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ABSTRACT 

Bambara groundnut is a protein and energy rich legume crop of African origin with potential 

to contribute to food and nutrition security. Some studies have evaluated its seed quality but 

limited explanation exists on the relationship between farmers’ seed management practices 

and seed quality as well as the effect of phosphorus fertilizer on seed quality. Seed quality 

enhancement treatments also needs to be investigated in Bambara groundnut. The objectives 

of this study therefore were; to document seed management practices and evaluate the quality 

of farmer saved seed from Uganda; to determine the effect of phosphorus fertilizer rates on 

seed yield and seed quality of Bambara groundnut; and to determine the effect of 

hydropriming and halopriming with potassium nitrate on seed germination of Bambara 

groundnut. Four hundred Bambara groundnut farmers were chosen using purposive sampling 

and information gathered on their seed management practices. A semi structured 

questionnaire was used in face-to-face interview. Seed colour and size determination, 

standard germination and electrical conductivity tests were done on seed samples collected 

from farmers.  Field experiment was set at Zonal Agricultural Research and Development 

Institute, Ngetta in Uganda using RCBD with a 3x4 factorial treatment structure consisting 

of 3 Bambara groundnut landraces and 4 phosphorus fertilizer rates. Determination of total 

seed phosphorus content and a standard germination test were done with seeds harvested 

from this experiment. Landrace that showed poor germination (AbiBam 001, 18.67% at 0 

KgPha-1) was selected and stored for 2 months in a deep freezer and subjected to 

hydropriming and halopriming with potassium nitrate, and a standard germination test done. 

Results from the survey revealed that farmers obtained seeds mainly from local markets 

(35.2%), maintained mostly single landraces (52.5%) and recycled their seeds for more than 

4 years (39.2%). Seed was sun dried on the ground (81%) and stored mostly in gunny bags 

on raised platforms (93.5%). Collected Bambara groundnut landraces were identified as 

Local Bam, AbiBam 001, AbiBam 003, TVSU 688 and TVSU 759. Landraces had varied 

seed coat colours and significantly differed at p = 0.05 in their seed sizes, final germination 

percentage (FGP), electrical conductivity, germination velocity index (GVI) and seedling 

vigour index II (SVI-II). Phosphorus fertilizer rates did not significantly affect seed yield (p 

= 0.780) and seed phosphorus content (p = 0.831) of landraces but significantly affected FGP 

(p = 0.001), GVI and SVI-II (p<.001) of landraces. Hydropriming (p = 0.279) and 

halopriming with potassium nitrate (p = 0.640) did not affect FGP of AbiBam 001 landrace. 

There exists a wide diversity of Bambara groundnut landraces maintained by farmers in 

Uganda, some of which have good seed quality, alluded to farmers good seed management 

practices. Among the landraces evaluated, only AbiBam 001 landrace responded positively 

to phosphorus application with respect to seed yield and seed quality. Seed priming 

treatments did not improve germination capacity and vigour in AbiBam 001 landrace. 

Farmers training by the relevant stakeholders in Uganda will help to further improve the 

quality of their farm-saved seeds. Further studies should be done on the biochemical and 

physiological properties of the seed coat of Bambara groundnut. Genetic attributes and 

phosphorus use efficiency of Bambara groundnut landraces should also be investigated to 

explain their responses to application of phosphorus. 
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CHAPTER ONE 

   INTRODUCTION 

1.1 Background 

Bambara groundnut (Vigna subterranea (L.) Verdc.) is one of the neglected and underutilized 

legumes in Africa (Harouna et al., 2018; Mayes et al., 2011). It is of African origin (FAO, 

2017) and is widely cultivated in Sub-Saharan Africa (Baudoin & Mergeai, 2001), especially 

by women subsistence farmers (Ibrahim et al., 2018; Wasula et al., 2014; Azam-Ali et al., 

2001). Bambara groundnut is considered a food security crop (Effa & Uko, 2017; Nyongesa 

et al., 2013; Abu & Buah, 2011) because it is drought tolerant (Nautiyal et al., 2017; Chai et 

al., 2016; Berchie et al., 2016) and performs better than other legumes in poor soils 

(Anchirinah et al., 2001) due to its high nitrogen fixing ability (Yakubu et al., 2010).  

Bambara groundnut is regarded as the third most important food legume in Africa after 

cowpea and groundnut (Odongo et al., 2015). Nutritionally, Bambara groundnut seeds 

contain 63% carbohydrates, 18% proteins and 6.5% fats (Bamishaiye et al., 2011). It has also 

been utilized for its medicinal values such as curing diarrhoea, mouth diseases and animal 

wounds (Biodiversity International, 2015). 

 

Bambara groundnut is a dicotyledonous angiosperm belonging to the family Fabaceae and 

subfamily papilionoideae (APG IV, 2016). Bambara groundnut is an autogamous plant 

(Gonné et al., 2013), implying that fertilization takes place by fusion of gametes from the 

same flower. It is an intermediate annual plant with a well sprang up tap root, a creeping stem 

and grows to a height of approximately 30-35cm (Bamshaiye et al., 2011). Pale yellow 

flowers develop on the creeping stems which grow into the soil after flower fertilization, 

carrying developing seed covered in a cushy pod (Bamnetwork, 2014). Dry pods are round 
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and crinkled, containing one or two smooth and hard seeds (Effa & Uko, 2017). Seed coat 

colour variegates from black, cream, brown or red and may be streaked with several colours 

(Jideani & Diedericks, 2014).  

 

  

 

Plate 1: Bambara groundnut plants just before anthesis 

(Source: Author, 2019) 
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Plate 2: Round Bambara groundnut pods harvested at physiological maturity 

(Source: Author, 2019) 

 

     

 

Plate 3: Bambara groundnut seeds collected from Ugandan farmers (A is AbiBam 001 and B is 

TVSU 688) 

(Source: Author, 2019) 

A 
B 
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Bambara groundnut can be grown as a pure stand or intercropped with other crops such as 

cassava, maize, millet, sorghum, groundnut, cowpea and yam (Ibrahim et al., 2018; Alhassan 

& Egbe, 2013; Toure et al., 2012). Bambara groundnut fixes nitrogen in the soil (Sprent et 

al., 2010), providing a better agronomic and nutritional complement to cereals (Halimi et al., 

2019). It performs better than groundnuts (Arachis hypogaea L.) on poor soils (Anonymous, 

2016; Anchirinah et al., 2001) but phosphorus fertilizer application influences its growth, 

development and seed yield (Temegne et al., 2019; Temegne et al., 2018), and this is also 

likely to influence seed quality. Nonetheless, no previous study has documented seed yield 

and seed quality responses of Ugandan Bambara groundnut landraces to application of 

different phosphorus fertilizer rates. Seeds are among the sinks for photosynthates, but 

nutrition of the mother plant which is influenced by deficiency of a nutrient or the addition 

of a nutrient from an external source affects seed quality (Paneru et al., 2017). A study 

evaluated wheat seeds obtained from plants grown in phosphorus deficient soil, and reported 

poor seed germination (Zhu & Smith, 2001).  

 

Early and uniform field emergence and establishment is desirable in farming, but poor field 

emergence of Bambara groundnut affects its commercialization by farmers (Mabhaudhi & 

Modi, 2013). Farmers usually cultivate landraces whose seeds are exchanged in the 

community, but the seed quality of such landraces is either very low, variable or unknown 

(Mohammed et al., 2016). Poor field emergence of seeds obtained from such landraces could 

be partly attributed to intrinsic seed properties which calls for quality enhancement. Seed 

quality enhancement treatments such as hydropriming and halopriming with potassium 

nitrate solution have been used to improve seed germination and field emergence in many 

crops (Tizazuet al., 2019; Das & Mohanty, 2018; El-Baki et al., 2018; Anisa et al., 2017), 
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but nothing has been reported on the response of a Ugandan Bambara groundnut landrace to 

such seed quality enhancement treatments. This study was therefore geared towards 

evaluating the quality of farm-saved seeds of Bambara groundnut from North Western, 

Northern and Eastern Uganda, as well as the response of some of such landraces to different 

phosphorus fertilizer rates and seed quality enhancement treatments. 

 

1.2 Statement of the problem 

Some studies have evaluated the seed quality of Bambara groundnut landraces (Mandizvo & 

Odindo, 2019; Miya & Modi, 2017; Chibarabada et al., 2014), but none of these studies gave 

an explanation on seed quality with respect to the practices that farmers undertake. In 

Uganda, there is scarce information on farmers’ seed management practices and the quality 

of farm-saved seeds of Bambara groundnut, yet seed management affects the quality of farm-

saved seeds.  

 

Application of phosphorus fertilizer is reported to improve seed yield of Bambara groundnut 

landraces in Nigeria (Ikenganyia et al., 2017; Nweke & Emeh, 2013), yet its effect on seed 

quality has not been clearly explained. Besides, nothing has been reported on the response of 

Ugandan Bambara groundnut landraces to application of phosphorus fertilizer. Farmers use 

landraces as their major seed source of Bambara groundnut since certified seeds are 

unavailable (Ibrahim et al., 2018; Mohammed et al., 2016; Mayes et al., 2008). Seeds 

obtained from these landraces are maintained and recycled by farmers for longer periods, and 

are likely to have either unknown, variable or low quality (Mohammed et al., 2016). Poor 

and delayed field emergence has been reported as one of the limiting factors in Bambara 

groundnut production (Legwaila et al., 2013; Mabhaudhi & Modi, 2013). There is variation 
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in field emergence among landraces, ranging from 7 to 21 days after sowing or 35 to 55 days 

after sowing hence negatively affecting farmers (Mabhaudhi & Modi, 2013; Berchie et al., 

2010; Makanda et al., 2009). Seed quality enhancement treatments such as hydropriming and 

halopriming with potassium nitrate solution have been successful in improving field 

emergence in many crops and some West African Bambara groundnut landraces. 

Unfortunately, none of such seed quality enhancement treatments has been done on a 

Ugandan Bambara groundnut landrace.  

 

1.3 Justification 

Bambara groundnut has diverse nutritional compositions (Temegne et al., 2018; Adu-Dapaah 

& Sangwan, 2004) and is consumed in many forms such as cakes, snacks, paste, fried grain 

or fresh boil (Jonah et al., 2010). More women are engaged in the production of this crop 

compared to men (Ibrahim et al., 2018; Wasula et al., 2014), and this enables women to 

obtain income and food for home consumption thus contributing to household food security. 

Despite its importance, Bambara groundnut has very poor germination that makes it less 

attractive to some farmers (Legwaila et al., 2013), hence engaging in other alternative 

legumes such as cowpea and groundnut. This scenario could result in reduction of Bambara 

groundnut production and loss of useful germplasm. 

 

Bambara groundnut landraces have an abundance of genetic variations (Massawe et al., 

2005). Farmers use their farm-saved seeds which are recycled over time due to lack of 

improved varieties (Mayes et al., 2008). Seed quality of such recycled seed remains unclear. 

In Uganda, limited information exists on farmers seed management practices and the seed 

quality of landraces they maintain. Documentation of Bambara groundnut seed management 
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practices and quality of farm-saved seeds will be helpful in improving farmers’ practices and 

other aspects related to value addition and marketing. This study will also inform the national 

research body in Uganda to pursue a breeding programme on Bambara groundnut in a call to 

address food and nutrition security. Seed producers who may later follow up on improved 

seed production practices of Bambara groundnut will be interested in selling primed seeds to 

farmers. This implies that they will need an optimal concentration of the priming agent 

(potassium nitrate solution) and hydropriming duration for Bambara groundnut. This study 

gives a good foundation for such seed producers not only on priming agents but also on 

fertilizer application especially using phosphorus during seed production. 

 

1.4 Objectives 

 

1.4.1 Broad objective 

To improve Bambara groundnut seed production through an understanding of farmers’ 

practices, fertilizer use and seed quality enhancement. 

 

1.4.2 Specific objectives 

• To document seed management practices and evaluate the quality of farm-saved seeds 

of Bambara groundnut in Uganda. 

• To determine the appropriate rate of phosphorus fertilizer for seed production of 

Bambara groundnut. 

• To determine the effect of hydropriming and halopriming with potassium nitrate 

solution on seed germination of Bambara groundnut. 
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1.5 Research questions 

 

1.5.1 Research questions for survey and evaluation of farm-saved seeds  

• What are the farmers’ seed sources of Bambara groundnut in North Western, Northern 

and Eastern Uganda? 

• What is the seed composition of Bambara groundnut seed samples in North Western, 

Northern and Eastern Uganda? 

• How do farmers in Uganda manage farm-saved seeds of Bambara groundnut?  

• What is the quality of farm-saved seeds of Bambara groundnut in North Western, 

Northern and Eastern Uganda? 

 

1.5.2 Research questions for phosphorus application 

• What is the effect of applying different rates of phosphorus fertilizer on seed yield and 

seed quality of Bambara groundnut? 

 

1.5.3 Research question for seed priming methods  

• What is the effect of hydropriming and halopriming with potassium nitrate solution on 

seed germination of Bambara groundnut? 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Origin and taxonomy of Bambara groundnut 

The centre of origin of Bambara groundnut is West Africa (Hillocks et al., 2012), although it 

was earlier argued that it originated from North Africa and moved to Kwazulu-Natal in South 

Africa (Swanvelder, 1998). Another recent report confirms that the centre of origin of 

Bambara groundnut is North Eastern Nigeria and Northern Cameroon in West Africa (FAO, 

2017). It is reported that the English name Bambara groundnut is derived from the Bambara 

tribe who live in Bambara district near Timbuktu, Central Mali (Nwanna et al., 2005).  It has 

also been reported that the wild Bambara groundnut spread from Jos Plateau and Yola in 

Nigeria to Garoua in Cameroon (Goli, 1997). Bambara groundnut then spread to Eastern and 

Southern parts of Sudan and was adopted for cultivation throughout tropical Africa (Brink & 

Belay, 2006). The crop also spread to parts of South America, Asia and Oceania (Baudoin & 

Mergeai, 2001).  

 

Bambara groundnut belongs to the family Fabaceae. It also belongs to genus Vigna consisting 

of a wild type Vigna subterranea var. spontanea (Mohammad, 2014) and cultivated type 

Vigna subterranea var. subterranea which is found in Sub-Saharan Africa (Somta et al., 

2011; Shravani et al., 2004).  Bambara groundnut has also been given different names by 

African communities. The names include Izindlubu (Zulu, South Africa), Indlubu (Xhosa, 

South Africa), Kwaruru (Hausa, Nigeria), Okpa (Ibo, Nigeria), Epa-Roro (Yoruba, Nigeria), 

Nyimo (Shona, Zimbabwe), Ntoyoci (Bemba, Republic of Zambia) (Mahbudhi & Modi, 

2013; Bamshaiye et al., 2011).  
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2.2 Production of Bambara groundnut 

Bambara groundnut is a drought tolerant crop (Tsoata et al., 2016). It requires an annual 

rainfall of about 500mm to 1,200mm during the growing season (Anonymous, 2016). The 

optimum growth temperature range is 19°C to 30°C, while temperatures below 16 °C and 

above 38°C are not suitable for its production (FAO, 2007).  It also requires a well-drained 

sandy loam soils, soil PH of between 5.0 and 6.5 and not less than 4.3 or greater than 7.0, 

and optimum soil depth of 50cm to 100cm (Anonymous, 2016; FAO, 2007).  

 

Bambara groundnut is planted on ridges, heaps or flat seed bed prepared mechanically or 

manually (Adzawla et al., 2016; Alhassan & Egbe, 2013). The recommended spacing for 

optimum yield is 50cm x 20cm (Akpalu et al., 2012). Intercropping of Bambara groundnut 

with crops such as maize, cassava, yam, millet, cowpea and groundnut is a common practice 

among farmers (Adzawla et al., 2016; Alhassan & Egbe, 2013; Toure et al., 2012). 

Intercropping has been attributed to heterogeneity of soil types, need for more food at the 

household, unpredictable climatic conditions and sociocultural factors (Ibeawuchi, 2007). 

Weeding is commonly done twice but can be once, thrice or more depending on the location 

(Aviara et al., 2013). Bambara groundnut farmers seldomly use fertilizers (Akpalu et al., 

2013). This is because Bambara groundnut has ability to perform better than other legumes 

in poor soils (Alhassan & Egbe 2013; Akpalu, 2010). However, some farmers in Guinea 

Savannah of Ghana and Southern Guinea Savannah of Nigeria use fertilizer in Bambara 

groundnut production (Alhassan & Egbe, 2013; Berchie et al., 2010). Earthing up is also a 

common practice in Bambara groundnut production, known for improving yield (Ouedraogo 

et al., 2012). Harvesting of Bambara groundnut is normally done between 4 to 5 months after 
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sowing, but is dependent on location and landraces sown (Aviara et al., 2013; Hillocks et al., 

2012). 

 

Bambara groundnut is attacked by storage pests such as weevils, and field pests such as leaf 

hoppers, aphids, grasshoppers and root knot nematodes (Ibrahim et al., 2018; Baoua et al., 

2014; Kankam & Adomako, 2014). Fungal diseases such as leaf spot, powdery mildew and 

fusarium wilt also attack Bambara groundnut in the field (Ibrahim et al., 2018; Wakhungu, 

2016). However, Bambara groundnut is more tolerant to pests and diseases than cowpea 

(Adu-Dapaah et al., 2004). Although Bambara groundnut is drought tolerant, water stress 

negatively affects its seed yield and seed quality (Chibarabada, 2014). A reduction in plant 

height, leaf number and leaf area index in Bambara groundnut due to water stress has been 

reported (Mabhaudhi & Modi, 2013; Karunaratne et al., 2011; Mwale et al., 2007). Bambara 

groundnut is known to have five phenological stages; emergence, vegetative, flowering, pod 

filling and maturity, but an early onset or delay of a stage in the phenological cycle occurs 

due to water stress on the plant (Karunaratne et al., 2010). Bambara groundnut is more 

sensitive to water stress at the flowering stage (Vurayai et al., 2011). Water stress on maternal 

plant especially at vegetative, flowering and pod filling stages causes yield loss and low dry 

matter accumulation in Bambara groundnut (Karunaratne et al., 2011; Vurayai et al., 2011; 

Mwale et al., 2007). Bambara groundnut landraces grown under rainfed conditions flower 

earlier, for a shorter duration, and mature earlier than when grown under irrigated conditions 

(Mabhaudhi & Modi, 2013). 

 

The world’s annual productivity of Bambara groundnut in 2007 was estimated to be about 

0.664t/ha compared to 0.719t/ha in 2016 and 0.715t/ha in 2017 (FAO, 2019). Bukina Faso, 
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Niger and Cameroon are currently ranked as the world’s leading producers (FAO, 2019). 

Bambara groundnut yield and area under production in Africa in 2019 is estimated at 

228,920t and 370,953ha respectively, while the figures stand at 17,182t and 83,750ha yield 

and production area respectively for Eastern Africa (FAO, 2020). Some studies have reported 

that the production of Bambara groundnut in Africa is dominated by women subsistence 

farmers (Ibrahim et al., 2018; Wasula et al., 2014; Hillocks et al., 2012). These farmers are 

mostly aged below 50 years (Adzawla et al., 2016; Alhassan & Egbe, 2013), with low level 

of education (Adzawla et al., 2016; Wasula et al., 2014; Berchie et al., 2010) and grow 

Bambara groundnut in a small area usually about an acre or less (Aviara et al., 2013). 

 

2.3 Utilization of Bambara groundnut 

Bambara groundnut is a food security crop, and is produced majorly for human consumption 

(Ibrahim et al., 2018; Effa & Uko, 2017). It is used as snacks, ingredient in cooking and for 

making flour (Mazahib et al., 2013). Seed flour of Bambara groundnut has higher oil content, 

good water absorption and emulsion properties, thus making it a useful substitute in food 

formulations (Aremu et al., 2008). Fresh seeds of Bambara groundnut can be boiled and eaten 

as snacks, dried and ground into flour, spiced and made into paste then boiled as “moi-moi 

or okpa” and the paste can be fried and eaten as “akara” (Jonah et al., 2010). Fresh seeds can 

also be consumed raw, boiled or grilled and dry seeds can be pulverized to make cakes 

(Adebowale & Lawal, 2002). Bambara groundnut is also an important source of fibre, 

calcium, iron and potassium for animal feeding and provides a balanced diet in those 

localities where animal protein is expensive and the cultivation of other legumes is 

inconceivable because of unfavourable moisture conditions of the soil (Biodiversity 
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International, 2015). Bambara groundnut is also important in traditional ceremonies and is a 

useful gift in some West African communities (Anchirinah et al., 2001). 

 

Bambara groundnut has also been utilized for its medicinal values such as curing diarrhoea, 

mouth diseases and animal wounds (Biodiversity International, 2015). It is used by several 

African communities to treat different ailments including venereal diseases by the Ibo of 

Nigeria (Brink & Belay, 2006). The Luo of Kenya use Bambara groundnut to treat diarrhoea 

(Mkandawire, 2007).  Bambara groundnut is also used to treat amoebic dysentery, sore throat, 

headaches, stomach pain, joint pain, bone decalcification and is also used as a stimulant for 

milk production in breast feeding women especially in Cameroon (Temegne, 2018). Bambara 

groundnut seeds contain kaempferol, an antioxidant polyphenol which abridges the risk of 

chronic diseases such as cancer (Yao et al., 2015; Jideani & Diedericks, 2014). Raw Bambara 

groundnut seeds can be chewed and swallowed to treat nausea suffered by most pregnant 

women (Anonymous, 2011). Leaf preparations of Bambara groundnut are applied to 

abscesses and the roots are used as aphrodisiac especially in Senegal (Brink & Belay, 

2006) 

 

2.4 Seed quality 

Seed quality refers to the standard of excellence in certain characters or attributes that 

determine the performance of seed when sown or stored (Hampton, 2002). Seed quality is a 

complex character and can also be defined as the viability and vigour attribute of seed that 

enables emergence and establishment of normal seedlings under a wide range of 

environments (Khan et al., 2012). However, the practical definition of seed quality differs 

depending on the end user (Elias, 2018). Farmers consider production of uniform plants with 
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high yielding capacity under a wide range of field conditions as a measure of quality while 

for producers of oil seed crop with industrial use such as making cosmetics and soap, seeds 

with a particular stable fatty acid profile may be used as a measure of quality (Elias, 2018). 

 

However, when seed scientists talk about seed quality, they refer to four quality aspects 

namely; genetic seed quality, physical seed quality, physiological seed quality and 

pathological seed quality (Copeland & McDonald, 2012). Genetic seed quality refers to the 

true to type nature of seeds, that is, plants arising from the seed lot should be uniform with 

no off types (Hasanuzzaman, 2015). Physiological seed quality is the performance 

capabilities of seeds in the subsequent generation (Thomas et al., 2016). Physiological seed 

quality includes seed vigour, seed viability, germination capacity and dormancy (Copeland 

& McDonald, 2012). Seed vigour is the property of seed that determines its performance 

(rapid, uniform field emergence and development of normal seedlings) under wide 

environmental conditions (Marcos-Filho, 2015). Seed viability is the aliveness and capability 

of seed to produce metabolic enzymes for germination and early seedling growth (Kumar et 

al., 2013). Seed dormancy is the inability of seed to germinate even under favourable 

conditions while germination capacity is the ability of seed to develop into normal seedling 

under suitable conditions (ISTA, 2015). Pathological seed quality refers to the general health 

status of seeds that is absence or presence of disease pathogens (Hasanuzzaman, 2015). 

Physical seed quality refers to the proportion of pure seed, insect damaged seed, unwanted 

materials (chaffs, weeds, stones, sand etc) in a seed lot (Hasanuzzaman, 2015). 
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Seed quality is influenced by a number of factors such as storage conditions, agronomic 

practices, production environment, maturity stages, packaging materials etc.  The type of 

packaging material used for packaging seeds affects seed moisture content, germination 

capacity and vigour (Patel et al., 2018). Evaluation of influence of different packing materials 

such as Jute bag (JB), Polyethylene lined jute bag (JBP), PP woven laminated bag (PPL), 

HDPE bag with vacuum (HDPEV), Multilayer coextruded plastic bag with vacuum (MCPV), 

Polyethylene laminated aluminium foil bag with vacuum (ALPEV) and Perdue improve crop 

storage bag (PICS) on seed quality of chick pea  showed that maximum germination of 91.33 

% was observed in PPL followed by 89.33 % in JBP while minimum germination of 70.67 

% was recorded in JB at the end of 12months storage period (Patel et al., 2018). 

 

 

   

 
   

    

   

   

Colour, insect bites, presence of 
other undesirable materials,

 

  

 

Figure 1: A simplified structural concept of seed quality (Copeland & McDonald, 2012; 

Huda, 2001) 
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Maturity stages of seeds also affect seed quality, as seeds harvested at different maturity 

stages vary in quality with respect to germination and vigour. The effect of maturity stages 

on seed quality of two tomato accessions in Bunso, Eastern Ghana was evaluated and the 

result showed that highest germination capacity of 99.0% was recorded in GH 9207 accession 

harvested at half ripe stage and lowest germination percentage of 76.5% was recorded in the 

same accession harvested at initially ripe stage (Tetteh et al., 2018). Seed germination and 

vigour also improves with agronomic practices such as nutrition of mother plant (Moon et 

al., 2018; Sawan et al., 2011).  

 

Furthermore, conditions in the production environment also affect seed quality. A suitable 

environmental temperature and low humidity during seed maturation results in good quality 

seeds (Copeland & McDonald, 2001). High temperature stress during late stages of seed 

development and maturation results in poor quality seeds (Egli et al., 2005). This is 

particularly due to poor seed filling causing shrivelled seeds (Rashid, 2016). Conditions in 

the production environment especially during seed development and maturation also acts 

upon the extent of dormancy and viability of suppurate seeds (Bewley & Black, 2012). Seed 

storage conditions such as relative humidity, temperature, in addition to duration of storage 

affects seed quality (Alhamdan et al., 2011; Patel et al., 2018). High storage relative humidity 

and temperature increase the rate of seed deterioration and loss of seed viability whereas 

most seeds deteriorate slowly and maintain viability for a long time if stored under low 

relative humidity and low temperature conditions. 
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2.5 Effect of phosphorus on seed yield and seed quality 

Phosphorus is an important primary macro element for plant growth as it plays a critical role 

in energy storage and transfer as adenosine diphosphate (ADP), adenosine triphosphate 

(ATP), di-phosphopyridine nucleotide (DPN) and tri-phosphopyridine nucleotide (TPN) 

(Uchida, 2000). These energy storage and transfer compounds are important in the processes 

of photosynthesis (Hammond & White, 2008). Phosphorus is required as pyridoxal 

phosphate particularly in biosynthesis of chlorophyll, hence its application results in high 

chlorophyll content and photosynthetic activity of the plant (Mairura et al., 2007). The high 

photosynthetic activity resulting from phosphorus fertilizer application would mean that 

large amount of photoassimilates is produced and upon translocation and accumulation in the 

sink, in this case seeds, would improve seed yield and seed quality (Liu et al., 2015; Hossain 

& Hamid, 2007). Seeds need sufficient amounts of storage compounds to generate energy 

during germination and this is enhanced by adequate nutrition of the mother plant (Paneru et 

al., 2017). 

 

Phosphorus is required for the general health, vigour of plants, seed formation and seed 

development (Moon et al., 2018). Phosphorus plays a role in cell division and development 

of meristematic tissues (Weil & Brady, 2017). It has been reported that application of 2% 

diammonium phosphate to cotton plants increased seed yield, seed germination, root length 

and dry matter production (Sasthri et al., 2001). Evaluation of the effect of nitrogen and 

phosphorus on seed quality and seed yield of Gaillardia plants revealed that highest 

germination percentage of 64.67% and seed weight of 0.64g were obtained with a phosphorus 

rate of 75 KgPha-1 (Moon et al., 2018).  Accumulation of phosphorus especially in the 

embryonic region of seed has been shown to have a strong positive correlation with shoot 
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and root biomass, and seedling length (Mandizvo, 2018). Highest seed yield per plant, seed 

yield per plot and seed weight of 21.88gplant-1, 1.667gplot-1 and 10.29g seed-1 respectively, 

with improved seed vigour and viability were achieved by foliar application of 1728gha-1of 

phosphorus to cotton plants (Sawan et al., 2011). Similarly, highest grain yield of 3.14t/ha 

and highest germination percentage of 93.66% were attained by application of 75 KgPha-1 in 

wheat (Paneru et al., 2017).  

 

After translocation of phosphorus from the source (leaves), it accumulates in the sinks 

including seed during seed filling. Seed phosphorus reserves are metabolized and 

translocated to the root and shoot tissues during germination to promote early seedling 

growth (Grant et al., 2001). Higher seed phosphorus content promotes faster seedling 

establishment (White & Veneklaas, 2012; Zhu & Smith, 2001).  Highest hypocotyl length 

(7.72 cm), radicle length (16.84cm), seedling length (24.56cm), seedling fresh weight (7.11 

g 10 seedling -1) and seedling dry weight (0.643 g 10 seedling -1) were attained with an 

application rate of 1728gha-1 of phosphorus to cotton plants (Sawan et al., 2011).  

 

Some studies have been done with Bambara groundnut in relation to phosphorus fertilizer 

application. Highest pod weight of 1.62g was achieved by application of 165 KgPha-1 to 

Bambara groundnut (Nweke & Emeh, 2013). A study conducted with different phosphorus 

fertilizer rates (25, 50 and 75 KgPha-1) reported highest pod number of 19.0 and highest fresh 

pod weight of 290.76g plant-1 with 75 KgPha-1 (Ikenganyia et al., 2017). Similarly, another 

study reported increase in seed yield of Bambara groundnut with application of different rates 

of phosphorus fertilizer (Temegne et al., 2019).  However, it is unknown how Ugandan 
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Bambara groundnut landraces will respond to varied phosphorus fertilizer rates in relation to 

seed yield and seed quality.  

 

2.6 Effect of hydropriming on seed germination 

Hydropriming is one of the seed priming methods (Kaya et al., 2006). Seed priming is the 

pre-sowing seed treatment which improves seed germination and emergence under 

unfavourable conditions or enhance germination of aged and freshly harvested seeds that 

may not germinate or may have minimal germination capacity (Binang et al., 2012). 

Hydropriming is done by soaking seeds in distilled water for a given time period and 

maintaining at a certain temperature, followed by airdrying the seeds to prevent radicle 

protrusion (Berchie et al., 2010). Hydropriming is reckoned as the cheapest and simplest seed 

priming method (Ahmad et al., 2014; Jisha et al., 2013). 

 

Hydropriming is very effective in breaking seed dormancy and promoting seed germination 

because it enhances physiological and biochemical processes in the seed as well as improving 

antioxidant enzyme systems, and the accumulation of soluble sugars and proteins in the 

seedling during seed germination and early seedling establishment (Kamithi et al., 2016; 

Essou et al., 2016; Yan, 2015). Trypsin-like proteolytic enzymes that are important in 

germination are produced in seeds of some plant species (Yan, 2015; Matsushima & 

Sakagami, 2012; Ashraf & Foolad, 2005), but their activity is affected by trypsin inhibitors 

in some seeds, hydropriming antagonizes the inhibitors’ functions and promotes protein 

hydrolysis and cell elongation by trypsin enzymes during seed germination (Ashraf & 

Foolad, 2005). Hydropriming is very effective in enhancing seed quality in aged seeds 

provided the deterioration period is short (Kamithi et al., 2016; Yan, 2016; Kibinza et al., 
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2011). Hydropriming has been reported to increase germination rate and synchroneity as well 

as expurgating the lag phase to initiation of germination of Dodonaea viscosa seeds thus 

improving vigour of artificially aged seeds (Essou et al., 2016). Hydropriming increases final 

germination percentage, germination rate, seedling length, vigour index, total soluble 

proteins, soluble sugars and enzyme activities of aged groundnut seeds (Ali & Hossein, 

2017).  

 

Hydropriming has been shown to enhance seed germination in some crops such as Phaseolus 

vulgaris (Ghassemi et al., 2010), Oryza sativa (Matsushima & Sakagami, 2012), chick pea 

(Ghasemi et al., 2008), sunflower (Kaya et al.,2006), onion (Caseiro et al.,2004), Aegle 

marmelos (Singh, 2017), Bambara groundnut (Berchie et al., 2010), Solanum lycopersicum 

(Camu, 2017).  The results of these studies show an increase in germination capacity, 

germination rate and seedling vigour index. The positive effect of hydropriming on 

enhancement of seed germination is attributed to solubilization of b-subunit of 11-S globulin 

storage protein in the seeds (Capron et al., 2000). Effectiveness of hydropriming treatment is 

influenced by plant species, priming period, seed vigour and incubation temperature (Ahmad 

& Lee, 2011; Berchie et al., 2010). 

 

Duration of hydropriming affects mean germination time (Ali & Hossein, 2017). Prolonging 

hydropriming time countenances seed cells to react speedily to an enormously minimal levels 

of a peculiar environmental stimulus thus speeding up germination rate (Sacala & Demczuk, 

2016). Increased time of hydropriming accounted for higher cumulative germination in 

sunflower (Kaya et al., 2006). The effect of hydropriming on seed germination of Bambara 

groundnut was studied using some Ghanaian landraces (Berchie et al., 2010). However, the 
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differences in landraces evaluated in their study and this present study owing to the 

differences in locations where landraces have adapted is likely to cause different reactions to 

hydropriming. Besides, they evaluated 24 hours and 48 hours priming period and nothing is 

reported on what happens if Bambara groundnut seeds are subjected to hydropriming period 

less than 24 hours. 

 

2.7 Effect of halopriming with potassium nitrate (KNO3) on seed germination 

Seed treatment with potassium nitrate solution is one of the halopriming methods that is used 

to enhance seed germination (Ashraf & Foolad, 2005). Application of potassium nitrate 

results in higher germination capacity and better stand establishment in crops (Aml et al., 

2011). This can be attributed to the osmotic activity of potassium ions (K+) that helps in cell 

water standing, and acting as cofactor for some metabolic enzymes, and nitrate ions which 

acts as a substrate for amino acid and protein synthesis (Taiz & Zeiger, 2010). Potassium 

nitrate overcomes seed dormancy through its action on pentose pathway (Carvalho & 

Nakagawa, 2000) and nitric oxide synthesis (Lara et al., 2014). 

 

Halopriming with potassium nitrate improves seed germination and seedling growth. It was 

reported that seeds primed with potassium nitrate solution produced vigorous seedlings, 

accumulated more dry matter and had higher root length than non-primed seeds (Kattimani 

et al., 1999). An increase in germination percentage by 28.3% and seedling dry weight by 

58.1% was observed in seeds treated with potassium nitrate solution compared to non-treated 

seeds (Mohammadi, 2009). Evaluation of the response of two broad bean cultivars (Vicia 

faba, cv. Nobaria 3 and cv. Sakha 3) to potassium nitrate solution revealed that a significant 

increase in seed germination especially with Sakha 3 cultivar was observed when they were 
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treated with potassium nitrate concentration of 3 millimolar (mM) and subjected to salinity 

levels of 0, 40, 80, 120 and 160mM sodium chloride solution (El-Baki et al., 2018). 

 

Highest germination percentage of 99.1% was observed when Bottle gourd (Lagenaria 

siceraria) seeds stored for 3 months were treated with 150 ppm of potassium nitrate solution 

(Chakraborty et al., 2017). A study conducted with Cleome gynandra L reported that 

germination capacity of 72% with Pop 16, 23.66% with Nord 14 and 8.0% with Sud 13 

varieties were attained at 5 gl-1 of potassium nitrate (Essou et al., 2017). Halopriming onion 

seeds with 1% potassium nitrate solution for a period of 12 hours has also been shown to be 

very effective in enhancing germination, as germination percentage of 87.5% was achieved 

in comparison with other treatments of 2% and 3%, which recorded germination percentage 

of 82.5% and 85.5% respectively, under the same priming period (Nego et al., 2015). It was 

also demonstrated that 100 mM potassium nitrate solution was effective in enhancing seed 

germination in Gerbera jamesonii and Zinnia elegans with the final germination percentage 

of 74.67% and 93.33% attained in Gerbera jamesonii and Zinnia elegans respectively 

(Ahmad et al., 2017). 

 

Halopriming rice seeds with 1% KNO3 showed higher seed germination of 97.75% compared 

to 92.95% when primed with 2% KNO3 (Anisa et al., 2017). Another study reported the 

highest germination percentage of 88.72%, germination rate of 12.2, root length of 31.62cm, 

shoot length of 32.12cm and total dry weight of 8.77g by halopriming using 1.5% potassium 

nitrate solution compared to sodium chloride, control and 0.75% potassium nitrate solution 

(Esmeili & Heidarzade, 2012). Priming soybean seeds with 1% potassium nitrate solution 

for 24 hours improved the germination percentage compared to non-primed seed in both field 
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and laboratory studies (Mohammadi, 2009). Halopriming with 1% potassium nitrate solution 

was also reported to improve emergence in sorghum as final emergence of 59.87%, 68.63% 

and 53.30% were recorded for Hegari variety, JS-263 variety and JS-2002 variety 

respectively in comparison with control which recorded 50.97 % in Hegari, 62.20% in JS-

263 and 44.40% in JS-2002 (Shehzad et al., 2012).  

 

Furthermore, it has also been established that halopriming Solanum lycoperscium L with 1% 

potassium nitrate solution improves germination, with the highest germination percentage of 

91.75% and 90.25% observed in S-22 variety and Navodya variety respectively (Kumar & 

Kumar, 2018).  However, no much is reported with regard to the response of Bambara 

groundnut seeds to potassium nitrate treatment. It was thus necessary to study germination 

behaviour of a Ugandan Bambara groundnut landrace to different concentrations of 

potassium nitrate solution. 
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CHAPTER THREE 

METHODOLOGY 

3.1 Seed management practices and quality of farm-saved seeds of Bambara groundnut 

in Uganda 

 

3.1.1 Survey 

A survey was conducted in North Western, Northern and Eastern Uganda between June and 

July, 2019. Prior to the survey, a reconnaissance study was done to gather more information 

on the production of Bambara groundnut in these regions. The survey covered 13 

predominant production districts and 26 subcounties across the three regions. Purposive 

sampling technique targeting Bambara groundnut farmers was used to select respondents for 

this study. Purposive sampling is a non-probability sampling technique in which a researcher 

gathers information from a specific category of individuals based on their knowledge and 

experience on the subject of interest (Cresswell & Plano-Clark, 2011; Bernard, 2002). 

Purposive sampling is mostly used in qualitative research (Patton, 2002). Bambara groundnut 

farmers chosen from each subcounty were mobilized in a central location and briefed about 

the exercise. A semi structured questionnaire (Appendix 1) was then administered to each 

respondent in a face-to-face interview. A total of 400 Bambara groundnut farmers (28 from 

North Western, 248 from Northern, and 124 from Eastern region) were interviewed (Table 

1). 
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Table 1: Number of Bambara groundnut farmers interviewed per region 

Region  District  Subcounty Number of 

farmers 

North Western Nebbi Kucwiny 17 

  Nyaravuru 11 

   28 

Northern  Gulu Awach 15 

  Paicho 15 

 Omoro Lakwana 15 

  Bobi 15 

 Agago Parabongo 18 

  Wol 15 

 Pader Pader 15 

  Ogom 15 

 Lira Agweng 09 

  Aromo 21 

 Oyam  Aleka 15 

  Otwal 15 

 Otuke  Adwari 18 

  Okwang  16 

 Kole  Bala  15 

  Akalo 16 

   248 

Eastern Kapelebyong Acowa  15 

  Okungur 12 

 Amuria  Willa  15 

  Apeduru 16 

 Tororo  Peta  18 

  Sop-Sop  16 

  Nagongera  17 

 Kumi  Atutur  15 

   124 

Total number of respondents                                                           400 

 

Bambara groundnut seed samples were also collected from farmers during the survey. These 

samples were threshed by carefully and gently cracking with a stone, packaged in paper bags, 

labelled and grouped by region. From these samples, landraces AbiBam 001, Local Bam, 

AbiBam 003, TVSU 688 and TVSU 759 were identified morphologically using their seed 

coat colour and grouped according to the region of collection, and used for seed quality 
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analysis. These landraces were selected for regional representation and availability of their 

seeds for laboratory analysis.  

 

 
 

Figure 2: Map of Uganda showing sampled districts 
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   Eastern 
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3.1.2 Physical characteristics of farm-saved-seeds 

Seed size (length and width) was measured using a Venier calliper. Twenty seeds were 

randomly picked from each landrace, separated in four groups (replications of 5 seeds each) 

and their sizes measured at a time by placing the seed between two sleeves of a Venier 

calliper and recording the corresponding readings in centimetres. Seed colour description for 

each landrace was done using Royal Horticultural Society colour chart (RHS, 2015) by 

placing seed in the corresponding colour grouping. 

 

3.1.3 Electrical conductivity test 

Electrical conductivity (EC) test was performed on three replicates of 10 seeds each. Seeds 

were separately weighed and soaked in deionized water for 24 hours and the conductivity of 

the leachate (MS g-1) measured with an EC meter. 

 

3.1.4 Standard germination test 

A standard germination test was performed with 25 seeds in three replications. Seeds were 

sterilized with 1% sodium hypochlorite solution for 2 minutes and rinsed with distilled water. 

The sterilized seeds were then placed in germination trays in sterilized sand moistened with 

distilled water. Seeds were incubated in growth chamber (BJPX-B40011, Biobase Biodustry 

(Shandong) Co. Ltd) at alternating temperature of 20oC/30oC in 16hrs darkness and 8hrs light 

for 14 days (Mandizvo & Odindo, 2019; Chibarabada et al., 2014), and germination count 

recorded daily. Final germination percentage (FGP) was calculated on the 14th day using the 

formula according to Damalas et al (2019) as 

FGP = Ng

Nt
  X100                                                Equation 1 

Where; Ng is the number of germinated seeds and Nt is the total number of seeds sown.  
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Germination velocity index (GVI) was calculated according to Maguire (1962) as 

𝐺𝑉𝐼 = 𝐺1
𝑁1⁄ + 𝐺2

𝑁2⁄ +. . . … + 𝐺𝑛
𝑁𝑛⁄                                     Equation 2 

 

Where 𝐺1, 𝐺2 … … … . 𝐺𝑛   are number of seeds germinated on 1st, 2nd and last count. 

𝑁1, 𝑁2 … . . 𝑁𝑛  are number of days at 1st, 2nd and last count from the sowing day.  

Ten normal seedlings (normal seedlings had well-developed root and shoot systems) were 

oven dried at 65oC for 48 hours and seedling dry weight (SDW) measured using a digital 

balance (TP-B2000). Seedling Vigour Index II was computed according to Abdul-Baki and 

Anderson (1973) as  

𝑆𝑒𝑒𝑑𝑙𝑖𝑛𝑔 𝑉𝑖𝑔𝑜𝑢𝑟 𝐼𝑛𝑑𝑒𝑥 𝐼𝐼 = 𝐹𝐺𝑃 𝑋 𝑆𝑒𝑒𝑑𝑙𝑖𝑛𝑔 𝑑𝑟𝑦 𝑤𝑒𝑖𝑔ℎ𝑡             Equation 3 

 

3.1.5 Data collection 

Survey data was collected on seed source, seed composition, period of seed recycling, time 

of seed selection, seed drying method, seed storage and seed processing prior to planting. 

Laboratory data collected were; seed colour, seed size (length and width), electrical 

conductivity, final germination percentage, germination velocity index and seedling vigour 

index II. 

 

3.1.6 Data Analysis 

Survey data was analyzed using IBM© SPSS© Version 20. Percentages from SPSS© were 

extracted and processed in Microsoft Excel 2016 to produce graphs and tables. Analysis of 

variance was performed in GenStat® 14th Edition and significant means separated using least 

significant difference (LSD) at 5% significance level. A correlation of seed size and 

physiological seed quality parameters (FGP, GVI and SVI-II) was done using Microsoft 

Excel 2016. 
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3.2 Response of Bambara groundnut landraces to application of phosphorus fertilizer 

 

3.2.1 Site description 

Field experiment was conducted at Zonal Agricultural Research and Development Institute 

(ZARDI) in Ngetta, Northern Uganda. Ngetta was selected because of its ecological 

conditions that suit Bambara groundnut production.  Ngetta ZARDI is located in Northern 

Agro Ecological Zone in Lira district, few kilometres along Lira - Kitgum road. It lies 

between 2˚17'N and 32˚55'E with an altitude of 1,100m above sea level. Ngetta ZARDI 

receives average annual rainfall of about 1,197mm, with temperature range of 15oC to 32.5oC 

(UBOS, 2009).   

 

3.2.2 Plant materials 

Three Bambara groundnut landraces used in this study were obtained from Abi ZARDI 

located in Arua district, North Western Uganda. These landraces were AbiBam 001, AbiBam 

003 and TVSU 759 designated as L1, L2 and L3 respectively in this study. These landraces 

were chosen because they are commonly grown by farmers in North Western, Northern and 

Eastern Uganda as observed in the survey.  

 

3.2.3 Soil sampling 

Soil sample from Ngetta ZARDI was collected using a simple random sampling procedure. 

Samples were bulked together to make a composite sample from which a sample was drawn, 

packaged in a labelled paper bag and taken to Soil Science Laboratory at University of 

Eldoret for analysis of available phosphorus, PH and organic carbon.  
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3.2.4 Research design 

Field experiment was laid out in a Randomized Complete Block Design (RCBD) with a 3x4 

factorial treatment structure, that is 3 Bambara groundnut landraces (AbiBam 001, AbiBam 

003 and TVSU 759), and 4 phosphorus rates (0, 50, 75 and 100 KgPha-1) in three replications. 

Each plot was measuring 1m x 1m with a spacing of 1m between blocks and 0.5m between 

plots and 1m on either side of outside blocks, covering a total area of 140m2. Treatments 

were randomly allocated in the field. Triple supper phosphate (TSP) was used as phosphorus 

source. Phosphorus rate per plant was calculated and TSP weighed accordingly, that is 1.4g 

TSP/plant, 2.1g TSP/plant and 2.8g TSP/plant corresponding to 50 KgPha-1, 75 KgPha-1 and 

100 KgPha-1 respectively. Respective TSP rate was placed in planting holes for the specified 

treatment and covered with thin soil layer during sowing. Seeds were sown singly in planting 

hole at a spacing of 50cm x 20cm (Akpalu et al., 2012), giving plant population of 18 plants 

per plot. 

 

Table 2: Field Layout at Ngetta 

P1L2 P3L3 P2L1 P0L3 P1L1 P2L2 P3L1 P0L2 P1L3 P3L2 P2L3 P0L1 

            

P1L3 P3L2 P2L1 P0L2 P3L1 P0L3 P1L1 P2L2 P3L3 P0L1 P2L3 P1L2 

            

P0L1 P3L2 P1L3 P2L2 P0L3 P1L1 P3L3 P3L1 P1L2 P2L1 P0L2 P2L3 

Note; Block 1(Top block), Block 2 (Middle block) & Block 3(Bottom block). P0, P1, P2 and P3 

represents 0, 50,75 and 100 KgPha-1 respectively. L1, L2 and L3 represent AbiBam 001, AbiBam 

003 and TVSU 759 respectively. 
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3.2.5 Agronomic and post-harvest handling practices 

Land was ploughed twice using a tractor and harrowed once to make a fine seed bed for 

planting. Planting was done on 16th August, 2019 at the spacing stated in 3.2.4 above. 

Weeding was manually done by hoeing four times. Earthing up was done just before 

flowering. No other fertilizer or nutrient source was applied except the experimental 

phosphorus as stated in section 3.2.4. Harvesting was done on 04th January, 2020 (139 days 

after sowing) by digging the pods with a hand hoe. Pods were sun dried on gunny bags for 

five days and later shelled by gently and carefully cracking with a stone. Seeds were 

packaged in labelled paper bags and taken to University of Eldoret for further analysis. 

 

3.2.6 Determination of seed phosphorus content 

Analysis of seed phosphorus content was conducted at soil science laboratory, University of 

Eldoret, Kenya. Total phosphorus in the seed was determined without adjusting PH in two 

main procedures, that is sample digestion using Kjeldahl method and colorimetric 

determination (Okalebo et al., 2002). Ground Bambara groundnut seed sample was digested by 

treating with hydrogen peroxide, sulphuric acid, selenium powder and salicylic acid. Hydrogen 

peroxide oxidises the organic matter, selenium powder acts as catalyst for the process, sulphuric 

acid completes the digestion at elevated temperatures and salicylic acid prevents the loss of 

nitrates. After this acid digestion of the sample, 2ml of the digest was taken for colorimetric 

determination using UV spectrophotometer, from which the absorbance of phosphorus standard 

solution and the sample were measured at wavelength of 880nm. A standard curve of 

absorbance was plotted against phosphorus standard concentration. Total phosphorus in the 

sample was calculated using the formula; 
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P in sample (%) =
c∗ v∗ f

w
                                             Equation 4 

where c is the corrected concentration of P in the sample; v = volume of the digest; f = dilution 

factor; w = weight of the sample (Okalebo et al., 2002). 

 

3.2.7 Standard germination test 

Standard germination test was conducted in a completely randomized design using the 

procedure described in section 3.1.4. Calculation of final germination percentage and 

germination velocity index was done using equation 1 and equation 2 respectively as in 

section 3.1.4. Ten normal seedlings were oven dried at 105oC for 24 hours and seedling dry 

weight measured using a digital balance (PCB 1000-2, KERN & Sohn GmbH, D-72336, 

Balingen, Germany). Seedling vigour index II was computed from seedling dry weight using 

the formula in equation 3 (Section 3.1.4). 

 

3.2.8 Data collection 

Data was collected on seed yield, thousand seed wight, final germination percentage, 

germination velocity index, seedling vigour index II and seed phosphorus content. 

• Seed yield. Seed yield per plot was determined by harvesting all the plants in a plot and 

weighing seeds with a digital balance (PCB 1000-2, KERN & Sohn GmbH, D-72336, 

Balingen, Germany) after drying and threshing. Seed yield in tonnes per hectare was then 

determined from seed yield per plot using the formula; 

 Seed yield (t/ha) =
Seed yield per plot(𝑔) ∗ 10,000m2

plot size(m2) ∗ 1,000,000g
         Equation 5 

• Thousand seed weight (TSW). One hundred seeds from each treatment were counted 

on aluminium foil and weighed with a digital balance (PCB 1000-2, KERN & Sohn 
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GmbH, D-72336, Balingen, Germany), and the corresponding weight multiplied by 10 

to get TSW. 

 

3.2.9 Data analysis 

Analysis of variance was performed using GenStat® 14th Edition and significant means 

separated using least significant difference (LSD) at 5% level of significance. 

 

3.3 Effect of hydropriming and halopriming with potassium nitrate solution on seed 

germination of Bambara groundnut 

 

3.3.1 Plant material  

Landrace that showed low germination capacity from the field experiment (AbiBam 001 at 

0 KgPha-1, 18.67%) was selected for hydropriming and halopriming with potassium nitrate 

solution. Seeds were stored at -5◦C in a deep freezer for two months at the seed physiology 

laboratory, University of Eldoret before subjecting to hydropriming and halopriming with 

potassium nitrate solution.  

 

3.3.2 Seed hydropriming and halopriming with potassium nitrate solution 

Seeds were removed from the deep freezer and left in ambient air for 24 hours before carrying 

out seed enhancement treatments. Hydropriming was done by soaking 100 seeds in 100ml 

distilled water followed by incubation at 25oC for 6, 12, 18 and 24 hours, and air drying for 

one hour. Seed priming with potassium nitrate was done by soaking 100 seeds in 100ml of 

0.5, 1, 2 and 3% potassium nitrate solution for 2 hours, followed by air drying for one hour. 

Unprimed seeds (not hydroprimed or haloprimed with potassium nitrate solution) were used 

as control. 
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3.3.3 Standard germination test 

A standard germination test was performed on the primed seeds in a Completely Randomized 

Design (CRD) using the procedure described in section 3.1.4. Final germination percentage 

(FGP) and germination velocity index (GVI) were calculated using the formulas in equation 

1 and equation 2 respectively as in section 3.1.4. Ten normal seedlings were oven dried at 

105oC for 24 hours and seedling dry weight measured using a digital balance (TP-B2000). 

Seedling vigour index II was computed from seedling dry weight using the formula in 

equation 3 (Section 3.1.4). 

 

3.3.4 Data collection and analysis 

Data was collected on final germination percentage (FGP), germination velocity index (GVI) 

and seedling vigour index II (SVI-II). Analysis of variance was performed in GenStat® 14th 

Edition.  
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CHAPTER FOUR 

RESULTS 

4.1 Seed management practices and quality of farm-saved seeds of Bambara groundnut 

in Uganda 

 

4.1.1 Farmers’ seed sources of Bambara groundnut 

The major seed sources were the local market (35.2%) and farmers’ own saved seeds 

(30.8%). A higher percentage of farmers in North Western (55.2%) and Northern (30.9%) 

regions used their own saved seeds while 44.0% of those in Eastern region sourced their 

seeds from local markets (Figure 3). 

 

 

Figure 3: Farmers’ seed sources of Bambara groundnut in North Western, Northern and 

Eastern Uganda 

 

4.1.2 Bambara groundnut seed composition 

Farmers used seed coat colours to differentiate landraces. Overall, 52.5% and 33.5% of 
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in North Western region had mixed landraces while 60.2% and 44.0% of those in Northern 

and Eastern regions respectively had single landraces (Figure 4).  

 

 

Figure 4: Seed composition of Bambara groundnut in North Western, Northern and Eastern 

Uganda 

 

4.1.3 Period of Bambara groundnut seed recycling 

Generally, farmers recycled the same seed for more than 4 years (39.2%), 2 years (22.8%) 

and 3 years (21.0%). This was similar across all the three regions, with seed recycling for 

more than 4 years and 2 years dominating except for North Western region where seed 

recycling for 3 years was higher than for 2 years (Table 3). 
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Table 3: Period of seed recycling among Bambara groundnut farmers in North Western, 

Northern and Eastern Uganda 

 

Percentage of farmers 

Period (years) North Western Northern Eastern All farmers 

1 6.9 9.3 7.2 8.5 

2 20.7 22.4 24.0 22.8 

3 24.1 19.5 23.2 21.0 

4 3.4 7.3 12.0 8.5 

>4 44.8 41.5 33.6 39.2 

 

 

4.1.4 Time of Bambara groundnut seed selection  

Seed selection was common during drying (47.8%) and at planting (36.0%). Very few 

farmers selected seeds before the whole crop was harvested (1.8%). Nonetheless, 20.7% of 

farmers in North Western region selected seeds during crop harvest (Figure 5). Most farmers 

(84.3%) did not use any seed selection criterion. However, a few farmers used big sized pods, 

high yielding plants, and healthy-looking plants and pods as seed selection criteria (Figure 

6). 
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Figure 5: Time of seed selection by Bambara groundnut farmers in North Western, Northern 

and Eastern Uganda 

 

 

Figure 6:  Bambara groundnut seed selection criteria in North Western, Northern and Eastern 

Uganda 
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4.1.5 Bambara groundnut seed drying methods 

Generally, farmers dried Bambara groundnut directly on the ground (81%) or on tarpaulin 

(21.3%), a practice similar in all the three regions (Figure 7). Farmers in Eastern region 

mostly used sound of pods (pods are shaken during drying) (80.0%) and hardness of seed (a 

pod is broken and seed pressed between thumb and fingers (70.4%) to ascertain that Bambara 

groundnut was dry enough for storage. This was also similar to their counterparts in Northern 

region (Table 4). 

 

 

Figure 7: Drying methods of Bambara groundnut seeds in North Western, Northern and 

Eastern Uganda 

 

Table 4: Indicators of Bambara groundnut seed drying and suitability for storage in Northern 

and Eastern Uganda 

 

Percentage of farmers 

Indicators of seed drying Northern Eastern All farmers 

Sound of pods 81.1 80.0 80.8 

Hardness of seed 57.0 70.4 61.5 

Duration of drying 2.0 0.0 1.4 

Others  4.9 1.6 3.8 

Note: This data was not captured for North Western region 
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4.1.6 Bambara groundnut seed storage methods 

Farmers in all the three regions stored Bambara groundnut while in pods (in shells). The most 

preferred seed storage method was gunny bags on raised plat form (on stone, top of other 

produce or timber) (93.5%) and this was common for all the regions. Only a few farmers 

stored Bambara groundnut in pots and open containers (Figure 8).  

 

 

Figure 8: Storage methods of Bambara groundnut seed in North Western, Northern and 

Eastern Uganda 
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seeds after shelling to remove all undesirable ones such as discoloured, mechanically 

damaged and immature seeds. 

 

 

Figure 9: Seed processing methods of Bambara groundnut prior to planting in North Western, 

Northern and Eastern Uganda 
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Table 5: Seed colour description of collected Bambara groundnut landraces 

Landrace  Colour description  Illustration  

Local Bam Brown spotted 

 
TVSU 688 Plain cream 

 
AbiBam 003 Black  

 
AbiBam 001 Mottle  

 
TVSU 759 Mixture 
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Table 6: Comparison of collected Bambara groundnut landraces on the basis of seed size 

 

Landrace Seed length (cm) Seed width (cm) 

AbiBam 001 0.89±0.04a 0.74±0.04a 

AbiBam 003 1.00±0.12bc 0.84±0.03b 

Local Bam 1.37±0.13d 1.01±0.06c 

TVSU 688 1.07±0.04c 0.83±0.03b 

TVSU 759 0.94±0.06ab 0.81±0.06ab 

CV (%) 7.1 6.0 

LSD 0.113 0.076 

F pr. <.001 <.001 

 

 

4.1.9 Electrical conductivity (EC) 

Landraces showed a significant difference in relation to electrical conductivity (p = 0.008). 

Local Bam (0.52 MS g-1) and TVSU 688 (0.06 MS g-1) recorded the highest and lowest 

electrical conductivity respectively (Table 7). 

 

4.1.10 Standard germination test 

Landraces significantly differed in their germination capacity (p = 0.007) with TVSU 688 

showing the highest germination capacity (96.0%) and AbiBam 001(66.67%) having the 

lowest germination capacity. Final germination percentage of 93.33%, 84.0% and 68.0% 

were recorded in AbiBam 003, TVSU 759 and Local Bam landraces respectively.  (Figure 

10). Similarly, significant differences were observed among landraces with respect to 

Germination Velocity Index (p = 0.040), being highest in AbiBam 003 (2.91) and lowest in 

AbiBam 001 (2.03) (Table 7). There was also a significant difference among landraces in 

relation to Seedling Vigour Index II (p = 0.003), with local Bam (485.3) and AbiBam 001 

(213.3) having highest and lowest Seedling Vigour Index II respectively (Table 7).  
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Figure 10: Daily cumulative germination capacity of collected Bambara groundnut landraces 

 

Table 7: Germination Velocity Index (GVI), Electrical conductivity (EC) and Seedling Vigour 

Index II (SVI-II) of collected Bambara groundnut landraces 

 

Landrace GVI EC SVI-II 

AbiBam 001 2.03±0.67a 0.24±0.04b 213.3±43.89a  

AbiBam 003 2.91±0.16b 0.15±0.03ab 477.3± 64.45b 

Local Bam 2.05±0.36a 0.52± 0.22c 485.3±130.86b 

TVSU 688 2.70±0.16ab 0.06± 0.02a 448.5±38.47b 

TVSU 759 2.76±0.24b 0.33±0.16bc 283.6a±49.65a 

LSD  0.677  0.221  134.1 

F pr.  0.040  0.008  0.003 
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4.1.11 Relationship between seed size and physiological seed quality 

Seed size was negatively correlated with final germination percentage (r = -0.24 and -0.19, 

seed length and width respectively) and Germination Velocity Index (r = -0.36 and -0.23, 

seed length and width respectively) but positively correlated with Seedling Vigour Index II 

(r = 0.71 and 0.74, seed length and width respectively) (Table 8). 

 

Table 8: Correlation coefficients of seed size (seed length and width) with final germination 

percentage (FGP), Germination velocity index (GVI) and Seedling vigour index II (SVI-II) of 

collected Bambara groundnut landraces 

 

  Seed length Seed width FGP SVI-II GVI 

Seed length -     
Seed width 0.97* -    
FGP -0.24ns -0.19ns -   
SVI-II 0.71* 0.74* 0.43ns -  
GVI -0.36ns -0.23ns 0.93* 0.29ns - 

        * significant at 5%; ns not significant at 5% 

 

4.2 Response of Bambara groundnut landraces to application of phosphorus fertilizer 

 

4.2.1 Soil chemical properties of study site 

The results of soil analysis showed high amount of organic carbon. The soil was slightly 

acidic with PH of 6.01. Available phosphorus was also high (Table 9). 

 

Table 9: Soil chemical properties of the study site 

 

Organic carbon (%) Available phosphorus (%) PH 

2.2 1.36 6.01 
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4.2.2 Seed yield of Bambara groundnut landraces at different phosphorus rates 

Landraces did not differ significantly with respect to seed yield (p = 0.332). Application of 

phosphorus did not also significantly affect seed yield of landraces (p = 0.780). The 

interaction of landraces and phosphorus rates was not significant (p = 0.323). AbiBam 001 

showed an increasing trend in seed yield with increasing phosphorus rate, attaining highest 

seed yield (2.94t/ha) at 100 KgPha-1. AbiBam 003 and TVSU 759 exhibited decreasing trends 

with increasing phosphorus rate, with exception at 50 and 100 KgPha-1 where AbiBam 003 

and TVSU 759 respectively showed an increase in seed yield. Accordingly, AbiBam 003 

attained highest seed yield (2.41t/ha) at 50 KgPha-1 while TVSU 759 attained highest seed 

yield (2.58t/ha) at 0 KgPha-1 (Table 10).  

 

Table 10: Seed yield of Bambara groundnut landraces at different phosphorus rates 

 

Phosphorus rate  

(KgPha-1) 

Landrace 

AbiBam 001 AbiBam 003 TVSU 759 

0 2.01± 0.73 2.38±0.46 2.58±0.30 

50 2.22±0.66 2.41±0.72 1.89±0.04 

75 2.46±1.01 1.82±0.24 1.63±0.25 

100 2.94±1.65 1.57±0.38 1.87±0.31 

MEAN 2.41 2.04  1.99 

CV (%) 33.9 

NS 

NS 

NS 

LSD (p≤0.05) Landrace 

LSD (p≤0.05) P rate 

LSD (p≤0.05) Landrace X P rate 
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4.2.3 Thousand seed weight (TSW) of Bambara groundnut landraces at different 

phosphorus rates  

Landraces exhibited a significant difference in relation to TSW (p = 0.031). However, TSW 

of landraces was not affected by phosphorus fertilizer application (p = 0.696). Interaction of 

landraces and phosphorus rates was not significant (p = 0.772). AbiBam 001 demonstrated 

an increasing trend in TSW with increase in phosphorus rate, with a decline at 100 KgPha-1, 

recording highest TSW (491.33g) at 75 KgPha-1. AbiBam 003 had an initial increasing trend 

in TSW, followed by a decline and an increase at 75 and 100 KgPha-1 respectively, registering 

highest TSW (511.43g) at 50 KgPha-1. TVSU 759 depicted a decreasing trend in TSW, with 

an exceptional increase at 100 KgPha-1, attaining highest TSW (462.23g) at 0 KgPha-1 (Table 

11).  

 

Table 11: Thousand seed weight of Bambara groundnut landraces at different phosphorus rates 

 

Phosphorus rate  

(KgPha-1) 

                           Landrace  

 AbiBam 001 AbiBam 003 TVSU 759 

0 464.63±54.43 500.93±47.23 462.23±10.70 

50 470.0±32.90 511.43±84.11 450.93±54.71 

75 491.33±40.57 466.67±25.46 403.50±27.17 

100 471.0±68.34 489.73±14.17 436.60±19.86 

MEAN 474.24 492.19 438.32 

LSD(p≤0.05) Landrace                               39.802 

LSD(p≤0.05) P rate                                     NS 

LSD(p≤0.05) Landrace X P rate                  NS                                   

CV (%)                                                        10.0 
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4.2.4 Seed phosphorus content of Bambara groundnut landraces at different 

phosphorus rates  

Landraces did not show any significant difference in their seed phosphorus content (p = 

0.702). Similarly, application of phosphorus did not significantly affect seed phosphorus 

content of landraces (p = 0.831). The interaction of landraces and phosphorus rates was not 

significant (p = 0.888). AbiBam 001 displayed a constant trend in seed phosphorus content, 

accompanied by a slight increase at 100 KgPha-1, registering a maximum seed phosphorus 

content (0.28%) at 100 KgPha-1. AbiBam 003 landrace demonstrated an increasing trend in 

seed phosphorus content while TVSU 759 landrace had a decreasing trend in its seed 

phosphorus content with increasing phosphorus rate. AbiBam 003 had highest (0.28%) seed 

phosphorus content at both 50 and 100 KgPha-1, and lowest seed phosphorus content (0.27%) 

at 0 and 75 KgPha-1 respectively. TVSU 759 landrace recorded highest seed phosphorus 

content (0.3%) at 50 KgPha-1 and lowest seed phosphorus content (0.26%) at 100 KgPha-1 

(Figure 11).  
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Figure 11: Seed phosphorus content of Bambara groundnut landraces at different phosphorus 

rates.  

 

4.2.5 Germination capacity of Bambara groundnut landraces at different phosphorus 

fertilizer rates   

Landraces significantly differed in their germination capacity (p<.001). Germination 

capacity of landraces was also significantly affected by application of phosphorus fertilizer 

(p = 0.001). The interaction of landraces and phosphorus rates was also significant (p<.001). 

For AbiBam 001 landrace, germination capacity increased with the increase in phosphorus 

rate, attaining maximum (61.33%) at 100 KgPha-1. AbiBam 003 landrace exhibited a 

decreasing trend in germination capacity with increase in phosphorus rate, registering highest 

germination capacity (90.67%) at 0 KgPha-1 and lowest germination capacity (38.67%) at 

100 KgPha-1. TVSU 759 landrace had a similar trend in its germination capacity, with only 
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a slight increase at 50 KgPha-1, recording highest germination capacity (86.67%) at 50 

KgPha-1 (Figure 12).  

 

 

Figure 12: Germination capacity of Bambara groundnut landraces at different phosphorus 

rates. The bars are standard deviations 

 

4.2.6 Seed vigour of Bambara groundnut landraces at different phosphorus fertilizer 

rates 

Seed vigour was measured using germination velocity index (GVI) and seedling vigour index 

II (SVI-II). Landraces exhibited a significant difference in their GVI (p<.001), and 

application of phosphorus significantly affected GVI of landraces (p<.001). The interaction 

of landraces and phosphorus rates was also significant (p<.001). AbiBam 001 landrace 

showed an increasing trend in GVI, although with a decrease at 50 KgPha-1, recording highest 

GVI (2.03) at 100 KgPha-1. Both AbiBam 003 and TVSU 759 landraces demonstrated 

decreasing trends in GVI with increasing phosphorus rate, with exception at 75 KgPha-1 
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where both had an increase in GVI. Accordingly, AbiBam 003 attained highest GVI (2.65) 

at 0 KgPha-1 while TVSU 759 registered highest GVI (2.89) at 75 KgPha-1 (Figure 13). 

 

 

Figure 13: Germination velocity index of Bambara groundnut landraces at different 

phosphorus rates. The bars are standard deviations 

 

There was a significant difference among landraces with respect to seedling vigour index II 

(SVI-II) (p<.001). Similarly, application of phosphorus was also shown to significantly affect 

SVI-II of landraces (p<.001). The interaction of landraces and phosphorus rates was 

significant (p<.001). Seedling vigour index II of AbiBam 001 landrace followed the same 

trend as its GVI, being highest at 100 KgPha-1 (206.83) and lowest at 50 Kgpha-1 (37.55). 

AbiBam 003 landrace also had a similar trend in its SVI-II as GVI, attaining highest SVI-II 

(383.11) at 0 KgPha-1. TVSU 759 exhibited a general decreasing trend in its SVI-II albeit 

with an increase at 50 KgPha-1, recording highest SVI-II (362.51) at 50 KgPha-1 (Figure 14). 
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Figure 14: Seedling vigour index II of Bambara groundnut landraces at different phosphorus 

rates. The bars are standard deviations 
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Table 12: Summary of seed yield and seed quality responses of Bambara groundnut landraces 

to application of different phosphorus fertilizer rates  

 

Landrace  Seed yield  1000 seed 

weight 

Seed P 

content  

FGP GVI SVI-II 

 AbiBam 

001 

Increasing 

trend with 

increasing P 

rate 

Increasing 

trend with 

increasing 

P rate  

Constant 

trend with 

increasing 

P rate  

Increasing 

trend with 

increasing 

P rate 

Increasing 

trend with 

increasing P 

rate 

Increasing 

trend with 

increasing P 

rate 

AbiBam 

003 

Decreasing 

trend      with 

increasing    

P rate  

Decreasing 

trend with 

increasing 

P rate  

Increasing 

trend with 

increasing 

P rate 

Decreasing 

trend with 

increasing P 

rate 

Decreasing 

trend with 

increasing P 

rate 

Decreasing 

trend with 

increasing 

P rate 

TVSU 759 Decreasing 

trend with 

increasing 

P rate  

Decreasing 

trend with 

increasing 

P rate  

Decreasing 

trend with 

increasing 

P rate 

Decreasing 

trend  

with 

increasing 

P rate 

Decreasing 

trend with 

increasing 

P rate 

Decreasing 

trend with 

increasing 

P rate 

Comment Not 

significant 

at p≤0.05 

for both P 

rate and 

landrace  

Not 

significant 

for P rate 

but 

significant 

for landrace 

at 

 p≤ 0.05  

Not 

significant 

at p≤0.05 

for both 

landrace 

and P rate  

significant 

at 

 p≤ 0.05 for 

both 

landrace 

and P rate 

significant 

at  

p≤ 0.05 for 

both 

landrace 

and P rate 

significant 

at  

p≤0.05 for 

both 

landrace 

and P rate 
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4.3 Effect of hydropriming and halopriming with potassium nitrate solution on seed 

germination of Bambara groundnut 

 

4.3.1 Germination capacity and seed vigour of AbiBam 001 Bambara groundnut 

landrace at different hydropriming durations 

Treatments did not show any significant difference in relation to germination capacity  

(p = 0.279). Interestingly, control had the highest germination capacity (90.67%) while seeds 

primed for 18 hours (80.0%) and 24 hours (80.0%) had the lowest germination capacity at 

the end of 14 days incubation period.  However, germination commenced on the 3rd day for 

seeds hydroprimed for 18 and 24 hours and on the 4th day for those hydroprimed for 6 and 

12 hours, while there was a delay in germination of control treatment up to the 5th incubation 

day. Control treatment attained maximum germination capacity (90.67%) on the 7th 

incubation day while 6, 12,18, and 24 hours hydropriming periods attained maximum 

germination capacity on the 9th (82.67%), 10th (82.67%), 13th (80.0%) and 11th (80.0%) 

incubation days respectively (Figure 15). 

 

Similarly, there was no significant difference among treatments with respect to germination 

velocity index (p = 0.881) and seedling vigour index II (p = 0.813). The highest (4.063) and 

lowest (3.795) germination velocity index were attained with 12, and 24 hours hydropriming 

periods respectively (Table 12).  On the other hand, seedling vigour index II was highest in 

6 hours hydropriming period (358.93) and lowest in 18 hours hydropriming period (320.93) 

(Table 13).  
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Figure 15: Daily cumulative germination capacity of AbiBam 001 Bambara groundnut 

landrace at different hydropriming durations 

 

Table 13: Germination velocity index (GVI) and seedling vigour index II (SVI-II) of AbiBam 

001 Bambara groundnut landrace at different hydropriming durations 

 

Treatment  GVI SVI-II 

Control  4.022±0.58 328.67±40.02 

6 hours  3.829±0.32 358.93±65.83 

12 hours 4.063±0.44 351.07±26.23 

18 hours 3.986±0.22 320.93±44.23 

24 hours 3.795±0.27 333.87±33.57 

CV (%) 9.9 13.0 

LSD NS NS 

F pr 0.881 0.813 
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4.3.2 Germination capacity and seed vigour of AbiBam 001 Bambara groundnut 

landrace at different potassium nitrate concentrations 

There was no significant difference among treatments with respect to germination capacity 

(p = 0.640). The highest (92.0%) and lowest (82.67%) germination capacity were attained 

with 3% and 0.5% potassium nitrate concentrations respectively. Germination commenced 

in all potassium nitrate concentrations on the 4th incubation day and on the 5th incubation day 

in control. Control treatment attained a maximum germination capacity (90.67%) on the 7th 

incubation day, 0.5 and 1% potassium nitrate concentrations on the 8th day (82.67% and 

84.0% respectively) whereas 2 and 3% potassium nitrate concentrations attained maximum 

germination capacity on the 9th (86.67%) and 10th (92.0%) incubation days respectively 

(Figure 16). 

 

Similarly, treatments did not differ in relation to SVI-II (p = 0.346) and GVI (p = 0.988). 

Control treatment had the highest SVI-II (328.7) while the same parameter was lowest in 3% 

potassium nitrate concentration (260.1) (Table 13). The lowest (3.86) and highest (4.05) GVI 

were recorded with 0.5 and 3% potassium nitrate concentrations respectively (Table 14). 
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Figure 16: Daily cumulative germination capacity of AbiBam 001 Bambara groundnut 

landrace at different potassium nitrate concentrations 

 

Table 14: Germination velocity index (GVI) and seedling vigour index II (SVI-II) of AbiBam 

001 Bambara groundnut landrace at different potassium nitrate concentrations  

 

Treatment  GVI SVI-II 

Control  4.02±0.58 328.7±40.02 

0.5 %  3.8±0.80 280.5±43.45 

1 %  3.95±0.52 271.9±37.56 

2 % 3.90±0.33 290.4±55.33 

3 % 4.05±0.06 260.1±12.27 

CV (%) 13.2 14.1 

LSD NS NS 

F pr 0.988 0.346 
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CHAPTER FIVE 

DISCUSSION 

5.1 Seed management practices and quality of farm-saved seeds of Bambara groundnut 

in Uganda 

 

5.1.1 Farmers’ seed sources of Bambara groundnut 

The major seed sources were farmer’s own saved seed and the local market. This is in 

agreement with Ibrahim et al (2018) who reported the use of farmer’s own recycled seed and 

purchase from local markets as major seed sources for Bambara groundnut in Niger. 

Nevertheless, this study indicated that seed was basically exchanged among farmers, 

highlighting a typical characteristic of an informal seed system particularly of a neglected 

crop like Bambara groundnut. Seed exchange among farmers is attributed to uncertainty 

about seed preservation (Louwaars, 2007). However, seeds obtained from an informal system 

may have lower quality compared to those from the formal system, possibly due to the quality 

control used in the formal system (Biemond, 2013). Seed materials of an informal seed 

system are often associated with community identity (Perales et al., 2005), thus communities 

usually have a preference for a particular landrace based on its distinctive characteristics and 

as a result, landrace types tend to be specific to locations. 

 

5.1.2 Seed composition of Bambara groundnut 

The seed composition of farmers’ seeds was mostly single or mixed landraces although some 

reported having “more than one but not mixed” landraces. A similar seed composition among 

Bambara groundnut farmers in North Eastern Nigeria was reported by Aviara et al (2013). 

Furthermore, heterogenous mixtures of Bambara groundnut seed has been shown to be 
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common among farmers in Sub-Saharan Africa (Mohammed et al., 2016).  Non improved 

crops such as Bambara groundnut tend to be mixed yet farmers are not very keen to sort them 

according to different categories. This implies that even the category “more than one but not 

mixed” landraces can actually be a mixed type upon threshing and observing the seeds. A 

mixed landrace may not entirely entail poor seed quality but performance wise, different 

landraces in the mixture may have different maturity periods, yields and response to 

environmental factors. A case in point is Bambara groundnut landraces varied reaction to 

Fusaruim wilt infection (Wakhungu, 2016) and water stress (Chibarabada, 2014). Such 

diversity could have a negative implication on subsequent yield and seed quality. In addition, 

sowing of mixed seeds of a crop species ensues in nonuniform field stand establishment, 

causing heterogeneity in the vigour of plants (Mishra et al., 2010).  

 

5.1.3 Period of Bambara groundnut seed recycling  

Farmers frequently recycled seed for more than four years (4 times). This corroborates with 

Aviara et al (2013) who reported that local communities in North Eastern Nigeria selected 

and maintained Bambara groundnut landraces for long periods. Increased periods of seed 

recycling leads to poor seed quality and low yields particularly in hybrids, with minimal 

effects on open pollinated varieties (Amaza et al., 2010; Warburton et al., 2010; Clayton et 

al., 2009). However, seed recycling is likely to have a minimal effect on the seed quality of 

Bambara groundnut which is autogamous (Gonné et al., 2013). It is therefore possible that 

farmers seed handling practices during recycle periods is a major determinant of seed quality 

(Gebeyehu et al., 2019). Seed recycling period is also refered to as technical replacement rate 

(TRR), and varies among crop species. However, there is no recommended TRR for a 

neglected and underutilized crop such as Bambara groundnut.  
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5.1.4 Bambara groundnut seed selection time 

Seed was largely selected at drying and at planting. Farmers attributed this to ease of selection 

at those times. However, farmers who select seeds at planting run risk of losing seed as it 

may be sold or consumed at the household. On the other hand, seed selection at drying 

ensures that seeds are stored separately and, in most cases, handled differently from the 

grains, for example re-drying to prevent mould growth. Supply of seeds for crops such as 

Bambara groundnut are entirely informal, hence seed selection is done either from farmer’s 

own production or other sources (Louwaars, 2007). 

 

5.1.5 Bambara groundnut seed drying methods  

Bambara groundnut seeds were typically sun dried on the ground. This was the common 

practice probably because it is a cheap and convenient method. Farmers normally harvest 

Bambara groundnut when the pods are already detached from the plant, hence alternative 

drying methods such as hanging or bunching as with groundnuts is not possible. In addition, 

access to tarpaulins or construction of a raised drying platform is usually a challenge for most 

farmers. Sun drying of Bambara groundnut is commonly done by farmers in Dosso region of 

Western Niger (Ibrahim et al., 2018). Sun drying of seeds directly on the ground for both 

grain legumes and cereals is practiced by most farmers in Eastern Kenya (Njoroge et al., 

2019). This practice is likely to cause infestation by aflatoxin causing fungi Aspergillus flavus 

which would have a negative health impact if seeds are consumed as food (Adithya et al., 

2016). However, farmers in this study reported drying Bambara groundnut seeds when in 

pods, thus it would also be necessary to establish the level of fungal infestation on both the 

seeds and pods under different drying methods. 
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5.1.6 Bambara groundnut seed storage methods  

Seed was mostly stored in gunny bags and placed on raised platforms (on stone, top of other 

produce or timber). The non hermetic bags are the most common storage materials used by 

farmers because they are readily available, affordable and adequately aerated, providing short 

to medium term storage (Sultana et al., 2016; Jebuni, 2014). Placing the bags on raised 

platforms keeps seeds free from dampness that could cause mould growth and seed 

deterioration. Storage of Bambara groundnut in pots and local granaries made of grass 

materials has been reported, but their use results in high insect pest infestation for seeds in 

shelled condition (Aviara et al., 2013). Bambara groundnut pods are very hard when dry and 

insect infestation and damage on seeds stored in pods is likely to be minimal. Farmers of 

crops such as maize store their seeds in gunny bags and plastic containers especially in 

Western Kenya (Wambugu et al., 2009). This is also similar to the practices of Bambara 

groundnut farmers documented in this current study. 

 

5.1.7 Bambara groundnut seed threshing methods  

Threshing of pods to obtain seeds prior to planting was mostly done using the hands, pounded 

in a mortar with a pestle, or cracked with a stone. Information on seed processing indicates 

that seed shelling by mortar and pestle, stones and treading with feet are commonly practiced 

among Bambara groundnut farmers in Niger and Nigeria (Ibrahim et al., 2018; Aviara et al., 

2013). Other methods include pouring pods into jute or hessian bags and beating with sticks 

on flat surfaces, and beating jute or hessian bag containing the pods against the wall of a 

building (Aviara et al., 2013). However, these methods used by farmers involve the 

application of force to the seeds, which is likely to cause more mechanical damage to the 

seeds as compared to shelling with hand, although some level of care is taken when 
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exercising these methods. Mechanical damage on seed tissues has implication on seed 

quality. Comparison of manual and mechanical threshing of maize at 12% moisture content 

revealed that mechanical damage on seeds was higher for mechanical threshing, resulting in 

lower germination capacity and seed vigour as compared with manual threshing (Ri-liang et 

al., 2019). Determining the extent of mechanical damage of different seed threshing methods 

on seeds and correlating with physiological seed quality would help in advising Bambara 

groundnut farmers on appropriate seed threshing methods. 

 

5.1.8 Seed colour and size of collected Bambara groundnut landraces 

Landraces showed variability not only in their seed coat colours but also in their sizes, with 

Local Bam and AbiBam 001 having the largest and smallest seeds respectively. This 

variability could be explained by production of heterogenous seeds by plants for their 

survival (Imbert, 2002). Heterogeneity in seeds usually happens due to physiological, 

environmental and genetic factors (Bhatt et al., 2016) and is exhibited in features such as 

colour, size and shape (Matilla et al., 2005). Seed heterogeneity is also known to affect seed 

germination (Smith et al., 2004; Bhatt et al., 2016). Bambara groundnut landraces differing 

in their seed coat colours have been reported to have varying seed coat thickness, water 

imbibition and germination capacity (Mandizvo & Odindo, 2019; Chibarabada et al., 2014).  

Seed colour also affects light and temperature requirement of seeds during germination 

(Bhatt et al., 2016). In this present study, light coloured landrace, that is TVSU 688 (plain 

cream) had the highest germination percentage (96%) which is in agreement with the 

observation by Mandizvo & Odindo (2019) which showed that light coloured Bambara 

groundnut landrace had the highest germination percentage among landraces of varying seed 
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coat colours. AbiBam 001 landrace with mottle seed coat recorded the lowest germination 

percentage among the five landraces evaluated in this current study. 

 

On the other hand, seed size is an important indicator of physiological quality as it affects 

seed germination and seedling growth particularly under stress conditions (Steiner et al., 

2019). Seed size is also known to affect field emergence, plant growth and performance in 

the field (Adebisi et al., 2013). Generally, larger seeds have higher vigour than smaller seeds 

of the same maturity stage due to more accumulated reserves in larger seeds (Ambika et al., 

2014). The first germination count test of small peanut seeds was higher than that of large 

seeds of the same crop in both nonstressful and water stressful conditions, indicating a delay 

in the germination process of large seeds (Steiner et al., 2019). Similarly, the germination 

speed index of large sized wheat seeds was reportedly lower than that of medium and small 

sized seeds (Shahi et al., 2015). The high germination rate in small sized seeds is attributed 

to their larger surface area to volume ratio for water absorption in comparison to large sized 

seeds (Sadeghi et al., 2011). However, the effect of seed size on seed germination and crop 

establishment varies between crop species and growth environments (Shahi et al., 2015; 

Rastegar & Kandi, 2011; Gholami et al., 2009). This present study showed that Local Bam 

landrace which had the largest seed size, recorded the highest seedling vigour index II among 

the landraces evaluated whereas AbiBam 001 with the smallest seed size, recorded the lowest 

seedling vigour index II (Table 6 &7). 

 

5.1. 9 Germination capacity of collected Bambara groundnut landraces 

Germination capacity varied among landraces with the highest percentage in TVSU 688 

(96.0%) and the lowest in AbiBam 001 (66.67%). Seed harvesting stage is known to affect 
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germination capacity of seeds as the stage at which the crops are harvested directly relates to 

the physiological state (development and maturation) of seeds (Tetteh et al., 2018). 

Evaluation of 3 soybean varieties revealed that germination capacity of 85.25%, 77.25% and 

67.33% in Nangbaar, 85.25%, 68.0% and 60.92% in Anidaso, 66.75%, 64.67% and 58.83% 

in Jeguma varieties were attained when seeds were harvested at physiological maturity, one 

week after physiological maturity and two weeks after physiological maturity respectively 

(Isaac et al., 2016). Another study also revealed that germination capacity increased for seeds 

extracted from fruits that were harvested at initially ripe, half ripe to fully ripe in tomato 

variety GH 9305 (Tetteh et al., 2018). It is therefore likely that seeds harvested at different 

times will have different germination capacities exhibited in this study. However, it was not 

possible to pinpoint the exact maturity stages of seeds used in this study since the seed 

samples were collected from different farmers. Seed handling practices such as drying (how 

long and to what moisture content) and storage (storage materials, duration and storage 

conditions) could also account for such differences observed in germination capacity of 

landraces. 

 

The germination pattern observed in this study could also be explained by the seed coat 

colours of landraces. This study revealed that the light coloured (plain cream) landrace 

(TVSU 688) had the highest germination percentage, which is in agreement with Mandizvo 

and Odindo (2019) who reported higher germination percentages in light coloured Bambara 

groundnut landraces.  
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5.1.10 Seed vigour of collected Bambara groundnut landraces 

Local Bam recorded the highest electrical conductivity (0.52 MS g-1) while TVSU 688 (0.06 

MS g-1) recorded the lowest among the landraces.  Electrical conductivity test measures the 

concentration of leachates discharged into the solution, which is linked to the integrity of 

seed coat membrane (Binotti et al., 2008). Differences in electrical conductivity attained in 

these landraces could be due to differences in their seed coat structure particularly number 

and size of pores which are likely to influence electrolyte leakage from imbibed seeds. In 

addition, seed handling practices such as storage (storage period and conditions which 

influence seed ageing) and seed threshing methods (which may cause mechanical damage in 

seed coat) influence electrolyte leakage from the seeds (Vishwanath et al., 2019). Mechanical 

damage on the seed tissues has been reported to be positively correlated with electrical 

conductivity of seeds (Ri-liang et al., 2019). 

 

Electrical conductivity of a seed lot has been further demonstrated to be influenced by seed 

age and initial seed moisture content (Ferreira et al., 2017). Still another study suggested that 

seed coat thickness determines leakages of electrolytes from the seed (Sinefu, 2011), though 

this was disputed by Chibarabada et al (2014) who found no relationship between electrical 

conductivity and seed coat thickness. The same study by Chibarabada et al (2014) reported 

that Bambara groundnut landrace with highest calcium content had lowest electrical 

conductivity and they attributed it to greater cell wall integrity due to high calcium content.  

However, the underlying seed coat structure (seed coat thickness, number and size of pores 

on the seed coat), seed mineralogy and the extent of mechanical damage on the seeds were 

not determined for the landraces in this study. Besides, it was not possible to trace a specific 

landrace and pinpoint its exact seed age (duration of storage) and storage conditions (relative 
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humidity and temperature) by the time of this analysis. Therefore, a more detailed study on 

seed coat structure, seed mineralogy and age of these landraces would give more light on the 

electrical conductivity exhibited. 

 

AbiBam 003, a dark coloured (plain black) landrace had the highest germination velocity 

index among the landraces. This corroborates with Chibarabada et al (2014) who reported 

the highest germination velocity index in black speckled Bambara groundnut seeds. This is 

related to the rapid water imbibition in dark coloured seeds which is likely to cause a faster 

initiation of germination process (Mandizvo & Odindo, 2019). AbiBam 001, a mottle 

landrace had very low seed vigour. The seed coat of this landrace might have been 

impregnated with polyphenols particularly condensed tannins which lower water imbibition, 

resulting in slow germination and low seed vigour. From electrical conductivity, germination 

velocity index and final germination percentage, Local Bam landrace had lower vigour and 

germination capacity compared to other landraces. Interestingly however, the same landrace 

had the highest seedling vigour index II. This suggests that Local Bam seed lot could be less 

vigorous but the individual seeds that actually germinated had high vigour, which was 

demonstrated by seedling growth. Local Bam had the largest seeds (Table 6), which is an 

indication of large food reserves that cause rapid seedling growth upon hydrolysis and 

translocation to the growing regions. This study also revealed that seed size was positively 

correlated with seedling vigour index II (Table 8), depicting a higher vigour for those 

seedlings arising from large seeds. Seeds of different sizes have different levels of food 

reserves hence determining the initial growth of seedlings (Shahi et al., 2015). Large seeds 

of peanut produced seedlings with higher dry weight and seedling weight vigour (seedling 

vigour index II) than small seeds in both stress and non-stressed conditions (Steiner et al., 
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2019). Similarly, large sized seeds of soybean were reported to produce plants with the 

highest shoot dry matter (Limede et al., 2018).  

 

5.2 Response of Bambara groundnut landraces to application of phosphorus fertilizer 

 

5.2.1 Seed yield of Bambara groundnut landraces at different phosphorus fertilizer 

rates 

The effect of phosphorus fertilizer application on seed yield of landraces was not significant. 

This result is contrary to the studies that reported a significant effect of phosphorus fertilizer 

application on seed yield of Bambara groundnut (Temegne et al., 2019; Hasan et al., 2019). 

However, this present study is in agreement with Effa et al (2016) who reported that 

application of phosphorus fertilizer did not significantly affect seed yield of Bambara 

groundnut. Seed yield of AbiBam 001 landrace increased with increasing phosphorus rate 

whereas that of AbiBam 003 and TVSU 759 landraces was opposite to this trend. The result 

observed in AbiBam 001 landrace affirms with Temegne et al (2019) and Hasan et al (2019) 

who observed increasing seed yield in Bambara groundnut with increasing phosphorus 

application rate. However, the trend ascertained in AbiBam 003 and TVSU 759 disagrees 

with the same studies (Temegne et al., 2019; Hasan et al., 2019), but corroborates with Effa 

et al (2016) who observed decreasing seed yield in Bambara groundnut with increasing 

phosphorus application rate.  Bambara groundnut landraces with varying seed coat colours, 

that is white seed coat, light red seed coat and white seed coat with grey eyes were evaluated 

by Temegne et al (2019) while Hasan et al (2019) used Malaysian landraces. This present 

study evaluated three landraces, that is AbiBam 001 (mottled), AbiBam 003 (Black) and 

TVSU 759 (mixture). The different seed types in TVSU 759 landrace could have varied 
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individual responses to added phosphorus resulting in a negative trend exhibited. The results 

of soil analysis showed that the soil was slightly acidic with PH of 6.01, and high available 

phosphorus (Table 9). This soil PH is within the recommended range, that is 5.0 to 6.5 for 

Bambara groundnut production (FAO, 2007), but the high available soil phosphorus could 

have caused little or no response by other landraces (AbiBam 003 and TVSU 759) to added 

phosphorus. However, AbiBam 001 landrace responded positively to application of 

phosphorus, hence there could be some uniqueness in its genotype and physiology. 

  

The seed yield trends observed in these three Bambara groundnut landraces could probably 

be due to differences in their phosphorus use efficiency. Crop species exhibit both intra and 

inter species differences in phosphorus use efficiency (Marcante et al., 2016; Zhou et al., 

2016). This is ascribed to differences in both genotypic and root morphological traits (Shanka 

et al., 2018; Mourice & Tryphone, 2012; Fageria et al., 2010), which influence phosphorus 

absorption from the soil (Lynch, 1995), and its translocation and use in seed formation (Shen 

et al., 2011). A study reported that phosphorus efficient common bean cultivars had higher 

seed yield at all phosphorus levels in comparison to inefficient cultivars (Shanka et al., 2018). 

However, phosphorus use efficiency was not determined for the landraces evaluated in this 

present study.  

 

5.2.2 Thousand seed weight of Bambara groundnut landraces at different phosphorus 

fertilizer rates 

Phosphorus fertilizer application did not significantly affect thousand seed weight of 

landraces. This is inconsistent with the recent studies that reported a significant increase in 

thousand seed weight of Bambara groundnut landraces (white seed coat, black seed coat and 
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light red seed coat) with application of different phosphorus fertilizer rates (Wamba et al., 

2012). Thousand seed weight of landraces exhibited a similar trend with their seed yield 

(Table 12). This could be attributed to differences in phosphorus use efficiency of these 

landraces as mentioned earlier, and also due to genotypic and physiological factors 

(Deivasigamani & Swaminathan, 2018).  Thousand seed weight helps in determining the 

average seed weight of a seed lot, which is a measure of seed quality, and is related to quantity 

of stored reserves (Afshari et al., 2011; Cao et al., 2011). Plants raised from heavier seeds 

are likely to have higher vigour than those raised from lighter seeds of the same maturity 

stage, possibly due to more stored reserves in heavier seeds (Erdal et al., 2017).  

 

5.2.3 Seed phosphorus content of Bambara groundnut landraces at different 

phosphorus fertilizer rates 

Application of phosphorus did not significantly affect seed phosphorus content of landraces. 

This result is dissonant to the observation of Temegne et al (2019) which shows that seed 

phosphorus content of Bambara groundnut significantly increased with application of various 

phosphorus fertilizer rates. Seed phosphorus content of AbiBam 001 landrace exhibited a 

constant trend followed by a slight increase, that of AbiBam 003 showed an increasing trend 

while TVSU 759 had a general decreasing trend in its seed phosphorus content with 

increasing phosphorus rate (Table 11). The observable pattern in seed phosphorus content of 

these landraces could be attributed to their phosphorus uptake efficiency from the soil, 

storage potential and partitioning (Coelho et al., 2002). Phosphorus uptake from the soil is 

normally attributed to root morphological characteristics and root mycorrhizal association 

(Farzaneh et al., 2011; Raghothama,1999). Phosphorus partitioning in the seed is influenced 
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by genotypic and environmental factors (Piergiovanni et al., 2017; Wang et al., 2016; 

Vandamme et al., 2015).  

 

5.2.4 Germination capacity of Bambara groundnut landraces at different phosphorus 

rates 

Phosphorus fertilizer rates significantly affected germination capacity of Bambara groundnut 

landraces. Germination capacity of AbiBam 001 landrace had an increasing trend with 

increase in phosphorus rate, while an opposite trend was observed with AbiBam 003 and 

TVSU 759 landraces (Table 12). The observation in AbiBam 001 landrace agrees with other 

studies that reported improved germination capacity in French bean, gaillardia and cotton 

seeds, with application of phosphorus fertilizer (Moon et al., 2018; Kakon et al., 2015; Sawan 

et al., 2011). Phosphorus application increases the chlorophyll concentration in plant leaves 

which improves the photosynthetic capacity of the plants (Sawan et al., 2011). This implies 

that more assimilates are made available to the plant, which upon translocation and 

accumulation in the seed during seed filling, would improve germination capacity (Paneru et 

al., 2017). However, another study revealed that seeds obtained from phosphorus fertilized 

soybean plants had lower germination capacity than those obtained from plants that did not 

receive phosphorus fertilizer (Krueger et al., 2013), which is a similar observation in AbiBam 

003 landrace. The germination pattern of these landraces could be attributed to their 

genotypes and embryo maturity at harvesting. Bambara groundnut has an indeterminate 

growth habit, and flowering and podding continues until maturity of the plant as long as 

environmental conditions are favourable (Singh & Basu, 2005; Collinson et al., 1996). This 

flowering behaviour is also influenced by day length especially in photoperiod sensitive 

landraces (Berchie et al., 2013). This observable flowering pattern in Bambara groundnut 
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would also suggest that pods and seeds from the same plant can be at different maturity stages 

even when the plant shows signs of physiological maturity, hence affecting germination 

capacity.  

 

5.2.5 Seed vigour of Bambara groundnut landraces at different phosphorus fertilizer 

rates 

Application of phosphorus significantly affected seed vigour of Bambara groundnut 

landraces. The seed vigour of AbiBam 001 landrace showed an increasing trend with increase 

in phosphorus rate for both GVI and SVI-II. This finding agrees with some studies which 

have shown that application of phosphorus fertilizer improved seed vigour in both cotton and 

French bean (Kakon et al., 2015; Sawan et al., 2011). Phosphorus plays a role in metabolism 

of nucleic acids, proteins and other growth substances in the seed hence improving seed 

vigour (Welch & Shuman, 1995; Wiatrak et al., 2005). Seed proteins content also improves 

with application of phosphorus (Kakon et al., 2015). This implies that upon hydrolysis of 

these proteins, amino acids and other metabolic substances are channelled to the growing 

points of the seed during germination thus improving seed vigour. AbiBam 003 and TVSU 

759 landraces demonstrated decreasing trends in their seed vigour with increase in 

phosphorus rate. This is consistent with a study which demonstrated that application of 

phosphorus fertilizer negatively affected seed vigour of soybean (Krueger et al., 2013).  The 

negative trend showed by AbiBam 003 and TVSU 759 landraces could be attributed to their 

genotypes which influences phosphorus use efficiency, that is absorption and partitioning of 

phosphorus during seed filling, hence affecting their seed vigour. 
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5.3 Effect of hydropriming and halopriming with potassium nitrate solution on seed 

germination and vigour of Bambara groundnut 

 

5.3.1 Germination capacity and seed vigour of AbiBam 001 Bambara groundnut 

landrace at different hydropriming durations 

Hydropriming did not improve seed germination, as all the hydropriming durations recorded 

lower final germination percentage (FGP) than the control (Figure 15). This finding disagrees 

with the observation that hydropriming improves percentage emergence in Bambara 

groundnut (Ogbuehi et al., 2013; Berchie et al., 2010). However, Ochuodho (2005) observed 

that seed pre-hydration did not improve germination in Cleome gynandra seeds, while 

Mabhaudhi and Modi (2011) reported that hydropriming had a negative effect on final 

germination of maize seeds. Germination commenced earlier in all hydropriming durations 

than the control, this agrees with Berchie et al (2010) who reported that Bambara groundnut 

seeds hydroprimed for 24 and 48 hours emerged earlier than nonprimed seeds under field 

conditions.  

 

Hydropriming has been shown to improve seed germination in crop species such as 

groundnut (Das & Mohanty, 2018), sesame (Tizazuet al., 2019), bitter gourd (Tania et al., 

2019), Aegle marmelos (Singh, 2017), but some studies also reported that germination 

decreases with increased priming duration (Kumarimanimuthu & Kalaimathi, 2019; Ogbuehi 

et al., 2013; Dastanpoor et al., 2013).  Very low percentage emergence (5.7%) and no 

emergence at all was observed with 48 hours and 72 hours hydropriming durations 

respectively in comparison with the control (35.7%) in groundnut seeds (Kumarimanimuthu 

& Kalaimathi, 2019). Similarly, a low percentage emergence (5.9%) with 36 hours 
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hydropriming duration and no field emergence at all with 48 hours hydropriming period was 

also observed in Bambara groundnut (Ogbuehi et al., 2013).  

 

Bambara groundnut landrace (AbiBam 001) used in this study is dark coloured, and it has 

been reported that dark coloured Bambara groundnut landraces have rapid water imbibition 

(Mandizvo & Odindo, 2019).  Therefore, rapid water imbibition during hydropriming might 

have caused imbibition injury to the seed cells, hence killing the cells and ensuing in 

unsuccessful germination of some seeds (Mabhaudhi & Modi, 2011; Finch-Savage et al., 

2004). Hydropriming did not improve seed vigour, this disagrees with other studies that 

reported improved seed vigour in faba beans (Damalas et al., 2019), and Aegle marmelos 

seeds (Sigh, 2017). This observation could be explained by the fact that longer hydropriming 

periods caused excessive water imbibition by the seed, which might have resulted to 

membrane damage to seed cells and reduction of oxygen to the seed embryo hence lowering 

seed vigour (Ogbuehi et al., 2013).  

 

5.3.2 Germination capacity and seed vigour of AbiBam 001 Bambara groundnut 

landrace at different potassium nitrate concentrations  

Halopriming with potassium nitrate solution did not improve germination capacity in this 

study. This result is contrary to the observation that halopriming with potassium nitrate 

improves seed germination (Anisa et al., 2017; El-Baki et al., 2018; Essou et al., 2017). 

Halopriming with potassium nitrate solution has been reported to improve seed germination 

in other crops such as soybean (Ahmadvand et al., 2012), faba bean (El-Baki et al., 2018), 

rice (Anisa et al., 2017), sorghum (Shehzad et al., 2012), Cleome gynandra (Essou et al., 

2017), Gerbera jamesonii and Zinnia elegans (Ahmad et al., 2017). All these studies primed 
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seeds with potassium nitrate for more than ten hours, hence the longer priming periods could 

have caused the difference with this present study which primed seeds with potassium nitrate 

solution for only two hours.  

 

Potassium nitrate influences seed water imbibition, and time taken to reach phase I and II of 

imbibition increases with increasing concentration (Anisa et al., 2017). This could possibly 

explain why the control (non primed seeds) attained maximum germination capacity earlier 

than all potassium nitrate concentrations (Figure 16), and had higher germination velocity 

index than most of the potassium nitrate concentrations (Table 13). Although priming with 

potassium nitrate did not improve final germination of Bambara groundnut, germination 

showed an increasing trend with increase in the concentration of potassium nitrate from 0.5 

to 3%. On the other hand, increasing the concentration of potassium nitrate resulted in a 

decrease in seedling vigour index II (Table 13). This is in agreement with Nego et al (2015) 

who had a similar observation when onion seeds were primed with different concentrations 

of potassium nitrate solution. This decrease could be attributed to the salinity effect of 

potassium nitrate that could have imposed a negative effect on seedling growth (Nego et al., 

2015) 
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CHAPTER SIX 

CONCLUSIONS AND RECOMMENDATIONS 

6.1 Conclusions 

1. There exists among farmers in Uganda, a wide range of Bambara groundnut seed 

management practices some of which may be harnessed and jointly improved upon 

by the farmers and seed scientists so as to improve the seed production of this crop. 

2. There is a wide diversity of Bambara groundnut landraces maintained by farmers in 

Uganda. Among the five landraces evaluated in this study, TVSU 688, TVSU 759 

and AbiBam 003 showed relatively good seed quality in terms of germination 

capacity and seed vigour. Despite Local Bam landrace having a relatively low 

germination capacity and high electrical conductivity that would suggest low quality, 

it recorded the highest seedling vigour index apparently because of its relatively large 

seed size. 

3. Application of varying phosphorus fertilizer rates did not significantly affect seed 

yield but significantly affected seed quality of Bambara groundnut landraces used in 

this study. Only AbiBam 001 landrace showed a positive response both in seed yield 

and seed quality with increase in phosphorus rates. 

4. Seed hydropriming and halopriming with potassium nitrate solution did not improve 

germination capacity of AbiBam 001 landrace. 

 

6.2 Recommendations 

1. Bambara groundnut farmers should be trained on good seed handling techniques so 

as to further improve on the quality of their seeds since there is no formal seed system 

for this crop in Uganda. 
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2. Studies on biochemical and physiological properties of the seed coat of Bambara 

groundnut landraces used in this study would also help in explaining the observed 

seed quality. 

3. A study on phosphorus use efficiency of Bambara groundnut landraces is 

recommended to be done at different agro ecological zones where this crop is grown. 

4. Genetic and physiological attributes of AbiBam 001 landrace need to be investigated 

further to get better information for its unique behaviour (positive response) with 

application of phosphorus. 

5. Hydropriming and halopriming with potassium nitrate should also be done with other 

Bambara groundnut landraces grown by farmers in Uganda so as to evaluate their 

responses. For halopriming with potassium nitrate solution, a longer priming duration 

should be investigated. 
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APPENDICES 

Appendix I: Questionnaire 

 

UNIVERSITY OF ELDORET  

SCHOOL OF AGRICULTURE AND BIOTECHNOLOGY 

P.O. BOX 1125-30100, ELDORET, KENYA  

Household questionnaire for Bambara nut production and utilization in Uganda, June 

2019 

 
1. Consent statement 

• “My name is……… from The University of Eldoret, Kenya. We are here to study Bambara 
nut production and utilization across the country. Your household was selected to be part 
of this survey.  

• “The researchers will keep your responses confidential. Your full name will never be used 
anywhere to ensure confidentiality.” 

• “You are not obliged to answer questions if you do not want to and you are free to stop 
the interview at any time.” 

• “You may ask questions about this study at any time”. 

•  “We hope that the research will benefit Uganda by assisting us to better understand the 
production trends, utilization and ways of improving Bambara nut in Uganda.” 

• “You will not receive any direct benefit if you join this study, your participation is 

voluntary.”  

•  “The survey will take approximately half an hour. Are you willing to participate?”  

2. General Information 

2.1 Date:/.……/……… (dd/mm/yy)      2.2 Interviewer (Optional)…….…………………… 

 2.3 Location 

2.3.1 Region 

1. West Nile 
2. Northern 
3. Eastern 
4. Central  
5. Western 

2.3.2 District:  

2.3.3 Sub county:  2.3.4 Village: 

2.3.5 GPS:  Easting:                             Northing:  

                  Elevation (m): 

 

3. Demographics 

3.1 Respondent (name)…………………………………………………………Sex: 1=Female2=Male. 

3.1.1 Age 

(years) 

3.1.2 Marital 

status 
3.1.3 Ethnicity 

3.1.4 

Household size 

3.1.5 
Education 

level 
attained 

 
1. 11-20 

2. 21-30 

3. 31-40 

4. 41-50 

 
1. Married 

2. Single 

3. Widowed 

4. Separated  

 
1. Acholi 
2. Langi 
3. Alur/Jonam 

4. Madi 
5. Teso  
6. Jopadhola 

 
Adults…………. 

Children………. 

Female…………. 

Male……………. 

 
1. No formal 

education 

2. Primary 

3. Secondary 
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5. 51-60 

6. Over 60 

 7. Basamia 

8. Bakonjo 
9. Banyankole 
10. Baruli 

11. Others 
(specify…………………) 

 

 
Total……………... 

4. Tertiary 

(College, 

Vocational, 

etc.) 

5. University  

 

3.2 What is your most important source of income? (Circle all applicable) 
1.Food crop farming 
2.Cash crop farming 
3.Livestock rearing 

4.Salaried employment 
5.Business 
6.Causal labor 
7.Others (specify)…………………………………………………. 

 

4 Land tenure and agriculture  

4.1 Land ownership  

4.1.1 Do you own land? 
1. Yes  2. No 

4.1.2 Kindly describe the plots as below 

Plot Size 

(acres) 

Distance 

from 
home 
(Km) 

Ownership 

type 

How 

acquired 

If rented, 

how did 
you pay 
for it? 

Are land 

rights of this 
plot 
sometimes 
contested? 
(Y/N) 

Land 

type 

Land 

use 

1.          

2.          

3.          

4.          

5.          

 

 

 

4.2 Bambara nut production 

4. 2.1 Did you grow Bambara nut in the last three years? If No, proceed to 4.2.9 

Ownership type How acquired How paid for Land type Land use 

1. Personal/family 
plot with deed 

2. Personal/family 
plot without 
deed 

3. Rented/leased 
land 

4. Squatter 
agreement 

5. Community 
land 

6. Other 
(specify……………
) 

1. Bought 
2. Rented 
3. Inherited 
4. Family land 
5. In temporary 

use 
6. Gifted 
7. Others 
(Specify……) 

1.In cash 
2. In kind 
3. In labor 

1. Upland 
2.Swampland 
3. Flatland 

1.Cultivated by 
household 
2.Shared 
3.Leased out 
4. In use by an 
association 
5.Grazing land 
6. Trees 
7.Barren 
8. Others 
(Specify……………….) 
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1. Yes [(2017.Y/N); (2018.Y/N); (2019…Y/N)] 

2. No 
 
4.2.2 On what proportion of land in 2019? 

1. 1 acre 

2. Half an acre 
3. Quarter of an acre 
4. Less than a quarter acre (Estimated size……………….m2) 
5. Other (specify…………………………) 

 
4.2.3 How much did you harvest from that plot? (Estimated Kgs……….) 

4.2.4 Kindly identify the plot you used for Bambara nut cultivation from above 

4.2.5 What was (is) the purpose of your Bambara nut production? 

1. Home consumption  

2. Sale of seeds/grains  

3. Sale of processed products e.g. flour  

4. Seed maintenance 

5. Other (specify…………………………) 

4.2.6 What proportions of farmers in this village engage in Bambara nut production? 

1. Very few: <15%  

2. Few: 15-<35%  
3. Moderate: 35-50%  
4. Many: >50% 

4.2.7 Reasons for crop popularity (circle all applicable) 
1. Drought tolerance 
2. Pest and disease tolerance 
3. Long storage 
4. Palatability 
5. Nutrition 
6. Food security 

7. Cultural 
8. Other (specify…………………………….) 

 
 
4.2.8 Reasons for non-popularity (circle all applicable) 

1. Takes long to germinate and establish 

2. Hard to cook 
3. Long maturity period  
4. Difficulty in accessing seed 
5. Difficulty in crop management 
6. Lack of market 
7. Lack of information (production, processing, etc) 
8. Pests and diseases 

9. Limited uses 
10. Better competing alternative legumes 
11. Other (specify…………………………) 

 
4.2.9 Have you heard of or seen Bambara nut before? 

1. Heard of it and seen it  
2. Never heard of it and never seen it 

3. Heard of it, not seen it 
 
4.2.10 Do you think you will be interested in growing it if seeds were available? 

1. Yes 
2. No 
3. Not sure 
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     Why? 
Yes No 

1. Drought tolerance 
2. Pest and disease 

tolerance 
3. Long storage 
4. Food security 
5. Palatability 
6. Nutrition 
7. Cultural 

8. Other (specify………….) 
 

1. Takes long to germinate and establish 
2. Hard to cook 
3. Long maturity period  
4. Difficulty in accessing seed 
5. Lack of market 
6. Lack of information (production, processing, etc) 
7. Pests and diseases 
8. Limited uses 

9. Better competing alternative legumes 
10. Other (specify…………………) 

 
4.2.11 Cultural practices  

1. Sowing date ……./…………(mm/yyyy) 
2. First harvest date ……./…………(mm/yyyy) 
3. Last harvest date ……../…………(mm/yyyy) 

 

4.2.12 Cropping system  
1. Pure stand (on flat field) 
2. Pure stand (on ridges) 
3. Intercropped  

 
4.2.13 If intercropped, with which crops? 

1. Millet 
2. Sorghum 
3. Cassava 
4. Maize 
5. Other (specify…………………………) 

 
4.2.14 And in what pattern? 

1. Mixed cropping 
2. Boundary cropping 

3. Row cropping 
4. Strip cropping 
5. Other (specify…………………………) 

 
4.2.15 How many times do you weed Bambara nut? 

1. Once 
2. Twice 
3. Thrice 

 
4.2.16 What other crops do you normally cultivate on your land? 

1. Millet 

2. Sorghum 
3. Cassava 
4. Maize 
5. Sweet potato 
6. Other (specify…………………………) 
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4.2.17 Use of integrated crop management practices (ICM)  

ICM Code ICM Options 
Access to 
ICM (Y/N) 

Use (Y/N) 
Source of 

ICM 

1.  Improved crop varieties    

2.  Crop rotation    

3.  Inter/mixed cropping    

4.  Organic pesticides    

5.  
Inorganic pesticides and 
herbicides 

   

6.  Manure (GM/FYM)     

7.  Inorganic fertilizer    

8.  Mulching    

9.  Earthing up    

10.  Use of raised seed beds    

 
4.2.18 Source of ICM 

1. Research 

2. Fellow farmer 

3. Local market 

4. Own saved seed 

5. NGO 

6. OWC/NAADS 

7. Other (specify…………………………) 

 
4.2.19 Which of the above ICM practices have you ever applied to Bambara nut? (Circle all 
applicable) 

1. Crop rotation 

2. Inter/mixed cropping 

3. Organic pesticides 
4. Inorganic pesticides and herbicides 
5. Earthing up 
6. Raised seed bed 
7. Manure 

8. Other (specify…………………………) 
 
4.2.20 Have you been trained in any ICM? 

1. Yes 
2. No 

By which Organisation? 
(Name……………………………………………………………………) 

 

5.Seed management practices 

5.1 Where do you obtain your seed? 

1. Own saved from previous harvest 
2. Obtained from neighbor (specify if bought, exchanged or given) 
3. Bought in local market  

4. Other (specify…………………………) 
 
5.2 What is the composition of your seed (How pure is your seed)? 

1. Single landrace 
2. More than 1 landrace, not mixed 
3. Mixed landraces 

(Request for samples if available and label appropriately) 
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5.3 For how long have you been planting this same seed? 
1. 1 year (first planting) 
2. 2 years 
3. 3 years 

4. 4 years 
5. More than 4 years 

 
5.4 When do you select seed?  

1. Before whole crop is harvested 
2. During crop harvest 
3. After crop harvest, but in the field  

4. During drying  
5. At planting time (stored together as whole harvest) 
6. Other (specify…………………………) 

 

5.5 What seed selection criteria do you deploy in the field? (Circle all applicable) 
1. None 

2. Healthy looking plants and pods 
3. High yielding plant 
4. Big pods 
5. Other (specify…………………………) 

 
5.6 What are the seed quality assurance activities you carry out in the field? (Circle all 
applicable) 

1. None 
2. Weeding 
3. Removing diseased or off types 
4. Planting separately 
5. Other (specify…………………………) 

 
5.7 How do you harvest seeds? 

1. Hand hoe 
2. Pointed stick 
3. Other (specify…………………………) 

 
5.8 How do you dry the seeds? (circle all applicable) 

1. Sun drying on the ground 

2. Sun drying on tarpaulin (or other similar material) 
3. Sun drying on raised platform 
4. Shade drying on the ground 
5. Shade drying on tarpaulin (or other similar material) 
6. Other (specify…………………………) 

 
5.9 How and where do you store your seed? (Circle all applicable) 

1. Gunny bags 
2. Pots (specify if sealed/covered or not) 
3. Open containers (saucepans/plastics/drums) 

4. On the ground 
5. Other (specify…………………………) 

 
5.10 Do you sometimes notice seed spoilage in storage? 

1. Yes 
2. No 

In what way? 
1. Pest damage 
2. White mold 
3. Black mold 

4. Rotting (bad smell) 
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5. Other (specify…………………………) 

 
5.11 How do you process Bambara nut seed before planting? 

1. Thresh with hand 
2. Sorting (bad ones, different types) 

3. Other (specify…………………………) 
 
5.12 Do you carry out any seed treatment prior to planting? 

1. None 
2. Soaking 
3. Hot water treatment 
4. Other (specify…………………………) 

 
5.13 Are the seed handling methods the same as grain handling? 

1. Yes 
2. No 

 
If NO, what are the differences? 

1. Seed purity assurance (sorting) 
2. Seed selection (in field or at home) 
3. Harvesting stage and method 
4. Drying 
5. Storage 
6. Threshing 
7. Pre-sowing treatment 

 
 

6.Utilization of Bambara nut 

6.1 What is the local vernacular name of Bambara nut and this landrace(s) 
 
Translation of the local name into English 
………………………………………………………….. 

6.2 Does the Bambara nut name have a meaning?  
1. Yes  

2. No 
If yes, briefly describe …………………………………………………………….... 
 
6.3 Which parts of the plant do you utilize? (Circle all applicable) 

1. Seed 
2. Leaf 

3. Flower/inflorescence 
4. Root 
5. Shell (pod) 
6. Other (specify…………………………….) 

 
6.4 How do you utilize them? (Circle all applicable) 

1. Food 

2. Medicine 

3. Animal feed 
4. Forage 
5. Ornamental 
6. Ceremonial 
7. Other (specify…………………………) 

 

6.5 What are some of the special uses of Bambara nut? (Circle all applicable) 
1. Children 
2. Older people 
3. Feasts 
4. Religious purpose 
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5. Chiefs 

6. Other (specify…………………………) 
 
6.6 How frequently do you make use of the plant? 

1. Daily 

2. Weekly 
3. Occasional 
4. Other (specify…………………………) 

 
6.7 What are the main cooking methods you use?  

1. Boiling  
2. Baking 

3. Roasting 
4. Local specialties 
5. Other (specify…………………………) 

6.8 What are the preparatory methods towards cooking? 

1. None 

2. Soaking 
3. Cracking 
4. Removal of seed coat 
5. Other (specify…………………………) 

 
6.9 What are some of the processing methods you use for Bambara nut? 

1. None 

2. Fermentation 
3. Puddings 
4. Chips 
5. Canning 
6. Other (specify…………………………) 

 

6.10 What stage of the crop do you use for processing? 
1. Immature green stage (soft dough stage) 

2. Mature green stage (hard dough) 
3. Dried bean 
4. Other (specify…………………………) 

 
6.11 What is the palatability of the landrace(s) according to local preference (rank if more than 

1) 
1. Poor    
2. Acceptable   
3. Good    

 
1st        2nd             3rd          4th  
 

6.12 General popularity of landraces (ranked) 
1st   ………………………………………… 

2nd ………………………………………… 

3rd ………………………………………… 

4th ………………………………………… 

5th ………………………………………… 

 
6.13 Are there any myths associated with Bambara nut in your culture (e.g. taboos, stories, 
superstitions)?  
 

1. Yes  
2. No 

If yes, briefly describe ……………………….....………………………………… 
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6.14 How much Bambara nut did you sell from the last harvest?  
1. Estimated Kgs and price per (Kg..........; price/kg..................UGX) 
2. Did not sell 

 

 

    7.Constraints to Bambara nut production and utilization  

 Practice Constraints (ranked) 
Mitigation/Coping 
mechanisms 

1.  Seed access 

1  

2  

3  

2.  Production 

1  

2  

3  

3.  Post-harvest handling 

1  

2  

3  

4.  Storage 

1  

2  

3  

5.  Utilisation 

1  

2  

3  

6.  Marketing 

1  

2  

3  

 

 

8.Gender in Bambara nut production and utilization 
 
8.1 Who is responsible for the following activities in Bambara nut? (Write number beside) 
1. Woman     2. Man     3. Both woman and man     4. Children    5. All 

A. Seed sourcing/selection 

B. Site selection 
C. Land preparation 
D. Sowing 
E. Weeding 
F. Harvesting 
G. Shelling 

H. Processing (pounding/grinding, fermenting, etc.) 

I. Marketing 
J. Cooking 
K. Other (specify…………………………) 

 

9.Group membership 

9.1 Do you belong to a group?  
1. Yes (Name………………………………………………………………………………………………………………….) 
2. No 

9.2 How many members are in the group? 
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Male……………Female…………. Total............... 

9.3 What was your reason for joining the group? (Circle all applicable) 
1. Seed production 
2. Savings and credit 
3. Input support 
4. Commodity marketing 

5. Social support 
6. Other (specify…………………………) 

 
 

Thank you very much for your participation in this study!  
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Appendix II: ANOVA seed length of farm-saved seeds 

Source of variation d.f. s. s. m.s. v.r. F pr. 

Landrace 4 0.564700 0.141175 25.19 <.001 

Residual 15 0.084075 0.005605   

Total 19 0.648775    

 

 

Appendix III: ANOVA seed width of farm-saved seeds 

Source of variation d.f. s. s. m.s. v.r. F pr. 

Landrace 4 0.156970 0.039243 15.44 <.001 

Residual 15 0.038125 0.002542   

Total 19 0.195095    

 

 

Appendix IV: ANOVA EC of farm-saved seed 

Source of variation d.f. s. s. m.s. v.r. F pr. 

Landrace 4 0.37204 0.09301 6.30 0.008 

Residual 10 0.14753 0.01475   

Total 14 0.51957    

 
 

Appendix V: ANOVA FGP of farm-saved seed 

Source of variation d.f. s. s. m.s. v.r. F pr. 

Landrace 4 0.85950 0.21488 6.77 0.007 

Residual 10 0.31719 0.03172   

Total 14 1.17669    

  
 

Appendix VI: ANOVA GVI of farm-saved seed 

Source of variation d.f. s. s. m.s. v.r. F pr. 

Landrace 4 2.0931 0.5233 3.77 0.040 

Residual 10 1.3865 0.1387   

Total 14 3.4797    
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Appendix VII: ANOVA SVI-II of farm-saved seed 

Source of variation d.f. s. s. m.s. v.r. F pr. 

Landrace 4 186970. 46742. 8.61 0.003 

Residual 10 54300. 5430.   

Total 14 241270.    

 
 

Appendix VIII: ANOVA Seed yield of landraces at different phosphorus levels 

Source of variation d.f. s. s. m.s. v.r. F pr. 

Phosphorus level 3 0.5770 0.1923 0.36 0.780 

Landrace  2 1.2294 0.6147 1.16 0.332 

Phosphorus level. Landrace 6 3.9461 0.6577 1.24 0.323 

Replication stratum 2 0.1518 0.0759 0.14  

Residual 22 11.6448 0.5293   

Total 35 17.5492    

 

 

Appendix IX: ANOVA TSW seed weight of landraces at different phosphorus levels 

Source of variation d.f. s. s. m.s. v.r. F pr. 

Phosphorus level 3 3220 1073 0.49 0.696 

Landrace  2 18061 9031 4.09 0.031 

Phosphorus level. Landrace 6 7171 1195 0.54 0.772 

Replication stratum 2 891 446 0.20  

Residual 22 48619 2210   

Total 35 77963    

 

 

Appendix  X: ANOVA Seed phosphorus content of landraces at different phosphorus 

levels 

Source of variation d.f. s. s. m.s. v.r. F pr. 

Phosphorus level 3 9.108E-08 3.036E-08 0.29 0.831 

Landrace  2 7.536E-08 3.768E-08 0.36 0.70 

Phosphorus level. Landrace 6 2.344E-07 3.906E-08 0.38 0.887 

Residual 24 2.498E-06 1.041E-07   

Total 35 2.899E-06    
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Appendix XI: ANOVA FGP of landraces at different phosphorus levels 

Source of variation d.f. s. s. m.s. v.r. F pr. 

Phosphorus level 3 0.53868 0.17956 7.13 0.001 

Landrace  2 1.34520 0.67260 26.70 <.001 

Phosphorus level. Landrace 6 1.96731 0.32788 13.02 <.001 

Residual 24 0.60451 0.02519   

Total 35 4.45570    

 

 

Appendix XII: ANOVA GVI of landraces at different phosphorus levels 

Source of variation d.f. s. s. m.s. v.r. F pr. 

Phosphorus level 3 3.4669 1.1556 7.98 <.001 

Landrace  2 6.9648 3.4824 24.06 <.001 

Phosphorus level. Landrace 6 9.3058 1.5510 10.71 <.001 

Residual 24 3.4743 0.1448   

Total 35 23.2118    

 

 

Appendix XIII: ANOVA SVI-II of landraces at different phosphorus levels 

Source of variation d.f. s. s. m.s. v.r. F pr. 

Phosphorus level 3 49959 16653 10.97 <.001 

Landrace  2 178942 89471 58.93 <.001 

Phosphorus level. Landrace 6 223136 37189 24.50 <.001 

Residual 24 36436 1518   

Total 35 488474    

 

 

Appendix XIV: ANOVA FGP of AbiBam 001 at different hydropriming durations 

Source of variation d.f. s. s. m.s. v.r. F pr. 

Treatment  4 0.17873 0.04468 1.48 0.279 

Residual  10 0.30182 0.03018   

Total  14 0.48055    
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Appendix XV: ANOVA GVI of AbiBam 001 at different hydropriming durations 

Source of variation d.f. s. s. m.s. v.r. F pr. 

Treatment  4 0.1721 0.0430 0.29 0.881 

Residual  10 1.5098 0.1510   

Total  14 1.6820    

 

Appendix XVI: ANOVA SVI-II of AbiBam 001 at different hydropriming durations 

Source of variation d.f. s. s. m.s. v.r. F pr. 

Treatment  4 3006 752 0.39 0.813 

Residual  10 19410 1941   

Total  14 22416    

 

 

Appendix XVII: ANOVA FGP of AbiBam 001 at different concentrations of potassium 

nitrate solution 

Source of variation d.f. s. s. m.s. v.r. F pr. 

Treatment  4 0.15637 0.03909 0.65 0.640 

Residual  10 0.60202 0.06020   

Total  14 0.75840    

 

 

Appendix XVIII: ANOVA GVI of AbiBam 001 at different concentrations of potassium 

nitrate solution 

Source of variation d.f. s. s. m.s. v.r. F pr. 

Treatment  4 0.0806 0.0202 0.07 0.988 

Residual  10 2.7207 0.2721   

Total  14 2.8014    

 

 

Appendix XIX: ANOVA SVI-II of AbiBam 001 at different concentrations of potassium 

nitrate solution 

Source of variation d.f. s. s. m.s. v.r. F pr.  

Treatment  4 8214 2054 1.27 0.346  

Residual  10 16222 1622    

Total  14 24436     
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Appendix XX: Similarity Report 

 


