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LITERATURE REVIEW

Zambia

Zambia is a land-locked country in sub-Saharan Africa. It is bordered by eight countries.
To the North and North West are Democratic Republic of Congo and Tanzania
respectively, Malawi and Mozambique to the east, Zimbabwe and Botswana to the south,
and Angola and Namibia to the west and south west, respectively. Zambia lies between
latitude 8°S and 18° S and longitudes 22°E and 35° E. It has a total area of about 750,000
km? divided into 10 provinces and 74 districts. Zambia’s population has been estimated at
14.5 million (Central Statistical Office et al., 2014, Zambia development agency and

Ministry of agriculture and livestock, 2011)

The four key economic sectors in Zambia are mining, manufacturing, tourism and
agriculture. The mining sector is the largest contributor to foreign exchange and has been
the backbone of the country’s economy since its independence. In 2005, Zambia
investment reported that mining contributed about 65% of export earnings and projected
its contribution to the gross domestic product (GDP) to grow to USD 1.35 billion by
2015. In an effort to diversify the economy, and meet some of the country’s millennium

development goals, the government recently increased its focus on agriculture.
Agriculture

Zambia has a large land resource base of approximately 75 million hectares of which
only 1.5 million hectares are cultivated every year (Zambia development agency and
Ministry of agriculture and livestock, 2011). Although 58% of the land in Zambia is

classified as medium to high potential for agriculture, only about 14% of the land is



cultivated (Bigsten and Tengstam, 2008). This leaves a huge amount of fertile land that is

not used but has potential for crop production.

Zambia has a mixed economy consisting of a rural agricultural sector and a modern urban
sector along the line of rail. Currently, construction contributes 14% of the gross
domestic product (GDP), agriculture contributes 9% of the GDP, manufacturing and
mining each contribute 8% of the GDP (Central Statistical Office et al., 2014). The
Agriculture sector employs some 67% of the total labor force and supplies raw materials
to agricultural industries, which account for 84% of manufacturing in the country

(Ezekwesili et al., 2009).

Zambia is divided into three major agro-ecological zones. The zones have been formed
based upon the amount of rainfall that each area receives. The amount of rain received in
an area has influenced the adaptation of certain crops in specific areas since most of the

crops grown in the country are rain fed.

Agro-ecological region | encompasses the southern and eastern river valleys of the
country and is characterized by low rainfall of less than 700 mm annually. Predominant
agriculture activities in the region include production of bulrush millet (Pennisetum

glaucum), sorghum ((Sorghum bicolor), and livestock (Aregheore, 2009).

Agro-ecological region Il encompasses most of the western, southern, part of central and
part of eastern regions of the country. It receives mean annual rainfall between 800 to
1,000 mm and is split into two subsections. Region Ila which constitutes the central
plateau and region Ilb which covers the western plateau. Major crops grown include

sorghum, maize (Zea mays), groundnuts (Arachis hypogaea), cowpeas (Vigna



unguiculata), tobacco (Nicotiana tabacum), sunflower (Helianthus), irrigated wheat
(Triticum aestivum) soybean (Glycine max), rice (Oryza sativa), bambara nuts (Vigna
subterranean) bulrush millet, horticultural crops and a range of other cash crops

(Aregheore, 2009).

Agro-ecological region Il constitutes areas receiving mean annual rainfall above 1000
mm, usually up to 1500 mm. This is a high rainfall region and most of the soils are
leached and acidic. This region includes the northwest, part of central and the northern
parts of the country. The major crops grown in this region include finger millet (Eleusine
coracana), bean (Phaseolus vulgaris) and cassava (Manihot esculenta). Cash crops
include maize, sunflower, coffee (Coffea Arabica), tea (Camellia sinensis), tobacco,

irrigated wheat and soybean (Aregheore, 2009).

Zambian agriculture is characterized by three major categories of farmers; small, medium
and large-scale. According to the 2009 World Bank report, there are 1,145,829
smallholder households growing crops in Zambia and about 1,500 large-scale
commercial farmers. Of the smallholder households, 96% are classified as small-scale
farmers with holdings of 5 hectares or less. The rest are medium-scale farmers with

holdings of 5-20 hectares (Ezekwesili et al., 2009)

The majority of agricultural production in Zambia is smallholder production. Crop
production can be looked at in term of yields or area under cultivation. In most cases, a
country’s staple accounts for the highest area under production. Zambia is not an
exception to this as maize is the staple and accounts for about 40 percent of cultivated
land and contributes about 40 percent to the country’s agricultural GDP (Ezekwesili et

al., 2009). The crop forecast surveys conducted by the Ministry of Agriculture and



Livestock for 2009/2010 and 2010/2011 seasons, showed the top five crops in Zambia in
terms of area under cultivation and volume were maize, cassava, groundnuts, cotton and
mixed bean. Although counted among the top-five crops produced in Zambia, mixed
bean are relatively minor compared to maize and cassava, but with the appropriate policy
environment, mixed bean may be elevated as a cash crop in certain parts of the country to

contribute significantly to poverty reduction and food security (Mwansa, 2013).

Dry bean

Dry bean (Phaseolus vulgaris L.) is an important food legume and has been referred to as
the most important legume or pulse crop for direct human consumption in the world
(Akibode and Maredia, 2011). Dry bean is very versatile in its adaptation and growth. It
is produced in a range of crop systems and environments in regions as diverse as Latin
America, Africa, the Middle East, China, Europe, the United States, and Canada (Jones,
1999). Its centers of origin are Central and South America. The centers of origin for the
crop have been classified as the Mesoamerican (Mexico and Central America) and the
Andean gene pool in South America (Singh, 1999; islam et al., 2002). Generally
accepted archeological evidence for dry bean indicates that beans were domesticated
more than 6,900 years before the present (BP) in Middle America and about 7600 years

BP in the Andean region (Singh, 1999).

Dry bean was introduced to Africa through Mozambique by Portuguese traders around
the 16™ century (CIAT, 2001; Greenway, 1945). To date, more than 40,000 varieties of
common bean are recorded (Jones, 1999) and the major repository and distributor is the

International Center for Tropical Agriculture. (CIAT) in Cali, Colombia (Duke, 1983). In



2010, global bean production was approximately 23,816,123 ton, with 24.4 and 17.7% of

the world production in Latin America and Africa, respectively (FAO, 2014).

In Africa, beans are grown on more than four million hectares annually and provide
dietary protein for over 100 million people in rural and poor urban communities
(Buruchara et al., 2011). Although most production and consumption of dry beans is in
Latin America, the highest annual per capita bean consumption is in Eastern Africa where

it has been estimated at 50 - 60 kg person™ (ISAR, 2011).

In Africa, beans are consumed at various stages of plant development, and thus, offer a
food supply over a long period of time. The parts of the plants eaten include the leaves,
green pods, fresh grain, as well as dry grain. Beans also have many health benefits
including a low glycemic index, being rich in protein (about 22%) and providing a good
source of iron and zinc (both of which are key elements for mental development) and
fiber (Buruchara et al., 2011). Furthermore, bean consumption reportedly reduces the risk
of developing colon and breast cancer, and heart diseases (Shawn McGuire and Louise

Sperling, 2011).
Bean production in Zambia

Production of dry bean in Zambia, like most of Sub-Saharan Africa, is done by small-
scale farmers. These resource-poor farmers have little or no farm inputs and usually do
not adhere to good agronomic practices. This, coupled with disease/pest susceptible local
varieties, and low soil fertility, leads to very poor yields. The average yields of local
cultivars are in the range of 0.30 to 0.50 ton ha’. Improved varieties with an acceptable

seed size, good color and taste, yield potential of up to 2.0 ton ha* and some resistance to



most common pests and diseases have been developed, but seed is scarce and in most
cases expensive beyond the reach of most smallholder producers in Zambia (Ministry of

Agriculture Food and fisheries Information Pack, 2000)

Beans are grown/cultivated in all the provinces in Zambia, however, the major growing
areas are Northern, Northwestern, Muchinga, Eastern and Luapula Provinces (Mwansa,
2013). The crop forecast survey of the season 2010/2011 reported the total number of
households growing beans as 190,000 with 71,544 ha planted and 68,239 ha harvested.
The Northern Province accounted for more than 60% of the total households growing
beans, over 70% of the area cultivated and harvested, and over 72% of the expected
production and sales (Crop Forecast Survey Report, 2010/2011). Dry bean in Zambia is
grown as a mixture of landraces and improved varieties. The most commonly grown are
the bush type. Shawn McGuire and Louise Sperling (2014) have reported local markets

and recycled seed as the major seed sources of most subsistent farmers in Africa.
Importance of bean

Dry bean is considered to be a very important food legume crop mainly due to its
nutritional value. It plays an important dietary role supplying; proteins, carbohydrates,
essential elements and vitamins to both rural and urban households. It is estimated that
the crop meets more than 50% of dietary protein requirements of households in Sub-
Saharan Africa (SSA) (Broughton et al., 2003; Wortmann .C., Kirkby, A. R., Eledu, A.
C., and Allan J. D. 2004) and thus compliments the staple crops such as maize, and other
crops that are rich in carbohydrates like cassava and cereals. At levels of consumption
commonly found in people of restricted economic means (15-20 kg'yrl), beans

providel0-20% of the adult requirement for a number of nutrients (Broughton et al.,



2003). Most mineral elements in cereals are lost during processing, but for crops that are
eaten whole like bean, they are retained. With the rising interest in iron(Fe) rich foods,
especially for people who are immunocompromised, beans are an important source of
iron, phosphorus(P), magnesium(Mg), manganese(Mn), and to a lesser degree, zinc(Zn),
copper(Cu) and calcium(Ca). This becomes especially important for pregnant women and

more so in areas such as Zambia where the rates of HIVV/AIDS are high.

In Zambia’s major bean growing areas, beans can be marketed early compared to other
crops and thus act as bridging source of income before the main crops mature and can
also be sold at different stages such as green leaves, fresh pods and dry grain (Broughton
et al., 2003). Beans in some parts of Zambia are even considered a high income crop
relative to maize especially when yields are high (e.g. 3 ton ha). Bean are increasingly
becoming an important source of income, in some cases for up to 45% of the households

(Broughton et al., 2003).

The most economic part of beans is the dry grain. Most households in the major bean
producing areas in Zambia sell part of their beans after harvest especially in Northern and
Northwestern Provinces. Producers receive an average price of about K3.9 (USD 0.39)
kg "t dry bean grain. Most of the households that produce bean do not have a ready
market in their resident villages and sell their produce at the farm gate, accounting for
65.5% of the transactions (Hamazakaza et al., 2014). Hamazakaza et al., (2014) reported
that only 14.5% of the households have a market within their village and that middle
men, usually with 20 brokers, account for 52% of the purchases, followed by consumers

31.4% and then urban wholesalers 13.9%.



Bean Production Constraints

Root and crown rots of dry bean

Dry beans are affected by biotic and abiotic factors which limit their production. Biotic
factors include field and post-harvest pests and diseases while abiotic factors include
drought, excessive rain/flooding, poor soil fertility, heat and cold stress. Disease and
insect infestations as well as weather-related production constraints are becoming more
frequent and increasing with change in climate (Hamazakaza et al., 2014, Allen et al.,
1989). In Africa, significant yield losses have been reported and attributed to each of
these constraints. For example, Wortmann et al. (1998) estimated that yield loss due to
drought, N deficiency and P deficiency were 396,000 ton 389,900 ton and 355,900 ton
respectively; while losses due to angular leaf spot, anthracnose and bean stem maggot
were 384,200 ton, 328,000 ton and 297,100 ton, respectively (Buruchara et al., 2011).
Yield losses due to individual soil-borne pathogens have been difficult to ascertain,
however data attributed to a complex of pathogens estimated over time amounts to
400,000 tons per year lost to root rots for Eastern, Central and Sub-Saharan Africa

altogether (Wortmann, 1998)

The most important soil-borne disease of dry bean is a disease complex referred to as
Root and Crown Rot (RCR). The main soil-borne pathogen groups that have been
associated with RCR in dry bean production include Fusarium solani, Fusarium
oxysporum, Pythium ultimum, Rhizoctonia solani (Scandiani et al.,, 2011) and
Macrophomina phaseolina (Clare et al., 2010, Kerr, 1963). In dry bean, these soil-borne

pathogens are responsible for Fusarium root rot (FRR) Fusarium yellows/wilt, Pythium



seed rot/damping off, Rhizoctonia root rot and Macrophomina charcoal rot. The severity
of RCR is a factor of the environment, soil conditions and the density and species of
pathogens present. Because RCR affects the roots, crown and vascular bundle of the
plants, they indirectly affect the uptake and efficient use of nutrients (Allen et al., 1989)
leaving the plant weak and more susceptible to other stress factors. The opposite is also
true, where plants are stressed due to drought and extreme temperatures they become

weak and are more vulnerable to RCR.

Fusarium root rot

The genus Fusarium was defined by Link in 1809, and is now in its third century as a
genus that contains many plant-pathogenic fungi. The members of this genus can directly
incite diseases in plants, humans, and domesticated animals (Leslie et al., 2006).
Fusarium root rot (FRR), caused by the fungus Fusarium solani f. sp. phaseoli (Fsp)
W.C. Snyder & H.N. Hansen, has a cosmopolitan distribution; it is found wherever dry
beans are grown. It is one of the most widely distributed diseases of dry beans in Latin
America, where most of the production and consumption is concentrated (Nicoli et al.,
2012). In Africa, it has been reported in Kenya and Malawi, and undoubtedly occurs in

other countries as well (Abawi and Pastor-Corrales, 1990).

Infected plants are characteristically stunted, chlorotic and may defoliate prematurely.
Severe infections also lead to reduced seed size and number of pods per plant. The
symptoms are initially characterized by longitudinal, narrow, bright-red streaks on
hypocotyl and taproot surfaces; infected areas become reddish brown, lack definite
margins, remain superficial, and may exhibit longitudinal fissures (Schwartz and pastor-

Corales, 1989).
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Fusarium root rot pathogens survive between crops as thick-walled chlamydospores in
the soil and may also survive by colonizing non-host plant root surfaces without causing
disease. Therefore, chlamydospores and colonized non-host plant roots are the two major
sources of initial inoculum in fields (Schwartz and pastor-Corales, 1989). When host
plants begin to grow, the root exudates trigger chlamydospore germination and the
production of hyphae of the pathogen. The hyphae either directly penetrate the dry bean
tissue or enter through openings usually caused by the growth of roots in the soil or the

cracks at the point of emergence of lateral roots (Harveson et al., 2005).

Like most soil-borne pathogens Fusarium solani has a monocyclic life cycle and is
dispersed mainly through the movement of soil or infected tissue by water, wind,
machinery, as well as humans and animals. Contaminated seed has also been shown to be
a mode of dispersal for this pathogen. Fusarium root rot severity is exacerbated by any
condition that causes stress on the growth of bean plants in the soil or encourages
inoculum build up. Therefore, cropping history, plant spacing, and stress factors such as
drought, soil compaction, or flooding (causing oxygen deprivation) and parasitic
pathogenic micro-organisms such insects and nematodes affecting the roots make the

disease severe (Leslie et al., 2006).

Fusarium wilt/yellows

Fusarium wilt on dry bean is caused by the pathogen Fusarium oxysporum (Schlecht.) f.
sp. phaseoli Kendrick & Snyder. This disease is common and most prevalent in areas
where high temperatures and drought persists for part of the growing season. It has been
reported in many countries of Latin America and Africa, especially in Kenya, Malawi,

and South Africa (Abawi and Pastor-Corrales, 1990).
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Typical foliar symptoms are yellowing and wilting of older leaves which then proceeds to
younger leaves if the disease progresses. Severely affected plants may wilt permanently.
Vascular discoloration of roots and hypocotyl tissues is the primary diagnostic symptom
of the disease on dry bean. Just like Fusarium root rot, Fusarium wilt is also favored by
high temperature, stress (>86°F) and soil compaction and any condition that puts stress

on the plant root development.

The pathogen survives in the soil as thick-walled chlamydospores which would then
germinate and initiate disease when susceptible hosts are planted. The pathogen usually
attacks near the root tips and penetration may occur through wounds and/or natural
openings on the roots and stems (Schwartz and Pastor-Corrales, 1989). Once inside the
plant the pathogen colonizes the vascular bundle and grows into the xylem where it
proliferates and produces both macro- and microspores. Chlamydospores are also
produced in infected tissue. The spores typically produce the red-brown diagnostic color
in the vascular system. Dissemination or dispersal of the pathogen occurs by movement

of infected or colonized tissue and soil by water, wind, farm equipment or animals.

Rhizoctonia root and crown rot of dry bean

Rhizoctonia solani Kiihn is a soil-borne fungus that causes disease on many economically
important crop plants worldwide. Strains of the fungus are traditionally grouped into
genetically isolated anastomosis groups (AGs) based primarily on hyphal anastomosis
reactions, and are further subdivided into intraspecific groups (ISGs) (Bolton et al.,

2010).
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Rhizoctonia solani, was originally described on potato by Julius Kihn in 1858. It is a
basidiomycete fungus that does not produce asexual spores and only occasionally will the
fungus produce sexual spores (Ogoshi et al.,1991). In nature, R. solani reproduces
asexually and exists primarily as vegetative mycelia and/or sclerotia. Rhizoctonia solani
IS a species complex with a wide host range and wide subspecies variability (Godoy-Lutz
et al., 2008). At least 15 AGs exist within the species complex (Bolton et al., 2010)
which causes major losses in host crops such as cotton, sugar beet, potatoes and dry bean.
In dry bean, R. solani is responsible for damping off, root and crown blight/rot in its
anamorph stage but also causes web blight in its teleomorph stage under favorable
environmental conditions (Godoy-Lutz et al., 2008). Sikora et al (2004) reported that R.
solani is one of the most economically important root and hypocotyl diseases in the

world.

Symptoms of the disease begins as small, circular or linear sunken lesions with reddish-
brown borders on the hypocotyl and roots of young bean plants. Cankers may enlarge
with age and may retard normal plant growth by encircling hypocotyls. Severe infections
cause stunting and premature death. Infection by the fungus happens when susceptible
plants grow and trigger activation of the fungus surviving as mycelia in plant debris or
sclerotia in the top layers of the soil. Individual hyphae will penetrate the plant through
natural openings and wounds or through the production of infection pegs on the plant
cuticle (Schwartz and Pastor-Corrales, 1989. Once plants are infected, the pathogen can
proceed from plant to plant down rows. Occasionally the pathogen will enter and destroy

the pith, resulting in a brick-red discoloration inside the stem at the soil line which is



13

characteristic of R. solani infections. Greyish white mycelia can also be found in the pith

of dead plants (Ogoshi., 1987)

Once a field becomes infested with R. solani, it will remain infested indefinitely.
Inoculum concentration will increase if susceptible crops, including bean, potato, and
sugerbeat are continually cropped. Some weedy plants are also susceptible hosts and
increase inoculum in the soils. Disease in young seedlings is favored by high to moderate
levels of soil moisture and cool soils. Damage is often restricted to seedlings, but also can
affect older plants if stressed by temperature extremes combined with irrigation water. As
with the other root rot pathogens, soil compaction and other root stressing events can

increase disease severity (Schwarrtz et al., 2005).

Charcoal rot/Ashy stem blight

Macrophomina phaseolina (Tassi) Goidanich (1947) causes seedling blight, root rot and
stem rot of more than 500 cultivated and wild plant species (Srivastava et al., 2001)
including dry bean (You et al., 2011). This pathogen is a problem in North and South
America including the Dominican Republic and Puerto Rico (Campo-Arana, R. and
R.Echavez-Badel. 2001; You et al., 2011). In Africa, it has been reported in Sudan,

Tanzania, Zambia, Kenya and Ethiopia (Abawi, Pastor-Corrales, 1990).

Charcoal rot/ashy stem blight is favored by dry conditions and water stress although the
disease has also been found under humid tropical conditions. The M. phaseolina hyphae
initially invade the cortical tissue of plants, followed by sclerotia formation, causing stem
rot (Islam et al., 2012) . Gray-black mycelia and sclerotia are produced and the infected

area exhibits disease symptoms. Symptoms of the disease in the field when heavily



14

infested are leaf chlorosis, defoliation and wilting. Initial symptoms on the plants start as
dark irregular lesions of different sizes on the cotyledons. The black sunken lesions then
expand to stem tissue and move upward and downward as the plant grows until they
reach the growing point and kill the plant or until the stem becomes weakened and breaks
(Schwartz and Pastor-Corrales, 1989). Infected plants have a pale, ash-colored, dry rot
on the stem. Adult plant stem tissues show the growth of numerous microsclerotia and
pycnidia which look like small black dots especially in the dead areas. In adult plants,
wilting and blockage of the vascular system occurs with production of black or grey
microsclerotia (Abawi and Pastor-Corrales, 1990). The pathogen survives in and on plant
debris and loosely in the soil as microsclerotia and is dispersed through movement of

infected plant debris, soil and seed. (Khan, 2007, Otsyula et al., 2003).

Pythium root rot.

Bean root rot, caused by Pythium spp. is one of the most destructive diseases affecting
dry bean in east and central Africa where they are grown in intensive agricultural
production systems. In such areas, complete yield loss usually occurs when susceptible
varieties are planted and the environmental conditions are favorable for pathogen

development (Abawi and Pastor-Corrales, 1990).

Pythium root rot symptoms may appear as seed rot, damping-off, root rot, foliar blight or
pod rot. Pre- and post-emergence damping-off happens when seedlings are killed shortly
after planting or immediately after germination, respectively. Seedlings that escape
damping-off but are still heavily infected show extreme stunting, chlorosis and wilting
(Abawi and Pastor-Corrales, 1990; Schwartz and Pastor-Corrales, 1989). Infected roots

are severely reduced in mass, discolored and show severe rotting and decay. Initial
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infection symptoms appear as elongated, water-soaked areas on root and lower stem
tissues. Infected tissues become soft, brownish, and somewhat sunken and eventually
collapse causing plant wilt and death (Otsyula et al., 2003). Pythium spp. belong to a
group of fungi-like organisms called Oomycetes and belong to the kingdom
chromalveolata (Marano et al., 2012; Simpson et al., 2004) with a unique evolutionary
line distant from true fungi. Pythium spp. form oospores that are thick-walled and survive
for long periods in the soil and in plant debris. This is usually the initial inoculum for
outbreaks. Like other root rot pathogens, Pythium spp. are disseminated through
movement of soil and plant debris by water in irrigation systems or machinery (Schwarrtz

et al., 2005).

Morphological and molecular identification of fungi

Morphological Identification

Identification of an organism is key to its classification and taxonomy. In the past, fungi
and other organisms have been identified based on their morphological characteristics.
The Saccardo system was primarily based on morphology of sporulation structures as
they are known in nature as well as the morphology and pigmentation of conidia and
conidiophores (Barnett and Hunter, 1972). The morphological features used to identify
fungi may vary from organism to organism but largely depend on their characteristics in
culture. For example, in order to have a good culture to use for identifications, certain
media has to be used for sporulation and specific diurnal temperature and lighting
regimes need to be followed, especially for the Fusarium species (Leslie et al., 2006).

Fusarium isolates are grown on carnation leaf agar (CNL) for the study of size and shape
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parameters of their spores and spore bearing structures. (Burgess et al., 1991). CLA
promotes the growth of more uniform spores that can then be measured and also
compared to standard values for identification. The most distinct characteristic of
Fusarium species is the banana shape of their spores. The spores are borne on
conidiophores as a bunch loosely or tightly held together. For production of
chlamydospores, a soil broth media is favored over other media ( Bennett and Davis,
2013, Leslie et al., 2006). Identification of Fusarium species by colony pigment color is
done on PDA (Leslie et al., 2006, Cordova-Albores et al., 2016). Although Fusarium
species have distinct colors on PDA, care has to be taken when using this parameter for
identification. A change in lighting regime, temperature, or multiple transfers can affect
the color of an isolate (Leslie et al., 2006). Therefore, colony color is mostly used for
preliminary classifications of the Fusarium isolates (Cordova-Albores et al., 2016). Other
fungi species associated with RCR have different morphological characteristics by which
they are identified. Rhizoctonia solani does not produce spores, however it produces
micro/macrosclerotia as its resting or survival structures. Sclerotia are made from
compaction of specialized hyphae called monoloid cells. R. solani species are usually
morphologically distinguished by the color of their mycelial mat, and the color, size and
abundance of sclerotia. On PDA, R. solani forms buff to brown mycelial mats. The color
of sclerotia varies from brown to dark brown and the abundance of sclerotia depends on
the AG group (Lakshman et al., 2016). Macrophomina phaseolina isolates on PDA are
characteristically grey to black in color. They produce sclerotia from specialized highly
compressed hyphae cells called monoloids just like R. solani. Some isolates produce

pycnidia on specific media. The color of the mycelial mat, and the size and color of
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sclerotia are also used to morphologically identify M. phaseolina.(Beas-Fernandez et al.,
2006, Aboshosha et al., 2007). Pythium species are typically morphologically identified
by features such as the presence of sexual reproductive structures (homothallic or
heterothallic), the character of oogonia (smooth or ornamental), oospores (plerotic or
aplerotic) and antheridia, and the type of sporangial morphology (spherical, filamentous

or lobulated) (Nzungize et al., 2011, Matsumoto et al., 1999).

However, new techniques of DNA analysis have now been developed for quicker and

more specific identification of fungi.

Molecular identification

In the past two decades, several techniques have been developed for molecular
identification and quantification of organisms (Paplomatas, 2004). The choice of a
technique to use usually depends on the research question that one is trying to answer
(Pereira et al., 2008). For most researchers where the question is detecting the presence
or absence of a specific organism in a sample, conventional Polymerase Chain Reaction
(PCR) is used with specific oligonucleotide probes to detect the organism of interest
(White et al., 1990) . The application of PCR is also widely used in diagnostic labs and
clinics in both plant and medical sciences (Beckmann, 1988, Reischl and Lohmann, 1997,
Cooley, 1992). PCR based identification have also been widely used in the identification
of RCR pathogens (Aboshosha et al., 2007, Mwang’ombe et al., 2008, Zitnick-Anderson
and Nelson Jr, 2015, Lakshman et al., 2016). Sanger sequencing is another common
molecular method that is usually employed when a deeper analysis of DNA is required
(Pereira et al., 2008). Sanger sequencing of DNA enables analysis of DNA for several

projects such as identification of homologous genes across species or identification of
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Fig. 2.16 Neighbor-joining phylogenetic tree of the most relevant OTUs inferred fom the partial 16S region generated by 454
(A) and 18S generated by Illumina (B) pyrosequencing of bean RCR DNA extracted from FTA cards and tissue from A) Mt.
Makulu in 2013 and B) Kabwe in 2015. Trees were rendered using iTOL (Letunic & Bork, 2007). Color represents

fungal/oomycete group species.
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