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Abstract
Effect of Solid and Liquid Media on in vitro Propagation of Plectranthus edulis (Vatke) (Agnew) 
Teslim Yimam
Addis Ababa University, 2013.
Plectranthus edulis (Vatke), Agnew is one of the four economically important tuber bearing species of Plectranthus. It originated in Ethiopia and has been grown in mid and high altitude areas. The plant is propagated vegetatively by tuber. During cultivation of P. edulis farmers face shortage of disease free planting materials. In vitro propagation of P. edulis can be used for production of disease free planting material. The objective of the present study was to investigate the effect of solid and liquid media on in vitro axillary shoot proliferation of P. edulis. Shoots were multiplied using MS solid and liquid media containing different concentrations of BAP or TDZ either alone or in combinations. Rooting experiment was done using half strength MS medium containing different concentrations of IAA and IBA. Among the different treatment combinations used for multiplication,5.85±2.17and 6.07±2.30 mean numbers of axillary shoots were obtained on 1.5 mg/l BAP + 0.5 mg/l TDZ, on solid and liquid media respectively. In vitro developed shoots were rooted best with mean root number of 10.55±5.47 on solid medium and 13.11±7.15 on liquid medium in 0.1 mg/l IAA. The survival rate of the acclimatized plantlets in the glasshouse was 100% and 82.85% from solid and liquid media, respectively. Moreover the overall effect of solid and liquid media was observed to be best of shoot multiplication and rooting, respectively.
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1. [bookmark: _Toc362344737]Introduction


Plectranthus edulis (Vatk), Agnew (family Lamiaceae), syn Coleus edulis is one of the four economically important tuber bearing species of Plectranthus together with Plectranthus esculentus (Livingstone potato), Plectranthus rotundifolius (Madagascar potato) and Plectranthus parviflorus (Sudan potato) (Mulugeta Taye et al., 2012). P. edulis is cultivated mainly for its tubers, the crop is grown in mid and high altitude area (>1500m a.s.l) in northern, western, southern and southwestern Ethiopia.  P. edulis is believed to be originated in Ethiopia (Weyessa Garedew et al., 2009) and cultivated in many countries in Africa, Asia and Australia (Yeshitila Mekbib, 2007).

Depending where it is cultivated, P. edulis has different local names, for example, Dinicha Oromo, Wolaita dono, Gamo Dinich, Gurage Dinich, Agaw Dinich, Ethiopian potato etc (Weyessa Garedew et al., 2009). Farmers grow P. edulis for its tuber because the plant is rich in carbohydrate and consumed after cooking (Mulugeta Taye et al., 2012).

P. edulis is propagated vegetative by its tuber and also using stem cutting. Farmers start preparing their land around the month of January and plow the land more than three times before planting (Yeshitila Mekbib and Weibull, 2012). After preparing the land, planting of the seed tuber takes place from March to April for the reason that to get available moisture during this brief rainy season (Mulugeta Taye, 2008). Harvesting is done after 6 to 8 months of planting depending on the varieties. 

However, farmers carry out different activities before harvesting the tuber including weeding (at least three times), tipping (once or twice) and also once to three times earthing up (Yeshitila Mekbib, 2007; Mulugeta Taye et al., 2012).

P. edulis has different uses such as the boiled tuber for consumption and the leaf also cooked and eaten as a vegetable in some western and southwestern part of Ethiopia, particularly, in Kefa area (Zemede Asfaw and Zerihun Woldu, 1997). The people also use the leaf as a traditional medicine to treat different diseases (Mulugeta Taye, 2008).

Farmers and the Ministry of Agriculture reported that the total tuber production has declined considerably over the last decade for the reason that the introduction of new species of rooted (cassava and sweet potato) crop, recurrent droughts, land scarcity, long maturation period and short shelf life are of the major factors (Yeshitila Mekbib, 2007). According to the report of Mulugeta Taye (2008), farmers, governmental and nongovernmental organizations have shown a renewed interest in P. edulis due to its major source of energy and not seriously attacked by diseases and insect pests as compared to other tuber crops such as sweet potato and Irish potato.

Plant tissue culture as one of the major components of biotechnology plays a large role in improving different varieties of crops as well as complementing the traditional breeding methods (Gupta et al., 2006). It also enables to obtain better quality planting material. 


[bookmark: _Toc352160301]So far only very few studies have been carried out on P. edulis and there is only one report by Mesfin Tsegaw (2012) on its micropropagation. Therefore, the present study was aimed to investigate the effect of solid and liquid media on in vitro axillary shoot proliferation of P. edulis.



















2. [bookmark: _Toc362344738]Literature Review
[bookmark: _Toc352160302][bookmark: _Toc362344739]2.1. Description and taxonomy of Plectranthus edulis


Plectranthus edulis (Vatke) is a species of annual plants belonging to the family Lamiaceae (Labateae) and order Lamiales (Ryding, 2006). P. edulis is known by different names in different parts of Ethiopia such as Dinicha Oromo, Wolaita dono, Gamo Dinich, Gurage Dinich, Agaw Dinich, Ethiopian potato etc. (Mulugeta Taye, 2008). The family Lamiaceae contains several genera, such as sage (salvia), basil (ocimum) and mint (Mitha) with rich diversity of ethnobotanical uses (Lukhoba et al., 2006). Plectranthus is one of the larger genera containing about over 350 tuber bearing and non-tuber bearing species which are predominantly found in tropical Africa, Asia and Australia (Mulugeta Taye, 2008). 

From ethnobotanical information by geographical areas it was identified that 45 species are used in the African continent, 14 species in Asia, 10 species in America, 5 species in Australia and one species in Pacific area (Lukhoba et al., 2006). However, some species are difficult to identify because of lack of clear morphological structure to differentiate, not only among species within the genus but also among closely related genera. These numerous taxonomic problems in the naming of species with the result that species have often been placed in several closely related genera, for example Coleus, Solenostemon, and Englerastrum. Because of these taxonomical problems, different names have been used for the same species of Plectranthus and also difficult to collect information about ethnobotanical use of the genus (Lukhoba et al., 2006).


[bookmark: _Toc352160304][bookmark: _Toc362344740]2.2. Origin and distribution of P. edulis


Plectranthus edulis is believed to be originated in Ethiopia like Tef (Eragrostis tef), noug (Guizotia abyssinica), Ethiopian mustard (Brassica carinata), Enset (Ensete ventricosum), Anchote (Coccinia abyssinica) and Coffee (Coffea arabica) (Dandena Gelmesa, 2010).

P. edulis has been grown in different mid and high altitude area. Consumption of P. edulis was related with the coming of the nigrod peoples in 3000 BC (Yeshitila Mekbib and Weibull, 2012). According to report by Weyessa Garedew et al. (2009), the crop has been grown in the north, south and southwestern and western parts of Ethiopia.

Plectranthus occurs both as wild and cultivated species and thirty wild species are found in Ethiopia. The cultivated species is grown in the wetter south and south western of Ethiopia whereas, the wild are found throughout the country (PGRC, 1996). However, not all cultivars of P. edulis are being used by the farmers, for example in Wolaita Lofuwa, Unnuka, Chenkuwa, Chedia, Merchia and Keytaria are cultivated or used for food in Wolaita area (Yeshitila Mekbib and Weibull, 2012).

2.3. Morphological structure of P. edulis


Plectranthus edulis is a small hairy succulent herb about 1.50 m long (Yeshitila Mekbib and Weibull, 2012). The plant has several parts; the mother tuber pieces, sprouts main stems, branches, leaves, flower, fruit, seeds, roots, stolen and tuber. The leaves are lanceolate to elliptical lanceolate, acute upto12Х5 cm, dentate, rounded in to a sessile base (Ryding, 2006). P. edulis has also different leaf color ranging from dark green to purplish green (Yeshitila Mekbib and Weibull, 2012). The sprouts are young growth of the buds of the tuber with a soft stem. The sprout originated from a mother tuber. The stem and branches are other structure of this plant which is hairy, swollen at and above each node. The branches are arranged in opposite, decussate pattern following the phyllotaxis of the leaf. The seeds of P. edulis are brown or black, ovoid-shaped. The fruit of this plant has four seeds included in the persistent calyx. Mature calyx 7-8 mm long, villose and gland-dotted; upper lip ovate and slightly up covered equaling the tube (Ryding, 2006). 

P. edulis is a diploid, dicotyledonous plant, the panicle like inflorescences were branched with several blue flowers in cluster of bisexual flowers. Flowers are typical for the family with five sepal united in calyx and five petals united to a two-lipped corolla (Mulugeta Taye, 2008). 
[bookmark: _Toc352160305][bookmark: _Toc362344741]2.4. Cultivation of Plectranthus edulis and production challenges 


P. edulis is cultivated at altitude ranging from 1880-2200 m (Ababe Demissie 1988). The plant is propagated vegetatively by tuber (Yeshitila Mekbib and Weibull, 2012). Farmers grow P. edulis alone as a monocrop for the reason that it did not perform very well both in terms of growth and yield when planted as intercrop (Mulugeta Taye, 2008). 

Different characteristics are used by the farmer to identify the varieties such as  growth habit (erect to open), tuber skin color, taste, maturity time, drought tolerance ability, storage period and marketability are the major one (Yeshitila Mekbib and Weibull, 2012).

Preparation of land usually takes place around the month of January. The land is plowed more than three times before planting which help to mix the farmyard manure with the soil in order to make suitable for growth (Yeshitila Mekbib, 2007). Farmers prepare their lands in different form; furrow, flat patch and raised bed are some of the styles (Mulugeta Taye, 2008). The patch mode was a kind of spot digging which was done mostly on virgin land and digging was made on a space with a depth of 5-10 cm and diameter of about 50-70 cm. After preparing the land, planting of the tuber pieces takes place from March to April following the occurrence of brief rainy season of Ethiopia (Yeshitila Mekbib, 2007). The tuber pieces that could be planted have sprouts which were produced during storage or after de-sprouting. Pieces of tuber were usually planted at an approximate spacing of 60-100 cm between rows (furrows) and 40-75 cm with in a furrow row. However, wide spacing was preferred because P. edulis has branchy growth habit and also wide spacing allows carrying out other practice including earthing up and tipping (Mulugeta Taye, 2008). Most farmers plant two or three tuber pieces in one planting hole or position by dividing a single tuber into pieces and cultivation is practiced four or three times before harvesting the tuber crop for many reasons including for production of more stem and tuber, to overcome weeding and to increase the yield (Yeshitila Mekbib, 2007). 

Farmers in Wolaita practice different activities after planting the tuber pieces until harvesting time. These activities include weeding, which is practiced at all stages of the crop development and weeding activity carried out three times or more (Yeshitila Mekbib and Weibull, 2012). As Mulugeta Taye (2008) indicated, weeds have no effect on tuber size as well as number of progeny tuber. Tipping is another activity practiced by the farmer after planting. Tipping activity is practiced once or twice after the second cultivation in order to increase tuber yield and decrease excessive vertical growth of the plant by removing one or two pairs of leaves from the tip part of the main stem and branch. (Yeshitila Mekbib, 2007). The pilling up of the soil around the stem in order to cover the stolons that appeared above the soil and to support the branches from a heavy wind is called as earthing up. This activity is done more than three times. Earthing up is also important to prevent unwanted growth of vegetative shoot which reduces tuber yield, to get more stem, more tuber and bigger tuber (Yeshitila Mekbib and Weibull, 2012; Mulugeta Taye, 2008).

Harvesting of tuber is done after 6-8 month of planting between September to November depending on local varieties (Yeshitila Mekbib, 2007). Digging is used to harvest the tuber using digging hoe. The number of progeny from well managed farm varied from 80-120 tubers per hole and from poorly managed farm varied up to 20 tubers per whole (Mulugeta Taye, 2008).

The storability efficiency of the tubers is a major problem that faces the farmers for tubers used for consumptions and as planting material for the next cultivation period. Maximum period of storage of tuber for consumption is five months which was stored in situ in the ground. Seed tuber for planting is also stored in the place where they grow and covered with Enset and banana leaves, manures and other debris to prevent the tubers from strong sunlight until planting (Mulugeta Taye, 2008).

The farmers reported that P. edulis production has been declining due to shortage of seed tuber, land, water and poor storage ability, poor market opportunity as well as late maturity of the crop (Yeshitila Mekbib, 2007). All these factors resulted in replacement of P. edulis by different plants such as maize, sweet potato and potato. But, because of different reasons farmers want to replant P. edulis again in their farmyard. The reasons include 1. P. edulis comparably produces higher energy than potato and sweet potato and 2. P. edulis is less attacked by diseases and pests as compared to potato and sweet potato (Mulugeta Taye, 2008). 

Storage of seed tuber is a major problem and it may be overcome by designing multiplication system and methods with higher rate of multiplication. Like other tuber crops, for example, sweet potato, to overcome shortage of seed tuber, different experiments were carried out using in vitro produced planting materials (Lommen et al., 1999). P. edulis is an orphan crop in national and international research, research to overcome the production constraint for this crop does not exist. So this work may contribute to overcome shortage of seed tuber by using micropropagation in liquid and solid medium.
[bookmark: _Toc352160314][bookmark: _Toc362344742]2.6. Importance of Plectranthus edulis


Root and tuber crops provide a substantial part of the world’s food supply and are also an important source of animal feed and industrial products. Root and tuber crops are believed to be the second important crops as global source of carbohydrate next to cereals. About 23% of the world production of root and tuber crops is found in Africa. The major ones includes cassava (53%), yam (96%), sweet potato (91%), potatoes (4%) and other root crops combined (20%) of the world’s production (Scot et al., 2000). According to MAFF Research Council (1994), report, most of root and tuber crops may be important only locally, but play a significant role in the subsistence economies and crop diversification.

Like other root and tuber crops, P. edulis has a long history of local use and is important to the cultural, social and economic life of the households in Ethiopia (Ababe Demissie 1988). The tubers are boiled in their skins and eaten with “data” (which is traditional stew prepared from pepper and other spices). P. edulis is most preferred food and often served to esteemed guests. Due to its high digestibility, P. edulis is used for farmers to recover from illness i.e. has no effect on stomach whatever amount is consumed (Yeshitila Mekbib, 2007). Moreover Mulugeta Taye, (2008) indicated that in the southern part, the leaf of P. edulis is also consumed as a cooked vegetable.

Tuber bearing crops found in the family Lamiaceae, for example, Livington potato (P. esculetus) is a considerable source of energy in Nigeria (Okereke, 2012). P. edulis is rich in energy and has a slightly higher carbohydrate concentration after cooking than Irish potato (Yeshitila Mekbib, 2007). Farmers believe that this crop makes them energetic and leads them to have more children and describe the tuber as very important crop (Mulugeta Taye, 2008). 
















[bookmark: _Toc361917919]Table 1  Nutritional content of Plectranthus edulis, Solanum tuberosum and Ipomoea batatas (all values per 100 g edible portion). 


	
Composition 

	    
P. edulis 
	
 S. tuberosum 
	        
 I. batatas 

	                                      
	raw
	Cooked               raw
	  raw            
	cooked
	raw

	Food energy (Calories) 
	69.00 
	100.60 
	103.7 
	89.7 
	136.00 
	134.20 

	Moisture (%) 
	81.90 
	73.80 
	73.10 
	76.80 
	67.40 
	65.60 

	Nitrogen (gm) 
	0.30 
	0.24 
	0.30 
	0.26 
	0.30 
	 0.13 

	Protein (gm) 
	1.50 
	1.00 
	1.30 
	1.10 
	1.30 
	 0.50 

	Fat (gm) 
	0.20 
	0.20 
	0.10 
	0.10 
	2.00 
	0.20 

	Carbohydrate (gm) 
	15.30 
	23.70 
	24.4 
	21.10 
	28.20 
	32.60 

	Fiber (gm) 
	0.70 
	1.00 
	1.40 
	0.90 
	1.10 
	1.50 

	Ash (gm) 
	1.10 
	1.30 
	1.10 
	0.90 
	1.10 
	1.10 

	Calcium (mg) 
	29.00 
	19.00 
	14.00 
	9.00 
	52.00 
	53.00 

	Phosphorous (mg) 
	90.00 
	62.00 
	57.00 
	49.00 
	34.00 
	54.00 

	Iron (mg) 
	9.30 
	1.10 
	2.30 
	1.50 
	3.40 
	0.90 

	Thiamin (mg) 
	- 
	0.11 
	0.08 
	0.05 
	0.08 
	0.06 

	Riboflavin (mg) 
	- 
	0.32 
	0.08 
	0.09 
	0.05 
	0.01 

	Niacin (mg) 
	0.70 
	0.30 
	1.00 
	0.80 
	0.90 
	0.40 


Source Yeshitila Mekbib, 2007




Yeshitila Mekbib (2007) indicated that P. edulis is eaten during Meskel holiday as one component of the diversified dishes prepared for celebration and have local saying i.e. MESKELA SHUKKADI? DONUWA TOKKADIL? Which means that have you slaughtered for Meskel? Have you grown P. edulis? The farmers say these because they start to eat P. edulis after the end of the holiday. The dried stem of P. edulis is used as a fire wood whenever there is shortage of fire wood (Yeshitila Mekbib, 2007).
[bookmark: _Toc352160315][bookmark: _Toc362344743]2.7. Micropropagation and its role for tuber crops 


P. edulis is conventionally propagated either from storage roots or by stem cutting. However, micropropagation is the most efficient method of plant propagation. Biotechnology has emerged as the most powerful tool for the conservation of plants without affecting main feature of the plants. It has several techniques including tissue culture and genetic transformation (Sharma and Dubey, 2011). Tissue culture has been used by different scholars to propagate species of plants in the past years. Micropropagation is one form of tissue culture which allows the production of large number of plantlets from pieces of the mother plant in relatively short period of time and limited space. It is also an aseptic process which requires sophisticated laboratory procedure with modest facilities and special skills (Hartman et al., 2004).

Micropropagation confers distinct advantage over conventional propagation method. It is possible to multiply single explants into several thousands in less than a year (Rai, 2010). Actively dividing cultures are continuous sources of plantlets without seasonal interruption. It also has high commercial potential due to the speed of propagation, clonal propagation, germplasm conservation, genetic transformation and its high quality and ability to produce disease free plants (Tileye Feyissa et al., 2005, Hartman et al., 2004). Root and tuber crops propagated asexually are susceptible to both systemic and non systemic diseases than sexually propagated plants (Bryan, 1983). Diseases and pests greatly reduce yield of root and tubers (Terry, 1987). Therefore, tissue culture techniques enable to get disease or virus free stock plants (Bisognin, 2011). Many researchers have done research on producing virus free stock plants on different root and tuber crops such as potato, sweet potato, and cassava. The most important techniques that researchers use for elimination of virus and pests are meristem culture (Bisognin, 2011). Several reasons make meristem culture useful source to obtain virus free plantlets such as absence of plasmodesmata in the meristematic domes, faster cell division, competition between synthesis of nucleoproteins for cellular division and viral replication and presence of inhibitor substances (Bryan, 1983). 

[bookmark: _Toc362344744]2.8. Micropropagation and P. edulis 

Micropropagation is a method of propagating plants by culturing very small parts of it called explants. This technique provides a rapid and reliable system for production of a large number of genetically uniform disease-free plantlets (Jha and Biswajit, 2005). According to the study by Mulugeta Taye (2008) majority of farmers in southern Ethiopia reported that disease reduced the number and/or size of the progeny tubers which resulted in reducing P. edulis. For this reason meristem culture is the best option to get disease free planting material and also overcome shortage of disease free seed tuber (Mesfin Tsegaw, 2012). Propagating P. edulis by in vitro micropropagation using meristem culture is identified as good strategy to get disease free plant material. However, the protocol is too expensive to use for rooting and multiplication. Hence, this study was designed to reduce the cost of agar and sub culturing time. 

[bookmark: _Toc362344745]2.9. Effect of solid media on micropropagation of P. edulis 

Media for plant tissue culture contain different components including macronutrients, micronutrients, vitamins and sugar and also solidifying agent (George et al., 2008). Solidifying agent is used for supporting explants to stand upright. Agar is the most commonly used gelling agent because of several advantage over other gelling agents. Agar gels are stable at all feasible incubation temperatures, and do not react with media constituents and are not digested by plant enzymes (Torres, 1989). However, liquid media is without solidifying agent is used.  The use of liquid media for micropropagation increase the availability of water and nutrient (to enhance shoot growth), reduce cost and sub culturing time of the explants (Ferahani and Majd, 2012). However, vitrification is the main problem in using liquid media due to the immersion of the explants in the media (Avila et al., 1996). Hence, the present study initiates to solve the problem of verification through proper optimization of the protocol.






3. [bookmark: _Toc352160316][bookmark: _Toc362344746]Objectives

[bookmark: _Toc352160317][bookmark: _Toc362344747]3.1. General objective

· The general objective of the present study is to investigate the effect of solid and liquid media on in vitro propagation of Plectranthus edulis
[bookmark: _Toc352160318][bookmark: _Toc362344748]3.2. Specific objectives

· To evaluate the effect of different concentration of TDZ and BAP on axillary bud proliferation using solid and liquid media.
· To investigate rooting response of shoots to different concentration of IBA and / or IAA 
· To investigate the effect of solid and liquid media for rooting
· To acclimatize the in vitro propagated shoots in greenhouse 











[bookmark: _Toc352160319][bookmark: _Toc362344749]4. Materials and Methods


All the laboratory activities and experiments were conducted in Plant Propagation and Tissue Culture Laboratory at Addis Ababa University.
[bookmark: _Toc352160320][bookmark: _Toc362344750]4.1. Stock plant preparation

In vitro propagated stock plants (cultivar Holeta) were obtained from Addis Ababa University, Plant Biotechnology Laboratory. In vitro cultivated stock plant were maintained by sub culturing shoot at one month interval on MS basal medium without PGRs and 30 g/l sucrose using GA-7 Magenta and sealed with parafilm. The medium was gelled with 8 g/l agar and the pH was adjusted to 5.8 before autoclaving at 1200C for 15 minute. Then 30 days old in vitro propagated shoots were used for the study as explants.
[bookmark: _Toc352160321][bookmark: _Toc362344751]4.2. Stock Solutions and medium preparations
[bookmark: _Toc352160322][bookmark: _Toc362344752]4.2.1. MS medium stock solution preparation


Murashige and Skoog (1962) MS nutrient was used throughout the experiments. Full strength stock solution of macronutrients, micronutrients, Fe-Na-EDTA and FeSO4 mixture and vitamins were prepared separately. To do so, appropriate amount of each nutrient was weighed in grams per litter (appendix 1) and dissolved in double distilled water consecutively in such a way that the next nutrient was added after the first one was completely dissolved. After all the components were completely dissolved using magnetic stirrer, finally the solution was dispensed in to plastic bottles and stored at -20°C until used.
[bookmark: _Toc352160323][bookmark: _Toc362344753]4.2.2. Plant growth regulators stock solution preparation

Plant growth regulators (PGRs) were prepared in 1 mg/ml concentration. Powdered crystal of PGRs was first weighed and dissolved in 2-3 drops of 1 N NaOH and / or 1 N HCl based on the PGRs (i.e. NaOH for auxin and HCl for cytokinin). After complete dissolution, the solution of each PGRs was poured into labeled 50 ml plastic bottles and filled with double distilled water to the required volume and stirred using magnetic stirrer and stored at +4°C for short term use (a week).
[bookmark: _Toc352160324][bookmark: _Toc362344754]4.3. Culture medium preparation
[bookmark: _Toc352160325][bookmark: _Toc362344755]4.3.1. MS solid medium preparation


A full strength MS basal medium was prepared using 50 ml/l MS macronutrients, 5 ml/l MS micronutrient, 5 ml/l MS vitamin, 5 ml/l Fe-Na-EDTA and FeSO4 mixture, from the stock solution which was prepared previously, and 3% sucrose. Then the pH was adjusted to 5.8 using 1 N HCl and/or 1 N NaOH after adding 8.0 g/l agar. 

After adjusting the pH, the gently mixed medium was heated in microwave oven until the agar was melted. Then 40 ml of the prepared medium was dispensed in to Magenta GA-7 culture vessels. The culture vessels were covered with caps immediately after dispensing the medium and autoclaved by at a temperature of 121°C and 105 KPa pressure for 15 minutes.
[bookmark: _Toc352160326][bookmark: _Toc362344756]4.3.2. MS liquid medium preparation


Like solid medium, full strength MS basal medium was prepared using 50 ml/l MS macronutrients, 5 ml/l MS micronutrient, 5 ml/l MS vitamin, 5 ml/l Fe-Na-EDTA and FeSO4 mixture, from the stock solution without adding solidifying agent (agar) and 3% sucrose was added as carbon source. Then the pH was adjusted to 5.8 using 1 N HCl and/ or 1 N NaOH

After adjusting the pH, 20 ml of the prepared medium was dispensed in to test tube, and then autoclaved by steam sterilization at a temperature of 121°C and 105 KPa pressure for 15 minutes. 
[bookmark: _Toc352160327][bookmark: _Toc362344757]4.4. Shoot multiplications


[bookmark: _Toc352160328]Young and healthy micro-shoots were cultured on shoot multiplication medium, full strength MS medium, containing different concentration of thidiazuron (TDZ), 6-Benzyl Amino Purine (BAP) alone and combination of TDZ and BAP (appendix 2). Nine shoots per culture vessel with three replicas and one shoot per test tube with 27 replicas for each treatment were used for solid and liquid medium, respectively. The initiated cultures were aseptically cutoff and cultured on multiplication medium, the culture vessels and test tubes were sealed, labeled and randomly placed on the growth room chambers with 16 hours photoperiod and light intensity of 2000 µmol/m2/s at 29 ± 2°C and subculture was carried out every four weeks. PGRs free medium were used as a control. 

Number of shoots per shoot explant was recorded every four weeks. The effects of different treatments were quantified on the basis of number of shoot per explants per treatment. The whole experiment was repeated once. Number multiple shoots per explants and length of shoots were also recorded while sub-culturing. Mean value was used for analysis of variance (ANOVA) and mean values for each treatment were compared by least significance difference (LSD).

4.5. Rooting

Rooting of already multiplied shoots in both solid and liquid medium was conducted on half strength MS basal medium containing different concentration of indol-3- butyric acid (0.1, 0.3, 0.5 mg/l) and indol-3-cetic acid (0.1, 0.3, 0.5 mg/l) alone and Growth regulators free medium was used as a control. Three replications with nine explants per GA-7 Magenta and one explant per test tube were used for solid and liquid medium, respectively. Finally, the cultures were placed randomly on the growth room. Number and length of the roots were recorded after four weeks of culture.
[bookmark: _Toc352160329][bookmark: _Toc362344758]4.6. Acclimatization


Agar was removed from roots of plantlets by gently washing under running tap water and the plantlets were transferred to pots containing a mixture of red soil, compost and sand in their respective ratio of 2:1:1. Each plastic pot was labeled and covered with polythene bags to ensure high humidity and kept in the glasshouse. The plastic bags were removed after two weeks. Thirty five plantlets from each medium (solid and liquid medium) were acclimatized. After four weeks of growth in the glasshouse, number of survived plants was recorded.
[bookmark: _Toc352160330][bookmark: _Toc362344759]4.7. Data analyses

Statistical analysis of quantitative data was carried out by SPSS computer software of version 14. A difference at probability level of p ≤ 0.05 was considered significant for analyses. Data were subjected to analysis of variance and variables that showed significant difference were compared by the LSD at 5 % probability.

5. [bookmark: _Toc352160331][bookmark: _Toc362344760]Results
[bookmark: _Toc352160332][bookmark: _Toc362344761]5.1. Shoot multiplication


The shoots on a medium containing different concentration of BAP and TDZ alone and in combination gave different response on both solid and liquid medium (Tables 1 and 2). The best shoot multiplication medium from the treatments used and the best media type that provide higher number of axillary bud was obtained.

The maximum mean number of axillary shoot obtained on solid medium was 5.85±2.17 (fig.1 A and B) and on liquid medium was 6.07±2.30 (fig.1 C and D) on MS multiplication medium containing 1.5 mg/l BAP + 0.5 mg/l TDZ (Table 2). The multiplication rate of P. edulis on a medium containing BAP or TDZ alone was relatively less than that of the combination of the two PGRs and produced 4.66±3.57 and 5.03±3.16 mean number of axillary shoot on solid and liquid media respectively on medium containing 0.1 mg/l BAP. Medium containing 1.5 mg/l TDZ produced lower number of axillary shoots on the two media (2.00±0.83 solid medium, 2.18±0.92 liquid medium). As the concentration of TDZ increased from 0 to 1.5 mg/l the mean number of axillary shoot proliferation decreased and the shoot exhibited very dwarf and stunted appearance (Fig.1 H, I) in both medium. The control unit (without PGRs) also showed less multiplication on solid 2.37±1.47 and liquid 2.22±1.12 media (fig.1 E, F and G).

The maximum mean shoot length was observed on growth regulator free media. Using solid medium, 6.25±2.01 cm long shoots were obtained whereas the liquid medium produce 5.03±2.72 cm long shoots. Medium containing 0.1 mg/l showed the second largest shoot length (5.83±1.47 cm for solid medium and 5.02±1.52 cm for liquid medium). The shortest mean shoot length was observed on medium containing 0.5 mg/l BAP (1.85±0.32 cm) on solid media and 1.0 mg/l BAP (1.59±0.39 cm) on liquid media (Table 1). The combination of BAP and TDZ showed medium shoot length (Table 2).

[bookmark: _Toc352573170]The overall multiplication for the two types of media was not much difference but solid medium exhibited maximum number of axillary bud proliferation and shoot length as compared to liquid media (Table 3).
[bookmark: _Toc361917638][bookmark: _Toc361917920]Table 2  Mean number of axillary bud per explants in MS medium containing different concentrations of BAP and TDZ alone in solid and liquid media

	BAP
(mg/l)
	TDZ
(mg/l)
	
Solid medium
	
Liquid medium

	
	
	Mean No Axllbud/ exp
	Sht lgth (cm)
	Mean No Axllbud/ exp
	Sht lgth(cm)

	0 
	0
	2.37±1.47ef
	6.25±2.01a
	2.22±1.12def
	5.03±2.72a

	0.1
	 0
	4.66±3.57a
	5.83±1.47a
	5.03±3.16a
	5.02±1.52a

	0.5
	 0
	3.14±1.81bcde
	1.85±0.32d
	2.88±1.33cd
	1.65±0.25d

	1.0
	 0
	3.55±1.21ad
	2.23±0.60d
	2.77±1.12cf
	1.59±0.39d

	1.5
	 0
	4.18±2.30ab
	2.12±0.52d
	3.22±1.08c
	1.97±0.44d

	  0
	0.1
	3.81±2.09ac
	3.04±0.61c
	4.33±1.79ab
	4.01±1.45b

	  0
	0.5
	3.51±1.62bcd
	3.91±1.15b
	3.48±1.39bc
	2.12±0.52d

	  0
	1.0
	2.96±1.53cdf
	2.31±0.84d
	2.77±0.84ce
	2.02±0.43d

	  0
	1.5
	2.00±0.83f
	3.51±0.87bc
	2.18±0.92def
	2.84±0.93c


[bookmark: _Toc352573171]
Means followed by the same letter within a column were not significantly different at 5 % probability. Means are separated by ± SD
[bookmark: _Toc361917639][bookmark: _Toc361917921]Table 3 Effect of combination BAP and TDZ rate of shoot multiplication and shoot length on solid and liquid media.

	BAP
(mg/l)
	TDZ
(mg/l)
	
                 Solid 
	
                 Liquid 

	
	
	Mean No Axllbud/ exp
	Sht lgth(cm)
	Mean No Axllbud/ exp
	Sht lgth(cm)

	0.1
	0.1 
	5.40±2.64a
	3.07±1.03c
	4.59±1.59bc
	4.47±1.36a

	0.5
	0.1
	5.81±3.97a
	5.07±1.29a
	4.85±1.63b
	4.68±1.58a

	0.5
	1.5
	4.22±1.55b
	2.70±0.90ce
	3.96±1.65cd
	3.08±0.61bd

	1
	0.5
	4.00±2.21b
	4.19±1.36b
	3.44±1.33d
	3.69±1.25b

	1
	1
	2.74±0.98c
	2.51±0.87def
	3.18±1.30d
	2.78±0.85cd

	1.5
	0.5
	5.85±2.17a
	2.91±0.63cd
	6.07±2.30a
	3.18±0.67bc

	2
	0.5
	2.29±0.95c
	2.42±0.53def
	3.29±1.23d
	2.85±0.57cd



Means followed by the same letter within a column were not significantly different at 5 % probability. Means are separated by ± SD.

[bookmark: _Toc352573172][bookmark: _Toc361917640][bookmark: _Toc361917922]Table 4 Comparison of solid and liquid medium for shoot multiplication and rooting


	Media type 
	Mean no of Axllbud /ex 
	Mean shoot lgth (cm)
	Mean no of roots/ex
	Root length (cm)

	Solid 
	3.78±2.38
	3.37±1.64
	6.85±4.01
	4.13±1.35

	Liquid 
	3.64±1.88
	3.19±1.61
	6.87±6.75
	2.18±1.98
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[bookmark: _Toc352573514][bookmark: _Toc361917509][bookmark: _Toc352160333]Figure 1 Multiple shoots of P. edulis on different shoot multiplication media.(A, B)  1.5 mg/l BAP + 0.5 mg/l TDZ on solid medium, (C, D) on liquid medium, PGRs free (E)  solid medium (F,G)  liquid medium, (H,I) 1.5 mg/l TDZ.







[bookmark: _Toc362344762]5.2. Rooting


The shoots cultured in half strength MS basal media supplemented with different concentrations of IBA and/or IAA showed different rooting responses except the control (PGRs free) (Table 4 and 5). Liquid media showed higher mean number of roots than solid media.

The highest mean numbers of roots per shoot was 10.55±5.47 and 13.11±7.15 was obtained in medium containing 0.1 mg/l IAA in both solid and liquid medium, respectively, (Table 4). The highest mean root length was observed on 0.1 mg/l IAA (4.97±0.94) in liquid medium and 4.79±0.99 on solid media containing 0.5 mg/l IBA. However, no roots were observed on both growth regulators free solid and liquid media (Table 4 and 5). Increasing the concentration of both IAA and IBA decreased the mean number of roots and root length (Table 4 and 5). Moreover, lowest number of roots (3.66±4.49) was obtained on liquid medium containing 0.5 mg/l IBA medium and solid medium (4.55±2.62) containing 0.5 mg/l IAA.








[bookmark: _Toc352573173]
[bookmark: _Toc361917641][bookmark: _Toc361917923]Table 5  Number and length of roots on half strength MS medium containing different concentrations of IAA in solid and liquid media.

	IAA
(mg/l)
	
Solid medium
	
	
Liquid medium
	

	
	Mean no of root/exp
	Root length (cm)
	Mean no of root/exp
	Root length (cm)

	0
	0c
	0d
	0d
	0c

	0.1
	10.55±5.47a
	4.70±1.81a
	13.11±7.15a
	4.97±0.94a

	0.3
	9.25±3.94a
	4.02±0.86b
	8.00±7.34b
	1.07±0.97b

	0.5
	4.55±2.62b
	2.14±1.06c
	3.70±3.94c
	1.05±1.05b


[bookmark: _Toc352573174]
Means followed by the same letter within a column were not significantly different at 5 % probability. Means are separated by ± SD

[bookmark: _Toc361917642][bookmark: _Toc361917924][bookmark: _Toc352160334]Table 6  Number and length of roots on half strength MS medium containing different concentrations of IBA in solid and liquid media.

	IBA
(mg/l)
	
                   Solid 
	
	
                  Liquid 
	

	
	Mean no of roots/exp
	Root length(cm)
	Mean no of roots/exp
	Root length(cm)

	0
	0b
	0b
	0b
	0c

	0.1
	5.92±1.95a
	4.32±0.79a
	6.96±8.40a
	4.22±0.81a

	0.3
	5.62±2.20a
	4.56±1.19a
	5.85±2.28a
	1.18±0.94b

	0.5
	5.22±2.72a
	4.79±0.99a
	3.66±4.49a
	0.85±0.97c


Means followed by the same letter within a column were not significantly different at 5 % probability. Means are separated by ± SD
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[bookmark: _Toc352573515][bookmark: _Toc361917510] Figure 2  Rooted shoots of P. edulis on different rooting conditions (A) Rooted shoots on ½ MS + 0.1 mg/l IAA from liquid medium (B) ½ MS + 0.5 mg/l IBA from solid medium (C) ½ MS + 0.1 mg/l IAA solid medium (D) ½ MS + 0.5 mg/l IBA from liquid media (E, F) ½ MS + 0.5 mg/l IBA on solid and liquid media respectively.













[bookmark: _Toc362344763]5.3. Acclimatization


The plantlets which were planted on soil mixture of red soil compost and sand in ratio of 2:1:1 were transferred to glasshouse for hardening. After month of growth, the survival percentage was found to be 100% and 82.85% for solid media and liquid media respectively.

[bookmark: _Toc361917925]Table 7 Number and percentage of acclimatized plantlets 


	Culture condition 
	No of plantlets 
	  survived plantlets 
	% of survival 

	Solid medium
	35
	35
	100

	Liquid  medium
	35
	29
	82.85
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[bookmark: _Toc352573516][bookmark: _Toc361917511][bookmark: _Toc352160335]Figure 3 Acclimatization of in vitro rooted shoots of P. edulis in glasshouse. (A) Plantlets covered by polythene plastic bags (B) after four weeks (C) after six weeks.













6. [bookmark: _Toc362344764]Discussion

[bookmark: _Toc352160336][bookmark: _Toc362344765]6.1. Shoot multiplication


From this study it was observed that the cultured shoot tips gave varying response to all of the culture media composition. This result is observed due to combined effect of different factors especially growth regulators composition of the media. 

According to Dokhaniyeh et al. (2011), combination of TDZ with other growth regulators strongly induce plantlet regeneration in highly efficient manner on different cultivar of potato including Agria. This is quite similar to the results of this study which showed an excellent axillary shoot multiplication. It was also reported that cocoyam has been successfully micropropagated in vitro using combination of BAP and TDZ which produced significantly more axillary shoot per explants (Sama et al., 2012; Wattanawikkit et al., 2011). 

Mohamed et al. (2007) reported cytokinin (BA) and cytokinin-like compound (TDZ) break apical dormancy which affects cell division, showing that existence of BA and TDZ would enhance both the survival of the explants and growth of the proliferated axillary shoot on sweet potato.

Oagile (2005) reported that TDZ performed better in terms of number of shoots compared with BAP while shoot elongation was better in BAP enriched media for African yam bean. Similarly, in the present study, the number of shoot was better on TDZ containing media but it also contrast with shoot elongation on BAP rich media that means shoot length was not better like African yam bean. According to Rosa Birhanu (2011), at higher concentrations of TDZ (5.0 μM), there was a considerable reduction of number of shoot buds and regeneration frequency in cassava plant. Similarly, the result of this study showed that the mean number of shoots produced per explants declined when the concentration was increased to 1.5 mg/l. In other study on potato micropropagation it was demonstrated that TDZ might be used at low concentration as compared to other cytokinin such as BAP (Sajid and Aftab, 2009). Higher concentration of TDZ would not be beneficial in increasing yield of harvested shoots spunta potato, potato, Colocasia esculenta, sweet potato (Shibli et al., 2002, Fengyen and Han 2002, Bhuiyan et al., 2009, Mohamed et al., 2007).

Sajid and Aftab (2009) also reported TDZ stimulates growth when added to a tissue culture medium at a low concentration (10-1000 times lower than the concentration of other PGRs) and their results are in consistent with the present study. The same applies to the results of Huetteman and Preece (1993). Aasim et al. (2009) described TDZ as the most active cytokinin substance which induces greater in vitro shoot proliferation than many other cytokinins in many plant species.

P. edulis treated with PGR free medium (control) exhibited strong apical dominance with minimum tendency to branch. Due to this, most of the control had only single shoot and mean length of shoot was maximum which may be because of apical dominance. This is in agreement with findings of Santana et al. (2009) who reported in cassava that shoots cultured on PGRs free medium gave the longest shoot. Kazemiani et al. (2012) reported that main shoot length in media without PGRs were significantly higher than the media with PGRs in potato cv. Agria.
The result of this study revealed that the number of shoots increase and the mean length of shoots increase as the concentration of BAP increased. Whereas as the concentration of TDZ increase number of shoots decreased and mean length of shoots increased. This result was in contrast with Mesfin Tsegaw (2005), reported on  P. edulis which is  number of lateral shoots was increased by using 2.0 mg/l BAP, but main shoot length was declined by increment of BAP on culture media. This result also similar to Sanavy and Moeini (2013) which reported on two potato cultivars (Agria and Marfona) plantlets with BAP treatment was short and had low number of nodes. According to Rizwan et al. (2013) cytokinins commonly stimulate shoot proliferation and inhibit their elongation, therefore; inhibition of shoot elongation by BAP may be consistent with its high cytokinin activity.

The result of this study revealed number of axillary shoot proliferation is higher on solid media than the liquid media in different concentrations of BAP and TDZ alone or in combination. This result disagrees with different researches which reported that liquid media had significantly more nodes than the solid media due to the close contact of the tissue with the media may stimulate and facilitate the uptake of nutrients and phytohormones leading to better shoot response (Mbiyu et al., 2012; Nkere et al., 2011; Sama et al., 2012; Kuria et al., 2008; Alam et al., 2010).

[bookmark: _Toc352160337][bookmark: _Toc362344766]6.2. Rooting
To assess the rooting response of P. edulis, half strength medium containing IAA or IBA at different concentrations was used. Half strength MS medium is recommended by different authors for in vitro rooting (Dalal et al., 2006; Hartman et al., 2004). Ahmad et al. (2003) also reported that efficiency of rooting was improved when salt concentration of the medium was reduced by half.
P. edulis responded differently to different concentrations of IAA or IBA. As Dalal et al. (2006) reported that IBA is to be most effective for root induction in vitro. In the present study, however, from the comparison made between the rooting hormones, IAA and IBA, IAA was most effective to increase root number whereas IBA increased the root length. Our result also showed increasing the concentration of both IAA and IBA resulted in decreasing the number of root and root length in both liquid and solid medium. Low concentrations of auxins stimulate root formation and more root per cutting. However, if auxins are applied in supra-optimal concentration, they have been found to be inhibitory for rooting (Oagile, 2005).

High concentration of auxins may have effect on root elongation due to enhancement of ethylene biosynthesis which is root growth inhibitor (Shokri et al., 2012; Zulfiqar et al., 2009). Ahmad et al. (2003) also indicated that root elongation phase was very sensitive to auxin concentration and was inhibited by higher concentration of auxin. 

Growth regulators free medium in the present study didn’t show any root production which is in agreement with the work of Zulfiqar et al. (2009) on avocado plant, Abd-Elaleem et al.  (2009) on potato who reported that growth regulator free medium are much weaker and the number of roots produced is lower than the other treatments. 

However, the overall best result was observed in liquid medium as compared to solid medium. Our result was also in agreement with the results of Mbiyu et al. (2012) who reported that liquid medium showed more efficient for root proliferation than the solid medium in three Kenyan potatoes. Shibli et al. (2002) also reported in vitro rooting on solid medium showed low number of root per plantlets on spunta potato cultivar.

[bookmark: _Toc352160338][bookmark: _Toc362344767]6.3. Acclimatization
The plantlets produced in vitro are highly susceptible to the ex vitro condition until they develop adaptation mechanism to best cope the stress up. The observation made for the two medium types after four weeks of growth in the glasshouse revealed higher survival for plantlets obtained from solid media than the liquid media. The result is consistent with the work of Mesfin Tsegaw (2005) on P. edulis who reported 100% survival from solid medium. As Puchooa (2004), reported, hardened plantlets showed significantly high survival rate (84%) after eight weeks for Dendrobium plants. This was also supported by Mazri (2012), who reported that shoots elongated in liquid media showed some difficulties during the acclimatization and a pre-acclimatization stage in a solid medium for date palm (Phoenix dactylifera L.) cv. Najda

.








[bookmark: _Toc352160339][bookmark: _Toc362344768]7. Conclusion
· The results obtained in this study demonstrate that MS medium containing 1.5 mg/l BAP + 0.5 mg/l TDZ induced maximum axillary bud proliferation. 
· The combination of TDZ and BAP showed best response for obtaining maximum axillary shoot proliferation than TDZ or BAP alone in both liquid and solid medium.
· Increasing the concentration of TDZ resulted in reducing the response of axillary shoot proliferation. 
· With regard to the media type, solid medium has better response in axillary shoot proliferation than liquid media.
· Liquid medium is best for obtaining maximum number of root than the solid which excludes the cost of agar for rooting. 
· Number of roots decreased with increase in concentration of IAA and/or IBA 
· The highest acclimatization percentage (100%) was exhibited by plantlets derived from solid medium.










[bookmark: _Toc352160340][bookmark: _Toc362344769]8. Recommendations
Future perspectives, based on the present study, should focus on the following area:
· In vitro tuberaization efficiency should be investigated to solve shortage of seed tuber for planting as well as consumption purpose 

· As liquid media reduces the cost for agar it should be beneficial to replace or reduce some of the component used in the media such as use of table sugar as a carbon source, 
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[bookmark: _Toc361925928]APPENDIX 1 Stock solution for MS (Murashige and Skoog1962)


	                  Components
	Concentration (g/L)

	         Macro nutrients
	

	NH4NO3
	33

	KNO3
	38

	CaCl2.2H2O
	8.8

	MgSO4.7H2O
	7.4

	KH2PO4
	3.4  

	      Micro nutrient 
	Concentration (mg/500ml)

	Zn SO4.7H2O
	430

	H3BO3
	630

	MnSO4.4H2O
	2230

	CUSO4.5H2O
	2.5

	KI
	83

	Na2Mo4.2H2O
	25

	CoCl2.6H2O
	2.5

	       Vitamins
	Concentration (mg/500ml)

	Myo-inositol
	10000

	Nicotinic acid(NaOH)
	50

	Pyridoxine(B6)
	50

	Thiamin(B1)
	10

	glycin
	200

	Fe-Na-EDTA and Feso4 mixture
	Concentration (mg/500ml)

	Fe-Na-EDTA
	3730

	FeSO4.7H2O
	2780


To prepare 1L of medium, take 50ml of Macro, 5 ml of Iron-EDTA, 5 ml of Micro and 5ml of Vitamin. 

[bookmark: _Toc361925929]Appendix 2 combination of BAP and TDZ for shoot multiplication 


	PGRs (mg/l)
	Concentration 

	BAP
	0
	0.1
	0.5
	1
	1.5
	0
	0
	0
	0
	0.1
	0.5
	0.5
	1
	1
	1.5
	2

	TDZ
	0
	0
	0
	0
	0
	0.1
	0.5
	1
	1.5
	0.1
	0.1
	1.5
	0.5
	1
	0.5
	0.5
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[bookmark: _Toc361925930]Appendix 3 ANOVA table on shoot multiplication for solid media.

	
ANOVA
	
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	sn
	Between Groups
	591.275
	15
	39.418
	8.780
	.000

	
	Within Groups
	1867.704
	416
	4.490
	
	

	
	Total
	2458.979
	431
	
	
	

	sl
	Between Groups
	729.724
	15
	48.648
	45.670
	.000

	
	Within Groups
	443.130
	416
	1.065
	
	

	
	Total
	1172.854
	431
	
	
	


	


[bookmark: _Toc352751947][bookmark: _Toc352754671][bookmark: _Toc354399575][bookmark: _Toc356809877][bookmark: _Toc361925931]Appendix 4 ANOVA table on shoot multiplication on liquid media

                                                      ANOVA
	
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	sn
	Between Groups
	474.780
	15
	31.652
	12.467
	.000

	
	Within Groups
	1053.614
	415
	2.539
	
	

	
	Total
	1528.394
	430
	
	
	

	sl
	Between Groups
	561.504
	15
	37.434
	27.767
	.000

	
	Within Groups
	559.469
	415
	1.348
	
	

	
	Total
	1120.973
	430
	
	
	


[bookmark: _Toc352754672][bookmark: _Toc354399576][bookmark: _Toc356809878][bookmark: _Toc361925932]Appendix 5 ANOVA table for comparing solid and liquid media for shoot multiplication

	ANOVA
	
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	nb
	Between Groups
	4.167
	1
	4.167
	.901
	.343

	
	Within Groups
	3987.792
	862
	4.626
	
	

	
	Total
	3991.958
	863
	
	
	

	sl
	Between Groups
	7.482
	1
	7.482
	2.809
	.094

	
	Within Groups
	2295.765
	862
	2.663
	
	

	
	Total
	2303.247
	863
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                                                   ANOVA
	
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	rn
	Between Groups
	804.401
	5
	160.880
	14.089
	.000

	
	Within Groups
	1781.333
	156
	11.419
	
	

	
	Total
	2585.735
	161
	
	
	

	rl
	Between Groups
	144.365
	5
	28.873
	29.763
	.000

	
	Within Groups
	151.335
	156
	.970
	
	

	
	Total
	295.700
	161
	
	
	














[bookmark: _Toc352751949][bookmark: _Toc352754674][bookmark: _Toc354399578][bookmark: _Toc356809880][bookmark: _Toc361925934]
Appendix 7 ANOVA table on rooting on liquid media.


	ANOVA
	
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	rn
	Between Groups
	1662.105
	5
	332.421
	9.194
	.000

	
	Within Groups
	5640.667
	156
	36.158
	
	

	
	Total
	7302.772
	161
	
	
	

	rl
	Between Groups
	426.817
	5
	85.363
	65.199
	.000

	
	Within Groups
	204.247
	156
	1.309
	
	

	
	Total
	631.064
	161
	
	
	




[bookmark: _Toc352754675][bookmark: _Toc354399579][bookmark: _Toc356809881][bookmark: _Toc361925935]Appendix 8 ANOVA table for comparing solid and liquid media for rooting


	ANOVA

	
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	rn
	Between Groups
	.050
	1
	.050
	.002
	.968

	
	Within Groups
	9885.938
	320
	30.894
	
	

	
	Total
	9885.988
	321
	
	
	

	rl
	Between Groups
	308.348
	1
	308.348
	106.475
	.000

	
	Within Groups
	926.713
	320
	2.896
	
	

	
	Total
	1235.061
	321
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