. & Duron, M. (1990). Resistance of alginate-

coated axillary shoot tips of pear tree (Pyrus communis L. Cv Beurré Hardy) in 

http://dx.doi.org/10.1007/s11627-009-9265-z
http://dx.doi.org/10.1007/s11627-009-9265-z
http://dx.doi.org/10.4236/ajps.2013.44103
http://dx.doi.org/10.3146/i0095-3679-16-1-10
http://dx.doi.org/10.3390/resources2020073
http://dx.doi.org/10.1007/s12045-012-0086-8
http://dx.doi.org/10.1007/978-3-642-76998-6_28


98 

 

vitro plantlets to dehydration and subsequent freezing in liquid nitrogen: effects 

of previous cold hardiness. C. R. Acad.Sci. III 310, 317–323. 

 

Ding, F. Jin, S.X. Hong, N. Zhong, Y. Cao, Q. Yi, G.J. & Wang, G.P. (2008). 

Vitrification-cryopreservation, an efficient method for eliminating Candidatus 

Liberobacter asiaticus, the citrus Huanglongbing pathogen, from in vitro adult 

shoot tips. Plant Cell Reports, 27:241-250. http://dx.doi.org/10.1007/s00299-

007-0467-8 

 

Dumet, D. Engelmann, F. Chabrillange, N. & Duval, Y. (1993). Cryopreservation of oil 

palm (Elaeis guineensis Jacq.) somatic embryos involving a desiccation step. 

Plant Cell Reports, 12:352-355. 

 

Echekwu, C.A. and Ike, E. (2005). Groundnut Gyrostat. OPAL MISSION. pp.13-18. 

 

El-Dawayati, M.M., Zaid, Z.E. & Elsharabasy S.F. (2012). Effect of Conservation on 

Steroids Contents of Callus Explants of Date Palm cv. Sakkoti. Australian 

Journal of Basic and Applied Science,s 6(5): 305-310. 

 

Engelmann, F. (2004). Plant cryopreservation: Progress and prospects. In Vitro Cell. 

Dev. Biol. Plant, 40: 427–433. http://dx.doi.org/10.1079/IVP2004541 

 

Engelmann, F. (1997). In vitro conservation methods. In J.A. Callow, B.V. Ford-Lloyd 

and H.J. Newbury (Eds.), Biotechnology and Plant Genetic Resources, (pp. 

119–161). Oxford, UK: CAB International. 

 

Engelmann, F. Gonzalez-Arnao, M.T. Wu, Y. & Escobar, R. (2008). The development 

of encapsulation-dehydration. In B.M. Reed (Ed.), Plant Cryopreservation: A 

Practical Guide (pp. 33–58). New York: Springer Science and Business Media 

LLC.  

 

Fahy, G.M. Macfarlane, D.R. Angell, C.A. & Meryman, H.T. (1984). Vitrification as 

an approach for cryopreservation. Cryobiology, 21:407-426.  

http://dx.doi.org/10.1016/0011-2240(84)90079-8 

 

FAOSTAT (2015). http://faostat.fao.org/default.aspx 

 

Fukaki, H. & Tasaka, M. (2009). Hormone interactions during lateral root formation. 

Plant Molecular Biology, 69, 437-449. http://dx.doi.org/10.1007/s11103-008-

9417-2 

 

Fuller, B.J. (2004). Cryoprotectants: the essential antifreezes to protect life in the frozen 

state. CryoLetters, 25:375-388. 

 

Gagliardi, R.F. Pacheco, G.P. Coculilo, S.P. Vall J.F.M.  & Mansur, E. (2000). In vitro 

plant regeneration from seed explants of wild groundnut species (Genus 

Arachis, Section Extranervosae). Biodiversity & Conservation, 9: 943-951. 

http://dx.doi.org/10.1023/A:1008960608543 

http://dx.doi.org/10.1007/s00299-007-0467-8
http://dx.doi.org/10.1007/s00299-007-0467-8
http://dx.doi.org/10.1079/IVP2004541
http://dx.doi.org/10.1016/0011-2240(84)90079-8
http://faostat.fao.org/default.aspx
http://dx.doi.org/10.1007/s11103-008-9417-2
http://dx.doi.org/10.1007/s11103-008-9417-2
http://dx.doi.org/10.1023/A:1008960608543


99 

 

Gagliardi, R.F. Pacheco, G.P. Vall, J.F.M & Mansur, E (2002). Cryopreservation of 

cultivated and wild Arachis species embryonic axes using desiccation and 

vitrification methods. CryoLetters, 23 (1):61-68. 

 

Gagliardi, R.F. Pacheco, G.P. Carneiro, L.A. Vall, J.F.M. Vieira, M.L.C & Mansur, E. 

(2003). Cryopreservation of Arachis species by vitrification of In vitro-grown 

shoot apices and genetic stability of recovered plants. CryoLetters, 24(2):103-

110. 

 

Galerne, M. Bercetche, J.  & Dereuddre, J. (1992). Cryoconservation of embryogenic 

callus of Norway spruce (Picea abies L. Karst)—Influence of different factors 

on callus recovery and on embryos and plantlet production. Bulletin de la  

Societe botaniques de France. Lettres Botaniques 4–5: 331–344. 

 

Galzy, R. (1969). Recherches sur la croissance de Vitis rupestris Scheek Sain et court 

noue cultire in vitro a differentes temperatures. Ann. Phytopathol., 1:149-166. 

 

Gamez-Pastrana, R. Martinez-Ocampo, Y. Beristain, C.I. & Gonzalez-Arnao, M.T. 

(2004). An improved cryopreservation protocol for pineapple apices using 

encapsulation-vitrification. CryoLetters 25 (6):405-414. 

 

Gibbons, R.W. Bunting, A.H. & Smartt, J. (1972). The classification of varieties of 

groundnut (Arachis hypogaea L.). Euphytica. 21:78-85. 

http://dx.doi.org/10.1007/BF00040550 

 

Gonzalez-Arnao, M.T. & Engelmann, F. (2006). Cryopreservation of plant germplasm 

using the encapsulation-dehydration technique: review and case study on 

sugarcane. CryoLetters, 27:155-168. 

 

Gonzalez-Arnao, M.T. Juarez, J. Ortega, C. Navarro, L. & Duran-Vila, N. (2003). 

Cryopreservation of ovules and somatic embryos of citrus using the 

encapsulation-dehydration technique. CryoLetters, 24: 85–94. 

 

Gonzalez-Benito, M.E. Nu˜nez-Moreno, Y. & Martin, C. (1998). A protocol to 

cryopreserved nodal explants of Anthirrhinium microphyllum by encapsulation 

dehydration. CryoLetters, 19: 225–230. 

 

Gupta, S. & Reed, B.M. (2006). Cryopreservation of shoot tips of blackberry and 

raspberry by encapsulation-dehydration and vitrification. CryoLetters, 27: 29-

42. 

 

Halmagyi, A. Vălimăreanu, S. Coste, A. Deliu, C. & Isac, V. (2010) Cryopreservation 

of Malus shoots tips and subsequent plant regeneration. Romanian 

Biotechnological Letters, 15 (1):79-85. 

 

Harding, K. (2004). Genetic integrity of cryopreserved plant cells: a review. 

CryoLetters, 25: 3–22. 

 

http://dx.doi.org/10.1007/BF00040550


100 

 

Hassan, N.A El-Halwagi, A.A. Gaber, A. El-Awady M. & Khalaf, A. (2007). Slow-

Growth in vitro Conservation of Garlic cultivars grow in Egypt: Chemical 

Characterization  and Molecular Evaluation. Global Journal of Molecular 

Sciences, 2(2):67-75. 

 

Hassan, N.A. Stino, R.G. Gomaa A.H. & Al-Mousa R.N. (2014) In vitro Medium-Term 

Germplasm Conservation and Genetic Stability of Grape (Vitis vinifera L.) 

Journal of Horticultural Science & Ornamental Plants, 6 (1): 9-17. 

 

Helliot, B. Panis, B. Poumay, Y. Swennen, R. Lepoivre, P. & Frison, E. (2002). 

Cryopreservation for the elimination of cucumber mosaic and banana streak 

viruses from banana (Musa spp.). Plant Cell Reports, 20:1117-1122. 

http://dx.doi.org/10.1007/s00299-002-0458-8 

 

Hirai, D. & Sakai, A. (1999). Cryopreservation of In vitrogrown Axillary Shoot Tip 

Meristems of Mint (Mentha spicata L.) by Encapsulation-Vitrification. Plant 

Cell  Reports, 19:150-155. http://dx.doi.org/10.1007/s002990050725 

 

Iqbal, M.M.  Nazir, F. Iqbal, J.  Tehrim, S. &  Zafar, Y. (2011). In vitro 

micropropagation of peanut (Arachis hypogaea) through direct somatic 

embryogenesis and callus culture. International Journal of Agriculture & 

Biology, 13: 811–814. 

 

Irfan, A. Aslam, N. Hameed, F.M.A. & Ahmed, S.I.G. (2004). Enhancement of 

germination and emergence of Canola seed by different priming techniques. 

Caderno de  Pesequisa Ser. Bio., Santa Cruz do sul., 16(1):19-34. 

 

Jain, S.M. (2011). Prospects of in vitro conservation of date palm genetic diversity for 

suitable production. Emirates Journal of Food and Agriculture, 23:110-119. 

 

Joshi, V. & Jadhav, S.K. (2013). Effect of temperature and media supplements on slow 

growth conservation of medicinal plant Spilanthes acmella.  Botanica Serbica, 

37 (2): 155-160. 

 

Kane, M.E. Philman, N.J. & Jenks, M.A. (1994) A laboratory exercise to demonstrate 

direct and indirect shoot organogenesis using internodes of Myriophyllum 

aquaticum. HortTechnology, 4:317-320. 

 

Kartha, K.K. (1985). Cryopreservation of plant cell and organs. CRC Press, Inc., Boca 

Raton, Florida pp.276. 

 

Kartha, K.K. & Engelmann, F. (1994). Cryopreservation and germplasm storage. In: 

I.K. Vasil & T.A. Thorpe (Eds.), Plant Cell and Tissue Culture (pp. 195-230), 

Kluwer, Dordrecht. 

 

Karthikeyan, P. & Darveena, S. (2015). Effect of different growth regulators on in vitro 

regeneration of groundnut (Arachis hypogaea L.). International Journal of 

Current Research, 7(1): 12048-12051. 

 

http://dx.doi.org/10.1007/s00299-002-0458-8
http://dx.doi.org/10.1007/s002990050725


101 

 

Keatmetha, W. Suksaard, P. Mekanawakul, M. & Techato, S. (2006). In Vitro 

Germplasm Conservation of Garcinia mangostana L. and Lansium domesticum 

Corr. Walailak Journal of Science & Technology, 3(1): 33-50. 

 

Kendall, E.J. Qureshi, J.A. Kartha, K.K. Leung, N. Chevrier, N. Caswell, K. & Chen, 

T.H.H. (1990). Regeneration of freezing-tolerant spring wheat (Triticum 

aestivum L.) plants from cryoselected callus. Plant Physiology, 94: 1756–1762. 

http://dx.doi.org/10.1104/pp.94.4.1756 

 

Kim, H.H. Lee, Y.G. Shin, D.J. Ko, H.C. Gwag, J.G. Cho, E.G. & Engelmann, F. 

(2009). Development of alternative plant vitrification solutions in droplet-

vitrification procedures. CryoLetters, 30: 320-34. 

 

Kochert, G. Halward, T. Branch, W.D. & Simpson, C.E. (1991). RFLP variability in 

peanut (Arachis hypogaea L.) cultivars and wild species. Theoretical and 

Applied Genetics, 81:565–570. http://dx.doi.org/10.1007/BF00226719 

 

Kollmeier, M. Felle, H.H & Horst, W.J. (2000). Is basipetal auxin flow involved in 

inhibition of root elongation. Plant Physiology, 122: 945-956. 

http://dx.doi.org/10.1104/pp.122.3.945 

 

Lewis, D.R. Negi, S. Sukumar, P. & Muday, G.K. (2011). Ethylene inhibits lateral root 

development, increases IAA transport and expression of PIN3 and PIN7auxin 

efflux carriers. Development, 138: 3485-3495. 

http://dx.doi.org/10.1242/dev.065102 

 

Lopez-Puc, G. (2013). An effective in vitro slow growth protocol for conservation of 

the orchid Epidendrum chlorocorymbos SCHLTR. Tropical and Subtropical 

Agroecosystems, 16 : 61 – 68. 

 

Makeen, A.M, Normah, M.N, Dussert, S. & Clyde, M.M. (2005). Cryopreservation of 

whole seeds and excised embryonic axes of Citrus suhuensis cv. Limau langkat 

in accordance to their desiccation sensitivity. CryoLetters, 26:259-268. 

 

Malaurie, B. Trouslot, M.F. Berthaud, J. Bousalem, M. Pinel, A. & Dubern, J. (1998). 

Medium-term and long-term in vitro conservation and safe international 

exchange of yam (Dioscorea spp.) germplasm. Electronic Journal of 

Biotechnology, 1: 102-117. http://dx.doi.org/10.2225/vol1-issue3-fulltext-2 

 

Mandal, B.B. & Sangeeta, A.G. (2007).  Regeneration of Dioscorea floribunda plants 

from cryopreserved encapsulated shoot tips: effect of plant growth regulators. 

CryoLetters, 28: 329-336. 

 

Marka, R.  Penchala, S. Talari, S. Kagithoju, S. &  Nanna, S.S. (2013). In vitro 

multiplication potential of cotyledonary node explants in peanut (Arachis 

hypogaea L.). International Journal of Agricultural Science, 3: 189-196. 

 

http://dx.doi.org/10.1104/pp.94.4.1756
http://dx.doi.org/10.1007/BF00226719
http://dx.doi.org/10.1104/pp.122.3.945
http://dx.doi.org/10.1242/dev.065102
http://dx.doi.org/10.2225/vol1-issue3-fulltext-2


102 

 

Matand, K. Wu, N. Wu, H. Tucker, E. & Love, K. (2013). More improved peanut 

(Arachis hypogaea L.) protocol for direct shoot organogenesis in mature dry-

cotyledonary and root tissues Journal of Biotechnology Research, 5:24-34. 

 

Matsumoto, T. & Sakai, A. (2003). Cryopreservation of axillary shoot tips of in vitro-

grown grape (Vitis) by a two –step vitrification protocol. Euphytica, 131:299-

304. http://dx.doi.org/10.1023/A:1024024909864 

 

Matsumoto, T. Sakai, A. & Yamada, K. (1995). Cryopreservation of in vitro-grown 

apical meristems of lily (Lilium japonicum) by vitrification. Plant Cell, Tissue 

and Organ Culture, 41:231-241. http://dx.doi.org/10.1007/BF00045087 

 

Matsumoto, T. Sakai, A. & Yamada, K. (1994). Cryopreservation of in vitro-grown 

apical meristems of wasabi (Wasabi japonica) by vitrification and subsequent 

high plant regeneration. Plant Cell Reports, 13:442-446. 

http://dx.doi.org/10.1007/BF00231963 

 

McKently, A.H. Moore, G.A. & Gardner F.P. (1990). In vitro plant regeneration of 

peanut from seed explants. Crop Science, 30:192-196. 

http://dx.doi.org/10.2135/cropsci1990.0011183X003000010042x 

 

Meryman, H.T. & Williams, R.J. (1985). Basic principles of freezing injury to plant 

cells: natural tolerance and approaches to cryopreservation. In K.K. Kartha 

(Ed.), Cryopreservation of Plant Cells and Organs, (pp. 13-48). CRC Press, 

Boca Raton, Florida. 

 

Minoo,  D. Nirmal Babu, K. & Peter, K.V. (2006). Conservation of Vanilla species, in 

vitro. Scientia Horticulturae, 110(2):175-180. 

http://dx.doi.org/10.1016/j.scienta.2006.07.00 3 

 

Mix-Wagner, G. Schumacher, H.M. & Cross, R.J. (2003). Recovery of potato apices 

after several years of storage in liquid nitrogen. CryoLetters, 24:33-41. 

 

Moges, A.D. Karam, N.S. & Shibli, R.A. (2004). Cryopreservation of African Violet 

(Saintapulia ionantha Wendl.) Shoot Tips. In Vitro Cellular & Developmental 

Biology-Plant, 40:389-398. http://dx.doi.org/10.1079/IVP2004536 

 

Moges, A.D. Karam, N.S. & Shibli, R.A. (2003). Slow growth in vitro preservation of 

African violet (Saintpaulia ionantha Wendl.) shoot tips. Advanced Hortscience, 

17: 18. 

 

Mubbarakh, S.A. Izhar, N.A. Rajasegar, A. & Subramaniam, S. (2014). Establishment 

of encapsulation-dehydration technique for in vitro fragmented explants of Rosa 

hybrida L. cv. Helmut Schmidt. Emirates Journal of Food and Agriculture, 26 

(6): 565-576. 

 

Murashige, T. & Skoog, F. (1962). A revised medium for rapid growth and bioassays 

with tobacco tissue cultures. Physiologia Plantarum, 15: 473-497. 

http://dx.doi.org/10.1111/j.1399-3054.1962.tb08052.x 

http://dx.doi.org/10.1023/A:1024024909864
http://dx.doi.org/10.1007/BF00045087
http://dx.doi.org/10.1007/BF00231963
http://dx.doi.org/10.2135/cropsci1990.0011183X003000010042x
http://dx.doi.org/10.1016/j.scienta.2006.07.00%203
http://dx.doi.org/10.1079/IVP2004536
http://dx.doi.org/10.1111/j.1399-3054.1962.tb08052.x


103 

 

 

Mroginsky, L.A. K.K. Kartha & Shyluk, J.P. (1981). Regeneration of peanut (Arachis 

hypogaea L) plantlets in vitro culture of immature leaves. Canadian Journal of 

Botany, 59: 826-830. http://dx.doi.org/10.1139/b81-115  

 

NACGRAB (2014).Catalogue of crop varieties released and registered in Nigeria. Vol. 

no. 6 pg 19-21. 

 

Nazir, F. Hassan, M. Akram, Z. Javed, M.M. Ali, S. Ali, G.M & Zafar, Y. (2011). In 

vitro regeneration of Pakistani peanut (Arachis hypogaea L.) varieties using de-

embryonated cotyledonary explants. African Journal of Biotechnology, 10 (43): 

8599-8604. 

 

Niino, T. Sakai, A. & Nojiri, K. (1992). Cryopreservation of in vitro grown shoot tips 

of apple and pear by vitrification. Plant Cell, Tissue and Organ Culture, 28: 

261-266. 

 

Nishizawa, S, Sakai, A, Amano, Y. and Matsuzawa, T. (1993). Cryopreservation of 

asparagus (Asparagus officinalis L.) embryogenic suspension cells and 

subsequent plant regeneration by vitrification. Plant Science, 91: 67 – 73. 

http://dx.doi.org/10.1016/0168-9452(93)90189-7 

 

Normah, M.N. & Makeen, A.M. (2008). Cryopreservation of excised embryos and 

embryonic axes. In: B.M. Reed (Ed). Plant Cryopreservation: a Practical Guide 

(pp. 211 – 220). New York: Springer Science and Business Media. 

http://dx.doi.org/10.1007/978-0-387-72276-4_10 

 

Okello, D.K.  Akello, L. B. Tukamuhabwa, P. Ochwo, S. M.  Odong, T. L. Adriko, J.   

Mwami, C. and Deom, C. M. (2015). Regeneration procedure for three Arachis 

hypogaea L. botanicals in Uganda through embryogenesis. British 

Biotechnology Journal, 7(3):122-133. 

http://dx.doi.org/10.9734/BBJ/2015/17418 

 

Okonmah, L.A. & Eruotor, P.G. (2012). Arable Crop Production. Nigeria: Ethiope 

Publishing corporation. pp.184-201. 

 

Ozudogru, E.A. Ozden-Tokatli, Y.  Gumusel, F. Benelli, C. & Lambardi, M. (2009). 

Development of a cryopreservation procedure for peanut (Arachis hypogaea L.) 

embryonic axes and its application to local Turkish germplasm. Advances in 

Horticultural Science, 23(1): 41-48. 

 

Palanive, S. Parvathi, S. Muniappan,V.  Deepa, C. & Abuthahir, A. (2014). Arachis 

hypogaea L. Direct Organogenesis and SDS - PAGE Analysis in Groundnut. 

British Biotechnology Journal 4(6): 720-732. 

 

Panta, A. Panis, B.  Ynouye, C. Swennen, R. Roca, W. Tay, D. & Ellis, D. (2015). 

Improved cryopreservation method for the long-term conservation of the world 

potato germplasm collection. Plant Cell Tissue & Organ Culture, 120:117–125. 

http://dx.doi.org/10.1139/b81-115
http://dx.doi.org/10.1016/0168-9452%2893%2990189-7
file:///F:\%20�%20220).%20New%20York:%20Springer%20Science
http://dx.doi.org/10.1007/978-0-387-72276-4_10
http://dx.doi.org/10.9734/BBJ/2015/17418
http://www.cabdirect.org/search.html?q=au%3A%22Ozudogru%2C+E.+A.%22
http://www.cabdirect.org/search.html?q=au%3A%22Ozden-Tokatli%CC%87%2C+Y.%22
http://www.cabdirect.org/search.html?q=au%3A%22Gumusel%2C+F.%22
http://www.cabdirect.org/search.html?q=au%3A%22Benelli%CC%87%2C+C.%22
http://www.cabdirect.org/search.html?q=au%3A%22Lambardi%CC%87%2C+M.%22
http://www.cabdirect.org/search.html?q=do%3A%22Advances+in+Horticultural+Science%22
http://www.cabdirect.org/search.html?q=do%3A%22Advances+in+Horticultural+Science%22
http://www.cabdirect.org/search.html?q=do%3A%22Advances+in+Horticultural+Science%22


104 

 

http://dx.doi.org/10.1007/s11240-014-0585-2 

 

Paul, H. Daigny, G. & San Gwan-Norreel (2000). Cryopreservation of apple (Malus 

domestica Borkh.) shoot tips following encapsulation-dehydration or 

encapsulation-vitrification. Plant Cell Report, 19:768-774. 

http://dx.doi.org/10.1007/s002990000195 

 

Percy, R.E.L. Livingston, N.J. Jonathan, A. Moran, J.A. & Von Aderkas, P. (2001). 

Desiccation, cryopreservation and water relations parameters of white spruce 

(Picea glauca) and interior spruce (Picea glauca × engelmannii complex) 

somatic embryos. TreePhysiology, 21:1303–1310. 

http://dx.doi.org/10.1093/treephys/21.18.1303 

 

Peret, B. De Rybel, B. Casimiro, I. Benkova, E. Swarup, R. Laplaze, L. Beeckman, T. 

& Bennett, M. J. (2009). Arabidopsis lateral root development: an emerging 

story. Trends in Plant Science, 14, 399-408.  

http://dx.doi.org/10.1016/j.tplants.2009.05.002 

 

Poobathy, R. Izwa, N. Julkifle, A. L. & Subramaniam S. (2013). Cryopreservation of 

Dendrobium sonia-28 using an alternative method of PVS2 droplet freezing. 

Emirates Journal of Food and Agriculture, 25 (7): 531-538. 

 

Prada, J.A. Aguilar, M.E. Abdelnour-Esquivel, A. & Engelmann, F. (2015). 

Cryopreservation of Seeds and Embryos of Jatropha curcas L. American 

Journal of Plant Sciences6: 172-180. http://dx.doi.org/10.4236/ajps.2015.61020 

 

Prasad, P.V. Vijaya Gopal Kakani & Upadhyaya, H.D. (2010). Growth and production 

of groundnuts. In Soils, Plant Growth and Crop Production. Vol. II 

Encyclopedia of  Life Support Systems (EOLSS). http://oar.icrsat.org/5776 

 

Radhakrishnan, T. Murthy, T. G. K. &  Sen, P. (1994). Embryo rescue, 

micropropagation and haploid production. Ann. Rep. NRCG Junagarh, India, 

p.18. 

 

Rajasegar, A. Mansor, A. Poobathy, R.  Sivalingam, E. Sinniah, U. R. & Subramaniam, 

S. (2015). An improved PVS2 cryopreservation technique for Ascocenda 

Wangsa gold orchid using protocorm-like bodies. Turkish Journal of Biology, 

39: 202-209 http://dx.doi.org/10.3906/biy-1405-7. 

 

Rao, N.K. (2004) Plant genetic resources: Advancing conservation and use through 

biotechnology. African Journal of Biotechnology, 3: 136–145. 

 

Razdan, M.K. (2002). Introduction to Plant Tissue Culture. New Delhi: Oxford and 

IBH Publishing Co. Pvt. Ltd. pp.71-84. 

 

Riov, J. & Yang, S. (1989). Ethylene and auxin ethylene interaction in adventitious root 

formation in mung bean (Vigna radiata) cuttings. Journal of Plant Growth 

Regulation,8(2):131-141. http://dx.doi.org/10.1007/BF02025280 

 

http://dx.doi.org/10.1007/s11240-014-0585-2
http://dx.doi.org/10.1007/s002990000195
http://dx.doi.org/10.1093/treephys/21.18.1303
http://dx.doi.org/10.1016/j.tplants.2009.05.002
http://dx.doi.org/10.4236/ajps.2015.61020
http://oar.icrsat.org/5776
http://dx.doi.org/10.3906/biy-1405-7
http://dx.doi.org/10.1007/BF02025280


105 

 

Roberts, E.H. (1973). Predicting the storage life of seeds. Seed Science and 

Technology, 1: 499 –514. 

 

Roy, J. & Banerjee, N. (2003). Induction of callus and plant regeneration from shoot tip 

explants of Dendrobium  fimbriatum Lindl. Var. oculatum HK. F. Scientia 

horticulturae, 97: 333-340. 

 

Sakai, A. (2000). Development of cryopreservation techniques. In F. Engelmann & H. 

Takagi (Eds.), Cryopreservation of Tropical Plant Germplasm. Current 

research progress and application (pp:1–7). Japan International Research 

Center for Agricultural Sciences, Tsukuba, Japan/International Plant Genetic 

Resources Institute, Rome, Italy. 

 

Sakai, A. & Engelmann, F. (2007). Vitrification, encapsulation vitrification and droplet 

vitrification: a review. CryoLetters, 28: 151-172. 

 

Sakai, A. Hirai, D. & Niino, T. (2008). Development of PVS-based vitrification and 

encapsulation-vitrification protocols. In: B.M. Reed (Ed). Plant 

Cryopreservation: a  Practical Guide (pp.33–58). New York: Springer Science 

and Business Media. http://dx.doi.org/10.1007/978-0-387-72276-4_3 

 

Sakai, A, Kobayashi, S. & Oiyama, I. (1990). Cryopreservation of nucellar cells of 

navel orange (Citrus sinensis Osb. Var. brasiliensis Tanaka) by vitrification. 

Plant Cell Reports, 9: 30 – 33. http://dx.doi.org/10.1007/BF00232130 

 

Sakai, S, Kobayashi, S. & Oiyama, I. (1991). Survival by vitrification of nucellar cells 

of navel orange (Citrus sinensis Osb. Var. brasiliensis Tanaka) cooled to –

196°C.Journal of Plant Physiology, 137:465–470. 

http://dx.doi.org/10.1016/S0176-1617(11)80318-4 

 

Sarkar, D. & Naik, P.S. (1998). Factors affecting minimal growth conservation of 

potato microplants in vitro. Euphytica, 102(2): 275-280. 

http://dx.doi.org/10.1023/A:1018309300121 

 

Sarkar, D. Swarup, K. Chakrabarti & Prakash S. Naik (2001). Slow-growth 

conservation of potato microplants: efficacy of ancymidol for long-term storage 

in vitro. Euphytica, 117:133-142. http://dx.doi.org/10.1023/A:1004087422743 

 

Sarwar, M. & Siddiqui, S.U. (2004). In vitro conservation of sugarcane (Saccharum 

officinarum L.) germplasm. Pakistan Journal of Botany 36(3): 549-556. 

  

SAS Institute Inc. (1990). SAS/STAT User's guide, version 64 ׳th edn. SAS Inc. Cary, 

NC, USA. 

 

Scherwinski-Pereira J.E., F.H.S. Costa, J. Camillo, D.B. Silva, R.B.N. Alves, & R.F. 

Vieira, (2010). Tissue culture storage of Brazilian medicinal plants germplasm. 

Acta Hort. 860:211-214. 

 

http://dx.doi.org/10.1007/978-0-387-72276-4_3
http://dx.doi.org/10.1007/BF00232130
http://dx.doi.org/10.1016/S0176-1617(11)80318-4
http://dx.doi.org/10.1023/A:1018309300121
http://dx.doi.org/10.1023/A:1004087422743


106 

 

Shawky, B. & Aly, U.I. (2007). In vitro conservation of globe artichoke (Cyanara 

scolymus L.) germplasm. International Journal of Agriculture and Biology, 

9(3): 404-407. 

 

Shen, X. (2007). Indirect shoot organogenesis and selection of somaclonal variation in 

Dieffenbachia. (Doctorial dissertation the University of Florida). Retrieved 

from http://ufdcimages.uflib.ufl.edu/UF/ 

 

Shibli, R.A. & Al-Juboory, K. (2000). Cryopreservation of ‘Nabali’ olive (Olea 

europea L.) somatic embryos by encapsulation-dehydration and encapsulation-

vitrification. CryoLetters, 21:357-366. 

 

Shibli, R.A. Shatnawi, M.A. Subaih, W. & Ajlouni, M.M. (2006). In vitro conservation 

and cryoconservation of plant genetic resources: a review. World Journal of 

Agricultural Sciences, 2(4):372-382. 

 

Slater, A. Scott,  N.W. & Fowler, M.R. (2008). Plant Biotechnology: The Genetic 

Manipulation  of Plants. 2nd Ed. Oxford University Press. pg 37-52. 

 

Soliman, H.I.A. (2013). Cryopreservation of In vitro-grown shoot tips of apricot 

(Prunus armeniaca L.) using encapsulation-dehydration. African Journal of 

Biotechnology, 12(12) 1419-1430. 

 

Subramaniam, S. Sinniah, U.R.A. Khoddamzadeh, A. Periasamy, S.  & Antony J.J.J. 

(2011). Fundamental concept of cryopreservation using Dendrobium sonia-17 

protocorm-like bodies by encapsulationdehydration technique. African Journal 

of Biotechnology, 10(19):3902-3907. 

 

Swathi, T.A. Jami, S.K. Dalta, R.S. & Kirti, P.B. (2006). Genetic transformation of 

peanut (Arachis hypogaea L.) using cotyledonary node as explant and a 

promoterless gus::nptII fusion gene based vector. Journal of Bioscience, 31(2): 

235-246. http://dx.doi.org/10.1007/BF02703916 

 

Tahtamouni, R.W. Shibli, R.A. & Ajlouni, M.M. (2001). Growth responses and 

physiological disorders in wild pear (Pyrus syriaca Boiss.) during slow-growth 

in vitro preservation on osmostressing media. Plant Tissue Culture, 11: 15–23. 

 

Taiz, L. & Zeiger, E. (2003). Auxins. In: Plant Physiology. New York: Macmillan 

Publishing Co.,  pp. 544. 

 

Takagi, H. (2000). Recent developments in cryopreservation of shoot apices of tropical 

species. In Cryopreservation of Tropical Plant Germplasm. Current Research 

Progress and Application. JIRCAS International Agriculture series No. 8. 

IPGRI  Rome, Italy. pp.178-192. 

 

Tannoury, M. Ralambosoa, J. Kaminski, M. & Dereuddre, J. (1991). Comptes Rendus 

de l'Académie des Sciences Paris, 313, Série III. : 633-638. 

 

http://ufdcimages.uflib.ufl.edu/UF/
http://dx.doi.org/10.1007/BF02703916


107 

 

Towill L.E. & Jarret R.L. (1992). Cryopreservation of sweet potato (Ipomoea batatas 

Lam.) shoot tips by vitrification. Plant Cell Reports, 11: 175-178. 

 

Uragami, A.; Sakai, A.; Nagai, M. & Takahashi, T. (1989). Survival of cultured-cells 

and somatic embryos of Asparagus officinalis cryopreserved by vitrification. 

Plant Cell Reports, 8(7): 418-421. 

 

Usman, I.S. & Abdulmalik, M.M. (2010). Cryopreservation of embryonic axes of 

maize (Zea mays L.) by vitrification protocol. African Journal of Biotechnology, 

9(52):8955-8957. 

 

Usman, I.S. Abdulmalik, M.M. Sani, L.A. & Muhammad, A.M. (2013). Development 

of an efficient protocol for micropropagation of pineapple (Ananas comosus L. 

var. smooth cayenne) African Journal of Agricultural Research 8(18): 2053-

2056. 

Venkatachalam, P. Geetha, N. & Jayabalan, N. (1998). Influence of growth regulators 

on plant regeneration from epicotyl and hypocotyl cultures of two groundnut 

(Arachis hypogaea L.) cultivars. Journal of Plant Biology, 41(1): 1-8. 

 

Venkatachalam, P. & Kavipriya, V. (2012). Efficient Method for In Vitro Plant 

Regeneration from Cotyledonary Node Explants of Peanut (Arachis hypogaea 

L.) International Conference on Nuclear Energy, Environmental and Biological 

Sciences, Bangkok (Thailand). 

 

Verma, A. Malik, C.P. Gupta, V.K. & Sinsinwar, Y.K. (2009). Response of groundnut 

varieties to plant growth regulator (BAP) to induce direct organogenesis. World 

Journal of Agricultural Science, 5(3):313 317. 

 

Volk, G.M. & Walters, C. (2006). Plant vitrification solution 2 lowers water content 

and alters freezing behavior in shoot tips during cryoprotection. Cryobiology, 

52(1):48- 61. 

 

Waliyar F, Kumar PL, Ntare BR, Monyo E, Nigam SN, Reddy AS.,…Diallo AT 

(2007). Groundnut Rosette Disease and its Management. ICRISAT Information 

Bulletin No.75 pp. 2. 

 

Wang Q, Mawassi M, Sahar N, Li P, Violeta CT, Gafny R, Sela I, Tanne E, & Perl, A 

(2004). Cryopreservation of grapevine (Vitis spp.) embryogenic cell 

suspensions by encapsulation vitrification. Plant Cell, Tissue and Organ 

Culture, 77: 267-275. http://dx.doi.org/10.1023/B:TICU.0000018393.58928.b1 

 

Wen, B. & Song, S. (2007). Acquisition and loss of cryotolerance in Livistona 

chinensis embryos during seed development. CryoLetters, 28(4):291-302. 

 

Wilkins, C.P. Dodds, J.H. & Newbury, H.J. (1988). Tissue culture conservation of fruit 

trees. FAO/International Board of Plant Genetic Resources Newsletter 73/74: 9-

20. 

 

http://dx.doi.org/10.1023/B:TICU.0000018393.58928.b1


108 

 

Withers, L.A. & Engelmann, F. (1997). In vitro conservation of plant genetic resources. 

In A. Altman (ed.).  Biotechnology in Agriculture (pp. 57-88). Marcel Dekker, 

NY. http://dx.doi.org/10.1201/9781420049275.ch4 

 

Xue-Xuan, X. Hong-Bo, S. Yuan-Yuan, M. Gang, X. Jun-Na, S. Dong-Gang, G. & 

Cheng-Jiang, R. (2010). Biotechnological implications from abscisic acid 

(ABA) roles in cold stress and leaf senescence as an important signal for 

improving plant  sustainable survival under abiotic-stressed conditions. 

Critical Reviews in Biotechnology, 30(3): 222–230. 

http://dx.doi.org/10.3109/07388551.2010.487186 

Yadav, N.  Pingolia, P. Yadav, A. Vaishnav, N. & Mehta J. (2013). Effect of 

phytoregulators on in vitro micropropagation of Arachis hypogea (L.) 

International Journal of Recent Biotechnology 1 (1): 32-38. 

 

Yamuna, G. Sumathi, V. Geetha, S.P. Praveen, K. Swapna, N.  & Nirmal, B.K. (2007). 

Cryopreservation of in vitro grown shoots of ginger (Zingiber officinale Rosc.). 

CryoLetters 28:241-25. 

 

Yildiz, M. (2012).The Prerequisite of the Success in Plant Tissue Culture: High 

Frequency Shoot Regeneration. Intech, 63-90. 

 

Yildiz, M. Ozcan, S. & Er, C. (2002). The effect of different explant sources on 

adventitious shoot regeneration in flax (Linum usitatissimum L.). Turkish 

Journal of Biology, 26: 37-40. 

 

Zarghami, R. Pirseyedi, S.M. Hasrak, Sh. & Pakdaman, B.S. (2008). Evaluation of 

genetic stability in cryopreserved Solanum tuberosum. African Journal of 

Biotechnology 7: 2798-2802. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://dx.doi.org/10.1201/9781420049275.ch4
http://dx.doi.org/10.3109/07388551.2010.487186


109 

 

APPENDICES 

Appendix 1:  Analysis of variance for effect of BAP concentration and variety on shoot 

height and multiplication potential in embryonic axes groundnut. 

Source of 

variation 

Degree of 

freedom 

Mean Square 

 

 

Shoot 

height (cm) 

Mean number of 

shoots/explant 

 

Mean number of 

axillary branches 

BAP 

treatment 

5 58.45** 60.99** 10.57** 

Variety (V) 3 2.18** 5.97* 0.74* 

BAP x V 15 0.27 2.06 0.13 

Error 24 0.29 1.85 0.19 

**P≤0.01 

 

 

Appendix 2:  Analysis of variance for effect of NAA concentrations and variety on root 

induction in microshoots of groundnut. 

Source of 

variation 

Degree of 

freedom 

Mean Square 

 

 

Root induction 

frequency (%) 

Mean number of 

roots/plantlet 

 

Root length 

(cm) 

NAA 

treatment 

2 16727.87** 235.19** 144.28** 

Variety (V) 3 410.30** 13.11* 32.62** 

NAA x V 6 141.84* 10.42* 14.85** 

Error 24 44.00 3.33 0.14 

**P≤0.01 
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Appendix 3:  Analysis of variance for moisture content, survival and shoot formation of 

cryopreserved embryonic axes of groundnut using desiccation technique. 

Source of 

variation 

Degree of 

freedom 

Mean Square 

 

 

Moisture 

content (%) 

Survival 

(%) 

 

Shoot formation 

(%) 

Desiccation rate 

(D) 

5 212.11** 26319.40** 23307.31** 

Variety (V) 3 33.20** 846.65** 803.35** 

D x V 15 10.01** 240.24** 144.24** 

Error 48 3.25 32.81 10.21 

**P≤0.01 

 

 

 

Appendix 4:  Analysis of variance for survival and shoot formation of cryopreserved 

embryonic axes of groundnut using vitrification technique. 

Source of variation Degree of freedom Mean Square 

 

Survival (%) Shoot formation (%) 

 

Dehydration in PVS2 5 3839.17** 3648.06** 

Variety (V) 3 15586.57** 14871.76** 

PVS2 x V 15 615.46** 653.98** 

Error 48 66.67** 48.96** 

**P≤0.01 
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Appendix 5: Analysis of variance for survival and shoot formation of cryopreserved 

embryonic axes of groundnut using encapsulation-dehydration technique. 

Source of variation Degree of freedom Mean Square 

 

Survival (%) Shoot formation (%) 

 

Dehydration time (D) 4 13156.67** 11926.67** 

Variety (V) 3 2708.89** 2851.11** 

D x G 12 458.89** 451.11** 

Error 40 60.00 40.00 

**P≤0.01 

 

 

 

 

Appendix 6.  Analysis of variance for moisture content of cryopreserved embryonic 

axes of groundnut using encapsulation-dehydration technique. 

Source of variation Degree of freedom Mean 

   

Dehydration time (D) 4 2765.65** 

Variety (V) 3 74.24** 

D x V 12 22.58 

Error 40 5.98 

**P≤0.01 
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Appendix 7:  Analysis of variance for survival of cryopreserved embryonic axes of 

groundnut using the encapsulation-vitrification technique. 

Source of variation Degree of freedom Mean Square 

Survival 

(%) 

 

Dehydration in PVS2 4 11756.67**  

Variety (V) 3 2317.78**  

PVS2 x V 12 334.44*  

Error 40 120.00  

**P≤0.01 

 

 

 

 

Appendix 8.  Analysis of variance for survival under slow growth 

Source of variation Degree of freedom Mean Square 

Survival (%) 
Treatment (T) 3 420.83** 

Variety (V) 3 254.17** 

Storage period (P) 3 42012.50** 

T x V 9 73.61 

T x P 9 287.50** 

V x P 9 120.83* 

T x V x P 27 58.80 

Error 64 31.25 

**P≤0.01 
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