
“Developing Commercial Technology for  Micropropagation of Some Arid Region Fruit Trees” Ph.D Thesis, 
2016. 

 

Department of Botany, MSU Page 1 
 

Contents 

Chapter: 1 .................................................................................................................................... 10 

1.1 : Introduction ................................................................................................................ 10 

1.1A : Biotechnological aspects ............................................................................................ 10 

1.1B : History of Plant Tissue Culture .................................................................................. 11 

1.1C: Problems in Tree Propagation...................................................................................... 13 

1.1D : Plant Tissue Culture Techniques ................................................................................ 13 

1.1E : Commercialisation of Plant Tissue Culture ................................................................ 16 

1.1F : Need for tissue culture for fruit trees .......................................................................... 17 

1.1G : Tissue culture of Fruit Trees ....................................................................................... 18 

1.1H : AM Fungi ................................................................................................................... 18 

1.1I:Role ofEndomycorrhiza in tissue culture raised plants ................................................ 19 

1.2: Lemon................................................................................................................................ 19 

1.2A : Taxonomy: .................................................................................................................. 19 

1.2C : Description: ................................................................................................................. 20 

1.2D : Acid lime varieties (Sour lime, Mexican lime, key lime, west Indian lime) .............. 20 

1.2E : Cultivation:.................................................................................................................. 21 

1.2F : Uses ............................................................................................................................. 22 

1.2G : Need of tissue culture in Lemon ................................................................................. 23 

1.3 : FIG ................................................................................................................................... 24 

1.3A : Distribution : ............................................................................................................... 26 

1.3B : Morphology: ............................................................................................................... 27 

1.3C : Cultivation: ................................................................................................................. 27 

1.3D : Need of tissue culture in Fig ....................................................................................... 28 

Chapter: 2 .................................................................................................................................... 29 

2.0 : Materials and Methods ................................................................................................... 29 

2.1A : Glassware.................................................................................................................... 29 



“Developing Commercial Technology for  Micropropagation of Some Arid Region Fruit Trees” Ph.D Thesis, 
2016. 

 

Department of Botany, MSU Page 2 
 

2.1B : Chemicals.................................................................................................................... 29 

2.1C : Water ........................................................................................................................... 29 

2.1D : Carbon source ............................................................................................................. 30 

2.1E:Gelling agent ................................................................................................................. 30 

2.1F:Equipments used ........................................................................................................... 30 

2.1G:Plant tissue culture media ............................................................................................. 30 

2.1H : Plant Growth Regulators ............................................................................................ 31 

2.1I  : Medium composition and preparation ........................................................................ 32 

2.1J : Preparation of culture medium ..................................................................................... 34 

2.2: Plant Materials ................................................................................................................ 35 

2.2A : Explant Preparation .................................................................................................... 35 

2.2A1: Fig explant preparation .............................................................................................. 35 

2.2A2: Lemon explants preparation ...................................................................................... 36 

2.2B : Culture condition: ....................................................................................................... 36 

2.3 : Establishment of cultures ............................................................................................... 37 

2.3A : In vitro rooting ............................................................................................................ 37 

2.3B : Hardening.................................................................................................................... 38 

2.3C : AMFungi Isolation ....................................................................................................... 38 

2.3D : AM .............................................................................................................................. 41 

Chapter: 3 .................................................................................................................................... 45 

3.0 : Micropropagation of Lemon .......................................................................................... 45 

3.1A :  Micropropagation ...................................................................................................... 45 

3.2 : Results and Discusssion ............................................................................................. 47 

3.2A : Surface Sterilization: .................................................................................................. 47 

3.2B : Explant Type ............................................................................................................... 48 

3.2C : Effect of BAP and NAA on shoot formation .............................................................. 50 

3.2D: Effect of BAP and GA on shoot formation ................................................................. 52 



“Developing Commercial Technology for  Micropropagation of Some Arid Region Fruit Trees” Ph.D Thesis, 
2016. 

 

Department of Botany, MSU Page 3 
 

3.2E : Effect of BAP , NAA and GA on shoot formation ..................................................... 53 

3.2F : In vitro rooting ............................................................................................................ 53 

3.2G : Hardening ................................................................................................................... 55 

3.2H : Effect of AM fungi on seedling height and number of leaf in lemon ........................ 56 

3.2I : Effect of AM fungi on biomass of lemon plant ........................................................... 57 

Chapter: 4 .................................................................................................................................... 62 

4.0 : Micropropagation of Fig ................................................................................................ 62 

4.1A : Taxonomy ................................................................................................................... 62 

4.1B : Description .................................................................................................................. 62 

4.1C : Cultivation .................................................................................................................. 63 

4.1D : Pests and diseases ....................................................................................................... 63 

4.1E : Distribution ................................................................................................................. 63 

4.1F : Micropropagation ........................................................................................................ 64 

4.2 : Results and Discussion .................................................................................................... 67 

4.2A : Surface Sterilization ................................................................................................... 67 

4.2B : Effect of individual cytokinin ..................................................................................... 67 

4.2C : Effect of BAP and NAA on shoot formation .............................................................. 68 

4.2D : Effect of TDZ and IBAin shoot formation ................................................................. 71 

4.2E : Effect of BAP and GA on shoot multiplication .......................................................... 71 

4.2F: Effect of BAP, NAA and GA on shoot formation ....................................................... 72 

4.2G : Rooting of shoots ........................................................................................................ 73 

4.3 : Transfer of Plantlets to the Green house ....................................................................... 76 

4.4:  Hardening ...................................................................................................................... 77 

Chapter: 5 .................................................................................................................................... 83 

5.0 : Occurance of AM Fungi in Rhizosphere of Lemon and Fig ....................................... 83 

5.1A : Characteristics of Arbuscular Mycorrhizae ................................................................ 87 

5.1B : Vesicles and arbuscules .............................................................................................. 87 



“Developing Commercial Technology for  Micropropagation of Some Arid Region Fruit Trees” Ph.D Thesis, 
2016. 

 

Department of Botany, MSU Page 4 
 

5.1C : Beneficial attributes of AMF to plants ....................................................................... 88 

5.1D : AM fungal inoculum .................................................................................................. 89 

5.1E : Monoxenic cultures ..................................................................................................... 90 

5.2 : Results and Discussion .................................................................................................... 93 

5.2A : Effect of AM fungi on seedling height and number of leaves in Maize .................... 93 

5.2B :  Effect of AM fungi on maize plant biomass .............................................................. 93 

5.2C : Physical parameter of soil samples ............................................................................. 94 

Chapter : 6 ................................................................................................................................. 110 

6.0 : Improved Culture Practices ......................................................................................... 110 

6.1 : Rice flour........................................................................................................................ 112 

6.1A : Cultivation: ............................................................................................................... 112 

6.1B : Chemical composition: ............................................................................................. 112 

6.1C : Physical Characteristics ............................................................................................ 112 

6.2 : Isubgol ............................................................................................................................ 112 

6.2A : Cultivation: ............................................................................................................... 113 

6.2B : Market: ...................................................................................................................... 113 

6.2C : Chemical composition: ............................................................................................. 113 

6.3  : Sabudana ...................................................................................................................... 113 

6.3A : Chemical composition: ............................................................................................. 114 

6.4 : Natural Gum.................................................................................................................. 114 

6.5 : Suji .................................................................................................................................. 114 

6.6 : Guar gum ....................................................................................................................... 115 

6.6A : Chemical composition: ............................................................................................. 115 

6.6B : Physical characteristics: ............................................................................................ 115 

6.7 : Materials and Methods ................................................................................................. 117 

6.8  : Results and Discussion: ............................................................................................... 118 

Conclusion: .......................................................................................................................... 122 



“Developing Commercial Technology for  Micropropagation of Some Arid Region Fruit Trees” Ph.D Thesis, 
2016. 

 

Department of Botany, MSU Page 5 
 

Summary .................................................................................................................................... 130 

References .................................................................................................................................. 134 

Publications: .............................................................................................................................. 149 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


	Chapter: 1
	1.1 :Introduction
	1.1A :Biotechnological aspects
	1.1B: History of Plant Tissue Culture
	Figure 1a: Proven Carbon Sequestration.

	1.1C: Problems in Tree Propagation
	1.1D: Plant Tissue Culture Techniques
	Figure1b : Showing the possible uses of plant tissue culture technology to the developing world.

	1.1E: Commercialisation of Plant Tissue Culture
	1.1F: Need for tissue culture for fruit trees
	1.1G: Tissue culture of Fruit Trees
	1.1H: AM Fungi
	1.1I: Role of Endomycorrhiza in tissue culture raised plants

	1.2: Lemon
	1.2D: Acid lime varieties (Sour lime, Mexican lime, key lime, west Indian lime)
	1.2F: Uses
	1.2G: Need of tissue culture in Lemon

	1.3: FIG
	Table 1.1: Characteristics of different varieties of Fig
	1.3D: Need of tissue culture in Fig


	Chapter: 2
	2.0: Materials and Methods
	2.1A: Glassware
	2.1B: Chemicals
	2.1C: Water
	2.1D: Carbon source
	2.1E: Gelling agent
	2.1F: Equipments used
	2.1G: Plant tissue culture media
	2.1H: Plant Growth Regulators
	Table2.1: Some commonly used plant hormones and their molecular weights.

	2.1I: Medium composition and preparation
	Table2.2:Standard Basal Media Formulations of MS, Gamborg B5 and WPM medium

	2.1J: Preparation of culture medium
	2.2: Plant Materials
	2.2A:Explant Preparation
	2.2A1:Fig explant preparation
	2.2A2: Lemon explants preparation
	2.2B: Culture condition:

	2.3:Establishment of cultures
	2.3A: In vitro rooting
	2.3B: Hardening

	2.3C: AMFungi Isolation
	2.3D: AM


	Chapter: 3
	3.0: Micropropagation of Lemon
	3.1A: Micropropagation

	3.2 : Results and Discusssion
	3.2A: Surface Sterilization:
	3.2B: Explant Type
	Table 3.1: Morphogenesis response of different ex-plants, sprouting and percentage survival rate after (15 days) interval of Citrus aurantifolia. (Each experiment has 3 replicates)

	3.2C: Effect of BAP and NAA on shoot formation
	Table 3.2:  Effect of BAP and NAA on shoot formation from axillary buds after 8 weeks

	3.2D: Effect of BAP and GA on shoot formation
	Table 3.3:Effect of BAP and GA on shoot multiplication after 8 weeks in MS Medium

	3.2E: Effect of BAP , NAA and GA on shoot formation
	Table 3.4: Effect of BAP, NAA and GA on shoot multiplication after 8 weeks in MS Medium

	3.2F: In vitro rooting
	Table 3.5: Effect of different concentration of IBA on rooting with combination of BAP (0.1mg/l) of in-vitro regenerated Citrus aurantifolia roots in ½ MS medium.
	Fig 3.2: Effect of different concentration of IBA on rooting with combination of BAP (0.1mg/l) of in-vitro regenerated Citrus aurantifolia roots in ½ MS medium.


	3.2G:Hardening
	3.2H:Effect of AM fungi on seedling height and number of leaf in lemon
	3.2I:Effect of AM fungi on biomass of lemon plant
	Fig 3.4:Effect of AM fungi on biomassof  lemon plant
	Plate 3.1:  A.  Fruits of Lemon, B.  Cut fruits of Lemon (Kagji Lime), C. Sprouted culture of Lemon,  D, E and F.  Multiplied culture of Lemon.
	Plate 3.2:Aand  B. Elongated cultures of Lemon,  C and D. Rooted cultures of Lemon,



	Chapter: 4
	4.0: Micropropagation of Fig
	4.1A: Taxonomy
	4.1B: Description
	4.1C: Cultivation
	4.1D: Pests and diseases
	4.1E: Distribution
	4.1F: Micropropagation

	4.2: Results and Discussion
	4.2A: Surface Sterilization
	4.2B: Effect of individual cytokinin
	Table 4.1: Effect of individual cytokinin on shoot bud initiation from axillary bud explants after 4 weeks in MS Medium
	Table 4.2: Effect of individual cytokinin on shoot bud initiation from axillary bud explants after 4 weeks in WPM Medium

	4.2C: Effect of BAP and NAA on shoot formation
	Table 4.3: Morphogenesis response of sprouting and percentage survival rate of Ficus carica grown MS media supplemented with different concentration of BAP with 0.1mg/l NAA. (Values determined after four weeks from three individual experiments).
	Figure 4.1: Morphogenesis response of sprouting and percentage survival rate of Ficuscarica grown MS media supplemented with different concentration of BAP with 0.1mg/l NAA.


	4.2D: Effect of TDZ and IBAin shoot formation
	Table 4.4: Effect of TDZ and IBA on shoot formation from axillary bud explants after 4 weeks in MS Medium

	4.2E: Effect of BAP and GA on shoot multiplication
	Table 4.5:  Effect of BAP and GA on shoot multiplication from axillary bud explants after 8 weeks in MS Medium.
	Figure4.2 : Effect of BAP  and GA on shoot multiplication from axillary bud explants after 8 weeks in MS Medium.


	4.2F: Effect of BAP, NAA and GA on shoot formation
	Table 4.6: Effect of BAP, NAA and GA on shoot multiplication from axillary bud explants after 8 weeks in MS Medium

	4.2G: Rooting of shoots
	Table4.7: Effect of Basal Salt Concentrationson  in vitro plants.
	Table 4.8: Effect of Activated Charcoal in full strength MS medium
	Table 4.9: Effect of Auxins (IAA, IBA, NAA)  in full strength MS medium for root induction.
	Figure 4.3: Effect of Auxins (IAA, IBA, NAA)  in full strength MS medium for root induction


	4.3:Transfer of Plantlets to the Green house
	Table 4.10: Use of different substrates for Primary Hardening Experiments:

	4.4: Secondary Hardening
	Plate4.1 :  A. and C. Ripe fruits of fig obtained from an orchard in Pune ,  B.  Cut fruits of Fig (Poona red),  D. Fig  plantation at Saswad, Pune.
	Plate 4.2: A. Axillary buds of Fig plant, B. Apical buds of Fig plant, C. Leaf disc of Fig plant, D. axillary and apical buds of fig plant.
	Plate4.3 : A,B,C and showing sprouted explants of Fig.
	Plate 4.4: A,B,C and D showing multiplication stage of Fig.
	Plate4.5:  A.  Rooted cultures of Fig,  B. Fig plantlets in poly tray placed for primary hardening, C. Secondary hardened plants of Fig in black polybeg,  D. Number of secondary hardened plants of Fig.



	Chapter: 5
	5.0: Occurance of AM Fungi in Rhizosphere of Lemon and Fig
	5.1A: Characteristics of Arbuscular Mycorrhizae
	5.1B: Vesicles and arbuscules
	5.1C: Beneficial attributes of AMF to plants
	5.1D: AM fungal inoculum
	5.1E: Monoxenic cultures

	5.2: Results and Discussion
	5.2A: Effect of AM fungi on seedling height and number of leaves in Maize Plant
	Figure 5.1:  Effect of AM fungi on seedling height and number of leaves in maize plants

	5.2B: Effect of AM fungi on maize plant biomass
	5.2C: Physical parameters of soil samples
	Table 5.1 : General information and physical parameter of soil samples which were collected from Lemon and Fig tree roots.
	Table 5.3 Field data of Lemon plantation
	Table 5.4  :Field data of Fig plantation
	Plate 5.1 (A – D) :  Different codes (I-IV) indicate mature lemon trees present in  Khedoi village of Kutch region.
	Plate 5.3 (A – F):  Different codes (I-VI) indicates mature fig trees present in Ratnal village of Kutch region.
	Plate 5.4 (A – D):  Different codes (VII-X) indicates mature fig trees present in Ratnal village of Kutch region.

	Table 5.5:Isolation of AM spores in 100 gm soil sample (number of spores) of Lemon orchards.
	Table 5.6:Number of spores per 100 gm soil from Fig orchards
	Plate 5.5:(A-D) Photographs of AM spores of Gigasporaspecies
	Plate 5.6:  (A-D)  Photographs of spores of Gigaspora species
	Plate 5.7:(A-D) Photographs of spores of Gigaspora species.
	Plate5.8:(A-G) Photographs of spores of Glomus  species.




	Chapter: 6
	6.0: Improved Culture Practices
	6.1: Rice flour
	6.1C: Physical Characteristics

	6.2: Isubgol
	6.3  : Sabudana
	6.4 : Natural Gum
	6.5 :  Suji
	6.6 : Guar gum
	6.7 : Materials and Methods
	6.8  : Results and Discussion:
	Table 6.1: Optimized media gelling obtained on combination of Agar 3gm+ Rice flour 50gm (Plate 6.7, A-D)
	Table 6.2:  Optimized media gelling obtained on combination of Agar 4gm+ Isubgol 25gm (Plate 6.6, A-D).
	Table 6.3: Optimized media gelling obtained on combination of Agar 4gm+ Natural gum 10gm (Plate 6.4, A-D)
	Table 6.4: Optimized media gelling obtained on combination of Agar 4gm+ Sabudana 10gm (Plate 6.5, A-D)
	Table 6.5: Optimized media gelling obtained on combination of Agar 4gm+ Suji 10gm.
	Table 6.7: Optimized media gelling obtained on combination of Agar 4gm+ Singoda flour 30gm (Plate 6.2, A-D)
	Table 6.8: Summary of above experiments (best gelling combination) and its costing.
	Table 6.9: Observations
	Conclusion:
	Plate 6.1: A, B, C, D showing gelling stage in combination of Agar-Agar+Guar Gum (Cyamopsis tetragonoloba)
	Plate 6.2: A, B, C, D showing gelling stage in combination of Agar-Agar+ Singoda flour
	(Trapa bispinosa)
	Plate6.3: A, B, C, D showing gelling stage in combination of Agar-Agar + Suji
	Plate6.4:  A, B, C, D showing gelling stage in combination of Agar-Agar+ Natural Gum
	Plate6.5: A, B, C, D showing gelling stage in combination of Agar-Agar+ Sabudana
	Plate 6.6: A, B and C showing gelling stage in combination of Agar-Agar+ Isubgol
	Plate: 6.7:A, B, C, D showing gelling stage in combination of Agar-Agar+ Rice flour



	Summary
	References
	Publications:



